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xi

    P R E F A C E   

  Yujiro Hayami and Vernon Ruttan worked well together; they did so because they 
had a profound respect for each other. Th at respect was the bridge to listening and 
thinking together in ways that allowed them to build an important theoretical 
perspective referred to as the “most widely accepted model used today both for 
understanding agricultural growth processes and as the basis for agricultural 
development policy” (Shuh and Brandão 1992: 611). Responsive to the then cur-
rent challenges in the search for increases in food production, their induced inno-
vation approach focused on the interactions of technological change and 
institutional, cultural, and resource environments. In terms of scholarly abilities 
and experiences, Ruttan and Hayami complemented each other, and this allowed 
them to see more. Together, they had greater success in working across contexts 
to integrate Western models of technological change and more holistic Asian per-
spectives on multifactorial interaction. For a more complete understanding of 
their work, their personal, educational, and academic backgrounds are relevant, 
which, while quite diff erent in some ways, also had similarities that contributed 
not only to their ability to work well together but also to their role as infl uential 
mentors of future leaders in the fi eld. 

 Ruttan, born in 1924, grew up on a 140-acre dairy farm in northern Michigan 
on poor-quality, sandy, glaciated soil that by the late 1960s was placed in the U.S. 
soil bank program and removed from production. Th e farm next door belonged to 
his great-uncle, and two farms beyond that, the best farm in the immediate area, 
was his grandfather’s farm, diversifi ed into dairy, grain, and small orchards. 
During the Depression, when Ruttan was a boy, his father’s farm operated primar-
ily at a subsistence capacity. Personal learning that Ruttan brought from this 
experience to his later work with Hayami included his parents’ diff ering reactions 
to new technologies. His mother, a former schoolteacher who was now swamped 
with the unending duties of a farm wife, was thrilled when they were able to pur-
chase one of the new labor-saving wringer-type washing machines; it made a huge 
diff erence in her life. By contrast, his father resisted the adoption of tractors as 
long as possible, preferring his team of prized workhorses. It was only during 



xii Preface

World War II, when his sons were in the military and unable to help him with 
milking, haying, and other labor-intensive tasks, that he fi nally bought a tractor; 
yet, at the same time, he was not averse to the use of new milking machines. An 
additional useful observation was the value Ruttan’s parents placed on the gov-
ernment-funded rural extension agents who came out and talked with his father 
about the latest in seed, tillage, and milking technology and with his mother about 
food preservation and preparation techniques. 

 In terms of education both Hayami and Ruttan benefi ted from quirks of fate. 
Ruttan attended a multigrade one-room schoolhouse, daily walking, and some-
times skiing, the couple of miles each way. In his last year of high school his 
mother, determined that her bright son have a chance at better opportunities, 
sent him to stay in the nearest market town, where he ended up being the valedic-
torian of his class of thirty students. Entering Michigan State University the fol-
lowing fall, he managed to support himself by continuing to get up early and milk 
cows at the university’s dairy barn. Th e following year, now in the army but nearly 
blind in one eye, he was sent to New Haven, Connecticut, to work as a physical 
therapist in the army hospital there. At the same time, due to his intellectual apti-
tude, the army enrolled him in nearby Yale University to study medicine, some-
thing that would have been inconceivable for him otherwise but that also involved 
a steep cultural and academic learning curve. As soon as the war was over, and 
with postwar GI Bill educational benefi ts in hand, he switched from medicine to 
economics, the course in which he had so far gotten his highest grade. Ruttan 
frequently mentioned that he was very lucky that T. W. Schultz, the great 
University of Chicago agricultural economist, later a Nobel prize winner, and also 
from a farm background, had decided to try to mentor farm boys in graduate agri-
cultural economics even if their grades weren’t quite up to snuff , similar to 
Schultz’s own background. Ruttan was accepted in this program at a vibrant stage 
in its evolution; work at Chicago with Schultz and Gale Johnson was to have a 
profound eff ect on his later work. 

 Born in 1932, Hayami grew up in Tokyo during the diffi  cult war years, which 
saw food shortages. As an urban youth, after completing a degree in liberal arts at 
the University of Tokyo, he took the civil servants exam expecting to become a 
government bureaucrat. Although he didn’t think so at fi rst, Hayami considered 
himself lucky in his assignment to work with Professor Seiichi Tobata, the founder 
of modern agricultural economics in Japan, at the Research Institute of the 
Ministry of Agriculture, Forestry, and Fishery. Needless to say, Tobata had a big 
impact on him, as Shultz did on Ruttan. In a recent book chapter on food security 
(2000) Hayami continued to quote his mentor. Tobata, like Schultz, had come 
from a rural background, in this case the agricultural village of early twentieth-
century Japan, and although he felt ill prepared, he succeeded. Mentoring bright 
young men to develop a modern approach to Japan’s technical and rice produc-
tion issues was seen by Tobata as key to overall postwar growth (1968). When 
it came time to do his doctoral work at Iowa State University, Hayami also 
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experienced initial diffi  culties in adjustment to the academic and sociocultural 
environment. Persevering, he succeeded in becoming the fi rst Japanese scholar to 
get his doctorate in agricultural economics in the United States. Hayami was infl u-
enced by Schultz as well, particularly in the area of giving suffi  cient credence to 
the role of nonconventional inputs in development, including the education of 
farmers and investment in agricultural research capital (Akino & Haymi 1974); 
these factors contribute to the accumulation of social/human capital, a matter of 
interest to both later on. 

 It probably helped their work together that both Ruttan and Hayami had experi-
ence in both U.S. and Asian contexts, where the diff erences in land scale produced 
obvious diff erences in labor, yields, and equipment. Th e size and mechanization of 
the farms in Iowa and later Minnesota must have impressed Hayami, just as the 
small but much denser farmscapes in Asia impressed Ruttan. During his tenure at 
IRRI in the Philippines, frequent drives in the countryside fascinated Ruttan; every 
family trip resulted in more pictures of farmers and water buff alo than it did of his 
children! And, given his own father’s preference for horse teams, he understood the 
farmers’ attachment to the water buff alo, accepted that for some the cultural tradi-
tions behind questions of whether to adopt new technologies, like mechanized 
power-tillers and threshers, were more complex than traditional economic principles 
would imply. 

 At the same time, like most IRRI staff  members at that time, Ruttan remem-
bered being highly motivated by then-director Robert Chandler’s call for immedi-
ate solutions to hunger in Asia. With assistance from Lloyd Johnson, Ruttan 
began to think about how technological adaptation resulting in increased produc-
tion could work overall in Asia then experiencing increasing threats of famine. 
Highly infl uenced by his ongoing fi eldwork in the Philippines, begun in 1974, 
Hayami also believed the technological developments occurring in developing 
countries could be adopted and adapted. He and Ruttan agreed that local environ-
mental, social, and political factors could not be ignored—they had to be accounted 
for. In their eff orts at inducing innovation, they emphasized factors that had 
sometimes been forgotten in large-scale economic planning: farmers’ choice, 
respect for local conditions, and the need to be aware not just of regional resource 
endowments but also of local institutions and cultural endowments. Institutional 
change occurs not just at the state level, or as strategic planning at the state level, 
but also needs to be understood in ways that respect local choice making and 
regional institutional strategies. Ruttan frequently mentioned being proud that 
their model was one of the fi rst to bring culture into the equation. For Hayami 
this was a given. Indeed, one of the unique contributions made by Ruttan and 
Hayami is their emphasis on culture or cultural endowments as one of the factors 
that infl uences adoption of technological innovation. Culture as an aspect of tech-
nological change has usually been ignored; given their cross-cultural partnership 
and their own backgrounds, they were able to recognize culture as a key aspect of 
their pattern model. Considering some of the failures in development eff orts 
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where this factor was ignored or misunderstood, their model highlighted the need 
to be more cognizant of culturally based opportunities and constraints in plan-
ning development strategies; this remains a key contribution. 

 Th is book came about as a result of refl ection by Ruttan on his own work, about 
whether a volume of collected works was warranted, but as he soon suggested in 
an email to Hayami: “When I started reviewing my publications it was obvious 
that four or fi ve of our joint articles should be included in such a collection. It then 
occurred to me that the most appropriate thing would be a collection of papers 
edited by the two of us.” Hayami responded modestly but with a touch of humor: 
“Th ank you for inviting me to co-edit a collection of papers. I feel much honored, 
and am glad to accept your kind off er—unless I will become a free rider.” In 
response, Ruttan wrote back that he was “delighted that you are potentially inter-
ested in joining me in editing a collection of our papers,” adding that after review-
ing them again he found himself “very impressed with the quality of some of the 
papers we collaborated on.” Confi rming his interest in a following email, Hayami 
concluded, “It will be great if I can conclude my academic life by this collaboration 
with you once again after so many years.” 

 Th is email correspondence took place over a three-day period in June 2008. 
Shortly after his last email to Ruttan, Yujiro Hayami had a massive stroke. Hearing 
the unfortunate news, Ruttan wrote to Hayami’s assistant to say he would con-
tinue to work on the book, hoping that Hayami would recover before too long. 
While Hayami later recovered his ability to walk and has attended gatherings in 
his honor held at GRIPs (National Graduate Institute for Policy Studies), where he 
was professor and chairman of the Foundation for Advanced Studies on 
International Development’s graduate studies program, his ability to communi-
cate clearly is still aff ected. 

 In mid-August, after returning from his much-loved summer home in north-
ern Minnesota, Ruttan ended up being hospitalized; he died a few days later. He 
discussed the possibility of completing the book with family members in the days 
before he passed away. Following Ruttan’s death, both Brian Buhr, chair of the 
Department of Applied Economics at Minnesota, where Ruttan, as a University of 
Minnesota Regent’s Professor Emeritus, maintained an active involvement, and 
Keijiro Otsuka, Hayami’s former student and colleague, for whom Hayami had 
served in the special role of sensei for so long, expressed interest in helping com-
plete the book. In light of Hayami’s stroke, Otsuka had already had some contact 
with Ruttan regarding the book. We all felt that completing this book would be 
important, not only out of respect for the academic and personal contributions of 
both authors, but also due to the shared belief in the continuing importance of 
their work together. A partnership between the two institutions was proposed: 
Otsuka and Ford Runge at Minnesota would serve as co-editors, while Lia Ruttan 
would carry out an intermediary and facilitating role. 

 Looking back, it is quite clear that both Hayami and Ruttan were lucky in edu-
cational experiences, in mentors, and in their early career opportunities; they 
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both believed in once again passing on that luck. Both men were active in mentor-
ing students, a role that in many cases lasted through whole careers; and they 
particularly supported students who had great potential but felt ill at ease in 
a new context. Th eir students became leaders worldwide and include many 
well-known contributors to their fi elds in academic, research, and government 
capacities. 

 Both men served on research and advisory boards, were presidents of their 
national professional societies, and contributed to government policy and direc-
tion. Th ey both received numerous honorary degrees and awards. Along with 
awards for his work in agricultural economics, Ruttan received the Von Humboldt 
Award in 1984, and Hayami was designated by the government of Japan as a 
Person of Cultural Merit (2004) and installed in the Order of Sacred Treasure 
(2007). Ruttan received the American Agricultural Economics publication award 
for ten papers between and 1956 and 1997. Hayami also received recognition in 
book and article awards. Ruttan found his involvement with the U.S. National 
Academy of Science, where he served on several committees, very stimulating. 
Hayami served as an advisory committee member for the UN World Hunger 
Program and CGIAR, among others. Both men were lifelong learners and main-
tained their professional activity far beyond what one would normally expect. In 
2007 Ruttan published a new book on the role of war and the military in advanc-
ing technological change, a conclusion he might not have liked personally but 
couldn’t avoid professionally, and Hayami continued an active publishing sched-
ule, including the third edition of a textbook on development economics in 2005 
(Hayami and Godo 2005) and an important article on human and social capital in 
2009 (Hayami 2009). 

 Th ere are many continuing implications of their work. New researchers would 
benefi t from taking a look at the basic model and the broader implications of using 
it on many levels of analysis, while looking at problems on both a regional and 
international scale. As with any framework, over time additions and revisions have 
been made; they made some themselves. Other important changes resulted from 
work with Hans Binswanger for Ruttan and Keijiro Otsuka for Hayami, among 
others. Th eir work’s signifi cance rests in its analysis of the factors that infl uence 
and constrain institutional change and that support the spread of technological 
change within given environments, and their eff orts remain useful in policy and 
institutional design. Th e model of induced innovation and induced technological 
change has been used and tested in regions all over the world. A number of impor-
tant contributions have been made, more recently, by Karagiannis and Furtan 
(1990), Machado (1995), Acemoglu (1998, 2003), Balcombe et al. (2002), Umetsu 
et al. (2003), Acemoglu and Linn (2004), and Liu and Shumway (2008); they all 
acknowledge the contribution made by Hayami and Ruttan. 

 What was most important to these two scholars, however, was not simply 
scholarship and theory, but usefulness in real-life applied projects that help ordinary 
farmers and communities to make strategic choices, and for the development of 
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workable institutions that support this eff ort. Th e work of Ruttan and Hayami 
continues to draw out key questions and strategies for research design, agricul-
tural and economic policy, and local implementation. Th eir work certainly con-
tains much more than one note, something that makes their role as contributors 
unusually dynamic. Nevertheless, they would not expect or desire a “fi xed in 
stone” approach to their work; they would hope that their work and their working 
relationships as colleagues and as mentors continue to inspire others. Th is edition 
is meant to locate their contribution and its implications, and to encourage new 
work in light of new challenges. 

 —Lia Ruttan 
 Edmonton, Alberta 

 October 2009     



Vernon W. Ruttan

Yujiro Hayami



This page intentionally left blank 



               p a r t

I 
INTRODUCTION          



This page intentionally left blank 



3

    1.    Introduction   

 Nothing could be more valuable than creating a new paradigm in economics, 
particularly in the fi eld of agricultural development. A notable example is 
T. W. Schultz’s (1964) thesis regarding “effi  cient but poor” small-scale farmers 
in low-income or developing countries who remain unable to increase their yields 
without increases in technological and human capacity. In the 1960s Schultz’s 
thesis completely changed the dogmatic perception of researchers, aid agencies, 
and policy makers regarding traditional farmers’ strategies and behaviors. Ruttan 
and Hayami point out that Schultz’s research “led to the abandonment of poli-
cies that viewed peasant households as unresponsive to economic incentives” 
(chapter 16); historically this view also led to an increase in research investment. 

 No less infl uential was Vernon Ruttan and Yujiro Hayami’s thesis concerning 
the role of induced technical and institutional innovation: they argued that as the 
scarcity of a factor of production (e.g., labor) increases, technology that saves on 
the use of the factor is induced to develop, along with supportive institutions, 
including property rights systems, public sector research, extension systems, and 
marketing institutions. In chapter 2 of this volume, they note that “it became 
clear that the induced technical change theme could provide the structure needed 
to integrate a large body of theoretical and empirical research on agricultural 
development.” In fact, their research provided a consistent and eff ective frame-
work for analyzing how markets, technology development, and institutional 
changes interact to facilitate agricultural development. It is now widely recog-
nized that farmers can increase agricultural production signifi cantly when tech-
nology and institutions work eff ectively, as exemplifi ed by the Asian Green 
Revolution, which saved land when this factor became scarce relative to other 
inputs. Another major contribution was to establish a greater awareness of the 
role that research, extension, and education hold as key nonconventional inputs 
that could propel agricultural development. 

 C H A P T E R  1
Th e Contributions of Ruttan and Hayami    

    Keijiro     Otsuka             
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 Ruttan and Hayami created a profound vision of the crucial role of agriculture 
in the process of overall economic development and of the strategies necessary to 
enhance agricultural growth. Th is vision is missing in the recent literature in 
development economics—for example, in the World Bank’s  World Development 
Report 2008: Agriculture for Development , does not provide clear-cut strategies for 
the development of agriculture in low-income economies. Neglect of the role of 
agriculture in economic development in some of the more infl uential literature in 
development economics in the past is also evident in the World Bank’s (1993)  East 
Asian Miracle . What would have happened to East Asia had there been no Green 
Revolution? It is not easy to provide an accurate answer, but it is clear that the 
development of East Asian economies would likely have been deterred by short-
ages of food or high food prices and much more widespread poverty. 

 How did Ruttan and Hayami develop and elaborate the idea of induced techni-
cal and institutional innovation? What are the theory’s contributions and limita-
tions? What were the critical factors aff ecting the success of the Asian Green 
Revolution? What are the main implications of studies by Ruttan and Hayami for 
the development of agriculture? Why has sub-Saharan Africa (SSA) failed to realize 
a Green Revolution more than forty years after the advent of modern high-yielding 
rice varieties in 1966, which triggered the revolutionary and unprecedented pro-
ductivity increase in Asian farming systems? Because these two authors are now 
unable to respond, the task of addressing these issues is now ours. It is therefore 
timely to review the visions and perspectives contributed by Ruttan and Hayami. 

 Th is volume is a collection of their papers, often jointly authored, but some-
times authored alone. Most of them have already been published, but here we 
bring them together in one collection. Th e aim is not only to make these works 
accessible but also to show how the work of Ruttan and Hayami developed jointly 
and then was applied in a variety of ways. 

 Th e introduction, Part I, provides a convenient road map for understanding their 
contribution. Chapter 2, written by the authors themselves, off ers an excellent 
overview of their studies. Part II identifi es the sources of productivity growth in 
agriculture. Part III shows the results of several case studies of technical change and 
agricultural development in Asia. Part IV concerns induced technical and institu-
tional change. Finally, Part V discusses the broad perspectives of the two authors. 

 Th e striking feature of Ruttan and Hayami’s work is their ability to take micro-
level economic behavior based on village-level studies and integrate it with macro-
level behavior at the country and cross-country levels. Parts II and IV basically 
concern the aggregate analyses, while Part III is oriented toward micro-level case 
studies. Th ese chapters provide invaluable insight into how Ruttan and Hayami 
developed their perspective, a term that appears in the subtitles of many of their 
works including  Agricultural Development: An International Perspective  (1971, 
1985). Part V is aptly titled “Perspectives.” It is unfortunate that Ruttan and 
Hayami could not prepare the concluding chapter, contrary to their original plan; 
careful reading of the last four chapters, however, reveals why this volume is 
subtitled “Can Economic Growth Be Sustained?” 
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 In what follows, a summary of the four major parts of the book is provided to 
facilitate understanding of the work of Ruttan and Hayami and their contribu-
tions to the literature on agricultural development, as well as implications for 
current issues.     

    2.    Productivity Growth in Agriculture   

 Th e two chapters included in this section address the importance of technical 
change in agriculture at the country level in the United States and other coun-
tries. Chapter 4 was published in  American Economic Review  in 1970 and repre-
sents the backbone of the entire research contribution of Ruttan and Hayami. 
Although it pertains to agriculture, the estimation of an aggregate production 
function using cross-country data was a pioneering study in economics. Th ey fi nd 
that it was not conventional inputs but human capital and scientifi c knowledge 
that led to agricultural growth through technological progress. Th is thesis is now 
well established and widely accepted as a core ingredient of development. Th ese 
fi ndings are confi rmed in many other studies, including their own article using 
more recent evidence (Kawagoe, Hayami, and Ruttan   1985  ). 

 Th e fundamental question in agricultural development is how technological 
change in agriculture has taken place. Th is issue is not one of understanding mar-
kets alone, because major determinants of agricultural production, including the 
contribution of research activities and extension services, are largely public goods. 
Ruttan and Hayami explored the process of technical change in terms of the incen-
tives that induce technological and institutional changes. And they pointed to the 
importance of social science knowledge “required for the technical and institu-
tional infrastructure needed for the invention, development, and extensions of a 
more effi  cient agricultural technology.” Th ey thus identifi ed the role that econo-
mists must play in bringing about technological and institutional change in 
agriculture—an important but often forgotten point. Rather than lamenting 
past failures to initiate a Green Revolution in SSA, economists should prepare 
for a new takeoff  by designing an optimum strategy to realize it.     

    3.    Technical Change and Agricultural Development   

 Five interesting case studies make up Part III. Chapter 5, on Korean rice, Taiwan 
rice, and Japanese agricultural stagnation between the two World Wars, is con-
cerned with rice technology transfer from Japan to Korea and Taiwan and its 
implications for Japanese agriculture. It concludes that technology transfer 
depended on the investment of the Japanese government in irrigation and water 
management and in research and extension in order to develop and diff use rice 
varieties adapted to the ecology of Korea and Taiwan. Chapter 6 analyzes why rice 
farming productivity was so much higher in Taiwan than in the Philippines and 
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Th ailand before the Asian Green Revolution of the late 1960s. Th e lesson of these 
country studies is that investments in research and development and in irrigation 
and water management, as well as improved institutions (e.g., the development of 
credit systems to enable farmers to purchase chemical fertilizer), are key factors 
that explain the performance of the three countries. Diff erences in agro-ecological 
factors do not explain much of the productivity diff erentials. 

 Th ese conclusions were supported by the experience of the Green Revolution, 
which began precisely when this article was published. Th e rice sector in Taiwan 
developed successfully due to technology transfers from Japan; in the Philippines, 
Th ailand, and other tropical Asian countries, rice developed later due to transfer-
ring useful rice genes from Taiwan. Th ese genes were necessary to shorten the 
height of rice plants and make its straw stiff  and avoid lodging and to accommo-
date larger volumes of grains (conventionally called “dwarfi ng”), critical for the 
development of fertilizer-responsive rice varieties. 

 Th e Green Revolution in Asia was criticized for its impacts on income distribution. 
Th e popular argument was that the new varieties conferred few benefi ts to small 
farmers because they required heavy applications of chemical fertilizers, which 
these small farmers could hardly aff ord to purchase. Large farmers and landlords 
were assumed to purchase land from small farmers and use large machines to 
operate the consolidated farms, thereby replacing the labor supplied by the land-
less and near landless; such a conjecture, however, was not widely supported 
by empirical evidence. Ruttan emphasized the importance of evidence-based 
discussion, noting that further empirical investigations were needed. 

 Th e next two chapters, on the role of peasants and the eff ects of ecology and 
history on agricultural development in Asia, are single-authored articles that 
demonstrate Hayami’s ability to grasp variegated patterns of agricultural and 
rural development in Asian countries. Why does peasant farming dominate in the 
cash-crop sectors in Th ailand, while plantations are important in the Philippines? 
Why did Th ai agriculture grow much faster than Philippine agriculture? How 
much is this diff erence attributable to ecological diff erences between the two 
countries? Do middlemen exploit peasants in cash-crop production, and if so, are 
there regional diff erences? Can peasants be rural entrepreneurs, who develop 
marketing systems and initiate other nonfarm activities in rural Asia? Hayami 
shows ingenuity in interpreting these issues in a consistent and convincing fash-
ion. He also shows how important it is to understand micro-level behavior as a 
foundation for macro-level issues in Asian agriculture.     

    4.    Induced Technical and Institutional Change   

 Economists who consider Figure 10.6, which shows historical changes in fertil-
izer/land prices relative to the fertilizer/land ratio (on the vertical axis) in the 
United States and Japan, will note that the U.S. and Japanese cases are similar, 
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even though factor endowments and technologies diff er enormously in the two 
countries. Ruttan and Hayami conjecture that the same economic forces are at 
work in both U.S. and Japanese agriculture. Th ese results were reconfi rmed by 
Kawagoe, Otsuka, and Hayami (  1986  ), who applied more rigorous statistical 
methods. Th ey conclude that dynamic factor substitution, involving biased tech-
nological changes, is a key to understanding the success of agricultural growth in 
the United States and Japan. 

 Hayami and Ruttan then probe more deeply into the process of technical 
change and analyze why institutional changes undergird technological change. 
Chapter 11 deals with the role of the social sciences in increasing the supply of 
institutional changes, while chapter 12 broadens the scope of induced innovation 
theory by specifying how resources, technology, culture, and institutions shape, 
govern, and interact in this process. Th ey emphasize that “changes in the demand 
for institutional innovation are induced by changes in relative resource endow-
ment and technological change.”     

    5.    Perspectives   

 Chapter 13 begins with Ruttan’s remark “Th e challenge of the twenty-fi rst 
century will be to make the transition to sustainable growth in both presently 
developed and low-income countries.” Sustainable agricultural growth may be 
constrained by limited resources (e.g., land and water) and also jeopardized by soil 
losses, all aff ected by climate change. Ruttan, however, does not think that agro-
climatic conditions pose as fundamental a constraint to sustainable agricultural 
growth as the technical and institutional innovations needed to confront these 
changes. For these innovations to be realized, the proper incentives, including 
price signals, must be in place. In addition, agricultural research is essential to 
adaptation to climate change leading to higher temperatures and water scarcity. 
Based on useful empirical evidence, his arguments are indeed forceful. 

 In chapter 14 Ruttan asks, “What should development economists learn from the 
new growth economics?” His answer: “Not much.” He questions why the new growth 
theory does not address fundamental development issues, including technical and 
institutional changes. Th is is related to chapter 2, where Ruttan and Hayami con-
clude that the major remaining issues are (1) construction of a theory of the behav-
iors of individual farmers, research scientists, and planners responding to changes 
in their external environments and resource and cultural endowments, (2) analysis 
of the societies where progressive technical and institutional change has yet not 
occurred, and (3) construction of a theoretical model that integrates “factor-induced” 
and “demand-induced” technical change. Th ese are practical issues rendering eco-
nomics a truly useful social science; it ought to be able to solve these problems. 

 Technical and institutional changes in agricultural systems are important not 
only for low-income but also for middle- and high-income economies. As per 
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capita incomes increase rapidly, comparative advantages in agriculture tend to 
be lost, and an income gap between the farm and nonfarm sectors widens. 
In response to this development, the governments of Japan, Korea, and Taiwan 
introduced protectionist policies to support farmers’ income. At present, other 
high-performing countries in Asia, including China, have followed similar paths. 
Such policy distortions could have serious negative consequences not only in the 
short run but also in the long run (e.g., the failure to develop labor-saving tech-
nologies by means of mechanization due to the persistence of small-scale farms). 
In chapter 15 Hayami analyzes needed investments in appropriate agricultural 
technology to prevent or mitigate the loss of comparative advantage in agricul-
ture and investments in human capital to facilitate the transfer of labor from farm 
to nonfarm sectors. Th e prospect for such changes remains dim, since distorted 
market prices do not provide correct signals. 

 Th e central message of chapter 16 is that “the demand for social science knowl-
edge is derived from the demand for institutional change.” While advances in 
knowledge in the social sciences can reduce the cost of institutional change, this 
dynamic has received only limited attention by economists and other social 
scientists. According to Ruttan, this can provide a better understanding of the 
historical process involved and of institutional reform. Empirical assessment of 
the process of economic development is required in order for social scientists to 
contribute to economically sustainable growth.     

    6.    Final Remarks   

 It seems that the major threats to sustainable economic growth are climate change 
and the incidence of deepening poverty in countries with extremely low incomes, 
particularly those in sub-Saharan Africa. What are this volume’s implications for 
sustainable development? In other words, how can we both mitigate climate 
change and reduce widespread poverty? 

 Climate change requires major technological breakthroughs, including innova-
tion in fossil fuel–saving technology, renewable energy, and heat-, drought-, and 
fl ood-tolerant agricultural technologies to adapt to a worsening climate. How can 
we realize such changes? It is clear that we need institutions to support them, as 
emphasized by Ruttan and Hayami. Th ey argue that inducing such changes 
requires prices that refl ect the changing scarcity value of resources. Hence, pricing 
carbon emissions through carbon trading is an important step in bringing about 
the necessary technological and institutional changes. If the price of carbon 
refl ected its negative environmental value, the market for carbon emissions could 
contribute enormously to the development of appropriate new technologies and 
institutions. Specifi cally, new institutions would be required to monitor carbon 
emissions and to facilitate its trading. 
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 How can we facilitate the development and dissemination of yield-enhancing 
technologies suitable for unfavorable climate conditions in SSA, where agricul-
tural productivity has been stagnant or even declining? In order to think about a 
strategy to develop agriculture in SSA, we need to know whether market prices 
refl ect the scarcity value of resources, whether eff ective agricultural research 
institutions and extension systems are in place, and whether economists have 
provided proper guidance in development policy. Although agricultural markets 
in SSA seem to work to a considerable extent, prices of inputs, such as chemical 
fertilizer, are often exorbitantly high, and product prices are generally low, due 
mainly to poor infrastructure. Indeed, fertilizer price/product price ratios in SSA 
are two to three times as high as those in Asia. Promoting a more effi  cient market 
system by reducing marketing costs is clearly a prerequisite for technological and 
institutional changes. 

 To date economists have played only a small role in designing strategies to 
develop agriculture in SSA. Th e Asian Green Revolution resulted from the transfer 
of rice technology, through research and extension, from countries in the temper-
ate zone to Southeast and South Asian countries in the tropical zone. Why, then, 
are we unable to transfer rice, wheat, and maize technologies from Asia to SSA, 
both of which are located in the tropics? Did we invest enough in research and 
extension and in water management to facilitate the agricultural technology 
transfer from Asia to SSA? Our answer is largely no. Economists have been silent 
on this for long time. Ongoing projects to transfer Asian rice technology to SSA 
under the leadership of the Japan International Cooperation Agency and the 
Alliance for Green Revolution in Africa in collaboration with the International 
Rice Research Institute, the West African Rice Development Association, and 
other international organizations is an innovative attempt to achieve sustainable 
growth in agriculture in SSA. 

 In short, although technical and institutional changes are guided by market sig-
nals, further guidance is needed from economists and other social scientists to 
achieve major revolutionary change. Governments, international organizations, 
research institutions, extension workers, input suppliers, traders, and farmers 
must play their respective roles in synchrony. Social scientists, in general, and 
development economists, in particular, can develop institutional frameworks eff ec-
tively to organize the economic agents and policy-making bodies to achieve major 
technological and institutional progress. Th e depth, breadth, and quality of thought 
of these two great economists was acclaimed in their lifetimes, and to many in 
development economics, it still resounds loudly in both theory and practice.       
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   Beginnings   

 We fi rst met in Tokyo in the summer of 1966. Ruttan had been attracted by a 
survey article by Hayami on the role of technical change in agriculture, which he 
had been asked to review. Ruttan arranged to stop in Tokyo, while en route to the 
Philippines, to talk to Hayami about his work. Our common work on productivity 
growth and our emerging sensitivity to the role of factor endowments in shaping 
the direction of technical change resulted in a highly stimulating exchange. Th is 
exchange was continued in the summer of 1968, at a conference in Japan on the 
role of technical change in the history of Japanese agriculture (see Ohkawa et al. 
  1969  , vol. 3). 

 The actual collaboration that led to our work on induced technical and 
institutional change began when Yujiro Hayami spent the 1967–68 and 1968–69 
academic years as visiting professor in the Department of Agricultural and Applied 
Economics at the University of Minnesota. 

 We each brought to the joint project a substantial body of research on technical 
change and productivity growth in agriculture. Ruttan had published a paper in 
the mid-1950s challenging the pessimistic views that were prevalent at that time 
concerning the future of agricultural production capacity in the United States 
(Ruttan   1956  ). Th is was followed by a series of papers during the late 1950s and 
1960s that attempted to refi ne and interpret measures of agricultural productiv-
ity growth in U.S. agriculture at both the regional and national levels (Ruttan 
  1958 ,  1960  ; Stout and Ruttan   1960  ). In addition, Ruttan brought to the collabora-
tion several years of research in Southeast Asia, where he was an economist with 
the Rockefeller Foundation at the International Rice Research Institute (IRRI). 

                     C H A P T E R  2
Induced Innovation Th eory and 
Agricultural Development   
 A  P E R S O N A L  A C C O U N T       

    Vernon W.     Ruttan   and     Yujiro     Hayami         
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Th ere he had conducted research on issues related to the design and introduction 
of the new seed-fertilizer technology being developed by IRRI (Ruttan and 
Moomow   1964  ; Ruttan   1966  ; Ruttan et al.   1966  ). 

 Hayami brought to the enterprise a substantial body of research on technical 
change in Japanese agriculture. His initial papers were on the development of the 
Japanese fertilizer industry and its role in enhancing agricultural productivity 
growth in Japan (Hayami   1964 ,  1967  ). Th e paper drew from his contribution to 
the monumental  Estimates of Long-Term Economic Statistics of Japan , organized 
and edited by Kazashi Ohkawa et al. (  1965  –67). Before arriving at the University 
of Minnesota, he had embarked upon an exceedingly ambitious eff ort, in the 
spirit of earlier work by Colin Clark, to assemble a complete set of agricultural 
sector input, output, and productivity data on a global basis and to estimate cross-
country “metaproduction functions,” which would then serve as a basis for eff orts 
to “account” for the sources of diff erences in land and labor productivity among 
countries (Hayami   1969a  ; Hayami and Inagaki   1969  ). 

 Our growing sensitivity to the signifi cance of diff erences and changes in rela-
tive resource endowments and relative factor prices drew on several sources. 
Ruttan had been very impressed by a lecture by H. J. Habakuk (  1962  ) at Purdue in 
1963 on the history of British and American technology. We were both familiar 
with the articles by E. O. Heady (  1954  ) and A. K. Sen (  1959  ) that had employed the 
concept of “landesque” (land-saving) and “laboresque” (labor-saving) capital.   1    

 We were, however, infl uenced even more directly by our own experience and 
research. Hayami had been impressed by the response of Japanese rice breeders 
to the long-term decline in the price of fertilizer relative to land in Japan: they 
countered by breeding “fertilizer-consuming” rice varieties. While working at IRRI, 
Ruttan was impressed with the tendency of the international group of scientists 
at IRRI to carry with them, etched in their subconscious, the relative factor 
endowments of their home countries.   2    

 We were also familiar with John R. Hicks’s (  1932  ) pronouncement, in  Th e 
Th eory of Wages , that changes or diff erences in relative prices of factors of produc-
tion could be expected to infl uence the relative labor-saving direction of technical 
change, and with the criticism of Hicks’s assertion by W. E. G. Salter (  1960  ).   3    
Salter argued, in eff ect, that entrepreneurs were interested in profi tability “from 
whatever source” and that, while changes in relative factor prices might aff ect the 
choice of technology, they could not be expected to result in a bias in the direction 
of inventive activity. We noted in our 1970  Journal of Political Economy  article 
(Hayami and Ruttan   1970a  ) that Salter’s results were based upon an excessively 
broad defi nition of technical change. We did not, however, become aware of 
the important debate in the theoretical literature beginning in the mid-1960s, 
centering around the issue of induced technical change, until our own formulation 
and initial testing of the theory was well under way. 

 In the mid-1960s, seminal articles by Charles Kennedy (1964) and Syed 
Ahmad (  1966  ) had staked out alternative versions of the theory of induced 
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technical change.   4    Th e initial drafts of the articles were written while Kennedy 
was teaching at the University of the West Indies (Kingston) and Ahmad was 
teaching at the University of Khartoum (Sudan). Ahmad submitted his article to 
the  Economic Journal  in 1963; the editor sent it to Kennedy for review. Kennedy’s 
article, which was published in 1964, was originally written as a comment on the 
Ahmad article. Th e Ahmad article was initially rejected, but a revised version was 
resubmitted and published in 1966. Th e Kennedy version was cast within the con-
text of contemporary growth theory. It was presented as a contribution to the 
solution of the puzzle about the seeming stability of the factor shares of labor and 
capital in spite of rapid substitution of capital for labor. Th e Ahmad version was 
built directly on the Hicks microeconomic foundation. When we became aware of 
the Kennedy and Ahmad articles, and the series of exchanges that had gone on in 
the literature, we very rapidly assimilated the Ahmad microeconomic version into 
our own work. In our judgment, the Kennedy growth theory approach could not 
serve as a productive foundation for empirical research.   5    

 Our initial collaboration was a paper dealing with the eff ect of Japanese colo-
nial policy in Korea and Taiwan on rice production in Japan (Ruttan and Hayami 
  1970  ). We then collaborated on two additional articles. One used a production 
function framework to account for agricultural productivity diff erences among 
countries (Hayami and Ruttan   1970b  ), and it was where we fi rst introduced the 
term  metaproduction function  to refer to the frontier production function. In a 
second article, we elaborated and tested a preliminary version of the induced 
technical change hypothesis against historical experience in both Japan and the 
United States. (Hayami and Ruttan   1970a  ). 

 As we proceeded with our writing, it became clear that the induced technical 
change theme could provide the structure needed to integrate a large body of the-
oretical and empirical research on agricultural development. We then began out-
lining a joint research program that led to the elaboration and further testing, in 
our book  Agricultural Development , of the induced technical change hypothesis 
(Hayami and Ruttan   1971  ). 

 One of our objectives was to develop a single model of agricultural develop-
ment that would be able to incorporate historical agricultural development expe-
rience in both the presently developed and the less developed countries. Th is 
involved integrating a number of models that had been proposed to interpret the 
process of agricultural development during specifi c epochs in particular countries 
or regions. Th ese earlier models were identifi ed as the conservation, urban-industrial 
impact, diff usion, and high pay-off  input models. We also wanted to be able to 
incorporate the location-specifi c characteristics of agricultural technology in 
the model. Our personal experience, and our reading of the technical literature, 
had convinced us that, by and large, agricultural technology must be invented 
in the agroclimatic and socioeconomic environment in which it is to be used. 
Th ese observations, combined with the induced innovation framework, turned 
out to be exceedingly powerful in interpreting the alternative paths of technological 
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change we observed, among both the presently developed and the developing 
countries and among developing countries characterized by diff erent resource 
endowments.     

   Agricultural Development   

  Agricultural Development  was published in 1971 and was generally well received. 
We were, however, surprised that some reviewers interpreted our fi ndings as 
implying that technical change in agriculture could be left primarily to the private 
sector, guided by the invisible hand of the market. Th e inference was apparently 
drawn from our demonstration that the path of technical change in both Japan 
and the United States had been induced by relative resource endowments inter-
preted through changes or diff erences in relative factor prices ( Figures  2.1   and 
  2.2  ). A careful reading of our book should have made it clear, however, that our 
purpose in attempting to understand the role of resource endowments and market 
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forces in directing technical change was to be able to design the policies and insti-
tutions that would lead to more effi  cient paths of technical change.   

 We were also somewhat surprised at the strong negative reaction to our 
research by a number of scholars writing in a neo-Marxian political economy 
tradition.   6    We had expected that our analysis, particularly of the relationship 
between resource endowments and the direction of technical change, and of the 
relationships between technical and institutional change, would receive a more 
sympathetic hearing from the political economy school. 

 It became clear to us fairly soon, however, that we should not remain too cer-
tain about the adequacy of the induced technical change model to interpret the 
process of technical change in agriculture. Much of agricultural research, particu-
larly that leading to advances in biological technology, was produced by public 
sector institutions—research institutes, experiment stations, and universities. 
Th e induced technical change model represented a modest extension of the neo-
classical theory of the fi rm, which we were using to explain the innovative behav-
ior of public sector bureaucratic organizations. But there was no available theory 
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of bureaucratic productivity. Indeed, the prevailing orthodoxy denied even the 
possibility of innovative behavior in the public sector.   7    In our book, we suggested 
the elements of a theory of induced institutional change; at that point, however, 
it represented primarily a suggestion for future research.   8        

   Extensions and Refi nements   

 In the early 1970s, Ruttan began a collaboration with Hans P. Binswanger that led 
to the development of more rigorous tests of the induced technical change hypoth-
esis and to a more intensive eff ort to interpret institutional change within the 
induced innovation framework. In 1970, while a student at North Carolina State 
University, Binswanger attended a seminar in which Ruttan presented the Hayami-
Ruttan tests of the induced technical change hypothesis. Binswanger later wrote a 
term paper in which he argued that while the Hayami-Ruttan results appeared 
plausible, their tests were not able to distinguish between price-induced factor 
substitution and induced technical change. While searching for a thesis topic, 
Binswanger discovered an article by Ryuzo Sato, written in 1970, that presented a 
rigorous two-factor (labor and capital) test. Binswanger hypothesized that if 
induced technical change could be distinguished from factor substitution for the 
two-factor case, it should also be possible, in principle, to design a multifactor test. 
He proceeded to develop a generalized multifactor test; later, using a translog 
function, he operationalized the procedure as a four-factor test (land, labor, fertil-
izer, and power). Th e test was fi rst applied against U.S. and Japanese experience 
and reported in his 1973 Ph.D. thesis (Binswanger   1973  ). 

 In retrospect, the method employed by Hayami and Ruttan was more of a plau-
sibility test than a fully integrated, rigorous test of the hypothesis. It relied on the 
consistency between microeconomic observations of experimental results and 
sectoral-level statistical associations. Th e method developed by Binswanger parti-
tioned the historical changes in factor shares into two components. One compo-
nent refl ected the change due to pure substitution eff ects—the result of choice of 
technology in response to changing relative prices along a given production func-
tion. Th e second component represented the change in the factor share resulting 
from shifts in the production function itself. Th is enabled Binswanger to deter-
mine whether the second component of the factor share shift was consistent or 
inconsistent with an induced technical change explanation. 

 Following the completion of his thesis at North Carolina State University, 
Binswanger spent the 1972–73 academic year at the University of Minnesota. 
While at Minnesota Binswanger (  1974a ,  1974b ,  1984  ) published a series of 
important papers drawing on his thesis research. Binswanger and Ruttan also 
began discussing the possibility of a book that would include tests of the induced 
technical change hypothesis against Western European and Latin American expe-
riences. Th e book would be a thorough review and evaluation of the burgeoning 
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theoretical literature on induced technical change, as well as an application of the 
more rigorous tests of the model developed by Binswanger and an attempt to 
extend the elements of a model of induced institutional innovation. 

 As their discussions were getting under way, Ruttan left the University of 
Minnesota to become president of a small private foundation, the Agricultural 
Development Council (ADC). Th e council’s program focused on strengthening 
rural social science research and graduate education capacities in Asia. Binswanger 
accepted an appointment as ADC associate in India and was located at the 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) at 
Hyderabad (India). At ICRISAT he initiated, in collaboration with several col-
leagues, a series of large village-level studies. Th ese changes in institutional affi  li-
ations and responsibilities slowed work on the proposed book, which was fi nally 
completed and published in 1978.   9    

 During the early and mid-1970s, Yujiro Hayami and several collaborators were 
also engaged in a series of studies designed to advance the theory of induced insti-
tutional innovation and test it against Southeast Asian experience. Hayami spent 
1974–76 as economist at the International Rice Research Institute in the 
Philippines. While at IRRI he initiated, with Masao Kikuchi, a series of studies of 
village-level changes in land tenure and labor relations (Kikuchi and Hayami   1980  ; 
Hayami and Kikuchi   1982  ). Th e studies provided both a more fully elaborated 
hypothesis of induced institutional innovation and carefully constructed micro-
economic tests of the hypothesis.   10    Th e Hayami and Kikuchi analysis also drew on 
the work of the public choice theorists for inspiration, including that of Harold 
Demsetz (  1967  ) on property rights, Mancur Olson (  1965  ) on collective action, 
Gary Becker (1974) on social interactions, and Ronald Coase (1937), Oliver 
Williamson (  1975  ), Steven Cheung (  1969  ), and others on the role of risk and 
transaction costs in shaping economic organization. 

 Both Hayami and Ruttan were also deeply infl uenced by the broad historical 
work of Douglass North and R. P. Th omas (1970, 1973). Our work went beyond 
the earlier literature, however, in explicitly distinguishing between the sources of 
demand and supply of institutional change. Th e sources of demand for institu-
tional change included changes in resource endowments and in technology. 
Ruttan (  1978 ,  1981 ,  1984  ), in the book with Binswanger, had identifi ed advances 
in social science knowledge as an important source of the supply of institutional 
change and had elaborated this perspective in a series of articles. 

 As our work with other collaborators was maturing, we began in the late 1970s 
to discuss writing a second edition of  Agricultural Development , which would 
incorporate the new research on induced technical and institutional change 
and the experience of agricultural development between the mid-1960s and the 
early 1980s. 

 By this time, Hayami had returned from IRRI to Tokyo Metropolitan University 
and Ruttan had returned to the University of Minnesota. In the early 1980s, 
we prepared a revised outline and started to exchange chapters of the revision. 
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Th e Rockefeller Foundation awarded us a joint fellowship that enabled us to spend 
a month at the foundation’s Bellagio Center in Italy to argue out our diff erences 
and coordinate our revisions. In preparing the new edition, we were able to draw 
upon longer time-series data for Japan and the United States (1880–1980), a 
broader set of country studies, and the advances in methodology that had occurred 
since the mid-1960s. 

 Th e new edition contained a separate chapter on induced technical and 
institutional innovation.   11    Th e model of induced institutional change maps the 
general equilibrium relationships among resource endowments, cultural endow-
ments, technology, and institutions (Figure   2.3  ). However, the empirical testing 
of the model remained incomplete, primarily because the recursive relationship 
among the several elements of the model did not lend themselves to econometric 
testing as readily as did the earlier induced technical change hypothesis. 
Consequently, historical and case studies became our primary methodological 
approach. Th e revised edition of our book was published in 1985 (Hayami and 
Ruttan   1985  ).  

 While preparing the second edition, Hayami was also engaged in collaboration 
with Kym Anderson in an eff ort to utilize the induced institutional change per-
spective to interpret the emergence of protectionist import-substitution policy in 
Japan and the other rapidly developing economies of East Asia (Anderson and 
Hayami   1986  ). Ruttan (  1982a  ) was applying the induced technical and institu-
tional change perspective in an analysis of agricultural research organization and 
to the reform of agricultural research policy. 
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 By the late 1980s, the induced technical change model had been successfully 
tested against the experience of a large number of developed market economies,   12    
and Ruttan, in cooperation with several students, had initiated a program to test 
the model in the centrally planned economies (Wong   1988  ; Fan   1991  ; Fan and 
Ruttan   1992  ).     

   Conclusion   

 In retrospect, several things stand out about our collaboration, which now extends 
back almost twenty-fi ve years. One is how diffi  cult it now is to identify which of 
us has been responsible for particular contributions. As we were working on the 
second edition, we found that we were frequently attributing the same contribu-
tions in the fi rst edition to the other person. 

 By the time the second edition of the book was in print, our work was also 
coming under increased scrutiny. Examples of the more critical perspectives are 
included in this volume. We will return, at the end of this book, to an evaluation 
of the comments and criticisms. We will also outline some of our own concerns 
and suggest some priorities for the induced innovation research agenda. Among 
the issues that we will deal with are the following:  

   •  Th e lack of a theory of action. Th e inducements that lead individual farmers, 
mechanics, research scientists, and planners to respond to changes in their 
external environments and to changes in resource and cultural endowments 
to bring about changes in technology and institutions remain largely a black 
box.  

   •  We have been fairly successful in explaining the rate and direction of institu-
tional change when it occurs. But we have very little to say about those societ-
ies where progressive technical and institutional change is not occurring or, in 
some cases, is regressing.  

   •  We, and our colleagues, have not yet developed and tested a well-integrated 
model of (a) the theory of “factor-induced” technical change, which explains 
the direction of technical change, and (b) the theory of “demand-induced” tech-
nical change, which explains the rate of technical change. Nor have we yet eff ec-
tively integrated the theory of induced innovation with the theory of trade. 
Th is is a serious incompleteness, since relative resource endowments play such 
a dominant role in both the trade theory and the theory of technical change.            

 Notes 

      Vernon W. Ruttan and Yujiro Hayami, in Bruce M. Koppel (ed.),  Induced Innovation Th eory and 
International Agricultural Development: A Reassessment  (Baltimore: Johns Hopkins University 
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Press, 1995). Th e article had been commissioned by John Dillon for a survey volume on agri-
cultural economics literature. Th e Dillon project was never brought to completion; however, 
the manuscript was later revised and published in collaboration with Willis Peterson. See 
Peterson and Hayami   1977  .   

    1.   Hayami had studied with Heady at Iowa State University. Ruttan had written a critique of the 
Heady article, which was not accepted for publication by the  Journal of Farm Economics . See also 
A. K. Sen   1960  .   

    2.   It may be useful to cite a somewhat amusing example. At an IRRI semiannual internal research 
review in 1964, the Japanese plant physiologist Akira Tanaka and the American agronomist 
James Moomow reported sharply diff erent results from the same experiment carried out in 
the same environment. Tanaka reported a classic S-shaped yield response to fertilizer. Moomow 
reported a rather fl at inverted U-shaped response. After considerable discussion, the agricul-
tural engineer Lloyd Johnson and Ruttan suggested that Tanaka and Moomow were control-
ling for the independent variables that interested them, in this case fertilizer, and doing 
“whatever else it took to make a good experiment.” Tanaka came from a traditionally low-wage 
labor-surplus economy. He employed a very labor-intensive system of weed control. Moomaw, 
accustomed to working in a high-wage labor-scarce economy, waited until the weed infestation 
had become competitive with the rice and then applied herbicide and killed some rice plants as 
well as the weeds. Th ere were also diff erences in views regarding the relative emphasis that 
should be given to green manure as a source of soil fertility that refl ected the relative land 
resource endowments of their home countries.   

    3.   Ruttan (  1961  ) had reviewed the Salter book.   
    4.   Th e key articles in the “growth theory” and “microeconomic” approaches were Kennedy   1964   

and Ahmad   1966  . Th e best review and evaluation of this controversy, which extended from 
the mid-1960s to the mid-1970s, is by Binswanger (  1978  ). In our judgment, the Ahmad 
contribution received less attention than it deserved in part because of this unlikely location, 
the University of Khartoum, at the time his article was published.   

    5.   Th e Kennedy version incorporated a fi xed innovation possibility trade-off . It is of some interest 
that neither Ahmad (  1966  ) nor Kennedy (  1964  ) had thought of their work as even potentially 
productive of empirical research. Th ey were both primarily concerned with the factor share 
stability puzzle—a puzzle that disappeared shortly after the Kennedy and Ahmad articles were 
published.   

    6.   See Oasa and Jennings   1982  . For a more sympathetic perspective, also written from a “political 
economy” perspective, see Palladino   1987  .   

    7.   Orthodox economic doctrine had held that institutional innovation was not the appropriate 
concern of economics. According to Samuelson (  1948  ), “Th e auxiliary constraints imposed 
upon the variables are not themselves the proper subject of welfare economies, but must be 
taken as given.”   

    8.   For an initial attempt to apply the induced institutional change framework outside agriculture, 
see Ruttan   1971  .   

    9.   Binswanger, Ruttan, and others,  Induced Innovation  (  1978  ) .  For the test of the model against 
Western European historical experience, see Ruttan et al.   1978  ; for the Latin American tests, 
see de Janvry   1978   and Sanders and Ruttan 1978.   

   10.   Th e plausibility of the hypothesis was reinforced by study of long-run institutional change in 
Th ai agriculture by Feeny (  1976  ).   

   11.   Th is chapter fi rst appeared in Ruttan and Hayami   1984  .   
   12.   See the large number of studies summarized in Th irtle and Ruttan 1987.                   
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 Recent discussion of future farm output requirements have stressed heavily the 
important role which technological progress is expected to play in meeting the 
projected output requirements.   1    Th is is as true of the studies which have empha-
sized the “transitory nature of present food surpluses”   2    as of the studies which 
point to continuation of the present “pressure of food supplies on population.”   3    

 In spite of this emphasis on the importance of technological change, these 
studies have generally failed to make explicit the relationship between techno-
logical progress and changes in factor input requirements other than labor inputs. 
Th is failure seems to stem from use of an analytical scheme which fails to distin-
guish between technological change and change in labor productivity, thus con-
fusing the contributions to farm output made by technological change and 
increased nonlabor inputs.   4    

 In this paper, I shall attempt (a) to outline an analytical scheme which distin-
guishes between the contributions of technological change and increased nonlabor 
inputs, (b) to present a set of alternative technological change and factor input 
models for American agriculture which will illustrate the possible consequences of 
alternative rates of technological change on certain aggregate input categories 
during the next quarter century, and (c) to discuss some questions of agricultural 
policy stemming from the close relationship between technological change and 
input requirements.    

   Measurement of Technological Progress   

 Economic progress is generally conceived in terms of a rising level of consumption or 
real income per person (Clark   1940  : 2). Defi ned in this manner, economic progress 
can occur as a result of advance in the techniques of production (in technological 
progress) which enables us to produce a greater output with the expenditure of 
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a given quantity of resources, or it can occur as a result of the substitution of other 
factors of production for labor in such a manner that real income per person rises 
even though the ratio of output to total input remains unchanged. 

 If we accept this concept of technological progress, then use of  change in labor 
productivity —output per unit of labor input—as a measure of the contribution of 
technological progress to output becomes at best rather imprecise and at times 
even misleading.   5    In any industry, such as agriculture, where the rise in labor pro-
ductivity has been achieved as a result of substitution of capital and current inputs 
for labor as well as from changes in output per unit of total input, the change in 
labor productivity overstates the contribution of technological change to output.   6    
Conversely, in an industry such as meatpacking, where technological progress 
during the last twenty years has apparently been primarily capital saving rather 
than labor saving, the change in labor productivity tends to understate the contri-
bution of technological change to output (Ruttan   1954  : 8–10). 

 As an alternative to the use of labor productivity as a measure of technological 
change, a number of authors have suggested an approach based on the change 
in total input per unit of output (e.g., Copeland and Martin   1938  : 127; Stigler 
  1947  : 43–45; Barton and Cooper   1948  ; Schmookler   1952  ; Leontief   1953  ). Th e 
argument is that if one selects a base year ( t  0 ) in which a fi rm or industry is operat-
ing at or near equilibrium and corrects for price changes in the items entering 
into the input and output accounts of a second year ( t  1 ) in which equilibrium con-
ditions also hold, the percentage diff erence between the Laspeyres input index 
and the Laspeyres output index in the second year ( t  1 ) measures the contribution 
which technological change has made to output between  t  0  and  t  l . 

 Th is is equivalent, in the special case of a linear production function, to stating 
that if one constructs a production function for the base period ( t  0 ) and then sub-
stitutes the inputs of some given period ( t  1 ) into the function, one can measure 
the contribution which technological change has made to the change in output 
between the two periods by the diff erence between the index of output actually 
produced in the given period and the index of output estimated from the base 
period production function (Leontief   1944  ; D. G. Johnson   1950  : 559). Although 
the suggested procedure permits an exact measure of the contribution of techno-
logical change only under rather restrictive conditions,   7    the procedure does permit 
one to establish eff ective upper and lower limits within which the “true” measure 
of technological change must lie. Th is is accomplished by reversing the procedure 
and estimating the output that could have been secured in the base period ( t  0 ) 
if base period inputs had been employed with the given period ( t  1 ) production 
function. Th e “true” measure of technological change will then lie between the 
two estimates arrived at by the above procedures. 

 In the event that the production function for the fi rm or the industry under 
consideration is nonlinear, the use of an appropriate nonlinear function will of 
course permit the establishment of even more precise limits between which the 
“true” measure of technological change must fall. 
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 Use of a nonlinear production function does imply, however, that a greater 
increase in inputs will be required to achieve a given increase in output for any 
given level of technological change than if the function is linear, except in the 
case where the use of all inputs changes at the same rate (or where increasing 
returns to scale of a suffi  ciently large magnitude off set the eff ect of a diminishing 
marginal rate of substitution between input factors). Alternatively, a given 
increase in input, coupled with a given level of technological change, will result in 
a smaller increase in output if the production function is nonlinear than if it is 
linear (again, except in the case where use of all inputs changes at the same rate or 
where increasing returns to scale of suffi  ciently large magnitude prevail). 

 Th e above results stem from the fact that with a nonlinear function the level of 
marginal productivity of any resource depends on the relative amounts of the 
various inputs used. Unless all inputs change in the same proportion through 
time, the marginal productivities will not bear the same relationship to each other 
at the beginning of the period and at the end of the period. In other words, given 
diff erential rates of change in use of the several inputs and a nonlinear production 
function, part of the total increase in inputs is required to compensate for the 
eff ects of changes in relative inputs on marginal productivities.   8    

 In preparing the projections of alternative farm output and factor input indexes 
for 1960 and 1975, a nonlinear function of the Cobb-Douglas type was employed. 
Th e decision to employ a nonlinear function was based on the desirability of 
employing a production function which would permit the assumption of neutral 
technological change coupled with changing input ratios and changing marginal 
productivity of the several input factors.   9        

   Alternative Output and Factor Input Models   

 In Table   3.1  , eight alternative input models for 1975 are presented. Th e procedure 
employed in constructing each model was (a) to adjust recent output requirement 
estimates upward to take into consideration the latest population and disposable 
income projections; (b) to project labor and land input requirements on the basis 
of past trends in output per unit of labor and land input; and (c) to estimate as 
residuals the capital and current expenditure inputs necessary to produce the pro-
jected output requirements under alternative rates of technological change. Th e 
assumptions upon which each of the projections is based are discussed below.     

   T HE OU TPU T PROJECT ION S   

 Th e farm output requirements presented in Table   3.1   are projected on the basis 
of a rise in per capita disposable income from $1,347 in 1950 to $1,630 in 1960 
(21 percent)   10    and to $2,075 in 1975 (54 percent);   11    and increase in population 
from 152 million in 1950 to 177 million (16 percent) in 1960 and 221 million in 
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      Table 3.1  Projections of Alternative Farm Output and Factor Input Indexes for 1960 and 1975 (1950 = 100)  

  Zero technical progress    a     Slow technical progress    b     Rapid technical progress    c     Very rapid technical progress    d     

 Low land 
inputs (I) 

 High land 
inputs (II) 

 Low land 
inputs (III) 

 High land 
inputs (IV) 

 Low land 
inputs (V) 

 High land 
inputs (VI) 

 Low land 
inputs (VII) 

 High land 
inputs (VIII)  

 1960 Projections  

 Inputs:  

 Labor  88  88  88  88  78  78  78  78  

 Land  96  104  96  104  96  104  96  104  

 Capital    e     (A)  178  172  140  136  149  143  124  121  

 (B)  183  177  145  140  153  147  127  124  

 Current    e     (A)  214  207  169  163  178  172  148  145  

 (B)  204  198  161  155  171  164  141  138  

 Contribution to output from:  

 Inputs  122  122  112  112  110  110  100  100  

 Technological change  0  0  10  10  12  12  22  22  

 Total output  122  122  122  122  122  122  122  122  

 1975 Projections  

 Inputs:  

 Labor  81  81  81  81  67  67  67  67  

 Land  90  110  90  110  90  110  90  110  
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 Capital    e     (A)  346  318  199  169  218  201  132  122  

 (B)  378  348  218  185  238  219  144  133  

 Current    e     (A)  547  505  317  240  346  318  210  193  

 (B)  491  441  285  234  311  277  189  173  

 Contribution to output from:  

 Inputs  160  160  135  135  129  129  100  100  

 Technological change  0  0  25  25  31  31  60  60  

 Total output  160  160  160  160  160  160  160  160  

   a   Increased inputs are assumed to account for the entire increase in output.  

   b Technological change is assumed to occur at a suffi  ciently rapid rate to permit an increase in output per unit of input of 1.0 percent per year between 1950 and 1975. 

Th is is the 1910–50 rate calculated on the basis of 1945–48 prices and techniques.  

   c  Technological change is assumed to occur at a suffi  ciently rapid rate to permit an increase in output per unit of input of 1.23 percent per year between 1950 and 1975. Th is is the 

1910–50 rate calculated on the basis of 1910–14 prices and techniques.  

   d  It is assumed that technological change occurs at a suffi  ciently rapid rate to account for the entire increase in output. Th is requires an increase in output per unit of input of 

2.2 percent per year between 1950 and 1960 and 2.4 percent per year between 1950 and 1975.  

   e  Estimate (A) for capital and current inputs is based on the assumption that the ratio of capital to current inputs ( C  l / C  2 ) will continue to decline at the same percentage rate as during 

the period 1910–14 to 1945–48. Estimate (B) is based on the assumption that, the 1925–27 to 1949–50 rate will continue. See text for further discussion of estimates A and B.  
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1975 (45 percent);   12    income elasticity of demand for food of 20 and of nonfood 
items of –.05 at the farm level;   13    and no change in military use and net exports as 
a percentage of total farm output.   14    

 Th e indexes of farm output requirements obtained in this manner—122 for 
1960 and 160 for 1975 (1950 = 100)—are well above current projections chiefl y 
because of the greater populations which seem likely to obtain.   15    Otherwise the 
projected situation conforms roughly to the situation which has been characterized 
as “chronic hot and cold wars” by Cochrane and Lampe (  1953  : 211).     

   T HE L ABOR INPU T PROJECT ION S   

 Th e labor input of 88 for 1960 and 81 for 1975 shown in models I to IV of 
Table   3.1   were projected on the basis of an average increase in output per 
farmworker of 3.9 percent per year. Th is was the rate achieved during the entire 
1910–52 period. Th e indexes of 78 for 1960 and 67 for 1975 shown on models V 
to VIII are based on the much more rapid rate—5.6 percent per year—achieved 
between 1929 and 1952.   16    

 According to the  Annual Report on the Labor Force , an average of 7.5 million 
farmworkers were employed in producing the 1950 farm output. In 1975 it 
appears that approximately 5.0 million workers will be required under conditions 
of rapid technological progress and about 6.1 million workers under conditions of 
slow technological progress to produce a farm output 60 percent above the 1950 
level. In 1960, between 5.9 and 6.6 million farmworkers will probably be required 
to produce a farm output 22 percent above the 1950 level. 

 Given the assumption of neutral technological change the continued decline in 
farm employment posited above depends on the assumption that labor input 
prices will continue to rise relative to nonlabor inputs.     

   T HE L AND INPU T PROJECT ION S   

 Th e oft-observed diffi  culty of arriving at a satisfactory treatment of aggregate 
land inputs (e.g., Schultz   1953  ) led to the specifi cation of two alternative land 
input models for each technological change situation. 

 Regardless of the direction of change in land inputs during the next quarter 
century, recent studies seem to agree that these changes will be rather small. If we 
can assume that 4.75 acres of plowable pasture are, on the average, equivalent to 
1 acre of cropland and that changes in the relative contribution to total farm 
output of nonplowable pasture,   17    woodland pasture, and grazing lands outside of 
farms will be suffi  ciently small to be ignored, then the land use change projections 
by Black and Gauss in the President’s Materials Policy Commission (Paley) (1952) 
indicate a land input of III in 1975 (1950 = 100), while the changes suggested in 
the President’s Water Policy Commission (Cooke) Report indicate a land input of 
100 in 1975. Projections based on past changes in farm output per unit of land 
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input indicate a land input index of 116 in 1975 (1950 = 100) if the 1910–50 
annual average increase in output per unit of land input (1.75 percent) continues 
to 1975; an index of 107 if the 1920–50 rate (2.10 percent) continues; and an 
index of only 87 if the 1930–50 rate (2.85 percent) continues. 

 In view of the possibility that changes in land input may be either positive or 
negative and because of the emphasis on land use changes in the recent literature 
cited above, we will examine the consequences both of a decline in land inputs to 
an index of 96 in 1960 and 90 in 1975 and of a rise to 104 in 1960 and 110 in 1975 
under each technological change situation.   18    Th ese input situations would appear 
to adequately refl ect the range of expectations currently held.     

   C API TAL AND CURREN T EXPENDI TURE INPU T S   

 In projecting the labor and land input indexes presented in Table   3.1  , the assump-
tion is made that changes in technology and prices during the period 1950–75 
will permit the continuation of certain past relationships in output per unit 
of labor input and per unit of land input. In estimating the inputs of nonland 
capital and current inputs, a somewhat diff erent approach has been employed. 
An attempt has been made to answer the question, “If technological change occurs 
at a given rate, and if the projected changes in labor inputs and land inputs obtain, 
what nonland capital and current inputs will be required if an aggregate farm 
output index of 122 in 1960 and 160 in 1975 (1950 = 100) is to be achieved?” 

 Th e answers to this question, as shown in Table   3.1  , range from extremely large 
increases in the case of model I (zero technical progress with low land inputs) to 
relatively minor increases in model VIII (very rapid technical change with high 
land inputs). Th ese indexes were obtained by solving the following set of equa-
tions for  C  1  (the index of nonland capital inputs) and  C  2  (the index of current 
inputs):
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  C  1  = the index of nonland capital inputs 
  C  2  = the index of current inputs 
  a  = the labor productivity coeffi  cient 
  b  = the land productivity coeffi  cient 
  c  = the nonland capital productivity coeffi  cient 
  d  = the current input productivity coeffi  cient 
  f  = the rate of percentage increase in the ratio (C 1 /C 2 ) 
  r  = the average annual change in output per unit of total input 
  s  = the average annual change in output per unit of labor input 
  t  = the number of years over which the increased output is to be achieved 
  T  = the total contribution of technological change to output during a given period. 
 What do these equations imply? Equation (1) is a Cobb-Douglas production 

function. Th e restriction ( a + b + c + d  = 1) implies constant returns to scale (when 
all inputs are increased by the same proportion), while the exponential form of 
the equation permits the marginal productivity of individual inputs to vary 
depending on the relative amounts of the various inputs used without violating 
the assumption of neutral innovation. 

 In estimating the productivity coeffi  cients for equation (1), the assumption is 
made that the productivity coeffi  cient for each factor is equal to the percentage 
share of total agricultural output received by that factor in 1945–48. Th is assump-
tion is permissible if the inputs actually used in agriculture during 1945–48 were 
reasonably close to the inputs that would have been used under conditions of 
competitive equilibrium. Under conditions of competitive equilibrium, the pro-
ductivity coeffi  cients for factors are proportional to their average productivities 
(Robinson   1948  ; Heady   1953  ). 

 Th e contribution of technological change to output is expressed as a function 
of time. In models I and II (Table   3.1  ) zero technological change is assumed—the 
complete change in output is achieved by increasing the quantities of inputs 
employed in agriculture. In models III and IV, the assumption is made that tech-
nological change will continue to occur at a suffi  ciently rapid rate to permit an 
average increase in output per unit of input of 1.0 percent per year—the 1910–50 
rate calculated on the basis of 1945–48 prices and techniques. In models V and VI, 
technological change is assumed to occur at a suffi  ciently rapid rate to permit an 
average increase in output per unit of input of 1.23 percent per year—the 1910–50 
rate of change calculated on the basis of 1911–14 prices and techniques.   19    
In models VII and VIII, it is assumed that output per unit of total input increases 
at a suffi  ciently rapid rate to account for the entire increase in output between 
1950 and 1975. Th e rate required varies from an average of 2.2 percent per year 
between 1950 and 1960 to an average of 2.4 percent per year between 1950 and 
1975. Th is is well above even the higher estimates for the period 1910–50 and 
probably exceeds by a considerable amount the rate achieved during the period 
1925–50, when most increase in output per unit of total input apparently 
occurred.   20    Th e projections of output per unit of total input presented in models 
III to VI were chosen merely as convenient reference points rather than in the 
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expectation that these rates which were achieved in the past might actually hold 
in the future. 

 Equation (2) attempts to specify the relationship between nonland capital 
inputs ( C  1 ) and current inputs ( C  2 ). In eff ect, it states that the ratio of nonland 
capital inputs ( C  1 / C  2 ) can be expected to continue to decline at the same percentage 
rate as during the period 1910–14 to 1945–48 (estimate A) or the period 1925–27 
to 1949–50 (estimate B).   21    

 Two alternative projections for capital and current inputs are presented for 
each model in Table   3.1  . It is felt that projections based on the 1910–14 to 
1945–48 period (estimate A) might overstate the rise in current inputs relative to 
the nonland capital inputs for two reasons: (a) mechanization of motive power in 
American agriculture has occurred almost entirely since 1910–14. At present, it is 
diffi  cult to visualize, even with continued mechanization and the rapid growth of 
inputs of such items as insecticides and fertilizers, any developments that will 
permit quite as rapid substitution of current for capital inputs as has occurred 
since 1910. (b) Th e level of capital inputs during 1945–48 was probably infl uenced 
by the lag in capital investment during 1942–46, when machinery and materials 
were in short supply. On the other hand, use of the period 1925–27 to 1949–50 
(estimate B) as a basis for projecting the relationship between capital and current 
inputs ( C  1 / C  2 ) may understate the relative rise in current inputs: fi rst, because 
mechanization of motive power had already made substantial progress on 
American farms by 1925–27, and second, because it is doubtful that capital invest-
ment will persist at the extremely high rates of 1949–50 without the stimulus of 
rising farm prices.   22    

 In view of the above considerations, estimates A and B are both presented in 
Table   3.1  . Th ese estimates appear to set the limits within which increases in capital 
and current inputs are likely to occur.      

   Some Policy Implications   

 Th e projections of disposable income and population growth employed in this 
paper indicate substantially higher farm output requirements in both 1960 and 
1975 than appeared likely even a few years ago. Regardless of the rate of techno-
logical change that is achieved, it appears that the output requirements can be 
met with approximately the same land inputs as at present and a continually 
declining agricultural labor force. Th e factor input-output models in this paper 
also illustrate the high degree of substitution that exists between technological 
change and inputs of capital and current expense items.   23       

   HOW MUCH T ECHNOLOGIC AL CHANGE?   

 Th e changes in land inputs, nonland capital inputs, and the level of technology 
that actually take place will be strongly infl uenced by governmental policy. 
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A major share of the costs of the research and development involved in advanc-
ing the level of technology in agriculture is borne by the states and the federal 
government. 

 If, as argued in this paper, technological change and capital inputs can be 
viewed as substitutes, it then becomes possible to get away from the question of 
the quantity of resources (or income) which the nation “needs” to devote to 
research if output requirements are to be met. A more appropriate question is: 
What combination of private and governmental expenditure on (a) research and 
extension, (b) land reclamation and improvement, and (c) investment incentives 
and expenditures will minimize the cost of obtaining the required increments to 
farm output? 

 No attempt will be made in this paper to present a precise answer to this ques-
tion. One would expect, however, that the situation represented by models I and 
II would be extremely costly. Cochrane and Lampe (  1953  : 208) state that they 
expect a situation similar to model VII or VIII to hold during the next quarter 
century. Although this appears to be a substantially more rapid rate of change in 
output per unit of input than has been achieved for any period of similar length 
in the past, the possibility exists that this may be the least expensive method to 
the nation for providing its food and fi ber requirements.     

   L AND AND CREDI T POLIC Y   

 In the event that technological change is pushed rapidly enough to account for the 
entire increase in farm output (from an index of 100 to 160) during the next quar-
ter century, problems of land reclamation and development and availability of 
farm credit are likely to become much less important than at present. Indeed, if 
the situation outlined in model VII were to obtain, it would be possible to achieve 
the desired farm output with a 10 percent decline in land inputs and only a 32–44 
percent increase in nonland capital inputs over the twenty-fi ve-year period. Th is 
increase in capital inputs is far below the rate of increase achieved during the 
1940–50 decade, when nonland capital inputs in agriculture increased by approx-
imately 65 percent (Schultz   1953  : 108). 

 At the other extreme, failure to achieve substantial increases in output per 
unit of total input would point to continued rapid growth of capital require-
ments in agriculture and would increase the productivity of both private and 
public investment in reclamation or drainage enterprises designed to increase 
land inputs. At the level of technological progress posited in models III and IV, for 
example, an increase in land inputs of 20 points (from 90 to 110) permits a com-
pensating decrease of 30–33 units of capital and 51–77 units of current inputs 
between 1950 and 1975 (valued at 1945–47 prices), while at the levels posited in 
models VII and VIII the same increase in land inputs will release only 10–11 units 
of capital and 16–17 units of current inputs. 
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 Th e magnitude of the increase in capital inputs required in models I to VI is of 
considerable interest. Some economists have expressed concern over the high 
capital requirements per farm unit even at present (e.g., Cowden   1953  : 87; 
Baughman   1952  ; Buck   1954  ). Substantial increases in total capital requirements 
coupled with further declines in the number of farms may make the ideal of an 
owner-operated family farm unencumbered by substantial long-term debt even 
less attainable than at present. Certainly it will require more eff ective arrange-
ments for the acquisition of capital assets with long-term fi nancing and will prob-
ably be accompanied by separation of the farm ownership and managerial control 
functions to a much greater extent than exists at present.   24        

   PRICE POLIC Y   

 In all of the farm output–factor input models shown in Table   3.1  , inputs of 
current expense items are indicated as expanding much more rapidly than long-
run capital inputs. In the past, increased expenditures on motor fuels have 
accounted for a major share of the increase in current inputs. It seems likely that 
rapidly expanding inputs of fertilizer, insecticides, machinery repairs, processed 
feeds, and other input factors purchased from the nonagricultural sectors of the 
economy will continue this trend. 

 As the importance of such items continues to expand, one might expect that 
farm output would become somewhat more sensitive to downward shifts in the 
prices of farm products than in the past.   25    For any given level of technology (ratio 
of output per unit of total input), increased sensitivity of farm output to down-
ward fl uctuations in the movements in the prices of farm products (i.e., greater 
elasticity in the supply curve for farm products) would decrease the magnitude of 
the price decline required by a decline in demand for farm commodities not sub-
ject to price supports. Th e old idea that farm output does not decline during a 
depression may have to be revised. For supported commodities, it would increase 
the amount of product that would have to be taken off  the market to maintain any 
given support level above the equilibrium level. Th is suggests that the recent 
buildup of farm surpluses in the last few years may be related to increased elastic-
ity in the supply curve for farm products as well as to advances in farm technology 
and a short-run shift to the left in the demand curve for farm products.        

  Notes 

      Vernon W. Ruttan,  Review of Economics and Statistics  38 (February 1956): 61–69. Th is paper was 
completed while the author was a member of the Government Relations and Economics Staff  of 
the Tennessee Valley Authority. He is indebted to D. Gale Johnson of the University of Chicago; 
to Glenn T. Barton of the Agricultural Research Service, U.S. Department of Agriculture; and to 
his colleagues on the Tennessee Valley Authority’s Government Relations and Economics Staff  
and the Agricultural Economics Branch for helpful comments and criticisms.   



34 Can Economic Growth Be Sustained?

    1.   Most of the current discussions regarding future output requirements are based on fi ve recent 
studies: (a) U.S. Department of Agriculture   1952a  , (b) President’s Materials Policy Commission 
  1952  , (c) President’s Water Resources Policy Commission (undated), (d) Cochrane and Lampe 
  1953  , and (e) Daley   1954  . For comments on the projections presented in the above studies, see 
(a) Heisig   1953  , (b) Halvorson   1952  , (c) S. E. Johnson   1952  , (d) Trelogan and Johnson   1953  , 
(e) Clark   1954  , (f) Mason   1954  , and (g) Black   1955  . See also U.S. Department of Agriculture 
  1952b  , Johnson and Barlowe   1954  , and Koff sky   1954  .   

    2.   According to the Water Resources Policy Commission (undated: 159), “present food surpluses 
are transitory. Th e real agricultural problem is how to assure suffi  cient production to meet the 
requirements of an expanding population.”   

    3.     According to Cochrane and Lampe (  1953  : 209), “in peace time, technological advance can turn 
the old pressure of population on food supplies into the pressure of food supplies on popula-
tion, at least insofar as the United States is concerned.”   

    4.   Cochrane and Lampe (  1953  : 208) are prevented from falling into this confusion, not by their 
analytical scheme, which lumps together all factors acting to shift the supply curve to the left 
and expresses them as a simple function of time, but by their assumption that technological 
progress will occur at a suffi  ciently rapid rate to permit aggregate inputs to remain unchanged 
or even decline.   

    5.   It seems rather unlikely that many economists actually view change in labor productivity as an 
adequate indicator of technological change. Th e common tendency in current literature is to 
disavow reliance on labor productivity as an indicator of technological change and then to pro-
ceed to use it in the absence of any readily available alternative. See, for example, Black   1945  : 
180 – 84, 198, and Colm   1952  : 19 – 22, as well as most of the studies referred to in footnote 1. 
For further comment on this point, see Siegel   1953  .   

    6.   According to Barton and Cooper (  1948  : 120 – 23), output per unit of labor input increased 
approximately twice as fast as output per unit of total input between 1910 and 1945. 
Productivity gains since 1945 have pushed this ratio to close to three.   

    7.   Exact determination of the contribution of technological change to output is possible only if 
the following conditions hold: (a) the fi rm (or industry) must be operating under conditions of 
equilibrium in both  t  0  and  t  1 ; (b) the production function must be homogeneous of degree one 
(i.e., constant returns to scale must hold); (c) the prices of the factors of production relative to 
each other and the prices of the products of the fi rm (or industry) relative to each other must 
remain unchanged; (d) technological progress must be neutral. Neutrality is defi ned as follows: let 
 P  ( x, y, a, b ) = 0 be the production function before technological change. Th is technological change 
is neutral if, and only if, it yields the production function  P  ( T x  , T y  , a, b ) = 0 where  T  is a constant 
greater than one if the change is progress. In spite of the restrictive appearance of the above condi-
tions, they do permit us to “bracket” the range within which the “true” contribution of techno-
logical change falls. In many cases, it is not possible even to set reliable one-sided limits when the 
labor-productivity approach is used. For demonstration of the above points, see Ruttan   1954  .   

    8.   Th e eff ects of using a nonlinear production function rather than a linear function as discussed 
above are essentially the same as those of using a geometric rather than an arithmetic mean. 
See, for example, Yule and Kendall   1946  .   

    9.   Possession of the last two characteristics has apparently been an important factor in contrib-
uting to the extensive use of the Cobb-Douglas function in examining production relation-
ships in the fi eld of agriculture. See, for example, G. L. Johnson   1952  , Heady and Shaw   1954  , 
and R. B. Hughes   1954  .   

   10.   Th is is the rate of growth employed in Colm   1952  : 159. Income is expressed in 1950 dollars.   
   11.   Th is is the rate of growth employed in President’s Material Policy Commission   1952  : 63.   
   12.   Th ese are the highest projections now being made by the U.S. Bureau of the Census (see  Current 

Population Reports , Series P-25, No. 78). Justifi cation for employing the highest projection 
rather than the more moderate fi gure of 213.6 million is to be found in a rather consistent pat-
tern of underestimation of future population growth in recent projections. See, for example, 
the critical   review of recent population projections by Davis (  1953  ).   

   13.   Th ese are the levels implicit in the projections by Black and Gauss in President’s Material Policy 
Commission   1952  : 63–65. It might possibly be argued that, with the expected rise in per capita 
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disposable income, the income elasticity of demand for food at the farm level would fall to at 
least .14, the level which Fox (  1951  : 81) obtained for urban families in 1948. Other estimates 
of the income elasticity of demand for food products at the farm level run as high as .30, however. 
See the studies quoted in Schultz   1953  : 55. Th e income elasticity of demand assigned to non-
food items (<min>.05), which is implicit in the estimates by Black and Gauss, is based on much 
less empirical evidence than the income elasticity of demand for the food items. However, even 
a diff erence of as much as 10 points would not aff ect total output requirements very much, 
since nonfood items represent a relatively small share of total farm output (about 20 percent 
in 1950). Th us, if the income elasticity of demand for nonfood items were .05 rather than 
<min>.05, the output requirement estimate would be 162 rather than 160 in 1975.   

14.   In the event of continuous peace and high-level price supports between the present and 1975, 
net exports will no doubt fall considerably below the assumed level unless some sort of export 
subsidy is resorted to.   

15.   President’s Water Resources Policy Commission (undated: 156–58) projects food requirements 
of 132 in 1975 (1949–51 = 100). Black and Gauss project a 1975 demand for all farm products 
of 138 in President’s Material Policy Commission   1952  : 63. Th e Cochrane and Lampe projec-
tions (  1953  : 211 –  1 4) of food consumption for 1975 range from about 114 (serious business 
recession during late 1960s) to 135 (continuous peacetime prosperity).   

16.   Th e output series employed in estimating changes in output per farmworker is U.S. Department 
of Agriculture   1952c  : 661. Th e farm employment series employed in models I to IV is the 
revised Bureau of Agricultural Economics farm employment estimates as presented in  Farm 
Labor  1952. In models V to VIII, the BLS-Census  Annual Report on the Labor Force  estimates 
of farm employment were employed (see Joint Committee on the Economic Report   1953  ). 
Th ese estimates appear to refl ect “work done” more closely than even the recently revised 
BAE estimates, which refl ect “participation” in agricultural employment. For a more adequate 
discussion of this point, see Fuller et al.   1953  .   

17.   Th e fi gure 4.75 is derived from data presented in Barton and Cooper   1945  : 24.   
18.   Between 1910–14 and 1949–51, the value of farmland (excluding buildings) declined from 

$76.6 to $53.1 million (in 1950 dollars). Th is historical trend has been disregarded in arriving 
at the two alternative indexes of land input used in this paper. Th e assumption is made that the 
investment requirements for land will be proportional to physical land inputs. For data on the 
cost of additional land inputs, see Ulrich   1953  ; and President’s Water Resources Policy 
Commission (undated, vol. 2: 28–30).   

19.   Th e above rates of increase in output per unit of total input were estimated from the following 
production functions:

1910 14 1 400 194
1
273

2
073− 14 : ( ) .400 . .273r1 +(= t W) L C194. C

1945 48 1 426 169
1
209

2
136− 48 : ( ) . . .209r1 +(= t W) L C169.169 C

  and the following input and output indexes: 

         

   1910  – 14 Prices   1945  – 48 Prices  

  1910    1950    1910    1950   

 Output (P)   100    175    57    100   

 Inputs:  

 Labor ( W )   100    72    139    100   

 Land ( L )   100    107    93    100   

 Capital ( C  1 )   100    175    55    100   

 Current ( C  2 )   100    596    26    100   
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  Both the production functions and the input and output indexes are adapted from data pre-
sented in T. W. Schultz   1953  : 101–9, 120–22, and 137–39.   

   20.   By using the capital input estimates developed in Tostlebe   1954  , and the current input esti-
mates developed by Kendrick and Jones (  1951  ), rather than the Department of Agriculture 
estimates employed by Schultz, it is possible to obtain a somewhat higher estimate of the con-
tribution of technological change. Calculations for the period 1910–50, based on 1910–14 
techniques and prices with the Tostlebe capital input index ( C  1 ) of 160 and the Kendrick-Jones 
current input index ( C  2 ) of 362, indicate an estimated average increase in output per unit 
of input of 1.53 percent per year. Calculations using BAE data for the period 1925–50 based 
on 1935–39 techniques and prices indicate an average increase in output per unit of input of 
about 1.6 percent per year. Even if the data necessary to make similar calculations on the basis 
of, say, 1925–27 techniques and prices were available, it seems unlikely that the estimate of 
average increase in output per unit of total input would rise above 2.0 percent per year.   

   21.   Th e rate of nonland capital inputs to current inputs ( C  1 /C 2 ) declined from 3.74 in 1910–14 
to 2.65 in 1925–27, to 1.98 in 1946–48, and rose to 2.05 in 1949–50. Th e 1910–14 and 
1946–48 ratios are from Schultz   1953  : 137. Th e 1925–27 and 1949–50 ratios were calculated 
from unpublished data made available to the writer by the Agricultural Research Service. 
Current plans by the Agricultural Research Service to revise the series from which these ratios 
were computed may result in some changes in the ratios. Because of the extreme diffi  culty of 
arriving at an appropriate measure of capital inputs, it would be well to consider the indexes 
presented in Table   3.1   as indicative of the relative rather than the absolute level of inputs 
required.   

   22.   See Kendrick and Jones   1953   for a discussion of recent fl uctuations in farm capital outlays. 
See also U.S. Department of Agriculture   1953  : 36, Table 18, “Farm Capital Expenditures, 
Depreciation, and Net Investment, 1910–52.”   

   23.   Th is is not to argue that a certain amount of complementarity does not exist between innova-
tion and capital inputs. In many cases both capital investment and purchase of current inputs 
are necessary if the advances in technology are actually to be introduced. Th is may be true even 
though the innovation results in a reduction in total capital inputs required to produce a given 
output. For further discussion of this point, see Hendrix   1951  .   

   24.   Th is point has been made by Ellickson and Brewster (1947). While arguing rather strongly 
that technological advance in agriculture does not tend to reduce the effi  ciency of family-scale 
relative to larger-than-family-scale farms, they do point out that the association between own-
er-operatorship and managerial control is not a necessary condition of family-scale farming.   

   25.   D. G. Johnson (  1950  ) indicates that the relatively fi xed prices of current input items have not, 
in the past, been important enough to bring about a downward shift in farm output during 
periods of declining farm prices. If inputs of current items should expand as indicated in the 
projections shown in Table   3.1  , however, one might expect a somewhat greater impact on farm 
output if prices of current inputs fail to decline as rapidly as the prices of farm product.            
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       Th e sources of productivity growth over time and of productivity diff erences 
among countries and regions have emerged as a central unifying theme of growth 
theory and development economics.   1    In recent years a consensus seems to 
have emerged to the eff ect that productivity growth in the agricultural sector is 
essential if agricultural output is to grow at a suffi  ciently rapid rate to meet the 
demands for food and raw materials that typically accompany urbanization and 
industrialization (Adelman and Morris   1968  ; Jorgenson   1961  ; Ranis and Fei 
  1961  ; Ruttan   1968  ). Failure to achieve rapid growth in agricultural productivity 
can result either in the drain of foreign exchange or in shifts in the internal terms 
of trade against industry and thus seriously impede the growth of industrial 
production. Failure to achieve rapid growth in labor productivity in agriculture 
can also raise the cost of transferring labor, and other resources, from the 
agricultural to the nonagricultural sector as development proceeds. 

 Extremely wide diff erences in agricultural productivity exist among countries. 
Agricultural output per worker in India is approximately one-fi ftieth of that in the 
United States. Relatively few underdeveloped countries have achieved levels of 
output per worker one-fi fth as high as in the United States. Furthermore, these 
diff erences have widened during the last decade (Hayami et al.   1970  ). Th is lag in 
the rate of productivity growth in agriculture represents a serious constraint on 
economic growth in many developing economies. Recent empirical research 
supports a classifi cation of the sources of productivity diff erences, or of produc-
tivity growth, into three broad categories: (a) resource endowments, (b) technol-
ogy, as embodied in fi xed or working capital, and (c) human capital, broadly 
conceived to include the education, skill, knowledge, and capacity embodied in a 
country’s population. Although this is clearly an oversimplifi cation, it does repre-
sent a substantial advance over the earlier emphasis on a single key or strategic 
factor (Griliches   1964  ; Krueger   1968  ; Nelson   1968  ; Schultz   1964a  ). 

                                          C H A P T E R  4
Agricultural Productivity 
Diff erences among Countries         

    Yujiro     Hayami   and     Vernon W.     Ruttan         
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 Our analysis indicates that the three broad categories outlined above account 
for approximately 95 percent of the diff erences in labor productivity in agricul-
ture between a representative group of Less Developed Countries (LDCs) and of 
Developed Countries (DCs). In this comparison the three factors are of roughly 
equal importance. When compared to the DCs of recent settlement (Australia, 
Canada, New Zealand, and the United States), favorable resource endowments 
account for somewhat more than one-third of the diff erences. Resource endow-
ment is the major factor accounting for diff erences in labor productivity between 
the DCs of recent settlement and the older DCs. Nevertheless, it seems apparent 
that the LDCs could, over time, achieve labor productivity levels in agriculture 
well over half as high as in the more recently settled DCs, roughly comparable to 
the levels achieved in the older DCs, through increased use of technical inputs 
supplied from the industrial sector and improvements in the quality of the labor 
force, even in the absence of substantial changes in man-land ratios.     

    1.  Th e Method and the Data   

 Th e approach used in this study involves the estimation of a cross-country pro-
duction function of the Cobb-Douglas type for thirty-eight developed and under-
developed countries.   2    Diff erences in agricultural output per worker are accounted 
for by diff erences in the level of conventional and nonconventional inputs per 
worker, classifi ed as (a) internal resource accumulation, (b) technical inputs 
supplied by the nonagriculture sector, and (c) human capital.   3    All of the data used 
in this study are taken from a recent compilation of international agricultural 
production statistics by Yujiro Hayami and associates (  1970  ).   4    

 Production functions were estimated for three diff erent periods: 1955 
(1952–56 averages), 1960 (1957–62 averages), and 1965 (1962–66 averages).   5    
Th e analysis was conducted in gross output (net of seeds and feed) terms in order 
to include the eff ects of current intermediate inputs such as fertilizer. Individual 
agricultural commodities were aggregated by the farm gate (or import) prices 
of the United States, Japan, and India, to produce three diff erent output series. 
Th e series were then averaged geometrically into a single composite output series 
which was used as the dependent variable.   6    

 Th e independent variables used in the study include labor, land, livestock, fer-
tilizer, machinery, education, and technical manpower. In summing up the eff ects 
of resource endowments, technology, and human capital on productivity per 
worker, land and livestock serve as proxy variables for internal resource accumu-
lation; machinery and fertilizer for technical inputs; and general and technical 
education in agriculture for human capital. 

 Land (measured by hectares of agricultural land) used for agricultural produc-
tion cannot be regarded as a mere gift of nature. It represents the result of 
previous investment in land clearing, reclamation, drainage, fencing, and other 
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development measures. Similarly, livestock (as measured by livestock units) 
represents a form of internal capital accumulation. Th us, in our perspective, land 
and livestock represent a form of long-term capital formation embodying inputs 
supplied primarily by the agricultural sector.   7    Both high inputs of land and of live-
stock per worker tend to be associated with low levels of labor and high levels of 
land per unit of output. In contrast, fertilizer (as measured by the  N + P  2  O  5   + K  2  O  
in commercial fertilizers) and machinery (as measured by tractor horsepower) 
represent inputs supplied by the industrial sector. Technical advances stemming 
from both public and private sector research and development are embodied in or 
complementary to these modern industrial inputs. Mechanical innovations 
are usually associated with larger inputs of power and machinery. Biological 
improvements, such as the innovations embodied in high-yielding varieties, are 
typically associated with higher levels of fertilizer use. In this analysis these two 
industrial inputs represent proxies for the whole range of inputs which carry 
modern mechanical and biological technologies. 

 Th e proxies for human capital include measures of both the general educational 
level of the rural population and specialized education in the agricultural sciences 
and technology. Two alternative measures of the level of general education were 
attempted: (a) the literacy ratio and (b) the school enrollment ratio for the pri-
mary and secondary levels. Both sets of data are defi cient in that they apply to 
the entire population and are not sensitive to diff erences in the quality of rural 
and urban education. Education in the agricultural sciences and technology 
was measured by the number of graduates per ten thousand farmworkers from 
agricultural faculties at above the secondary level. Th ese graduates represent the 
major source of technological and scientifi c personnel for public sector agricul-
tural research and extension and for research development and marketing in the 
private agribusiness sector.   8    

 A critical assumption in this approach is that the technical possibilities 
available to agricultural producers in the diff erent countries can be described by 
the same production function. Cross-section production functions, using indi-
vidual countries or regions as observations, have been widely used. Cross-country 
aggregate production functions for the agricultural sector were fi rst estimated 
by Jyoti Bhattacherjee in 1955. An aggregate agricultural production function 
similar to that used in this study, using states in the United States as observa-
tions, was employed by Zvi Griliches (  1964  ) in an attempt to account for the 
impact of research and education on agricultural output. Anne Krueger’s (  1968  ) 
recent eff ort to estimate the contribution of factor endowment diff erentials to 
variations in per capita income employs the assumption that all countries are 
subject to a uniform production function. 

 In a recent paper Richard Nelson (1968: 1229) has argued that the assump-
tions of a common production function “get in the way of understanding interna-
tional diff erences in productivity—particularly diff erences between advanced and 
underdeveloped countries.’” Nelson’s objections appear directed primarily to the 
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empirical results obtained from use of relatively primitive two-factor production 
functions, where intercountry diff erences in value-added per worker are related 
to the capital-labor ratio. He insists, as a result of diff erential diff usion of new 
technology, that “at any given time one would expect to fi nd considerable varia-
tion among fi rms with respect to the vintage of their technology, certainly between 
countries, but even within a country” (ibid.: 1230). 

 We share the Nelson perspective. Agricultural producers in diff erent countries, 
in diff erent regions of the same country, and on diff erent farms in the same region 
are not all on the same microproduction function. Th is refl ects diff erences among 
producers in their ability to adopt new technology. More importantly, it is also the 
result of diff erential diff usion of agricultural technology, and, to an even greater 
degree, of diff erential diff usion of the scientifi c and technical capacity to invent 
and develop new mechanical, biological, and chemical technology specifi cally 
adapted to the factor endowments and prices in a particular country or region. 

 We may call the envelope of all known and potentially discoverable activities a 
secular or “metaproduction function.” Th e full range of technological alternatives 
described by the metaproduction function is only partially available to individual 
producers in a particular country or agricultural region during any particular 
historical “epoch.”   9    It is, however, potentially available to agricultural scientists 
and technicians. 

 We view the common or cross-country production function which we have 
estimated as a metaproduction function. It is assumed that the invention and 
diff usion of a new “location-specifi c” agricultural technology through the appli-
cation of the concepts of physical, biological, and chemical science and of engi-
neering, craft, and husbandry skills is capable of making the factor productivities 
implicit in the cross-country production function available to producers in less 
developed countries. It is also assumed that the capacity of a country to engage 
in the necessary research, development, and extension is measured by the two 
proxy variables for human capital, namely general education and technical educa-
tion in agriculture. It appears to us that this eff ort, and that of Griliches (  1964  ) 
and Krueger (  1968  ), are not inconsistent with the perspective presented by 
Nelson (  1968  ) in his criticism of the empirical results obtained from two-factor 
cross-country production functions. 

 Th e production function employed in this study was of the Cobb-Douglas type. 
It was used mainly because of its ease in manipulation and interpretation. A test 
presented in the Appendix indicates that the unitary elasticity of substitution 
implicit in the Cobb-Douglas production function is an acceptable assumption. 
Th e ordinary least squares estimation procedure was used. Th e possibility of 
simultaneous equation bias seems small because all inputs, except fertilizer, are 
measured in stock terms and can be treated as predetermined. In a few cases, 
however, the method of instrumental variables was tried to see if any diff erent 
inferences might be drawn. Th e assumption of a common production function 
among countries is a testable hypothesis. However, it appears that the data used 
in this study are too crude to be employed for such a test.   10        
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    2.  Estimation of the Production Function   

 We conducted an especially detailed analysis for 1960 because of (a) better com-
parability of output data and (b) availability of data for the number of farms in 
that year.   11    Table   4.1   presents the estimates of the unrestricted Cobb-Douglas 
production function on the cross-country data; each column reports the results of 
a regression of agricultural output on a diff erent set of inputs in the log linear 
form, including estimates of the production elasticities and their standard errors 
(in parentheses), the standard errors of estimate, and the coeffi  cients of determi-
nation adjusted for the degrees of freedom.   12    Th e estimation was made both on 
per farm data (output and conventional inputs defl ated by the number of farms) 
and on national aggregate data. Th e results from these two sets of data are not 
suffi  ciently diff erent to lead to diff erent inferences regarding the agricultural 
production structures among countries.  

 Considering the crudeness of data, the levels of statistical signifi cance of the 
estimated coeffi  cients seem satisfactory in most cases. Th e coeffi  cients stay 
fairly stable when nonconventional variables are added or subtracted, though the 
coeffi  cients for labor and livestock tend to move opposite to the coeffi  cient for 
machinery. Th e results of estimation by the method of instrumental variables 
(denoted as IV) compared with the least squares estimates provide no  prima facie  
evidence against the use of least squares. 

 Attempts to include other variables, for example, the ratio of irrigation land to 
total land area and the ratio of cropland to pasture land, were tried in an attempt 
to adjust for diff erences in the quality of land input; but it turned out that the 
coeffi  cients for such variables are either negative or nonsignifi cant.   13    

 Plausibility of the estimates may be checked by a comparison with the results 
of earlier attempts to estimate aggregate production functions in various coun-
tries. Bhattacharjee (  1955  ) obtained aggregate production elasticities for his 
cross-country production function (including only conventional variables) cen-
tered on 1950 of around 0.3 for labor; 0.3 to 0.4 for land; and 0.3 for fertilizer. 
Th e coeffi  cients for livestock and tractors were not signifi cant at commonly 
accepted levels. Th e Bhattacharjee (  1955  ) results indicate higher production elas-
ticities for land and fertilizer than the results obtained in our study. It would 
appear that our model is somewhat better specifi ed in that we obtained statisti-
cally meaningful coeffi  cients for livestock and machinery as well as for the two 
proxy variables for human capital. 

 Th e aggregate production elasticities of U.S. agriculture were estimated by 
Griliches (  1964  ) as 0.4 to 0.5 for labor; 0.1 to 0.2 for land, fertilizer, and machinery; 
0.3 to 0.5 for education; 0.04 to 0.1 for research and extension. It is rather 
surprising that the Griliches estimates, despite the completely diff erent nature of 
the data used, coincide so well with the ones in this study. 

 Th e production elasticities estimated for Japanese agriculture by Yasuhiko 
Yuize (  1964  ) in value-added terms are in the ranges of 0.4 to 0.6 for labor and 
0.2 to 0.4 for land. Such fi gures are consistent with the estimates in this study 
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      Table 4.1  Estimates of Agricultural Production Function on Cross-Country Data, 1960 (1957–62 Averages)  

  Per farm Basis  

 Regression number  (1)  (2)  (3)  (4)  (5)  (2-IV)  (3-IV)  

 Sample size  38  37  37  37  37  37  37  

 Labor (L)  0.336 (0.121)  0.432 (0.114)  0.393 (0.117)  0.490 (0.110)  0.454 (0.113)  

 Land  0.071 (0.074)  0.108 (0.065)  0.097 (0.067)  0.117 (0.062)  0.104 (0.066)  0.108 (0.069)  0.097 (0.072)  

 Livestock  0.166 (0.099)  0.241 (0.089)  0.136 (0.062)  0.249 (0.086)  0.232 (0.091)  0.210 (0.094)  0.192 (0.097)  

 Fertilizer  0.174 (0.055)  0.124 (0.058)  0.136 (0.062)  0.121 (0.053)  0.126 (0.059)  0.096 (0.058)  0.108 (0.067)  

 Machinery  0.205 (0.061)  0.057 (0.067)  0.104 (0.064)  0.038 (0.053)  0.092 (0.059)  0.074 (0.068)  0.124 (0.064)  

 General education 
Literacy ratio (E1) 

 0.348 (0.186)  0.366 (0.196)  

 School enrollment 
ratio (E2) 

 0.360 (0.247)  0.263 (0.274)  

 Technical education  0.190 (0.057)  0.148 (0.055)  0.197 (0.055)  0.146 (0.054)  0.197 (0.060)  0.153 (0.056)  

 LxE1  0.418 (0.109)  

 LxE2  0.383 (0.114)  

 Coef. of det. (adj) 
S.E. of est. 

 0.908 
0.138 

 0.932 
0.119 

 0.926 
0.124 

 0.934 
0.118 

 0.928  
 0.123 

 0.928 
0.123 

 0.921 
0.128  

 Sum of conventional 
coeffi  cients 

 0.952 (0.098)  0.962 (0.085)  0.957 (0.088)  0.943 (0.074)  0.937 (0.080)  0.978 (0.088)  0.975 (0.094)  

 Sum of Conventional 
coeffi  cients 

 0.952 (0.098)  0.962 (0.085)  0.957 (0.088)  0.943 (0.074)  0.937 (0.080)  0.978 (0.088)  0.975 (0.094)  
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        National Aggregate basis   

  Regression number    (6)    (7)    (8)    (9)    (10)    (7-IV)    (8-IV)   

  Sample size    38    37    37    37    37    37    37   

 Labor (L)  0.335 (0.064)  0.451 (0.074)  0.413 (0.075)  0.474 (0.072)  0.434 (0.074)  

 Land  0.056 (0.065)  0.088 (0.062)  0.076 (0.063)  0.097 (0.061)  0.080 (0.063)  0.092 (0.065)  0.080 (0.067)  

 Livestock  0.091 (0.096)  0.247 (0.089)  0.235 (0.092)  0.263 (0.086)  0.243 (0.091)  0.219 (0.093)  0.205 (0.095)  

 Fertilizer  0.161 (0.053)  0.112 (0.059)  0.123 (0.063)  0.105 (0.058)  0.108 (0.061)  0.090 (0.057)  0.104 (0.064)  

 Machinery  0.192 (0.056)  0.071 (0.065)  0.116 (0.060)  0.040 (0.053)  0.102 (0.058)  0.082 (0.065)  0.127 (0.061)  

 General education 
Literacy ratio (E1) 

 0.326 (0.187)  0.321 (0.196)  

 School enrollment 
ratio (E2) 

 0.324 (0.248)  0.290 (0.271)  

 Technical education  0.182 (0.057)  0.142 (0.055)  0.195 (0.055)  0.139 (0.054)  0.182 (0.060)  0.142 (0.056)  

 LxE1  0.464 (0.072)  

 LxE2  0.432 (0.072)  

 Coef. of det. (adj) 
S.E. of est. 

 0.955 
0.131 

 0.953 
0.118 

 0.950 
0.123 

 0.954 
0.118 

 0.950 
0.122 

 0.951 
0.120 

 0.948 
0.125  

(continued )
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      Table 4.1  (continued )  

        National Aggregate basis   

  Regression number    (6)    (7)    (8)    (9)    (10)    (7-IV)    (8-IV)   

  Sample size    38    37    37    37    37    37    37   

 Sum of 
conventional 
coeffi  cients 

 0.935 (0.035)  0.969 (0.039)  0.963 (0.040)  0.969 (0.039)  0.965 (0.040)  0.957 (0.048)  0.950 (0.040)  

 Sum of 
Conventional 
coeffi  cients 

 0.952 (0.098)  0.962 (0.085)  0.957 (0.088)  0.943 (0.074)  0.937 (0.080)  0.978 (0.088)  0.975 (0.094)  

   Notes:  Equations linear in logarithms are estimated by the least squares except those denoted as  IV , which are estimated by the instrumental variable method. Th e standard errors of 

coeffi  cients are in parentheses.  

  Dependent variable: Gross agricultural output net of seeds and feed in thousand wheat units (one wheat unit is equivalent to a ton of wheat).  

  Labor : Number of male workers active in agriculture in thousands.  

  Land : Area of agricultural land in thousand hectares.  

  Livestock : Livestock in agriculture in thousand livestock units (conversion factors: 1.1 for camels; 1.0 for buff alo, horses and mules; 0.8 for cattle and asses; 0.2 for pigs; 0.1 for sheep 

and goats; 0.01 for poultry).  

  Fertilizer: Sum of  N, P 2 O 5   and  K 2 O  in thousand metric tons contained in commercial fertilizers consumed.  

  Machinery: Horsepower of tractors for farm purposes in thousands horsepowers.  

  Literary ratio: Literacy ratio in percent.  

  School enrollment ratio: Ratio of school enrollments in the primary and secondary schools in percent, adjusted for diff erences in the school system.  

  Technical education: Number of graduates from agricultural schools of the third level (college level) per ten thousand male farm workers. Number of farms: Number of agricultural 

holdings in thousands.  

   Source:  Hayami and associates (1970).  
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since according to the social account study by the Japanese Ministry of Agriculture 
and Forestry (  1968  ) the ratio of value-added to gross output was around 0.7 
in Japanese agriculture in the period when Yuize’s study was made. In the less 
developed countries we do not have comparable estimates of the aggregate 
agricultural production function. Th eodore Schultz (  1964a  ) has, however, inferred 
from the impact of the 1918–19 infl uenza epidemic that the production elasticity 
of labor in Indian agriculture was 0.4. Th is is consistent with our estimates. 
Such consistency with other studies gives support to the results of estimation in 
this study. 

 Griliches (  1964  ) has found that in U.S. agriculture, a given percentage increase 
in education, which improves the quality of labor, has the same output eff ect as 
an equal percentage increase in labor itself. In order to test whether the same 
assertion holds in the international dimension, we have estimated the production 
function by combining labor  L  and general education  E  in a multiplicative form 
 L x E ; this resulted in little change (compare regressions 2 with 4, 3 with 5, 7 with 
9, and 8 with 10). Furthermore, the analysis of variance provides evidence in 
support of the equality in the coeffi  cients of labor and general education.   14    

 Judging from the sums of coeffi  cients of conventional inputs, compared with 
the standard errors of those sums (shown in parentheses below the sums of 
coeffi  cients), constant returns seem to prevail both on the farm fi rm level and on 
the national aggregate level. Note, however, that increasing returns prevail when 
both private and socially controlled inputs are allowed to vary. Th e constant 
returns at the farm level may explain the existence of farms of extremely diff erent 
sizes producing the same commodities. Th e constant returns at the national 
aggregate level might be one of the distinctive characteristics of agricultural 
production and, if so, would have important implications for the intersectoral 
investment priorities for national economic development. 

 Th e stability of the agricultural production function over time is tested on the 
1955, 1960, and 1965 cross-country sample. Because comparable data on the 
number of farms were not available for 1955 and 1965, we assumed the linear 
homogeneity in the Cobb-Douglas production function and regressed output 
per capita (per male worker) on conventional inputs per capita and on noncon-
ventional inputs. Th e linear homogeneity assumption is based on the information 
contained in Table   4.1  . In order to make the data comparable among years we 
restricted the countries included in the sample to thirty-six (Mauritius and 
Surinam were dropped from the sample for lack of labor data). 

 Th e results of our estimations are summarized in Table   4.2  . Comparing the 
estimates of the per capita production function with those of the unrestricted 
form in Table   4.1  , we see that the land coeffi  cients become smaller and the live-
stock coeffi  cients become larger. Th is appears to be caused by high intercorrela-
tion between land area per worker and livestock per worker. Diff erences in the 
two sets of estimates do not seem to imply diff erent conclusions. Th e production 
parameters seem largely stable over time. Th e null hypothesis of the equality of 
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the production coeffi  cients among 1955, 1960, and 1965 is accepted according 
to the results of analysis of variance (the  F -statistic calculated from regressions 
12, 13, 14, and 17 is only 0.95).        

    3.  Accounting for Productivity Diff erences   

 Th e results obtained from estimation of the agricultural production function in 
the previous sections may be used to account for intercountry diff erences in labor 
productivity (output per male worker) in agriculture in 1960. Since our production 
function is now assumed to be linear homogeneous (with respect to conventional 
inputs) in the Cobb-Douglas form, the percentage diff erence in output per worker 
can be expressed as the sum of percentage diff erences in conventional inputs and 
nonconventional inputs per worker each weighted by the relevant production 
elasticities. Based on the results shown in Table   4.1   and Table   4.2   the following 
set of production elasticities was adopted: 0.40 for labor, 0.10 for land, 0.25 for 
livestock, 0.15 for fertilizer, 0.10 for machinery, 0.40 for education, and 0.15 for 
research and extension. Only the school enrollment ratio was used as the educa-
tion variable in this accounting, but the results would have been essentially the 
same if the literacy ratio had been used. 

 Two alternative sets of results are presented. Th e fi rst set involves group 
comparisons between LDCs and DCs. Th e second set involves individual compari-
sons of selected LDCs and DCs with the United States.     

   Group Comparisons   

 Th e sources of diff erences in labor productivity between the eleven LDCs and dif-
ferent groups of DCs are presented in Table   4.3  . Each column compares for 
each group the percentage diff erence in agricultural output per worker between 
LDCs and DCs with the percentage diff erences in input variables weighted by 
the specifi ed production elasticities. Inside the parentheses is shown the index 
with the output-per-worker diff erence set equal to 100. Th e countries classifi ed 
as LDCs, for the purposes of this comparison, all had per capita income of less 
than US$350 and more than 35 percent of their labor force engaged in agricul-
ture. Th e countries classifi ed as DCs had per capita income higher than US$700 
dollars and less than 30 percent of the labor force engaged in agriculture. Countries 
falling between these criteria are not included in the comparisons presented in 
Table   4.3  .  

   Th e diff erence in average agricultural output per worker between the eleven 
LDCs and the thirteen DCs of group 1 was 88.8 percent; the diff erence between the 
eleven DCs and the nine older DCs of group 2 was 83.5 percent; and the diff erence 
between the eleven LDCs and the four DCs of recent settlement—group 3—was 
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      Table 4.2   Estimates of Agricultural Production Function on Cross-Country Data: 1955 (1952–56 Averages); 1960 
(1957–62 Averages); and 1965 (1962–66 Averages)  

    Per-capita basis  

 Regression number  (11)  (12)  (13)  (14)  (15)  (16)  (17)  

 Year  1960  1960  1955  1965  1955–60  1960–65  1955–60–65  

 Sample size  36  36  36  36  72  72  108  

 Land  0.072 (0.061)  0.056 (0.063)  0.082 (0.061)  0.043 (0.073)  0.068 (0.042)  0.047 (0.047)  0.066 (0.038)  

 Livestock  0.289 (0.092)  0.281 (0.094)  0.311 (0.093)  0.273 (0.101)  0.300 (0.064)  0.276 (0.066)  0.286 (0.055)  

 Fertilizer  0.105 (0.057)  0.107 (0.063)  0.124 (0.057)  0.142 (0.083)  0.120 (0.041)  0.125 (0.049)  0.137 (0.038)  

 Machinery  0.076 (0.063)  0.125 (0.059)  0.061 (0.049)  0.152 (0.063)  0.090 (0.036)  0.144 (0.041)  0.106 (0.032)  

 General education 
Literacy ratio 

 0.362 (0.180)  

 School enrollment ratio  0.337 (0.243)  0.168 (0.182)  0.356 (0.336)  0.320 (0.141)  0.324 (0.189)  0.243 (0.134)  

 Technical education  0.182 (0.055)  0.137 (0.053)  0.194 (0.051)  0.099 (0.050)  0.168 (0.035)  0.113 (0.034)  0.122 (0.029)  

 Dummy: 1960  –0.009 
(0.026) 

 –0.017 
(0.029)  

 1965  –0.019 
(0.029) 

 –0.021 
(0.030)  

(continued )
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      Table 4.2  (continued )  

    Per-capita basis  

 Regression number  (11)  (12)  (13)  (14)  (15)  (16)  (17)  

 Year  1960  1960  1955  1965  1955–60  1960–65  1955–60–65  

 Sample size  36  36  36  36  72  72  108  

 Coef. of det.(adj) 
S.E. of est. 

 0.934 
0.115 

 0.930 
0.119 

 0.931 
0.111 

 0.919 
0.135 

 0.934 
0.111 

 0.929 
0.123 

 0.924 
0.122  

 Implicit coeffi  cient of 
labor 

 0.458  0.431  0.422  0.39  0.422  0.408  0.405  

 Sum of Conventional 
coeffi  cients 

 0.952 
0.098 

 0.962 
0.085 

 0.957 
0.088 

 0.943 
0.074 

 0.937 
0.080 

 0.978 
0.088 

 0.975 
0.094  

   Notes and Source : See Table   4.1  .  

  Equations linear in logarithms are estimated by the least squares. Th e standard errors of coeffi  cients are in parentheses.  
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93.6 percent. Th e six variables included in the production function accounted for 
95, 85, and 96 percent of the diff erence in agricultural output per worker between 
the LDCs and the three DCs groups. 

 In the comparison between the eleven LDCs and the thirteen DCs (group 1), 
each generalized category—internal resource accumulation (land and livestock), 
technical inputs from the industrial sector (fertilizer and machinery), and human 

      Table 4.3   Accounting for Diff erence in Labor Productivity in Agriculture 
between Less Developed and Developed Countries  

  Group 1  Group 2  Group 3  

   (13 DCs)  (9 DCs)  (4 DCs)  

 Diff erence in output per 
male worker-percent 

 88.8  (100)   *     83.5  (100)  93.6  (100)  

 Percent of diff erence 
explained: Total 

 84.2  (95)  71.1  (85)  90.0  (96)  

  Resource accumulation:  29.2  (33)  17.5  (21)  32.6  (35)  

   Land  9.2  (10)  1.8  (2)  9.7  (10)  

   Livestock  20.0  (23)  15.7  (19)  22.9  (25)  

  Technical inputs:  24.3  (27)  24.3  (29)  24.5  (26)  

   Fertilizer  14.5  (16)  14.5  (17)  14.6  (16)  

   Machinery  9.8  (11)  9.8  (12)  9.9  (10)  

  Human capital:  30.7  (35)  29.4  (35)  32.9  (35)  

   General education  18.2  (21)  17.6  (21)  19.5  (21)  

   Technical education  12.5  (14)  11.7  (14)  13.4  (14)  

  *Inside of parentheses are percentages with output per worker set equal to 100.  

   LDCs : Brazil, Ceylon, Colombia, India, Mexico, Peru, Philippines, Syria, Taiwan, Turkey, UAR.  

   DCs : Australia, Belgium, Canada, Denmark, France, Germany, Netherlands, New Zealand, Norway, Sweden, 

Switzerland, UK, USA.  

  Group 1 includes all  DC s;  

  Group 2 excludes Australia, Canada, New Zealand, and the United States from  DC s;  

  Group 3 includes only the four  DC s excluded from Group 2.  

  According formula:  
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  where  y, a, s, f, m,  are, respectively, output, land, livestock, fertilizer, machinery per male worker; 

 E  and  U  are, respectively, the general education (school enrollment ratio) and the technical education vari-

able; lower case letter  d  denotes  DC  and  l  denotes  LDC .  
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capital (general and technical education in agriculture)—accounts for approximately 
one-third of the explained diff erence in labor productivity. 

 Th e main diff erence between group 1 and the other two groups is the amount 
of the diff erence explained by land. Diff erence in land accounts for only 2 percent 
of the diff erence in labor productivity between the LDCs and the older DCs, while 
it accounts for 19 percent between the LDCs and the new DCs. Th is implies that it 
should be feasible for the LDCs, even with the present land-labor ratios, to achieve 
levels of productivity per worker roughly equivalent to the labor productivity 
levels achieved by workers in the older DCs—that is, roughly four times as high as 
present LDC levels and well over half the level achieved by the DCs of recent set-
tlement. Th e critical elements in achieving such increases in labor productivity are 
the supply of modern industrial inputs in which the new technology is embodied 
and the investment in general education and in research and extension which 
raises the capacity to develop and adopt a more productive technology. Comparison 
of group 2 and 3 results does indicate that resource endowments, particularly 
land, do represent a serious barrier to eff orts of both the LDCs and the older DCs 
to achieve levels of output per worker comparable to the levels currently enjoyed 
in the more recently settled DCs. Th is is the fi rst time, to our knowledge, that the 
economic advantage of the favorable resource endowments in these countries has 
been demonstrated quantitatively.     

   Individual Comparisons   

 Th e individual country comparisons presented in Table   4.4   were developed in order 
to provide somewhat deeper insight into the sources of diff erences in labor pro-
ductivity between diff erent “ideal type” DCs and LDCs and the United States. Each 
now compares the percentage diff erence in agricultural output per worker between 
each country and the United States with the linear combinations of percentage 
diff erences in input variables weighted by the specifi ed production elasticities. 
Inside the parentheses is the index with the output-per-worker diff erence set equal 
to 100. In general, the results are consistent with the group comparisons.        

 In the four underdeveloped countries—India, the Philippines, the United Arab 
Republic, and Colombia—internal resource accumulation accounts for approxi-
mately one-third and technical inputs roughly one-fourth of the diff erences. 
Human capital accounts for more than one-third of the diff erence between the 
United States and India, the United Arab Republic, and Colombia. In the 
Philippines, which has achieved a relatively high level of schooling and produces a 
relatively large number of agricultural college graduates, human capital explains 
less than one-fourth of the productivity diff erence. Th e contrast between India 
and the Philippines in this respect is quite striking. 

 In the comparisons between the countries of Europe and the United States, 
diff erences in internal resource accumulation represent the most signifi cant 
source of diff erence in labor productivity. Th e constraint of land on agricultural 
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      Table 4.4   Accounting for Labor Productivity Diff erences from the United 
States as Percent of U.S. Labor Productivity, 11 Selected Countries  

  Percentage of diff erence explained by:  

     Diff erence 
in output 

per worker 
from U.S. 
as percent 

of  U.S. 

 Total  Resource 
accumulation 

(land and 
livestock) 

 Technical 
iputs 

(fertilizer 
and 

machinery) 

 Human 
capital 

(general and 
technical 

education)  

  LDCs   

 India  97.8  102.1  32.7  25.0  44.4  

 (100)   a     (104)  (33)  (26)  (45)  

 Philippines  96.2  82.1  33.4  24.9  23.8  

 (100)  (85)  (34)  (26)  (25)  

 UAR  95.6  97.0  33.8  24.6  38.6  

 (100)  (101)  (35)  (26)  (40)  

 Colombia  89.7  89.4  25.8  24.7  38.9  

 (100)  (100)  (29)  (28)  (43)  

 Europe  

 Denmark  52.3  51.0  20.4  13.2  17.4  

 (100)  (97)  (39)  (25)  (33)  

 Netherland  56.6  51.7  25.0  15.0  11.7  

 (100)  (91)  (44)  (26)  (21)  

 United Kingdom  55.8  50.2  18.2  13.4  18.6  

 (100)  (90)  (33)  (24)  (33)  

 France  63.9  64.3  26.2  16.5  21.6  

 (100)  (101)  (41)  (26)  (34)  

 Japan  89.2  66.0  34.1  22.4  9.5  

 (100)  (74)  (38)  (25)  (11)  

 Pastoral farming  

 Argentina  60.0  45.9  –4.8  24.3  26.4  

 (100)  (76)  (–8)  (40)  (44)  

   New Zealand 
  

 –42.4  –49.1  –55.2  2.7  3.4  

 (100)  (116)  (130)  (–6)  (–8)  

   a  Inside of parentheses are percentages with output per worker diff erences set equal to 100.  
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productivity is relatively modest for the United Kingdom, which experienced the 
drastic agricultural transformation after the repeal of the Corn Laws; it is stron-
gest for France, which preserved peasant farms by protective tariff s. Increases in 
the use of technical inputs and improvements in the quality of human capital can 
bring labor productivity of the several European countries closer to the U.S. level. 
Nevertheless, it seems apparent that major advances in labor productivity in 
European agriculture (especially in countries like France) toward the U.S. level are 
dependent on the absorption of a higher percentage of the agricultural labor force 
into the nonagricultural sector. Th e Japanese case is similar to the European, 
except that Japan, characterized by a stronger constraint of land, has moved fur-
ther toward the exhaustion of productivity diff erentials associated with invest-
ment in education and research. In our judgment the model underestimates the 
signifi cance of the land constraint in the Japanese case and, to a lesser degree, in 
the European case. Without a signifi cant increase in land area per worker it would 
be impossible for Japanese agriculture to increase technical inputs (especially 
machinery) to the U.S. level. 

 Th e two pastoral farming cases are of particular interest. In spite of low levels of 
technical inputs, labor productivity in Argentina is roughly comparable to that in 
Europe. Th is is due almost entirely to a favorable man-land ratio comparable to that 
in the United States. Argentina has, as a result of underinvestment in technology 
and human capital, failed to fully exploit its favorable man-land ratio. New Zealand, 
in contrast, has achieved a level of labor productivity well above the U.S. level (the 
highest in the world) by complementing its favorable resource endowments with 
high levels of technical inputs and investment in education and research. 

 Th e results obtained in both group and individual comparisons are somewhat 
diff erent than those obtained by Krueger (  1968  ). Using a diff erent methodology, 
Krueger found that human capital explained more than half the diff erence in 
income levels between the United States and a group of less developed countries. 
Th is is in contrast to our studies, in which human capital explains approximately 
one-third of the diff erence in labor productivity. Krueger’s results apply to the 
entire economy and ours to only the agricultural sector. It seems reasonable to 
expect that resource endowments would be of relatively greater signifi cance in the 
agricultural sector than in the total economy. We see, therefore, no inconsistency 
between our results and those obtained by Krueger. In general the consistency 
between the results presented in  Tables  4.3   and   4.4  , combined with our general 
knowledge of the economies being studied, strengthens our confi dence in the 
methodology employed in this study.     

    4.  Implications for Agricultural Development Strategy   

 Th e implications of this analysis for agricultural development strategy in the less 
developed countries have both encouraging and discouraging aspects. It is clear 
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that output per worker in the several LDCs can be increased by several multiples, 
while land area per worker remains constant or even declines slightly. To achieve 
increases of this magnitude will require substantial investment (a) in rural educa-
tion and (b) in the physical, biological, and social sciences. Th e latter is required 
for the technical and institutional infrastructure needed for the invention, devel-
opment, and extension of a more effi  cient agricultural technology. It will also 
require the allocation of substantial resources to the production of the technical 
inputs supplied by the industrial sector, by which new technology is carried into 
agriculture. By and large, these changes achieve the higher levels of output per 
worker through increases in output per unit area. 

 A more discouraging aspect of this analysis is that in order to achieve levels of 
labor productivity comparable to the levels achieved in the DCs of recent origin, it 
will be necessary to complement those technical changes designed to increase 
output per unit area with technologies that reduce the labor input per unit area. 
Signifi cant reduction in labor input per unit area is likely to occur, however, only 
in those economies in which urban-industrial development is suffi  ciently advanced 
not only to absorb the growth in the rural labor force but also to permit a con-
tinuous reduction in employment in rural areas (Dovring   1959  ). It should be 
noted that this has occurred in Japan only since World War II. In most LDCs it 
seems likely that the agricultural labor force will continue to expand more rapidly 
than the nonagricultural demand for labor from rural areas. 

 Th e implications for agricultural development strategy for most LDCs seem 
relatively clear. An attempt must be made to close the gap in the level of modern 
industrial inputs and in education and research. Agricultural surpluses generated 
by closing the gap, over and above the amount necessary to maintain the growth 
of agricultural productivity, must be used to fi nance industrial development.   15    

 Maintenance of the rate of growth of agricultural productivity can be expected 
to impose a substantial drain on the savings that can be generated from the agri-
cultural surpluses. Initially a substantial component of industrial capacity must 
be designed to provide technical inputs for the agricultural sector. Substantial 
investment will be needed to create the institutional infrastructure to improve 
general education in rural areas and to produce the technical and scientifi c man-
power needed to bring about technical changes in agriculture. Investment in land 
development, such as irrigation and drainage, will also be necessary in a number 
of countries in order to obtain a full return from the new biological and chemical 
technology. 

 If successful, the eff ort would, over time, result in a rate of growth in the 
nonagricultural labor force suffi  cient to permit a reduction in the agricultural 
labor force and a rise in labor productivity toward the levels of the DCs of recent 
settlement. Clearly the process outlined here is inconsistent with the low-cost route 
to agricultural development that seemed to be opened up by the dual-economy 
models which have dominated much of the theoretical discussion of agricultural 
development during the last decade.     
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   A Test of Unitary Elasticity of Substitution   

 In the analysis in the text the production function was specifi ed as being of the 
Cobb-Douglas type, thus assuming unitary elasticity of substitution among 
inputs. Here we attempt to test this assumption by estimating the parameters of 
the  CES  production function developed by Kenneth Arrow, Hollis Chenery, 
Bagicha Minhas, and Robert Solow (  1961  ). 

 Th e basic models used for estimation are 

  log  (Y/L) = a + b log W + c log Z 

 and 

  log (V/L) = a'+ V log W + c' log Z  

 where  Y  and  V  are, respectively, gross output and value-added in agriculture;  L  is 
labor;  W  is the wage rate (measured by output);  Z  is the shorthand notation for 
nonconventional variables which shift the production function (general and tech-
nical education, in the case of this study). It is well known that under competitive 
factor markets  b  or  b'  measures the elasticity of substitution (between labor and 
the aggregate of other conventional inputs, including current inputs, in 
the case of  b ; or between labor and capital in the case of  b' ). Also,  c  or  c'  measures 
 k(l – b)  where  k  is the exponential coeffi  cient of  Z , if  Z  is specifi ed as a multiplica-
tive shifter of the original CES production function (see articles by Arrow et al. 
[  1961  ] and Hayami [  1970  ]). 

 Th erefore, in order to accept the hypothesis of unitary elasticity of substitution, 
(a) the estimated parameters of  b  and  b'  should not be signifi cantly diff erent from 

   A P P E N D I X       
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one, and (b) the estimated parameters of  c  and  c'  should not be signifi cantly diff er-
ent from zero. 

 Th e results of estimation from the available data of twenty-two countries 
for 1960 (1957–62 averages) are summarized in Table   4.A  . Th is analysis was 
conducted exclusively by the 1960 set of data because the value-added series were 
not available for 1955 and 1965. Availability of wage data limited the sample size 
to twenty-two. Finland, Norway, and Sweden were discarded from the sample in 
the value-added term analysis because of the implausible estimates of value-added 
for these three countries (see Hayami et al.   1970  ). Two sets of wage data were 
tried for estimation: current wage rate ( W  t : 1957–62 averages) and lagged wage 
rate ( W  t–1 : 1952–56 averages).  

 Th e lagged wage rate was tried to determine whether the adjustment might not 
be instantaneous. Th e results are quite similar, however, because there is a high 
correlation between current wage and lagged wage. Th e Koyck-Nerlove type 
of distributed lag model was also tried. Th e results were implausible, however, 
probably because of high intercorrelation between the wage rate and the lagged 
dependent variables. 

 Both in gross output terms and in value-added terms the results of estimation are 
consistent with the unitary elasticity of substitution hypothesis: (a) the coeffi  -
cients of wage rate are not signifi cantly diff erent from one and (b) the coeffi  cients 
of shift variables, general and technical education, are not signifi cantly diff erent 
from zero at conventional signifi cance levels. Th ere is little evidence against the 
use of the Cobb-Douglas production function for the cross-country analysis of 
agricultural production. Such a conclusion seems consistent with the results 
derived from the cross-regional analysis of agricultural production in the United 
States by Griliches (  1964  ) and in Japan by Hiromitsu Kaneda (  1968  ), although 
their results are less conclusive, with some of the estimates of  b  being signifi cantly 
diff erent from one and some of the estimates of  c  signifi cantly diff erent from zero.       
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      Table 4.A  Estimates of the Elasticity of Substitution Function on Cross-Country Data. 1957–62 Averages  

  Regression 
number 

 Dependent 
variable 

 Coeffi  cients of:  

 Wage  General Education  

     Current 
(1957–62 av.) 

 Lagged 
(1952–56 av.) 

 Literacy ratio  Sch. Enrol. 
Ratio 

 Technical 
education 

 Coef. of det.  S.E. of 
estimate  

 (A1)  Y/L  1.152 (0.094)  0.878  0.175  

 (A2)  Y/L  1.112 (0.145)  0.736  0.258  

 (A3)  Y/L  1.101 (0.159)  0.131 (0.331)  0.872  0.179  

 (A4)  Y/L  1.106 (0.151)  0.162 (0.408)  0.872  0.179  

 (A5)  Y/L  0.927 (0.196)  0.155 (0.322)  0.124 (0.085)  0.879  0.174  

 (A6)  Y/L  0.962 (0.180)  0.107 (0.400)  0.119 (0.086)  0.878  0.175  

 (A7)  V/L  1.047 (0.098)  0.864  0.171  

 (A8)  V/L  1.002 (0.149)  0.709  0.250  

 (A9)  V/L  1.039 (0.165)  0.018 (0.331)  0.855  0.176  
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 (A10)  V/L  1.039 (0.165)  0.024 (0.411)  0.855  0.176  

 (A11)  V/L  0.886 (0.209)  0.050 (0.328)  0.102 (0.087)  0.858  0.174  

 (A12)  V/L  0.908 (0.194)    –0.006 (0.407)    0.101 (0.087)  0.858  0.175  

   Notes : Equations linear in logarithms are estimated by the least squares. Th e standard errors of coeffi  cients are in parentheses.  

  Countries included in the sample are 22: Austria, Belgium, Canada, Ceylon, Denmark, Finland, France, Germany, India, Ireland, Japan, Mauritius, Mexico, New Zealand, Norway, Peru, 

Philippines, Portugal, Sweden, Turkey, United Kingdom and the United States. Finland, Norway, and Sweden are not included in the sample for the estimation of regressions A7-A12.  

  Defi nitions of variables are the same as in Table   4.1   except:  V : Value-added in agriculture in thousand wheat units; Wage: Farm wage rate per day per male worker including board in  U.S.  

dollars, converted from native currency by offi  cial exchange rates.  

   Source : Hayami and associates (  1970  ).  
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 Notes

       Yujiro Hayami and Vernon W. Ruttan,  American Economics Review  60 (December 1970): 895–
911. Th e authors are indebted to Zvi Griliches, Richard Nelson, Willis Peterson, and Mathew 
Shane for suggestions and comments; and Miss Sachiko Yamashita and Mrs. Barbara Miller for 
computational assistance in the preparation of this paper. Minnesota Agricultural Experiment 
Station Miscellaneous Journal Series Paper No. 1387. Th e research on which this paper is based 
was fi nanced through a grant from the Rockefeller Foundation.   

    1.   J. R. Hicks (1968) has suggested that growth theory and development economics have no 
connection. Th is view would seem to be invalid in view of Hicks’s own criteria. See Krueger 
  1968  .   

    2.   Countries included are Argentina, Austria, Australia, Belgium, Brazil, Canada, Ceylon, Chile, 
Colombia, Denmark, Finland, France, Germany, Greece, India, Ireland, Israel, Italy, Japan, 
Mauritius, Mexico, Netherlands, New Zealand, Norway, Peru, Philippines, South Africa, Spain, 
Surinam, Sweden, Switzerland, Syria, Taiwan, Turkey, the United Arab Republic, the United 
Kingdom, the United States, and Venezuela.   

    3.   For a report on a preliminary attempt see Hayami   1969b  , 1970. Major extensions from the 
previous study include: (a) a comprehensive revision of data; (b) introduction of the livestock 
variable; (c) analysis on a per farm basis in addition to a national aggregate basis; (d) test of 
stability of the production function over time; and (e) refi nements in the procedures used to 
account for productivity diff erences.   

    4.   Th e basic data were collected from publications by the United Nations (1960) organizations 
(FAO, ILO, and UNESCO), the Organization for Economic Cooperation and Development, and 
the governments of various countries. Th ese data were processed by Hayami and associates 
(  1970  ) to be consistent with the defi nitions of variables and, also, to be comparable among 
countries. Earlier estimates of agricultural outputs reported by Hayami and Inagi (  1969  ) were 
substantially revised for this study.   

    5.   Averages were taken for fl ow variables (output and fertilizer input). Stock variables were in 
principle measured by 1955, 1960, and 1965 levels. It would seem more consistent to have 
averages of 1953–57, 1958–62, and 1963–67, but the original estimates of agricultural output 
are of 1957–62 averages (see Hayami et al.   1970  ), and when we tried to extend the 1958–62 
output series to 1955 and 1965, the FAO index of agricultural production was available only 
until 1966.   

    6.   Th is procedure was applied for 1960 data. Output estimates for 1955 and 1965 were extrapolated 
from the 1960 estimates by using the FAO indexes of agricultural production by countries.   

    7.   Perennial plants belong to the same category of inputs as livestock, but they are not included 
due to the lack of data.   

    8.   In a sense this variable may be superior as the proxy for the level of research and extension to 
the “state average of public expenditure on research and extension per farm” used by Griliches 
(  1964  ), because our variable refl ects the research and extension activities in the private sector 
as well as in the public sector.   

    9.   In the short run, in which substitution between capital and labor is circumscribed by the rigidity 
of existing capital and equipment, production relationships are best described by an activity 
with relatively fi xed factor-factor and factor-product ratios. In the long run, in which the 
constraints exercised by existing capital disappear and are replaced by the fund of available 
technical knowledge, including all alternative feasible factor-factor and factor-product combi-
nations, production relationships can be adequately described by the neoclassical production 
function. In the secular period of production, in which the constraints given by the available 
fund of technical knowledge are further relaxed to admit all potentially discoverable knowl-
edge, production relationships can be described by a metaproduction function which describes 
all potentially discoverable technical alternatives. Th e metaproduction function can be regarded 
as the envelope of neoclassical production functions. Although the term is not employed, the 
metaproduction function concept is implicit in the work of Brown (  1966  ) and of Salter (  1960  ). 
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We have discussed the rationale for the metaproduction function concept in Japanese and 
U.S. agricultural development in greater detail elsewhere (see Hayami and Ruttan   1970a  ). Th e 
elasticity of substitution among factors increases continuously as the time period increases 
from the short run to the secular period.   

   10.   In order to test the assumption that farmers in diff erent countries face the same production 
function, the production function was estimated separately for the two diff erent groups of 
countries (DC s  and LDCs). Th e estimation was tried for various groupings of DCs and LDCs, 
but the results are all implausible, with most of the coeffi  cients statistically nonsignifi cant or 
negative in sign. It seems that measurement errors in our observations (especially of noncon-
ventional variables) are too large to make it possible to estimate the infl uences of variables 
for the groups of countries within which the ranges of data variations are relatively small. 
Th e basic assumption is therefore not testable on the presently available data. All we can claim 
is that diff erences in agricultural productivity among countries can be explained well with this 
assumption.   

   11.   Th e  1960 World Census of Agriculture  provides the data of the number of farms for a large 
number of countries. Comparable data are available for only a small number of countries for 
1955 and 1965. See also note 9.   

   12.   Surinam was dropped from the sample except in regressions 1 and 6 because of the lack of 
technical education data.   

   13.   Th is does not necessarily mean that such variables have no signifi cant infl uence, but rather 
that the presently available data are too crude to estimate the infl uences of such variables.   

   14.   Th e  F -statistics calculated for testing the equality of the labor and education coeffi  cients are 
0.22 for regression 2 vs. regression 4; 0.31 for regression 3 vs. regression 5; 0.65 for regression 
7 vs. regression 9; and 0 77 for regression 8 vs. regression 10.   

   15.   Shigeru Ishikawa (  1967  ) has suggested that achievement of national agricultural output 
and productivity objectives may, in some developing countries, require a net fl ow of savings 
from the nonagricultural to the agricultural sector. Th e possibility has been such a shock 
to some students of development economics that they recommend a “development without 
agriculture” policy (e.g., Flanders   1968  ).               
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 Th e impact of colonial development, or exploitation, on metropolitan or mother 
country economic growth remains a major unresolved issue in economic history 
and development economics. Conventional wisdom seems to assume a world in 
which agricultural and raw material surpluses of colonial areas are used to fuel 
metropolitan industrial development.   1    

 Th is paper analyzes the impact of the very successful Japanese colonial devel-
opment eff orts in Korea and Taiwan on economic growth in Japan.   2    Th e results of 
our analysis suggest that the imports of rice from the two colonial areas to Japan 
as the result of colonial agricultural development were, to a substantial degree, 
responsible for the stagnation of Japanese agriculture during the interwar years, 
though they contributed to industrial growth by keeping the industrial wage low 
and the return to capital high without causing a serious drain on foreign exchange. 
Th e increased supply of colonial rice did not produce an agricultural transforma-
tion comparable to that of nineteenth-century England, but it produced agricul-
tural stagnation and low farm income, which were to a large extent responsible 
for the general economic and political instability of the interwar period. 

 Following our analysis of the Japanese colonial experience, we suggest several 
hypotheses that should be considered in accounting for the diff erence between 
the Japanese and English colonial experience. We also discuss the implications of 
the Japanese experience for today’s developing nations in Asia and other regions 
in connection with a massive agricultural technology transfer, the so-called Green 
Revolution. 

 Th e analysis is based on time-series data for the period 1890–1937. We deliber-
ately chose 1890 as the starting year, because the data before 1890 are much less 
reliable, despite the recent attempts to correct offi  cial statistics in  Th e Long-Term 

 C H A P T E R  5
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Japanese Agricultural Stagnation   
 A N  E C O N O M I C  C O N S E Q U E N C E  O F  C O L O N I A L I S M       
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Economic Statistics of Japan  since 1868 (abbreviated as  LTES ; Ohkawa et al. 
  1965  –67). Even the data after 1890 are subject to the criticism raised by 
J. I. Nakamura (  1966  ).   3    Although the issue has not yet been settled, we resorted 
to  LTES  offi  cial statistics, since those are the only data that can be used for the kind 
of analysis we made. We feel that the adequacy of the data should be checked not 
only in terms of the deliberate text critique of original documents, but also in terms 
of the plausibility of the results of an analysis that uses the data in question.     

    1.    Empirical Observation and Hypothesis   

 Th e rate of output and productivity growth in Japanese agriculture varied 
widely during the one hundred years of “modernization” following the start of 
the Meiji period (1868–1911). Four main periods, sometimes referred to as “tech-
nical epochs,” are frequently identifi ed (Table   5.1  ). Th e fi rst was a period of rapid 
growth in output and productivity that ended prior to 1920. It was followed by a 
period of slower economic growth during the 1920s and 1930s. Th e third “epoch” 
was the period of decline and recovery associated with World War II. A fourth 
period of explosive growth in productivity began in the late 1940s or early 1950s.   4    
Output and productivity trends, both for rice and for the total agricultural sector, 
appear to have followed the same general pattern, refl ecting the dominant role of 
rice in the agricultural economy.  

 Th e two decades of agricultural stagnation that followed the rapid growth in 
agricultural output and productivity prior to World War I have been a major puzzle 
in the history of Japanese economic development.   5    It has been asserted by 
Japanese scholars that imports of rice from Taiwan and Korea, stimulated by the 
transfer of Japanese production technology to the two colonial areas, depressed 
rice prices and dampened the growth of productivity and farm incomes in metro-
politan Japan.   6    An alternative hypothesis has also been suggested: that the poten-
tial of the Meiji period biological technology had been exhausted, and that the 
new biological technology, which has been so important in fueling Japanese agri-
cultural growth during the last two decades, was not available in the interwar 
period (Evenson et al.   1969  ).   7    

 Th e sharp changes in the rate of agricultural output and productivity growth 
following World War I are clearly refl ected in the various indicators of rice produc-
tion, productivity, and price in Table   5.2  . From 1890 to 1920, the area planted in 
rice and the yield per hectare planted grew, respectively, by 0.44 and 0.94 percent 
per year. Total production increased by 1.38 percent per year. In contrast, the 
growth rates declined to 0.16 for area, 0.24 for yield, and 0.40 for production 
between 1920 and 1935.  

 Growth in production and productivity between 1890 and 1920 was accompa-
nied by an increase in the price of rice from 42 yen per metric ton in 1890 to 242 
yen in 1920, an annual compound rate of growth of about 6 percent. Th e internal 
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terms of trade, as measured by the rice price defl ated by the general price index, 
were favorable for agriculture immediately after 1890 and were relatively stable 
between 1895 and 1915. Th e fact that the internal terms of trade remained stable, 
without an appreciable increase in rice imports, for 1900–1915 indicates a 
relative balance in the growth of agriculture and industry, in the Ohkawa-
Rosovsky sense, during the “big spurt” period of industrialization in Japan from 
the Russo-Japanese War (1904–5) to World War I (Ohkawa and Rosovsky   1960  ). 

      Table 5.1   Annual Percentage Growth Rates of Output, Inputs, and 
Productivity in Japanese Agriculture in Four Periods  

  Phase I 
(1882–1917) 

 Phase II 
(1917–1937) 

 Phase III 
(1937–1947) 

 Phase IV 
(1947–1957)  

 percent per year  

  Output   

 Gross  1.78  0.80  –2.79  4.51  

 Net  1.37  0.69  –1.78  2.14  

  Conventional inputs   

 Total inputs  0.28  0.28  –0.03  1.41  

 Labor  0.20  0.01  1.83  –1.36  

 Fixed capital  

 including building  0.43  0.52  –0.46  1.70  

 excluding building  1.66  1.24  –1.44  3.62  

  Variable inputs   2.93  1.15  –6.76  12.02  

 Land acreage total  0.60  0.15  –0.54  0.35  

 Paddy fi eld  0.27  0.34  –0.43  0.31  

 Upland fi eld  1.02  0.05  –0.67  0.39  

  Productivity per unit of-   

 Conventional inputs  1.49  0.49  –2.77  3.05  

 Labor  1.86  0.81  –4.54  5.84  

 Fixed capital -  

 including building  1.34  0.27  –2.35  2.76  

 excluding building  0.11  –0.44  –1.37  0.85  

 Variable inputs  –1.12  –0.45  4.25  –6.71  

 Land  1.17  0.64  –2.27  4.14  

   Source: Calculated from data in Tables     5.1     and     5.2     of Saburo Yamada (    1967    ).   
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      Table 5.2  Area, Yield, Production, Price, and Seed Improvement Indexes for Rice in Japan, 1890–1935   a     

  Year  Area 
planted    A  

 Yield per unit 
area    Y = Z/A  

 Production    Z   Price 
  P = V/Z  

 Farm value of 
production    V  

 General price 
index    I  

 Defl ated 
price    P/I  

 Defl ated value 
production    V/I  

 Seed improvement 
index    S   

 (1000 ha.)  (m. ton/ha.)  (1000 m. ton)  (yen/m.ton)  (mil.yen)  (1934–36 
=100) 

 (yen/m.ton)  (mil.yen)  (1890=100)  

 1890  2717  2.16  5861  42  243  31.7  131  767  100.0  

 1895  2752  2.05  5651  57  323  35.8  160  902  100.8  

 1900  2813  2.27  6372  79  501  47.4  166  1057  101.6  

 1905  2862  2.43  6943  91  633  55.7  164  1136  104.3  

 1910  2933  2.59  7588  104  790  60.3  173  1310  105.1  

 1915  3029  2.74  8286  106  882  66.4  160  1328  105.8  

 1920  3094  2.86  8838  242  2140  131.3  184  1630  106.2  

 1925  3129  2.78  8700  224  1944  128.3  174  1515  105.8  

 1930  3203  2.83  9070  143  1297  104.5  137  1241  105.8  

 1935  3169  2.97  9414  179  1673  101.9  174  1642  107.4  

 Year Annual compound rate of growth (percent)  

 1890–1920  0.44  0.94  1.38  6.09  7.47  4.95  1.14  2.52  0.20  

 1920–1935  0.16  0.24  0.40  –2.05  –1.65  –1.70  –0.35  0.05  0.07  

  Sources: A—Ministry of Agriculture and Forestry,  Norinsho Ruimento-keihyo  (Historical Statistics of Ministry of Agriculture and Forestry; Tokyo, 1955): 24. Z—Ohkawa 
et al. vol. 9 (1966): 166–68. V—Ohkawa et al., vol. 9 (1966): 146–47. I—Ohkawa et al., vol. 8 (1967): 134, Series 1, Table   1  . S—Hayami and Yamada (  1969  ).  
  a. Five years’ averages centering the years shown. Rice in brown (husked but not polished) rice basis.  
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Farmers’ real income from rice, measured as the total value of rice production at 
the farm defl ated by the general price index, went up rapidly, mainly as a result of 
growth in physical production. 

 Th e Japanese economy experienced a sharp infl ation during World War I. Th e 
wholesale price index in Tokyo more than doubled between 1913 and 1919. Rice 
prices rose to their highest level relative to the consumer price index in 1913 and 
to their highest absolute level in 1919. 

 Stagnation of production and productivity coincided with the decline in the 
price of rice after 1919. Th e terms of trade continued to deteriorate and real 
income from rice to fall. Th is trend continued until the catastrophe of Nogyo 
Kyoko (agricultural depression) in 1929–32. What were the factors that accounted 
for such an epochal change—from rapid development until approximately 1920 
to the stagnation during the interwar period? Th e emergence of the stagnation 
phase can be ascribed partly to an unfavorable shift in the demand for agricultural 
products, especially such staple foods as rice. Th e demand for food as well as for 
other consumer goods declined as a result of the decline in consumer income, 
which in turn resulted from the defl ation policy Japan adopted in order to return 
to the gold standard at the prewar parity. Th ere is also evidence that the income 
elasticity of demand for rice and staple foods declined as a result of urbanization 
and of changes in the occupational distribution of the labor force (see the sum-
mary by Kaneda [  1969  ]). Labor’s share of income tended to decline (see Table   4   
and Table 7 in Umemura   1961  ). Such factors should have worked to slow down 
the shift of the demand schedule to the right. We hypothesize, however, that 
events of greater magnitude, such as the exhaustion of technological potential or 
the importation of colonial rice, must be sought to explain changes of the magni-
tude observed between the two periods.  

 Th e process of exploitation and exhaustion of technological potential between 
the Meiji Restoration and 1920 has been analyzed elsewhere and will only be sum-
marized briefl y here (Hayami and Yamada   1968  ). Th e real key to the success of 
Japanese agricultural growth prior to World War I rests on the nationwide diff u-
sion of the stock of improved techniques, which had previously been partially 
blocked by feudal barriers, following the breakdown of feudalism at the time of 
the Meiji Restoration. Before the Restoration such techniques as high-yielding 
varieties of seeds or better seedling preparation were, though discovered, 
restricted to small localities due to the lack of communication facilities and the 
regulations of Han (territory of the feudal lord) and the villages. With the reforms 
of Meiji, farmers were no longer bound to the land. Moreover, they were free to 
choose their own crops and methods of farming. Th e exchange of seeds and tech-
nical information between regions was encouraged by the government. Th e 
nationwide diff usion of better techniques brought a rapid rise in yield per hect-
are—the fruit of Rono Gijutsu (veteran farmers’ technique), which was primarily 
oriented toward achieving increased land productivity, with an adequate supply of 
fertilizer and the irrigation networks inherited from the feudal Han system. 
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 Th e diff usion of Rono Gijutsu thus brought about a rise in yield and produc-
tion, but it caused the exhaustion of the initial backlog of technology, in the 
absence of an adequate fl ow of new technology. It is true that national and prefec-
tural experiment stations were established before agriculture entered the stagna-
tion phase and that they did have some impact on the supply of new technology. 
But it would be fair to say that the organized research in experiment stations in 
those days contributed to the growth of agricultural productivity by exploiting 
the traditional potential through testing, selecting, and advocating the Rono 
techniques, rather than by adding new potential.   8    

 Th e exploitation and the consequent exhaustion of the technological backlog 
can best be visualized by the rapid increase in the percentage of area planted in 
Rono varieties (rice varieties selected by veteran farmers) for 1895–1915 and the 
saturation in the subsequent period (Figure   5.1  ). Th e seed improvement index in 
Table   5.2   was calculated in an attempt to quantify the infl uence of the diff usion of 
improved seeds on the national average yield. Th is index is based on the weighted 
averages of the areas planted in the respective varieties, using as weights the stan-
dard yields of various varieties. Th e standard yields, which are fi xed by regions, 
were based on the reports of comparative yield tests at various experiment sta-
tions. Th e annual growth rate of this index declined drastically from 1890–1920 
to 1920–1935, refl ecting the saturation in the spread of improved varieties.  

 Th e exhaustion of the traditional technological potential and the consequent 
deceleration of growth in rice yields seem to have coincided with the increase in 
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demand due to the boom of World War I. Th is forced the rice price to rise to an 
unprecedented level. Th e impact of infl ation on the price of rice caused serious 
disruption in urban areas and culminated in the Kome Sodo (rice riot) of 1918. 

 Th e reaction of the government to the rice riot was to organize programs to 
import rice from the overseas territories of Korea and Taiwan. In order to create a 
rice surplus to export to Japan, short-run exploitation policies involved import-
ing sorghum (milo) from Manchuria to Korea, forcing Korean farmers to substi-
tute this lower-quality grain for rice in domestic consumption. A similar squeeze 
was practiced in Taiwan, forcing Taiwanese farmers to substitute sweet potatoes 
for rice in their diet. Th is policy was enforced by a squeeze on real income through 
taxation and government monopoly sales of such commodities as liquor, tobacco, 
and salt. Th e longer-run program was to introduce development programs 
designed to increase the yield and output of rice in those colonial territories. 
Under the program, titled Sanmai Zoshoku Keikaku (Rice Production Development 
Program), the Japanese government invested in irrigation and water control and 
in research and extension in order to develop and diff use high-yielding Japanese 
rice varieties adapted to the local ecology of Korea and Taiwan.   9    Th e success of this 
eff ort created the tremendous rice surplus that fl ooded the Japanese market. As 
shown in Table   5.3  , in the twenty years from 1915 to 1935 net imports of rice 
from Korea to Japan rose from 170 to 1,212 thousand metric tons per year, and 
net imports from Taiwan rose from 3 to 705 thousand metric tons. As a result of 
the infl ow of colonial rice, the net import of rice rose from 5 to 20 percent of the 
domestic production.   10      

 Th e success of the government program in developing Korea and Taiwan as 
major suppliers of rice to Japan should have had a major impact on rice prices and 
production in Japan. Such large-scale imports of rice, a commodity characterized 
by a relatively inelastic demand schedule, could be expected to lower the price and 
discourage the production of rice in Japan. A deterioration in the price and in the 
terms of trade for rice during this period would appear to be a logical consequence 
of the policies designed to increase imports from Korea and Taiwan. 

 Both the motivation and the consequences of the colonial rice development 
program are illustrated in Figure   5.2  , which compares the trends of rice produc-
tion and yield per hectare in Japan, Taiwan, and Korea.   11    Both production and 
yield per hectare in Korea and Taiwan began to take off  in the 1920s, when growth 
decelerated in Japan. Th is seems to refl ect the process we have discussed so far: 
(a) the Japanese government launched the colonial rice development program 
when pressed by the food problem arising from the exhaustion of technological 
potential in Japanese agriculture and the increase in demand for food from a 
growing nonagricultural population; (b) the success of the program in raising rice 
production and productivity in the two colonies permitted large-scale imports of 
rice from these territories, which in turn depressed the price and further discour-
aged the production of rice in Japan. 
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      Table 5.3  Production, Import, and Available Supply of Rice in Japan, 1890–1935   a     

  Net import  Net import  

 Year  Supply    Q = Z+K   Production    Z   Total    K   Korea    K k    Taiwan   K f   Production  Total    k = K/Z   Korea    k k  = K k /Z   Taiwan    kf = K f /Z   

 (1000 m. tons)  percent  

 1890  5813  5861  –48  –  –  100  –0.8  –  –  

 1895  5700  5651  49  –  –  100  0.9  –  –  

 1900  6578  6372  206  –  –  100  3.2  –  –  

 1905  7539  6943  596  –  –  100  8.6  –  –  

 1910  7923  7588  335  –  –  100  4.4  –  –  

 1915  8692  8286  406  170  113  100  4.9  2.1  1.4  

 1920  9720  8838  882  360  132  100  10.0  4.1  1.5  

 1925  10043  8700  1343  640  278  100  15.4  7.3  3.2  

 1930  10483  9070  1413  974  389  100  15.6  10.7  4.3  

 1935  11290  9414  1876  1212  705  100  19.9  12.9  7.5  

  Sources:  Z —Ohkawa et al., Vol. 9 (1966), :166–68 ;  K —Ohkawa et al., Vol. 6 (1967),: 150–52 ;  K k   and  K f  ,—Bureau of Statistics Offi  ce of the Prime Minister,  Japan Statistical 
Yearbook  (  1949  ).  
  a. Five years’ averages centering the years shown. Rice in brown (husked but not polished) rice basis.  
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 Th e data reviewed in this section appear to support the hypothesis that (a) the 
slowdown of technological progress, refl ected in the slower rise in the seed 
improvement index, and (b) the increase in imports of rice from Korea and Taiwan 
were the two major factors underlying the epochal turn in the growth trend of rice 
production in Japan following World War I.   12    In the next section we attempt to 
assess the quantitative signifi cance of these two factors.     

    2.    Quantitative Analysis   

 In order to assess the relative infl uences of the two major causes, identifi ed in the 
last section, of the epochal turn in the Japanese rice economy, we present two 
hypothetical or “counterfactual” calculations to illustrate how production and 
price could have changed after 1920. In Case 1 we assume that the ratio of net 
imports of rice to domestic production remained the same as in 1913–17. In Case 
2 we assume, in addition to the constant import ratio, that the seed improvement 
index continued to grow at the 1890–1920 rate.    
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     Figure 5.2    Indices of Total Production and Yield per Hectare of Rice, Japan, Korea, and 
Taiwan, Five-Year Moving Averages (1917–1922 = 100).  Sources: Japan- Ohkawa et al., 
vol. 9 (1966): 166–67;  Norinsho Ruinen Tokeihyo  (Historical Statistics of Ministry of Agriculture 
and Forestry; Tokyo, 1945): 24. Korea—Chosen Sotokutu Tokeihyo (Statistical Yearbook 
of Government General of Korea), 1925 issue (p. 94), 1930 issue (p. 92). Taiwan—Joint 
Commission on Rural Reconstruction, Taiwan Agricultural Statistic (Taipei, 1966) : 23–27.   
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   MODEL   

 Th e basic model for such calculations is the equilibrium of demand and supply. We 
will use the notation for the actual values of variables as specifi ed in  Tables  5.2   
and   5.3  , and identify the hypothetical values with a prime ('). 

 Since the actual total supply of rice,  Q , can be considered identical to total 
demand, the equilibrium of demand and supply can be written as 

      Q k Z( )k      (1)

 where  Q  is total consumption,  Z  is domestic production, and  k  is the ratio of net 
import (and inventory change) to production. We assume that the above equilib-
rium relation holds at some actual price,  P , and that an equilibrium level of con-
sumption, imports, and production could be specifi ed at some hypothetical price, 
 P' , as

   ′ ′ ′Q k′ = Z( )′k+      (2)

 If we assume a typical constant elasticity demand function as

   Q Q P0
h

     (3)

 where income and other demand shifters are included in  Q 0  , the relation between 
 Q  and  Q  '  is
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     (4)

 when  η  is the price elasticity of demand for rice. If we assume a constant elasticity 
supply function as

   Z Z P S0
g dS      (5)

 where supply shifters other than  S  are included in  Z 0  . Th e relation between  Z  and 
 Z'  is
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     (6)

 where  γ  is the price elasticity of supply,  S  is the seed improvement index, and  δ  
is the elasticity of supply with respect to the seed improvement index. Since the 
following identity holds,

   Z = A Y    (7)
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 where  A  is the area planted (in hectares) and  Y  is the yield per hectare (in metric 
tons). If we assume an area response function as

   A A P0
α

     (8)

 and a yield response function as

   Y Y P S0YY b dS      (9)

 where α and  β  are, respectively, the elasticities of area response and yield response 
( γ  = α +  β  and  Z 0  = A 0  Y 0  ), the relations between  A and A'  and  Y  and  Y'  are
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 Replacing equations (4) and (6) for  Q  and  Z  in equation (2), we have
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 From equations (1) and (12) we obtain the formula used to calculate the equilib-
rium price of rice in Japan under the hypothesized conditions:
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 (13)

 Th e hypothetical area, yield, and production can be calculated with  P ' by equa-
tions (10), (11), and (7), respectively.     

   E ST IM AT ION OF PAR AME T ER S   

 Th e problem now is to obtain empirical estimates of fi ve parameters: the elasticity 
of area response to price ( β  ), the elasticity of yield response to price (α), the elas-
ticity of supply with respect to price ( γ   ), the elasticity of supply with respect to 
the seed improvement index ( δ   ), and the price elasticity of demand for rice ( η ). 

 Th e estimate of the price elasticity of demand (η) is available from Ohkawa’s 
classical study on the food economy of prewar Japan (Ohkawa   1945  ). His esti-
mates of the price elasticity of demand for rice were based on household survey 
data of 1931/32–1938/39 for the urban population, and on 1920–1938 market 
data for the rural population. Th ose estimates diff er for diff erent occupational, 
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regional, and income groups, but cluster around the mode –0.2. We will adopt 
–0.2 as the elasticity of demand with respect to price ( η ), since this fi gure is also 
consistent with the various estimates of income elasticity of demand for rice. 

 Th e supply parameters represent our own estimates. Apparently no study of 
supply response of rice has been conducted in Japan. We chose to estimate 
area response and yield response separately and to obtain aggregate supply elas-
ticity by adding the area and yield elasticities. An important consideration 
in using this approach is the diff erence in the time lag required to make adjust-
ments in response to price changes between the area and yield responses. Th e 
yield response is essentially a short-run phenomenon, depending primarily on 
the time it takes to adjust various inputs, such as fertilizer, to a change in price. 
Area response involves a long-run adjustment period. In Japan, the area planted 
in upland rice is negligible (less than 5 percent of the total area planted in rice), 
and no competitive crop exists for rice on paddy land during the summer 
crop season. Th erefore, the area planted in rice is almost completely determined 
by the available paddy fi eld area. It requires substantial investment to expand the 
paddy fi eld area (for example, by shifting upland crop fi elds to paddy fi elds), 
because such a change in land use must be accompanied by an extension of the 
irrigation system. Because of the large capital involved in paddy fi eld develop-
ment, the short-run response in the area planted in rice to a change in price 
is limited. Th e longer-run response may, however, be substantial. Because of the 
signifi cance of lags in the response of area to price, we employ a distributed lag 
model of the Koyck-Nerlove type for the analysis of area response. Th e basic model 
used is

   
a P Pt * ( )t+ (taP +0 1t−PtPP 0 0PP  (14)

 and

   a a at ta t t=a −1 1at ta −tl( *aatt )  (15)

 where  a t  ,  p t  , and  p o   are the logarithmic transformations of area planted in rice, 
rice price, and the price of competitive crops, respectively, and  at*  is the long-run 
equilibrium area (in logarithm) for certain levels of  p t   and  p ct  . Equations (10) and 
(11) reduce to

   
a P P at c c t+ Pc cl l PP la l0 1PtPP −PPP 1ata −( )tt ( )l1  (16)

 which we will use for regression analysis.   13    Th e prices of rice employed in the 
models estimated were defl ated by the general price index, which to some extent 
refl ects the changes in the cost of opening new paddy fi elds. An important vari-
able lacking in our model is public investment in riparian and irrigation works. 
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We assume that such government investment is induced in the long run by price 
trends, and in that sense, it is incorporated into our distributed lag models.   14    

 Th e yield response model is specifi ed as

   y P st tPP t+b bPPP dss  (17)

 where  y t  ,  p t  , and  s t   are the logarithmic transformations of rice yield per hectare, 
the rice price, and the seed improvement index, respectively. For purposes of esti-
mation we defl ated the rice price by the fertilizer price index in order to refl ect the 
changes in the price of the major current input item. 

 Th e results obtained from estimating equations (16) and (17) by least squares 
are summarized in Table   5.4  . In area response the coeffi  cients of the price of com-
petitive products were nonsignifi cant, and the estimation was repeated after 
dropping that variable. Th e estimates of the response of rice area with respect to 
the price of rice are signifi cant at or near the 5 percent level. Th e magnitudes of 
the price coeffi  cients are small and the coeffi  cients of the lagged independent 
variable are close to one, indicating that the short-run response to price in area 
planted in rice is very small, but the long-run response is relatively large. Th is was 
the expected result, considering the long time required to adjust the paddy fi eld 
area. Th e long-run elasticity, allowing infi nite time adjustment, is in the order of 
0.4–0.6. Such estimates are not incompatible with the results of estimation of 
area response elasticity in other Asian countries (Krishna   1967  ; Managahas et al. 
  1966  ). 

 Th e price coeffi  cients in the yield response regressions are positive and signifi -
cant at or near the 5 percent level. Th e seed improvement index variable is also 
highly signifi cant. Th e price coeffi  cients, especially in the case of (Y – 1), are very 
consistent with the results obtained in an earlier study of fertilizer demand by 
Hayami (  1968b  ). In that study, the estimates of the elasticity of demand for fertil-
izer with respect to the price of fertilizer relative to the price of farm products 
center around 1.5, and the estimates of the production elasticity of fertilizer for 
rice center around 0.15. When one considers that the ratio of rice production to 
total agricultural production in value terms is about 0.55, those estimates imply 
that the price elasticity of rice yield response to rice price is around 0.12 
(= 1.5 × 0.15 × 0.55), which is compatible with the results of direct estimation in 
Table   5.3  . 

 From the results of the estimation of the yield response relation, we decided to 
adopt a yield response elasticity ( β  ) of 0.1 and a seed improvement elasticity ( δ   ) 
of 3.0. Th e problem of deciding on an appropriate area response parameter (α) 
from the results of estimation of the distributed lag area response model is more 
diffi  cult. Th e model provides us with a short-run elasticity (allowing a one-year 
adjustment period) and a long-run elasticity (allowing an infi nite adjustment 
period), neither of which is adequate for our purpose. Th e span of time that we are 
concerned with is the twenty years from 1915 to 1935. We chose ten years as the 
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      Table 5.4   Least Squares Estimates of Area and Yield Response of Rice Production to Price Based on 1890–1937 Annual Time 

Series Data a   

  Long-run price elasticity  

 Regression 
 Number 

  Equations estimated  Coeff . of 
determination 

 (adjusted) 

 Standard error 
of estimate 
 (adjusted) 

 Durbin-
Watson 

statistics 

 Infi nite time 
adjust  ment   a    

 Ten years 
adjust  ment   b     

 Area response  

 A–1   a t  =0.0529+0.0083  P 1(t–1)   
 (0.0691) 

 +0.0034  P c(t–1)   
 (0.0107) 

 +0.9833  a t–1   
 (0.0223) 

 0.9872  0.00654  2.35  0.497  0.071  

 A–2   a t   =0.0691+0.0092  P 1(t–1)   
 (0.0058) 

 +0.9785  a t–1   
 (0.0163) 

 0.9874  0.00641  2.34  0.428  0.077  

 A–3   a t   =0.0719+0.0138  P 2(t–1)   
 (0.0076) 

 +0.0026  P c(t–1)   
 (0.0101) 

 +0.9787  a t–1   
 (0.0219) 

 0.9876  0.00643  2.39  0.648  0.113  

 A–4   a t   =0.0848+0.0083  P 2(t–1)   
 (0.0070) 

 +0.9749  a t–1   
 (0.0162) 

 0.9878  0.00273  2.39  0.598  0.122  

 Yield response  

 Y–1   Y t  =–6.6713+0.1287 P st   
 (0.0626) 

 +2.8219  s t   
 (1.1903) 

 0.6356  0.08731  2.28  –  –  

 Y–2   Y t  =–8.0034+0.0673 P st   
 (0.0395) 

 +4.2887  s t   
 (0.8052) 

 0.7490  0.03112  2.18  –  –  
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 Y–3   Y t  = – 6.6695+0.0911 P st   
 (0.0615) 

 +3.5058  s t   
 (1.1485) 

 0.6199  0.03872  2.32  –  –  

 Y–4   Y t  = – 14.6023+0.0831 P st   
 (0.0606) 

 +3.6244  s t   
 (1.1672) 

 0.6173  0.08346  2.34  –  –  

  Sources: Same as Table   5.1   except the following: Wholesale prices of rice (monthly prices at Fukagawa Rice Market in Tokyo)—  
  Nobufumi Kayo (  1958  ). Fertilizer price index—Ohkawa et al., Vol. 9 (1966): 192–93. Price index of farm products except rice-price indexes by major commodity groups in 
Ohkawa et al., Vol. 8 (1967): 168–70; aggregated with 1934–1936 value weights, ibid.: 78.  
  a. ”Variables are a t  = log A t : area planted in rice (1000 ha.);  y t     =   log  Y t  : rice yield per hectare planted (m. ton);  p 1   = log ( P/J ): unit farm price of rice defl ated by general price 
index (yen per m. ton);  p 2   = log of calendar year average of wholesale price of rice defl ated by general price index (yen per m. ton);  p  3  = log of unit farm price of rice of previ-
ous year defl ated by fertiliser price index of current year (yen per m. ton);  p 4   = log of calendar year average of wholesale price of rice of previous year defl ated by fertilizer 
price index of current year (yen per m. ton);  p 5   = log of rice year (November of previous year to October of current year) average of rice defl ated by fertilizer price index of 
current year (yen per m. ton);  p 6   = log of January-July average of wholesale price of rice defl ated by fertilizer price index of current year (yen per m. ton);  p c   = log of price 
index of farm products except rice defl ated by general price index; s = log of S: seed improvement index.  
  a. (Coeffi  cient of  p  t–1 ) ÷ (coeffi  cient of  a  t–1 ).  
  b. (Coeffi  cient of  p  t–1 ) x [1–(coeffi  cient of  a  t–1 ) 9 ] ÷ (coeffi  cient of  a  t–1 ).  
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average adjustment period and selected an area response elasticity (α) of 0.1, 
based on the range of results shown in the last column of Table   5.3  . It should be 
recognized that this is a convention adopted for computation ease. It has some 
intuitive appeal but little theoretical justifi cation. Th e results of applying the 
specifi ed parameters to the previous model are summarized in Table   5.5  .       

    3.    Findings and Implications   

 Th e results in Table   5.5   are plotted in  Figures  5.3   and   5.4   in order to make 
comparisons between the actual and hypothetical growth paths of Japanese rice 
economy.   

 Figure   5.3   shows that the decline in the rate of growth in the seed improve-
ment index and the increase in the imports of colonial rice explain most of the 
decline in the rate of growth in rice yield and production during the interwar 
period. Th e rates of growth in hypothetical yield and production declined slightly 
from 1890–1920 to 1920–35, but it is unlikely that anything resembling the 
“epochal” change in the rate of growth of actual rice production would have 
occurred if imports had been held at the 1913–17 level relative to production, 
and if the seed improvement index had continued to rise at the 1890–1920 rate 
(Case 2). Th e slight decline in the growth rates even in Case 2 could be accounted 
for by the structural changes aff ecting the demand for rice mentioned in Section 
1. Neither is it necessary to invoke underestimation in rice production statistics 
in the earlier period, as claimed by Nakamura, nor to invoke failure of industrial 
capacity to produce inputs, as suggested by Rosovsky, to explain the decline in the 
rate of growth in rice production during the interwar period. It is also clear that 
imports of rice from the colonial areas (Case 1) is not, by itself, an adequate expla-
nation for the decline in the rate of growth of rice production in the interwar 
period. Th e “technology gap” between the exploitation of the yield gains from the 
diff usion of the superior varieties of farmers’ selections and the introduction of 
the new experiment station varieties also exerted a signifi cant impact on damp-
ening the rate of growth of rice production in Japan during the interwar period. 

 Th e infl uence of the rice imports did exert a sizable impact on rice prices and 
on the incomes of rice producers in Japan. Under the assumption of Case 1, pro-
duction went up less rapidly than during 1890–1920, while the internal terms 
of trade for rice improved and the real income of farmers from rice rose after 
1920 as rapidly as before 1920. Even in Case 2, where imports are held at the 
1913–17 ratio and yield technology represented by seed improvement is assumed 
to continue at the earlier rate, the terms of trade improved gradually, except 
during the depression, and the real incomes of rice producers rose signifi cantly 
over the period 1920–35, in contrast to almost no change under the condition 
that actually prevailed. 
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      Table 5.5   Actual and Hypothetical Paths of Growth of Area, Yield, 
Production, and Price of Rice in Japan, 1920–1935   a     

  Year  Area 
planted  

  A  

 Yield per 
unit area  

  Y  

 Production  
  Z  

 Price    P   Farm value 
of 

production    V  

 Price 
defl ated by 

general 
price index  

  P/I  

 Value 
production 
defl ated by 

general price 
index    V/I   

 (1000 ha.)  (m. ton/
ha.) 

 (1000 
m. ton) 

 (yen/m.
ton) 

 (mil.yen)  (yen/m.
ton) 

 (mil.yen)  

 Actual  

 1920  3094  2.86  8838  242  2140  184  1630  

 1925  3129  2.78  8700  224  1944  174  1515  

 1930  3203  2.83  9070  143  1297  137  1241  

 1935  3169  2.97  9414  179  1673  174  1642  

 Hypothetical, Case 1   b     

 1920  3116  2.87  8954  257  2307  196  1757  

 1925  3204  2.85  9126  284  2587  221  2016  

 1930  3280  2.90  9514  181  1726  173  1652  

 1935  3277  3.07  10064  250  2496  244  2450  

 Hypothetical, Case 2   c     

 1920  3116  2.87  8954  257  2307  196  1757  

 1925  3170  3.02  9335  254  2366  197  1844  

 1930  3219  3.10  9886  150  1480  143  1416  

 1935  3223  3.23  10402  212  2195  207  2164  

 Annual compound rate of growth from 1920 to 1935 (percent)  

 Actual  0.16  0.24  0.40  –2.05  –1.85  –0.35  0.05  

 Case 1  0.34  0.44  0.78  –0.18  0.51  1.88  2.21  

 Case 2  0.21  0.79  1.00  –1.30  –0.30  0.40  1.40  

  a. Five years’ averages centering the years shown. Rice in brown (husked but not polished) rice basis.  
  b. Case 1 assumes that the net import of rice stayed at the 1913–1917 level relative to domestic 
production.  
  c. Case 2 assumes, in addition to the assumption of Case 1, that the seed improvement index 
continued to grow at the 1880–1920 rate.  
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 In an economy which is closed, in the sense that there is no international trade, 
and in which there is no technological progress and no capital accumulation in 
agriculture, industrialization and economic growth will eventually lead to a point 
at which the terms of trade deteriorate for industry and the supply price of labor 
from agriculture to industry will rise in terms of industrial products, the “short-
age point” of Ranis and Fei (  1961  ). Japan was able to postpone the arrival of that 
point by exploiting the technological potential in the traditional peasant agricul-
ture until World War I. Industrial development was supported by the very elastic 
supply of labor from agriculture.   15    Colonial policy seems to have been designed to 
postpone the arrival of the “shortage point” further and to make the progress of 
industrialization easier by expanding the supply of rice in the domestic market 
through imports from the colonies. Th e success of that policy kept the industrial 
wage low and the competitive position of industrial products strong in the inter-
national market. If the same amount of rice were supplied from foreign countries, 
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     Figure 5.3    Area, Yield, and Production of Rice in Japan, 1890–1935.    
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precious foreign exchange would have been drained signifi cantly, and the import 
of capital goods would have been curtailed. 

 Th is success was a mixed blessing for Japan. It depressed the price and the 
income of farmers and contributed to serious social disorders in the agricultural 
sector. Th e so-called military reformists made this social uneasiness and disorder 
among farmers the springboard for the invasion of Manchuria in 1931 and the 
other military adventures that followed. Th e policy decision concerning the rice 
supply after the rice riot in 1918 thus had not only economic but also vast social 
and political implications.   16    

 Why did the economic eff ects of colonial development policy fail, in Japan, to 
produce the “classical” results associated with the importation of cheap grain into 
England from colonial areas and other areas of new settlement in the nineteenth 
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century? Th e answer seems, at least in part, to be associated with the diff erent 
structure of agriculture and the diff erent pattern of industrial development in the 
two countries when the policies of dependence on overseas sources of food supply 
were initiated. 

 Th e infl ow of cheap grain to England following the repeal of the Corn Laws in 
1846 was accompanied by the continuing absorption of labor into the industrial 
sector and a transformation of the agricultural sector away from grain production 
and toward a more extensive system of livestock agriculture.   17    Th e transformation 
was facilitated by rising incomes in the industrial sector, which stimulated the 
demand for the products of animal agriculture (Dean and Cole   1962  ). 

 A number of obstacles impeded Japan’s achieving a similar agricultural trans-
formation in response to rising imports and declining prices of grain during the 
interwar period. Japanese agriculture was rigidly locked into a sophisticated 
labor-intensive system of crop production, highly dependent on irrigation and 
fertilizer as leading inputs (Ishikawa   1967  ). Th ere was not a fully adequate basis, 
in either agricultural research or industrial infrastructure, for making a rapid 
transformation from grain production to a more diversifi ed agricultural system. 
More critical was the fact that the rise in imports of grain was not accompanied 
in Japan by rapid growth in the demand for labor by the industrial sector. 
Th e demand for labor in the industrial sector slackened after 1920, as a result of 
(a) the contraction of world demand for the products of Japanese industry after 
World War I, (b) the contraction of domestic demand due to the defl ation policy 
adopted to permit a return to the gold standard at a prewar parity, and (c) the 
adoption of an industrial rationalization policy in an attempt to stay competitive 
in world markets. Th is policy placed major emphasis on attempts to increase pro-
ductivity and to save labor through more capital-intensive methods of production 
(Ohkawa and Rosovsky   1965  ). Finally, income levels in the urban industrial sector 
of the Japanese economy remained too low to create a large increase in the demand 
for the products of a more diversifi ed agriculture. 

 Th e conditions which led to agricultural stagnation in Japan during the inter-
war period have been reversed since World War II. Th e application of modern 
biological science, particularly post-Mendelian genetics, in agricultural research 
has sharply raised agricultural productivity potentials. New technological poten-
tial, accumulated gradually under the Assigned Experiment System (initiated in 
1926), began to exert a major impact on agricultural production in the post–World 
War II period. Japan emerged from World War II with an adequate industrial 
infrastructure to provide the fertilizer and other agricultural chemicals needed 
for a modern labor-intensive biological and chemical agricultural technology. 
Since World War II this infrastructure has been complemented by the capacity of 
the engineering and machinery industries to introduce an effi  cient small-scale 
mechanical technology suited to the factor proportions of Japanese agriculture. 
Incentives for rapid realization of the new agricultural potential have been rein-
forced by high price supports for agricultural commodities, particularly rice, and 
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by modifi cations in the tenure system, which strengthen the impact of the price 
incentives on farm management decisions. 

 By the mid-1960s, evidence was emerging to support an argument that the 
shift in direction of agricultural policy may represent an overcompensation for 
the errors of the interwar period. Th e high price support for rice, at more than 
double the world price, and the subsidies for paddy development are resulting in 
surplus production at a time when the prices of rice and other food grains in the 
world market are declining. Th e restrictions on the growth of farm size under the 
land reform legislation have been discouraging the introduction of labor-saving 
mechanical technology, at a time when labor shortages are beginning to emerge as 
a permanent feature of the Japanese economy. It is too early to be overly confi -
dent of the long-run eff ect of these policies on Japanese agricultural development. 
Th e unique success of Japanese agricultural development, over the long run, has 
been due to the eff ective response of Japanese agricultural scientists, agricultural 
supply industries, and farm operators to price relationships that have accurately 
refl ected the resource endowments and factor proportions of the Japanese 
economy (Hayami and Ruttan   1969  ). It appears that the present policies are 
inducing a signifi cant malallocation of national resources. Today Japan should learn 
from the experience of free trade and agricultural transformation in nineteenth-
century England. 

 Th e policies associated with Japanese agricultural stagnation during the inter-
war period are also of signifi cance for many of the less developed economies of 
South and Southeast Asia. Th ese nations are attempting to utilize the new agricul-
tural production potentials associated with the “Green Revolution” as a basis for 
sustained economic growth (see Barker   1969  ). How to convert current or poten-
tial food surpluses into a basis for sustained economic growth poses an extremely 
diffi  cult problem for most countries of South and Southeast Asia during the next 
decade. Th e continuing decline of export opportunities and prices sharply reduces 
the opportunity to use surplus production to earn the foreign exchange needed to 
fi nance domestic development. Furthermore, the relatively large share of the pop-
ulation engaged in agricultural production and the slow (absolute) growth in non-
farm employment opportunities limit the economic gains that can be realized by 
using the surpluses primarily to support employment in the urban-industrial sec-
tors, unless the transfer of surpluses is also accompanied by lower food prices. 

 Th us, if Japan and other developed countries do not adopt less protectionist 
policies with respect to their domestic agriculture, the economies of Southeast 
Asia are likely to face diffi  culties during the 1970s similar to those faced by the 
Japanese economy during the interwar period. Th e main diff erence is that the 
downward pressure on rice prices in these countries will come from increased sup-
plies generated from internal rather than colonial sources. Th e major problems 
are (a) maintaining suffi  cient equity in income distributions, both within the rural 
economy and between the rural and urban sectors, and (b) generating suffi  cient 
internal demand to absorb the productive capacity of an expanding urban sector, 
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while simultaneously using lower rice prices as a device for transferring the gains 
of agricultural productivity into capital formation and economic growth in the 
urban-industrial sector. Solving them will require extreme skill. It may also gener-
ate more social tension than the political structures of many South and Southeast 
Asian economies seem able to absorb.      

   Notes 

      Yujiro Hayami and Vernon W. Ruttan,  Quarterly Journal of Economics  84 (November 1970): 
562–89. Minnesota Agricultural Experiment Station Journal Paper No. 7100. Th e research on 
which this paper is based was fi nanced by a grant from the Rockefeller Foundation. Th e authors 
wish to thank W. P. Falcon, J. P. Houck, Shigeru Ishikawa, B. F. Johnston, Simon Kuznets, 
J. I. Nakamura, Kazushi Ohkawa, Gustav Ranis, P. M. Raup, A. M. Tang, and Sabro Yamada for 
suggestions and comments. Th ey are indebted to Miss Sachiko Yamashita and Mrs. Barbara 
Miller for computational assistance.   

   1.   Th e status of economic thought on imperialism, including the impact of colonial policy on met-
ropolitan economies, is particularly unsatisfactory. For two recent reviews see Neisser   1960   and 
Blaug   1961  . For a classical statement on the contribution of colonies to the economic develop-
ment of metropolitan economies, see Friedrich List 1885. According to List (1885: 269), “Th e 
highest means of development of the manufacturing power, of the internal and external com-
merce proceeding from it . . . are colonies.” Th is is essentially the view held by Marx and elabo-
rated by his followers. See Bober   1940  . Joan Robinson (  1964  : 45) has recently enunciated a 
postimperialist view: “the misery of being exploited by capitalists is nothing compared to the 
misery of not being exploited at all.”   

   2.   Th e English-language literature on Japanese colonial policy in Korea is less complete than that 
for Taiwan. Th e impact of colonial development policies on both Taiwan and Korea has been 
reviewed by Nakamura (  1969  ). For two recent evaluations of Japanese colonial policy in Taiwan, 
see Pao-San Ho 1968 and Chang and Myers   1963  . Th e Japanese-language literature is extensive. 
Th e two classical works which have special relevance to the present study are Kawano   1941   and 
Tobata and Ohkawa   1935  .   

   3.   Th e questions raised by Nakamura in regard to the offi  cial statistics have been widely discussed 
by Japanese and other scholars. For discussions by Japanese scholars, see Hayami   1968a  , 
Hayami and Yamada   1969  , and Nakamura   1968  . Appraisals by other scholars include Rosovsky 
  1968   and Clark   1967  .   

   4.   Hayami and Yamada   1969  ; Yamada   1967  ; and Johnston   1966  .   
   5.   For example, see Johnston   1951   and Ohkawa and Rosovsky   1960  .   
   6.   “Th e years after 1920 were diffi  cult years for Japanese agriculture. Cheap rice began to be 

imported from Korea and Taiwan, where rice cultivation had been encouraged by the Japanese 
government following the food shortage of World War I and the Rice Riots that resulted in 1918” 
(Sawada   1965  : 334.) See also Ohkawa and Rosovsky   1960  .   

   7.   Th e Ohkawa-Rosovsky development model asserts that during the beginning of modernization 
the development of the modern economy depends on accelerated growth of the traditional econ-
omy, and that during later stages the transformation of the traditional sector depends on the 
ability of the modern sector to support the rationalization of the traditional sectors. Ohkawa 
and Rosovsky (  1960  ) attribute the lag in the agricultural sector to the failure of the modern 
industrial sector to produce the capital and current inputs needed for the transformation of 
Japanese agriculture during the interwar period. In correspondence with the authors of the 
present article, Rosovsky places major importance on the limited development of a mechanical 
technology suited to the needs of agriculture. Th e authors place greater emphasis on the lag in 
the transition from the traditional biological technology of the Meiji era to modern biological 
and chemical technology.   
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    8.   Th e major improved varieties that achieved nationwide diff usion prior to 1930 were almost all 
selected by veteran farmers. For example, the Shinriki variety, which made by far the largest 
contribution to the growth in yield during the Meiji period, was selected in 1877 by Jujiro 
Maruo, a farmer in the Hyogo prefecture (the variety was called Shinriki, meaning “the power 
of God,” by the farmers, who were surprised at the high yield of the variety). Th e Kameno-o 
variety, which contributed greatly to increasing and stabilizing the yield in northern Japan, 
was selected in 1897 by Kameji Abe, a farmer in the Yamagata prefecture. Organized research 
by experiment stations to create new varieties started in 1904, when Koremochi Kato and 
Kotaro Ando made the initial hybrid experiments in the Kinai Branch of the National 
Experiment station. Th e fi rst major breakthrough in organized research was by Hiroshi Terao, 
with the development of Rikuu 132 in the Rikuu Branch. But the appreciable contributions of 
organized research in seed improvement to the national average yields occurred only after the 
establishment of a nationwide organized research system, Norinsho Shitei Hinshu Kairyoshiken 
Seido (System of Seed Improvement Experiments of Varieties Assigned by the Ministry of 
Agriculture and Forestry), in 1926, and after the creation and diff usion of Norin numbered 
varieties as the research result of this system (Norin No. 1 appeared in 1931). See Noringijutsu 
Kyokai   1952  .   

    9.   Th is reorientation of colonial agricultural development policy in response to the shortage of 
rice in Japan is clearly described by Tobata and Ohkawa (1935: 7) in reference to Korea: “Since 
the Rice Riot Japan has faced a so-called ‘population-food problem.’ Rapid increase in popula-
tion and even more rapid increase in nonagricultural population, as the result of industrial 
development, have been pressing the need for an increase in rice production. In Japan, how-
ever, rice farming had already approached a technical limit of intensifi cation, and economically 
there was little possibility of increasing rice production. Th erefore, the solution of the popula-
tion-food problem was sought in the direction of enlarging the rice production area. In this 
connection Korea represented the biggest hope, where extensive and underdeveloped farming 
have been practiced without progress for hundreds of years. It was anticipated that if Korean 
agriculture were to be developed by the weapons of modern science it would be possible to 
increase its intensity as well as to expand the paddy fi eld area.” Th e process of agricultural 
development in Korea and Taiwan under this policy orientation is described in the literature 
cited in note 2, page 562. Quantitative analysis of this process is now under way by the 
authors.   

   10.   A somewhat similar phenomenon occurred during the 1890–1905 period. Th e increase in the 
supply (and presumably consumption) of rice outpaced domestic production, although the 
1905 (1903–7 average) observation includes the abnormal years of the Russo-Japanese War 
(1904–5). Th e fact that Japan shifted from being a net exporter to being a net importer of rice 
during the last decade of the nineteenth century pressed the government to take measures to 
encourage agricultural production, including the establishment of the National Agricultural 
Experiment Station (1896), the Law of State Subsidy for Prefectural Agricultural Experiment 
Stations (1899), and the Arable Land Replotment Law (1899). With the existence of indige-
nous technological potential that was not being fully exploited, these government eff orts were 
eff ective and contributed to the advances in rice production and in yield per hectare during the 
fi rst two decades of this century (see Figure   5.2  ). As a result Japanese agriculture continued to 
supply about 95 percent of the rapidly growing domestic rice consumption during this period.   

   11.   Data for Taiwan and Korea are plotted for the periods after cadastral surveys (completed in 
1906 and 1918, respectively), for which the data are more reliable.   

   12.   Th e data presented in Table   5.3   indicate that the rate of growth in the supply (and presumably 
consumption) of rice declined after 1920 (from the annual compound rate of 1.7 percent during 
the 1890–1920 period to 1.0 percent during the 1920–35 period). Population continued to 
grow at an annual rate of about 1.0 percent for both periods. Th is stagnation of per capita rice 
consumption, if due to a decline in demand, might be expected to have a signifi cant infl uence 
on production and productivity trends, although in an open economy domestic consumption 
does not represent a direct constraint on domestic production. Th e analysis in the present 
paper indicates that the stagnation of domestic rice production and productivity in Japan can 
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be consistently explained by two major factors: the exhaustion of indigenous technological 
potential and the importation of colonial rice. Th is does not, however, refute the hypothesis 
that demand contraction may have also contributed to the decline. Quantitative analysis of the 
infl uence of demand contraction on domestic rice production during this period awaits future 
research.   

   13.   Several variations of the area response model were tried, e.g., using net income or profi t instead 
of price. Th e estimates of such models were inferior to the present model.   

   14.   Th is assumption is based on the following reasoning: Th e government, whether democratic or 
not, would perceive and try to respond to the demand of the people. If the price of agricultural 
products went up, the benefi t-cost ratio of irrigation and water control investment would 
improve. In that situation, farmers, landlords, and consumers would demand more such con-
structions. Th e government, sensitive to this demand, would allocate a larger amount of funds 
for irrigation and water control. Th is would increase national wealth and might also result in an 
increase in government revenue under an appropriate tax system. Whether the present distrib-
uted lag specifi cation of geometric convergence is adequate for describing this process is, of 
course, open to challenge.   

   15.   It is questionable if there existed an unlimited supply of labor in the sense of Ranis and Fei, but 
a recent study by Minami indicates that there was a situation that could well be identifi ed as 
the unlimited supply of labor from agriculture to industry. See Minami   1968  .   

   16.   It is interesting to consider what could have happened if the colonial development policies had 
been accompanied by land reform and other economic democratization measures similar to 
those implemented during the U.S. occupation after World War II. Land reform might have 
(a) raised the rate of growth in agricultural production by increasing the incentives of farmers, 
(b) improved the level of income and living of farmers and contributed to the social and politi-
cal stability of the rural sector, and (c) expanded the domestic market for industrial products 
through the increased consumption of farmers, and depressed incentives to the imperialistic 
expansion of overseas market. On the other hand, the improved level of income and consump-
tion of farmers might have depressed industrial growth by (a) decreasing the net outfl ow of 
savings from agriculture to industry and (b) shifting upward the schedule of labor supply to 
industry, which was determined by the level of living in the rural sector, with a possible rise in 
the industrial wage rate. More extensive analysis is required to evaluate the overall eff ects of 
alternative land tenure policies on economic growth and social and political development.   

   17.   Th e shift away from grain production toward mixed farming characterized by “high feeding” of 
livestock was pronounced during the two decades following the repeal of the Corn Laws. Prior 
to 1850 livestock feeding was justifi ed primarily on the basis of the value to the grain enter-
prise of the manure produced by the livestock. After 1850 livestock production became profi t-
able in its own right. For an excellent assessment of the changes in farming during this period, 
see E. L. Jones   1968  , reprinted from  Agricultural History Review  10 (1962). Jones summarizes 
the factors responsible for the shift as follows: “after the Repeal the altered relative value of 
wheat and livestock products due to imports which prevented a rise in the price of wheat, the 
growth of population, and rising real income of which an increasing proportion was spent on 
livestock products” (229). He also quotes an observation by James Caird, made in 1878: “Th irty 
years ago probably not more than one-third of the people of this country consumed animal 
food more than once a week. Now nearly all of them eat it, in meat or cheese or butter, once 
a day. . . . Th e leap which the consumption of meat took in consequence of the general rise 
of wages in all branches of trade and employment, could not have been met without foreign 
supplies” (227).                           
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 A basic premise of the technical assistance and agricultural development pro-
grams of the late 1940s and early 1950s was that rapid growth in agricultural 
productivity and output could be achieved by the transfer of technology, institu-
tions, and capital from high-income to low-income countries. It was thought that 
agricultural production could be expanded rapidly as a result of (a) the transfer of 
known agricultural technology from the high-productivity to the low-productivity 
countries, (b) the development of more eff ective rural marketing, credit, and land 
tenure institutions, and (c) capital investment in irrigation and fl ood control, 
mechanization, and transportation. Th e diff usion of practices employed by the 
best farmers within the low-income countries was also regarded as an important 
source of productivity growth. 

 Such expectations have typically failed to materialize. Th e rate of growth of 
crop output in most developing countries has been disappointingly slow. 
Furthermore, a relatively large share of the recorded increases in production have 
been based on expansion of area planted rather than on increases in output per 
unit area (Hendrix et al.   1965  ). 

 Now, in the mid-1960s, a new consensus appears to be emerging that intensive 
investment in research and development designed to produce improvements in 
the quality of agricultural inputs represents the missing link in the agricultural 
development process in many countries (Hill   1965  ; Kellogg   1964  ; Schultz 1964a, 
1964b). Th ere is increasing recognition that traditional practices employed by 
the more successful farmers in each area do not have a suffi  ciently high payoff  to 
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provide an incentive for rapid growth in aggregate output. And there is growing 
agreement that much agricultural research and development is highly location 
specifi c — it must be done in biological and economic environments approximat-
ing those where the innovation will be employed. 

 Th ere is danger that these insights may be contributing to a new set of over-
simplifi cations regarding the requisites for rapid agricultural development. Th e 
evidence presented in this paper emphasizes the essential complementarity 
between (a) increased investment in research and development leading to higher 
rates of return on purchased inputs, (b) increased investment in land and water 
development, and (c) improved institutional and organizational systems for 
providing technical inputs and services to farmers. 

 Most countries in Southeast Asia have been, and continue to be, more depen-
dent on increased area than on increased yield as a source of growth in rice pro-
duction (Table   6.1  ). Th is is in contrast to the countries of Northeast Asia, where 
increases in yield have been more important than increases in area in recent years. 
Taiwan and Malaysia are the only countries, however, which seem to have achieved 
their total increase in output during the last decade from yield increases. Th e 
Philippines and Cambodia stand at the opposite extreme. Th ailand occupies an 
intermediate position; changes in yield are somewhat more important than 
changes in area planted in accounting for increases in rice production in Th ailand 
during the last decade.  

 Two hypotheses with respect to the factors aff ecting yield increases and yield 
diff erences are tested in this study. 

 Th e fi rst is that the increases in yield of rice of the last decade and the diff er-
ences in yield among major rice-producing areas within Southeast Asia at the 
present time primarily refl ect variations in the environmental conditions under 
which rice is grown (soil, season, water, and weather diff erentials) rather than 
diff erences in variety or cultural practices. 

 Th e second hypothesis is that diff erences in rice yield between Southeast 
Asia and Northeast Asia refl ect variations in the technological and institutional 
factors under which rice is grown, in addition to environmental factors. 

 In this paper, we test these two hypotheses with data from the Philippines, 
Th ailand, and Taiwan. Major emphasis will be placed on factors associated with 
changes or diff erences in yield.   1        

   Trends in Rice Production, Area, and Yield in Th ree 
Countries   

 Th e Philippines, Th ailand, and Taiwan have all experienced relatively rapid growth 
in total rice production since the early 1900s. Th e pattern of growth over time and 
the relative contribution of area and yield are sharply diff erent among the three 
countries (Figure   6.1  ; Table   6.2  ).   
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      Table 6.1  Production, Area, and Yield of Rice in Asia, 1961/62–1963/64 Average Compared with Ten Years Earlier   *     

  Regions and 
countries 

 Production, rough rice 
 (   thousand metric tons   )  

 Area  (   thousand hectare   )   Yield  (   tons per hectare   )   Percentage contribution to 
change in  production   

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 Change in 
area 

 Change in 
yield  

 Northeast Asia  

 Japan  12,043  16,880  40.2  3,013  3,286  9.1  4.00  5.14  28.5  26  74  

 Korea  
 (Rep. of) 

 2,318  3,532  52.4  946  1,147  21.2  2.45  3.08  25.7  46  54   

 Taiwan   a     1,947  2,586  32.8  784  775  –1.1  2.48  3.34  34.7  –4  104  

 Total  16,308  22,998  41.0  4,743  5,208  9.8  3.44  4.42  28.5  27  73  

 Southeast Asia   b     

 Burma  5,836  7,392  26.7  4,112   c     4,637   c     12.8  1.42  1.59  12.0  51  49  

 Cambodia  1,679  2,474  47.3  1,673  2,305  37.8  1.00  1.07  7.0  83  17  

 Indonesia  10,090  12,504  24.4  6,131  6,960  13.5  1.65  1.80  9.1  59  41  

 Malaysia  660  980  48.5  498   d     474  –4.8  1.32  2.07  56.8  –13  113  

 Philippines  3,052  3,907  28.0  2,589  3,142  21.4  1.18  1.24  5.1  78  22  



90 
C

an Econom
ic G

row
th B

e Sustained?
      Table 6.1  (Continued)  

  Regions and 
countries 

 Production, rough rice 
 (   thousand metric tons   )  

 Area  (   thousand hectare   )   Yield  (   tons per hectare   )   Percentage contribution to 
change in  production   

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 1951/52 to 
1953/54 

 1961/62 to 
1963/64 

 Percent 
change 

 Change in 
area 

 Change in 
yield  

 Th ailand  7,389  9,208  24.6  5,599  6,077  8.5  1.32  1.52  15.2  37  63  

 Total  28,706  36,465  27.0  20,602  23,595  14.5  1.39  1.55  11.5  57  43  

 South Asia   e     49,874  69,756  39.9  40,441  45,741  13.1  1.23  1.53  24.4  37  63  

   *  Data from FAO,  Th e World Rice Economy in Figures, 1901–1963  (Commodity Reference Series No. 3, Rome, 1965); FAO,  Production Yearbook 1965 ; and FAO,  Monthly 
Bulletin of Agricultural Economics and Statistics , June 1966. Th e author has computed the relative contribution of area and yield to the change in production on a 
logarithmic basis.  
   a  Production and yield diff er from fi gures used elsewhere in this paper, apparently due to conversion from brown to rough rice at 1.24 here rather than 1.312.  
   b  Laos and Vietnam not included.  
   c  Planted.  
   d  Including approximation for Sarawak for comparability with production fi gures.  
   e  Ceylon, India, Iran (unoffi  cial), and Pakistan. Nepal not included.  
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     Figure 6.1    Area, Yield, and Production of Rice in the Philippines, Th ailand, and 
Taiwan, from the Early 1900s to 1963/64. *    
  *  See Appendix Note for sources of data. Area fi gures for the Philippines through 1952/53 are 
for area planted; all other area fi gures are harvested basis. All production and yield fi gures are 
in terms of rough rice.    
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 Th roughout the entire period a substantial share of the total increase in output 
in both the Philippines and Th ailand is accounted for by increases in the area 
devoted to rice production. Growth in area was particularly rapid in both coun-
tries prior to the early or mid-1920s. In Taiwan, however, the expansion of area 

      Table 6.2   Changes in Rice Production, Area, and Yield in the Philippines, 
Th ailand, and Taiwan for Selected Periods (Rough Rice Basis)   *     

  Period  Production 
(thousand 

metric 
tons) 

 Area 
(thousand 
hectares) 

 Yield 
(tons per 
hectare) 

 Annual rate of change (percent)  

 Production  Area  Yield  

 PHILIPPINES   a     

 1908/09–1909/10  798  1,174  .68  

 1925/26–1926/27  2,140  1,781  1.20  6.0  2.5  3.4  

 1952/53–1953/54  3,163  2,650  1.19  1.5  1.5  .0  

 1962/63–1963/64  3,905  3,124  1.25  2.1  1.7  .5  

 1908/10–1962/64  3.0  1.8  1.1  

 THAILAND  

 1907/08–1908/09  2,475  1,319  1.88  

 1920/21–1921/22  4,250  2,298  1.85  4.2  4.4  .1  

 1946/47–1947/48  4,974  3,907  1.27  .6  2.1  1.4  

 1962/63–1963/64  9,711  6,288  1.54  4.3  3.0  1.2  

 1907/09–1962/64  2.5  2.9  .4  

 TAIWAN  

 1903/04–1904/05  735  415  1.75  

 1919/20–1920/21  916  499  1.84  1.4  1.1  .3  

 1936/37–1937/38  1,761  670  2.63  3.9  1.7  2.1  

 1951/52–1952/53  2,004  787  2.55  .8  1.1  –.2  

 1962/63–1963/64  2,769  772  3.58  3.0  –.2  3.2  

 1903/05–1962/64  2.2  1.0  1.2  

 1919/21–1962/64  2.6  1.0  1.6  

   *  See Appendix Note for sources of basic data. Area fi gures are harvested basis except as indicated for 
the Philippines in note a. Annual rates of change are the authors’ computation.  
   a  Area fi gures are area planted prior to 1953/54, area harvested thereafter, Yield fi gures refl ect this 
change.  
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planted was relatively slow throughout the entire period, although rather sub-
stantial increases were recorded during the 1920s and early 1930s. 

 Th ere have also been sharp contrasts in yield. In the Philippines yield per hect-
are apparently rose rapidly, from an extremely low level in the early years of the 
century to approximately 1.20 metric tons per hectare, until the early 1920s. 

 Since the mid-1920s national average rice yields in the Philippines seem to 
have remained almost unchanged. In 1962/63–1963/64 the Philippine average 
yield was only 1.25 metric tons per hectare. Th e average yield in Th ailand declined 
continuously from the early 1920s to the mid-1950s. During the late 1940s and 
early 1950s it was only slightly higher than in the Philippines. Although the long-
term decline in yields was reversed by the late 1950s, the average yield in 1962/63–
1963/64 was still only 1.54 metric tons per hectare–substantially below the levels 
achieved before the 1920s. During this same period Taiwan experienced a spec-
tacular growth, with yield per hectare rising from 1.84 metric tons per hectare in 
1919/20–1920/21 to 3.58 in 1962/63–1963/64. 

 Both the long-term stability in national average yield in the Philippines and 
the long-term decline in national average yield in Th ailand are diffi  cult to explain. 
Th e stability in national average yield in the Philippines may refl ect the combined 
eff ect of expansion in area devoted to low-yielding upland and rain-fed rice and a 
stable or declining area devoted to rice production in the higher-yielding irrigated 
areas. In Th ailand, it is possible that increases in area devoted to rice in the low-
yielding provinces of the Northeast have more than off set the eff ect of stable or 
rising yields in the central and northern provinces. 

 In Taiwan, the higher yields seem to have been due primarily to favorable tech-
nological and institutional factors, which include the development and introduc-
tion of high-yielding  ponlai  rice varieties, increased use of chemical fertilizer, 
improved irrigation facilities and water management, improved cultural practices, 
reduced acreage of low-yielding upland and rain-fed rice, and the organization of 
farmers’ associations and irrigation associations for fertilizer distribution, rice 
collection, storage, processing and marketing, and water use, distribution, and 
management at the local level. Among all these factors it appears that innovations 
associated with the introduction of the  ponlai  varieties beginning in the early 
1920s have been particularly important. Data on the long-term yield trends for 
the several classes of rice grown in Taiwan is presented in Figure   6.2  .      

   Diff erences in Yield among Regions in the Philippines, 
Th ailand, and Taiwan   

 National average yields can be regarded as a weighted average of the yield obtained 
in the several rice-producing regions of each country. Diff erences in average yields 
among regions may refl ect diff erences in the environmental conditions under which 
rice is grown — the proportion of rice grown under irrigated, rain-fed, or upland 
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conditions or during the wet and dry seasons, for example.   2    Diff erences in yield may 
also refl ect diff erences in the level of technology employed in each region–cultural 
practices, varieties, use of technical inputs such as fertilizer, insecticides, and others. 
Th e level of technology itself may refl ect diff erences in economic incentives such as 
factor and product prices; diff erences in institutional organization such as land 
tenure, credit, and marketing organization; and social and cultural diff erences that 
infl uence the adoption of new technology and use of technical inputs. 

 In this section, we examine the extent to which diff erences in yield among 
regions within each country refl ect diff erences in the environmental conditions 
under which rice is grown. We include under environmental factors long-term 
infrastructure investment such as irrigation which modifi es the natural environ-
ment and enables rice producers to achieve greater local environmental control. 

  In the Philippines , rice is produced under many situations. Each province 
grows some rice in the rainy (wet) season and some in the dry season, and in each 
some rice is grown under irrigated, rain-fed, and upland conditions. Regional or 
national average yields diff er depending on season (wet or dry) and water treat-
ment (irrigated, rain-fed, or upland).   3    Th us the average rice yield in each province 
or region (Figure   6.3  ), and in the Philippines as a whole, is determined by (a) the 
yield obtained under diff erent production conditions, and (b) the percentage of 
the total area on which diff erent production practices are employed.  

 Th e nonirrigated or rain-fed fi rst crop (wet season) accounts for the largest 
share of rice area in almost all regions (Figure   6.4  ). Irrigated fi rst crop areas are 
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     Figure 6.2    Changes in Average Yield of Diff erent Types of Rice, Taiwan, 1900/01 to 
1963/64. *    
  *  See Appendix Note for sources of data. Yields are in terms of rough rice. For ease of reading, 
the vertical scale on this chart is double that on Figure   6.1  .    
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     Figure 6.3    Distribution of Rice Yields among Philippines Provinces, 1956/57–1958/59 
Average *    
  *  See Appendix Note for source of basic data; 10 provinces are included in each category except 
medium which include 13. Th e categories represent yields in metric tons of rough rice per hectare 
harvested, and indexes with the Philippines national average of 1.10 tons = 100, as follows:       

       

  High  Yield  Index  

 High  1.28–2.13  116.4–193.6  

 Medium high  1.10–1.27  100.0–115.5  

 Medium  .92–1.09  83.6–99.1  

 Medium low  .77–.91  70.0–82.7  

 Low  below .77  below 70.0  
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substantial only in a few regions, such as Central Luzon, Bicol, and southern and 
western Mindanao. Th e area devoted to the irrigated and rain-fed second crop 
(dry season) rice is relatively small in all regions. Th e area devoted to upland rice 
relative to lowland rice is relatively large in a few regions, such as southern Tagalog 
and southern and western Nindanao.  
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     Figure 6.4    Regional Distribution of Rice Area Harvested in the Philippines, 1960/61. *    
  *  See Appendix Note for source of data.    
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 Th e data in Table   6.3   represent an attempt to estimate the eff ects of season 
(wet or dry) and water use (irrigated, rain-fed, or upland) on regional average 
yields. Th e data in column 1 are the actual average yields obtained in 1960/61 in 
each region. Th e data in column 3 are the average yields that would have been 
reported for the region if the distribution of rice area by season and water supply 
in the region had been the same as the national average. Th e only year for which 
suffi  cient data are available to make this calculation is 1960/61.  

 In Central Luzon, for example, the actual average yield in 1960/61 was 1.574 
metric tons of rough rice per hectare, or almost 36 percent above the national 
average. If the distribution of area (a) between the wet and the dry season, and (b) 
among irrigated, rain-fed and upland areas had been the same as the national 
average, the 1960/61 average yields in Central Luzon would have been 1.382 
metric tons or only 19 percent above the national average. Th is means that almost 
half of the diff erence between the actual average yield in Central Luzon and the 
average national yield is accounted for by the relatively favorable area distribution 
with respect to season and water treatment rather than by actual yield diff erences 
under similar environmental conditions. In the Ilocos region, about three-fi fths 
of the margin of actual yield over the national average yield results primarily from 
the favorable area distribution. 

 In the Cagayan Valley, southern and western Mindanao, and southern Tagalog 
regions, the relatively high proportion of upland area accounts for the below-
average yield obtained in each. If the distribution of area among diff erent types of 
production had been the same as the national average, yields in these three regions 
would have approximated the national average. 

 Th e close agreement between the actual and standardized yield in western 
Visayas is particularly striking. Th is implies that the higher-than-average yields 
are primarily the result of higher real yields rather than area distribution. Similarly, 
in Bicol, eastern Visayas, and northern and eastern Mindanao yields are low 
although the distribution of production is close to the national average. 

 Th e limited fraction of the total area devoted to rice that is irrigated in both the 
wet and the dry seasons represents a major barrier to increased production and 
higher average yields in most regions. Even in Central Luzon, a region where 
yields are relatively high, a shift of one hectare from production of one crop of 
rain-fed rice to production of irrigated rice during both the wet and dry seasons 
would add almost 2.37 tons to the total production, assuming the cultural prac-
tices of 1961. Th is would represent a 168 percent increase in rice production per 
hectare per year.   4    

 In Th ailand the range in yield variation among provinces is similar to that in 
the Philippines (Figure   6.5  ). However, most of the rice is grown under irrigated or 
rain-fed conditions. Th e percentage of upland rice is low — probably not more 
than 1 percent in recent years. Th e second crop (dry season) production is also 
low. It accounts for less than 1 percent of the total area planted (or harvested). 
Most of the dry season crop is grown in the north and in the Central Plain. But the 
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      Table 6.3   Eff ect of Diff erences in Regional Production Patterns on Regional 
Average Yields of Rough Rice per Hectare Harvested in the 
Philippines and Th ailand  *    

   Actual yield    Standardized yield    a     

 Tons per hectare  Index  Tons per hectare  Index  

 Country and region  (1)  (2)  (3)  (4)  

 Philippines, 1960/61  1.159  100.0  1.159  100.0  

 Ilocos  1.278  110.3  1.201  103.6  

 Cagayan Valley  1.087  93.8  1.174  101.3  

 Central Luzon  1.574  135.8  1.382  119.2  

 Southern Tagalog  1.049  90.5  1.143  98.6  

 Bicol  1.025  88.4  1.013  87.4  

 Eastern Visayas  .891  76.9  .891  76.9  

 Western Visayas  1.263  109.0  1.289  111.2  

 Northern and Eastern 
Mindanao 

 .847  73.1  .851  73.4  

 Southern and Western 
Mindanao 

 1.127  97.2  1.176  101.5  

 Th ailand, 1961/62–1963/64  1.514  100.0  1.514  100.0  

 Central Plain  1.766  116.6  1.394  92.1  

 Northeast  1.123  74.2  1.409  93.1  

 North  2.144  141.6  2.125  140.4  

 South  1.602  105.8  1.770  116.9  

  *See Appendix Note for sources of actual yield fi gures; for Th ailand see text description of estimates for 
irrigated and nonirrigated areas. Tons are metric.  
   a  In the Philippines, to obtain the standardized yields, regional yields of rough rice from fi rst crop 
(1) irrigated, (2) nonirrigated; second crop (3) irrigated, (4) nonirrigated; and (5) upland areas are 
weighted by the national average distribution for the fi ve categories. In Th ailand the regional yields of 
rough rice, on a harvested area basis, for the irrigated and nonirrigated areas, were weighted by the 
national distribution of irrigated and nonirrigated area harvested to obtain the standardized yields.  
   Standardization for the diff erences among regions identifi ed above reduces the coeffi  cient of 
variation for yields among regions in both the Philippines and Th ailand by about 20 percent (from .20 
to .16 in the Philippines and from .26 to .21 in Th ailand). It seems reasonable to expect that if data 
were available to permit standardization for diff erences in water control and season among provinces 
within regions and among villages within provinces, the coeffi  cient of variation for the standardized 
yields would be even lower.  
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     Figure 6.5    Distribution of Rice Yields among Th ai Provinces, 1961/62–1963/64 Average. *    
  *  See Appendix Note for source of basic data; 14 provinces are included in each category except 
medium which include 15. Th e categories represent yields in metric tons of rough rice per 
hectare harvested, and indexes with the Th ai national average of 1.51 tons = 100, as follows:       
       

  High  Yield  Index  

 High  1.93–3.24  129.80–214.57  

 Medium high  1.68–1.95  111.26–129.14  

 Medium  1.52–1.67  100.66–110.60  

 Medium low  1.29–1.51  85.43–100.00  

 Low  .74–1.28  49.01–84.77  
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relative importance of irrigated and rain-fed areas varies sharply among prov-
inces (Figure   6.6  ). In central Th ailand almost half of the area planted and in the 
north more than one-fourth of the area planted is irrigated.   5      

 Th e yields reported by the Royal Irrigation Department for irrigated areas are 
substantially higher than the yields estimated for nonirrigated areas by the resid-
ual method (Figure   6.7  ). Both the irrigated and nonirrigated areas have experi-
enced increases in yield since 1958/59. Th e most dramatic increase occurred on 
irrigated land in the Northeast. Irrigated land represents such a small proportion 
of the total increases in the Northeast that the rice yield on irrigated land had a 
relatively minor impact in the average yield for the entire region. In the central 
plain, the estimated yield on nonirrigated land has risen more rapidly than on 
irrigated land.  
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     Figure 6.6    Regional Distribution of Rice Area Planted in Th ailand, 1961/62–1963/64 
Average. *    
  *  Total planted area from Ministry of Agriculture, Department of Rice,  Annual Report on Rice 
Production in Th ailand  (in Th ai) (Bangkok, 1965), and earlier issues. Irrigated area planted from 
Ministry of National Development, Royal Irrigation Department,  Rice Production Under 
Irrigated Area, 1958/59 to 1963/64  (in Th ai) (Bangkok, 1965), mimeo worksheets. Nonirrigated 
area approximated as the diff erence.    
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 Diff erences in the proportion of area irrigated in each region have a substantial 
impact on the regional average yield. In those regions where only a small share of 
the land is irrigated, the average yield is close to the yield on nonirrigated land. 

 Th e data for Th ailand in Table   6.3   attempt to measure the eff ect of diff erent 
regional production patterns on regional yields. Th e data presented in column 3 
are estimates of the average yields that would have been reported for the region if 
the distribution of area between irrigated and nonirrigated areas in the region 
had been the same as the national average. In the Central Plain, for example, the 
actual average yield in 1961/62–1963/64 was 1.766 metric tons of rough rice per 
hectare, or almost 17 percent above the national average. If the distribution of 
area between irrigated and rain-fed culture had been the same as the national 
average, the 1961/63 average yield in the Central Plain would have been 1.394 
metric tons, or 8 percent below the national average. 

 Th e northern region is particularly striking because of the close agree-
ment between the actual and standardized yield. Th is implies that the higher-
than-average yields are primarily the result of higher rice yields under comparable 
conditions of water use rather than to a favorable distribution of irrigated area. 

 In Taiwan two crops of rice per year are grown in most areas. Th e rice crop 
harvested before August 15 is considered the fi rst or dry season crop. Th e crop 

0

1

2

3

0

M
et

ric
 to

ns
 p

er
 h

ec
ta

re

1

2

Central plain Northeast

North South

3

Irrigated
Average
Nonirrigated

1

0

2

3

0

M
et

ric
 to

ns
 p

er
 h

ec
ta

re

1

2

3

1958/59 59/60 60/61 61/62 62/63 63/64 58/59 59/60 60/61 61/62 62/63 63/64

     Figure 6.7    Regional Average Yield per Hectare Harvested in Irrigated and 
Nonirrigated Areas, Th ailand, 1958/59–1963/64. *    
  *  Based on data from sources cited for Figure   6.6  , but using harvested-based area fi gures. 
See text for further description.    
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harvested after August 15 is considered the second or wet season crop. In each 
area and each season rice is grown under irrigated, rain-fed, and upland condi-
tions. Taiwan diff ers from the Philippines and Th ailand, however, in that a very 
high percentage of the rice area is served by irrigation systems designed to pro-
vide suffi  cient water for rice production during both the dry and wet seasons. 
Even in the mid-1920s, before the  ponlai  varieties were introduced, most rice land 
was fully irrigated. With further extension of irrigation during the last forty years 
the area devoted to rain-fed and upland rice has been further reduced. At present, 
upland rice accounts for less than 3 percent of the total rice area. It seems unlikely 
then that rain-fed rice accounts for more than 10 percent of the total area devoted 
to rice.   6    

 It seems reasonable to hypothesize that the very high proportion of total rice 
area that is irrigated accounts for the small variation in yield among districts in 
Taiwan (Figure   6.8  ) as compared with the wide provincial yield variations in the 
Philippines (Figure   6.3  ) and Th ailand (Figure   6.5  ). Measurement of the eff ect of 
diff erences in season and water treatment on diff erences in rice yields among geo-
graphic subdivisions ( Hsiens ) in Taiwan is more diffi  cult than in the Philippines 
and Th ailand. Th e diff erences in rainfall between the dry and wet seasons is not as 
pronounced. And the Provincial Food Bureau does not report yields separately for 
irrigated and rain-fed rice.  

 Certain data, however, permit alternative tests of the relationship between 
irrigation and yield diff erences. Regression analysis of the relationship between 
yield and area irrigated for the period 1922–38 and 1950–60 indicates a very high 
association between area irrigated and yield per hectare.   7    And the highest average 
yields are obtained in those  Hsiens  in western and southwestern Taiwan where 
irrigation is most highly developed. 

 Although the data from Taiwan do not permit the same degree of precision in 
identifying yield as in the Philippines and Th ailand, it is organized to permit iden-
tifi cation of the eff ect of diff erences in type of rice on yield diff erences among 
 Hsiens . Th e highest-yielding rice varieties grown in Taiwan are of the  ponlai  type 
(Figure   6.2  ; Table   6.4  ). Th e  ponlai  varieties account for well over half of the rice 
area in each food district (Figure   6.9  ). Th e average yield in each region is a weighted 
average of the yield obtained from each type and the proportion of the area 
devoted to each type.   

 Th e eff ect of diff erences in area devoted to each type on regional average yields 
can be measured by comparing the actual average yield in each region with the 
standardized average yield that would have been obtained if the distribution of 
area in the region had been the same as for Taiwan as a whole. If standardization 
results in convergence (i.e., less variation in the standardized than actual yields), 
this would be consistent with the hypothesis that diff erences in the type of rice 
grown represent an important source of variations in yield among regions. 

 Th e results (Table   6.5  ) indicate that standardization of average yields among 
food districts in Taiwan, to refl ect the eff ects of diff erences in area devoted to the 
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     Figure 6.8    Distribution of Rice Yields among Hsiens in Taiwan, 1961/62–1963/64 
Average. *    
  *  See Appendix Note for source of basic data; 3  Hsiens  are included in each category. Th e 
categories represent yields in metric tons of rough rice per hectare harvested, and indexes with 
the Taiwan national average of 3.52 tons = 100, as follows:       

       

  High  Yield  Index  

 High  3.91–3.98  111.13–111.92  

 Medium high  3.63–3.82  102.98–108.49  

 Medium  3.29–3.56  93.52–101.16  

 Medium low  3.09–3.24  87.62–92.08  

 Low  2.90–3.06  82.33–86.76  
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      Table 6.4   Actual Yields of Various Types of Rice in Taiwan, Selected Averages, 1926/27–1928/29 to 1961/62–1963/64   *    ( Metric 
tons rough rice per hectare )  

  1926/27–1928/29  1937/38–1939/40  1954/55–1956/57  1961/62–1963/64  

 Type of rice  Yield  Index  Yield  Index  Yield  Index  Yield  Index  

 National Average  2.15  100.0  2.77  100.0  2.90  100.0  3.52  100.00  

  Ponlai  2.24  104.2  3.06  110.5  3.11  107.2  3.64  103.4  

  Nonglutinous  2.23  103.7  2.60  93.9  2.85  98.3  3.45  98.0  

  Glutinous  2.01  93.5  2.62  94.6  2.81  96.9  3.27  92.9  

  Upland  1.50  69.8  1.52  54.9  1.18  40.7  1.47  41.8  

   *  Yields from Taiwan Provincial Food Bureau,  Taiwan Food Statistics  1964 (Taipei).  
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several classes of rice during the wet and dry seasons, tends to widen rather than 
narrow the yield dispersion among regions. Th at is, if each food region allocated 
exactly the same proportion of its rice area among types as the national average 
the yield variation among regions would be wider than at present — yields would 
decline in Taipei and rise in Kaohsiung, for example. Apparently there are 

     Figure 6.9    Distribution of Rice Area by Food Districts in Taiwan, 1961/62–1963/64 
Average.* 
  *  See Appendix Note for source data.    
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substantial diff erences in yield for the same types in diff erent food districts. 
It seems reasonable, therefore, to conclude that environmental diff erences con-
tinue to account for a substantial share of the variations in yield among districts 
in Taiwan.  

 Th e analysis of regional yield data for the Philippines, Th ailand, and Taiwan 
reveals several signifi cant diff erences. First, actual yield diff erences are less among 
regions in Taiwan than in the Philippines and Th ailand. Second, standardization 
for diff erences in the type of rice grown among regions in Taiwan does not result 
in a convergence of yield diff erentials in the same way that standardization for 
the diff erences in season and/or water treatment resulted in convergence of yield 
diff erentials in the Philippines and Th ailand. 

 Apparently the fact that most rice is grown under fully irrigated conditions in 
Taiwan imposed, by itself, a high degree of yield uniformity. In addition a very high 
proportion of the total rice area is planted to the  ponlai  varieties. Th e yield unifor-
mity also refl ects genetic improvements in the glutinous and nonglutinous  indica  
( Chailai ) varieties grown in Taiwan, which has permitted some convergence of 
yield diff erential among the  ponlai , nonglutinous, and glutinous types (Table   6.5  ). 
Apparently only the upland varieties have failed to share in the yield improve-
ments since the late 1930s. 

 In the previous section an attempt was made to determine the extent to which 
diff erences in the yield of rice among regions within each country are accounted for 
by environmental or technological factors. In this section an attempt is made to 
assess the relative importance of environmental and technological factors in deter-
mining yield trends in the major rice-producing regions of the Philippines, Th ailand, 
and Taiwan. Taiwan is treated as a single region because of the relative uniformity 
of yields among regions and its small size relative to the other countries. 

      Table 6.5   Eff ect of Diff erences in Regional Production Patterns on Regional 
Average Yield of Rough Rice in Taiwan, 1961/62–1963/64   *     

   Actual yield    Standardized yield   

 Food district  Tones per hectare  Index  Tons per hectare  Index  

 Taiwan  3.520  100.00  3.520  100.00  

 Taipei  2.965  84.23  2.864  81.36  

 Hsinchu  3.158  89.71  3.021  85.83  

 Taichung  3.904  110.92  3.785  107.53  

 Tainan  3.530  100.28  3.762  106.88  

 Kaohsiun  3.793  107.76  4.378  124.38  

 East Taiwan  3.224  91.59  3.224  91.59  

   *  Actual yields are from 1962, 1963, and 1964 issues of source cited for Table   6.4  , Tons are metric.  
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 Clearly, national average yields per hectare are lower in the Philippines than in 
Th ailand and are relatively lower today than a decade ago. Taiwan’s average yields 
are higher than in either the Philippines or Th ailand and are much higher relative 
to the other two countries today than in the early 1950s (Table   6.6  ).  

 Disaggregation to the regional level, in an attempt to achieve greater unifor-
mity of environmental factors, reveals a somewhat diff erent picture. Yields in cen-
tral Th ailand and the Central Luzon areas of the Philippines — the two regions in 
each country in which irrigation is most highly developed and which account for 
a relatively high percentage of the rice which enters the commercial market — are 
almost identical in most years and have risen at approximately the same rate over 
the last decade (Table   6.7  ). Moreover, the rate of yield increase in both Central 
Luzon and central Th ailand has been approximately the same as in Taiwan. Th us 
the average yield in the two regions has remained at just slightly less than 50 
percent of the Taiwan yield since the early 1950s (Table   6.7  ).  

 It is also of interest to compare yields in regions in which irrigation is least 
developed and where the area grown under rain-fed and upland conditions 
has been expanding rapidly. Northeastern Th ailand has experienced a rapid 
expansion in rain-fed rice area. Th e Philippines has seen rapid expansion of both 
upland and rain-fed area in southern and western Mindanao and in the Cagayan 
Valley. In the early 1950s rice yields in southern and western Mindanao and in the 
Cagayan Valley were substantially higher than those in northeastern Th ailand. 

      Table 6.6   Comparison of National Average Yields of Rough Rice in the 
Philippines, Th ailand, and Taiwan, 1953/54–1963/64   *     

  Philippines  Th ailand  Taiwan   Yield ratios   

 Year  (1)  (2)  (3)  (1)/(3)  (2)/(3)  (1)/(2)  

 1953/54  1.20  1.39  2.77  .43  .50  .86  

 1954/55  1.21  1.26  2.86  .42  .44  .96  

 1955/56  1.19  1.36  2.82  .42  .48  .88  

 1956/57  1.21  1.44  3.00  .40  .48  .84  

 1957/58  1.02  1.30  3.08  .33  .42  .78  

 1958/59  1.11  1.36  3.19  .35  .43  .82  

 1959/60  1.13  1.29  3.14  .36  .41  .88  

 1960/61  1.16  1.39  3.27  .35  .43  .83  

 1961/62  1.23  1.44  3.38  .36  .43  .85  

 1962/63  1.25  1.49  3.49  .36  .43  .84  

 1963/64  1.24  1.59  3.69  .34  .43  .78  

   *  See Appendix Note for sources of yield fi gures.  
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With the rapid expansion in area in southern and western Mindanao, yields 
have declined and are now only slightly higher than those in northeastern 
Th ailand. Area expanded primarily through the addition of area in upland and 
rain-fed rice. Under this type of cultivation rice yields are low, and apparently 
diff er little in northeastern Th ailand, southern and western Mindanao, and 
the Cagayan Valley in spite of rather substantial diff erences in soil and climate 
(Table   6.8  ).  

 It would also be instructive to see whether the pattern of yield increases now 
occurring in Central Luzon and central Th ailand are similar to those that occurred 
in Taiwan after the early or mid-1920s, when the rice yield “take-off ” began. 
In Table   6.9   the decade 1924/25–1934/35 for Taiwan is selected for compari-
son with the decade 1953/54–1963/64 for central Th ailand and Central Luzon. 
Th e absolute yields of rough rice in Taiwan during the 1924/25–1934/35 period 
were typically about 25 percent higher than in central Th ailand and Central Luzon 
during 1953/54–1963/64. Th e relative yield remained roughly unchanged, indi-
cating that the rate of yield increases in Central Luzon and in central Th ailand 
from 1953/54 to 1963/64 was about the same as in Taiwan from 1924/25 to 
1934/35 (Table   6.8  ). Inspection of the data would seem to indicate that rice yields 
in central Th ailand and Central Luzon may have entered a take-off  stage after the 
mid-1950s resembling that in Taiwan after the mid-1920s.  

      Table 6.7   Comparison of Yields of Rough Rice in Central Luzon, Central 
Th ailand, and Taiwan, 1953/54–1963/64   *     (Yields in metric tons 
per hectare harvested)   

  Central Luzon  Central Th ailand  Taiwan   Yield ratios   

 Year  (1)  (2)  (3)  (1)/(3)  (2)/(3)  (1)/(2)  

 1953/54  1.33  1.61  2.77  .48  .58  .83  

 1954/55  1.50  1.38  2.86  .52  .48  1.09  

 1955/56  1.61  1.53  2.82  .57  .54  1.05  

 1956/57  1.61  1.30  3.00  .54  .53  1.01  

 1957/58  1.41  1.46  3.08  .46  .42  1.08  

 1958/59  1.51  1.56  3.19  .47  .49  .97  

 1959/60  1.39  1.46  3.14  .44  .46  .95  

 1960/61  1.57  1.59  3.27  .48  .49  .99  

 1961/62  1.80  1.51  3.38  .53  .45  1.19  

 1962/63  1.82  1.73  3.49  .52  .50  1.05  

 1963/64  1.86  1.86  3.69  .50  .50  1.00  

   *  See Appendix Note for sources of yield fi gures.  
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 A closer examination of the yield increases in Central Luzon and central 
Th ailand indicates, however, that one should be cautious in accepting this conclu-
sion. In Central Luzon the recent increases in yield are associated with a substan-
tial decline in the area devoted to rice (Figure   6.10  ). Competition between rice 
and sugarcane for land has resulted in a shift of marginal rice land to other uses 
(Mangahas et al.   1966  ). At least part of the yield increases in Central Luzon over 
the last decade must be attributed to a transfer of lower-yielding upland and 
rain-fed rice hectarage to other uses.  

 In Th ailand, natural disasters, typically excess fl ooding in the Central Plain and 
both excess fl ooding and extreme dry weather in the Northeast, frequently reduce 
sharply the percentage of the area planted that can be harvested. In some years, 
severe fl ooding or drought also reduces the yield on land that is harvested in areas 
that are not completely damaged. 

 Th e relationship between yield per hectare harvested and percentage of planted 
area reported damaged between 1947/48 and 1963/64 is presented in   Figure 6.11  . 
A relatively high percentage of the variation in yield from year to year can be 
explained by variations in the percentage of damaged areas in the Northeast and 
the Central Plain. In addition, most of the upward trend in yield in these two 
regions in recent years appears to result from a sequence of years in which the 

      Table 6.8   Comparison of Yields of Rough Rice in Philippines and Th ailand, 
Regions with Rapid Expansion, 1953/54–1963/64   *    (Yields in 
metric tons per hectare harvested)   

  Southern and 
Western Mindinao 

 Cagayan 
Valley 

 Northeast 
Th ailand 

  Yield ratios   

 Year  (1)  (2)  (3)  (1)/(3)  (2)/(3)  

 1953/54  2.04  1.59  1.08  1.89  1.47  

 1954/55  1.47  1.31  .93  1.58  1.41  

 1955/56  1.35  1.25  1.01  1.34  1.24  

 1956/57  1.36  1.25  1.13  1.20  1.11  

 1957/58  1.04  1.08  1.03  1.01  1.05  

 1958/59  1.04  1.28  1.01  1.03  1.27  

 1959/60  1.03  1.38  .93  1.11  1.48  

 1960/61  1.13  1.09  1.03  1.10  1.06  

 1961/62  1.14  1.21  .94  1.21  1.29  

 1962/63  1.26  1.28  1.16  1.09  1.10  

 1963/64  1.26  1.13  1.17  1.08  .97  

   *  See Appendix Note for sources of yield fi gures.  
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damaged area has declined continuously. If damage again rises to the range of 12 
to 17 percent, as in 1958/59 and 1959/60, the average yield in the Central Plain 
could drop to around 1.5 metric tons per hectare. In the Northeast, damage in the 
range of 9 to 12 percent, as in 1957/58–1959/60, could again result in yields of 
around 1.0 metric ton per hectare.   8         

   Technological and Institutional Factors in Taiwan   

 Despite numerous defi ciencies, the data examined above are consistent with the 
fi rst hypothesis — that both the yield increases of the last decade and the yield 
diff erences among major rice-producing regions in the Philippines and Th ailand 
primarily refl ect variations in the environmental factors under which rice is grown 
rather than diff erences in variety planted or cultural practices. After the eff ects 
of the environmental factors are taken into account, there is little yield increase 
or yield diff erential left to be explained by such factors as new varieties, better 
cultural practices, or more intensive use of technical inputs such as fertilizer and 
insecticides or by economic and social diff erences among regions and between 
Th ailand and the Philippines. 

      Table 6.9   Comparison of Yields of Rough Rice in Central Luzon and 
Central Th ailand, 1953/54–1963/64, with Taiwan Yields 
1924/25–1934/35 *  (Yields in metric tons per hectare harvested)   

  Central 
Luzon 

 Central 
Th ailand 

 Taiwan   Yield ratios   

 Year  (1)  (2)  Year  (3)  (1)/(3)  (2)/(3)  

 1953/54  1.33  1.61  1924/25  2.14  .62  .75  

 1954/55  1.50  1.38  1925/26  2.19  .68  .63  

 1955/56  1.61  1.53  1926/27  2.05  .79  .75  

 1956/57  1.61  1.60  1927/28  2.21  .73  .72  

 1957/58  1.41  1.30  1928/19  2.18  .65  .60  

 1958/59  1.51  1.56  1929/30  2.14  .71  .73  

 1959/60  1.39  1.46  1930/31  2.25  .62  .65  

 1960/61  1.57  1.59  1931/32  2.21  .71  .72  

 1961/62  1.80  1.51  1932/33  2.52  .71  .60  

 1962/63  1.82  1.73  1933/34  2.32  .78  .75  

 1963/64  1.86  1.86  1934/35  2.55  .73  .73  

  See Appendix Note for sources of yield fi gures.  
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 Th is conclusion would not have much signifi cance if there had been no changes 
in varieties, cultural practices, or the use of technical inputs. Fertilizer is not 
widely used on rice in Southeast Asia. A major obstacle to higher levels of fertil-
izer use is the limited response to increased applications of nitrogen, particularly 
during the wet season, when most rice is grown (Herdt and Mellor   1964  ; U.S. 
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President’s Science Advisory Committee   1967  ). Th ere have been other signifi cant 
changes in technology over the last decade and a half in both the Philippines and 
Th ailand. Higher-yielding local varieties have been widely diff used; new varieties 
have been introduced from other Southeast Asian countries (principally 
Indonesia); and a number of new varieties based on local crosses have been devel-
oped and distributed. In the Philippines, straight row planting and use of the 
mechanical weeder has resulted in better weed control in substantial areas. 
Increasingly eff ective insecticides have been introduced in both countries. 
It seems apparent, however, that the innovations of the last several decades have 
not yet had any measurable impact on national average yields. 

 It is possible, however, that both the Philippines and Th ailand may be enter-
ing the preliminary phase of a “yield take-off ” similar to the situation in Taiwan in 
the mid-1920s. Some new technology has been introduced. New rice varieties are 
now being developed which resemble, in their fertilizer response and yield poten-
tial, the  ponlai  varieties that were introduced in Taiwan in the mid-1920s. Although 
the yield increases in Central Luzon and central Th ailand since the mid-1950s 
appear to be based primarily on environmental factors, it is possible that some 
“real” yield increases have occurred. It is useful, therefore, to examine in greater 
detail the conditions under which the “yield take-off ” in Taiwan actually occurred. 

 Th e simplest answer may lie in the fact that (a) the development and introduc-
tion of high-yielding  ponlai  varieties in Taiwan in the early 1920s provided an 
important breakthrough in the rice yield potentials in Taiwan, and (b) the sub-
stantial irrigation development that had already been completed or was com-
pleted within the next several years provided the essential infrastructure 
investment for rapid diff usion of the new technology. However, the answer is not 
really so simple. One can also ask, given the technology and infrastructure prereq-
uisites, why it took roughly forty years — from the early 1920s to the early 
1960s — to realize the yield potentials of the new varieties. An average yield of 
3.78 metric tons of rough rice per hectare was achieved on the fi rst 414 hectares 
of commercial  ponlai  production in 1922. Th e national average yield for  ponlai  
varieties in 1961/63 was 3.64 metric tons of rough rice per hectare.     

   Th e Technological Conditions for Growth   

 By the mid-1920s Taiwan had acquired a number of essential elements for rapid 
development of its rice economy.   9    New and improved rice varieties had been intro-
duced, and research and development institutions capable of making continuous 
improvements in varietal characteristics had been established. Much of the poten-
tial rice land was served by irrigation systems capable of delivering water to the 
land throughout the year. Technical inputs such as fertilizer were made available 
through economic integration with the Japanese economy. Economic integration 
also resulted in rapid development of the local transportation and marketing 
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systems, opened up the Japanese markets, and created incentives to increase the 
marketable surplus of rice in Taiwan (Chang   1959  ).    

   HIGHERYIELDING VARIE T IE S   

 Early eff orts by the Japanese to improve rice varieties in Taiwan emphasized 
selection and diff usion of native  indica  varieties characterized by high yields 
(Chang   1959  ; Johnston   1962  ; Kung   1956  ). In spite of a large reduction in the 
number of inferior varieties grown and substantial diff usion of superior varieties, 
the national average yield showed only modest gains. Early eff orts to introduce 
 Japonica  varieties from Japan were not successful. Even after substantial modifi -
cations in cultural practices the high yield potentials of the  japonica  varieties were 
only partially realized under Taiwan conditions. Eff orts were then directed to 
breeding varieties of the  japonica  type which combined the desirable characteris-
tics of the introduced  japonica  varieties (high fertilizer response, short growing 
period, nonsensitivity to photoperiod, and better quality) with the resistance 
to disease and the superior adaptation to the local ecology of the native  indica  
varieties. Th e new  japonica-indica  crosses developed in Taiwan are referred to as 
 ponlai  varieties. 

 Th e fi rst  ponlai  variety, Nakamaru, was introduced commercially in 1922 when 
it was planted on 414 hectares in the Hsinchu region. An exceptionally high yield 
of 3.78 metric tons per hectare was achieved. Later the planted areas were 
increased and extended to the Taipei and Taichung regions. With the diff usion, 
average yield declined. After 1925 an outbreak of rice blast disease, to which the 
new varieties were highly susceptible, sharply reduced the  ponlai  yields. Beginning 
in 1930, other  ponlai  varieties with greater resistance to the rice blast disease were 
introduced, and by 1940 half the total rice area was planted to  ponlai  varieties. 
Approximately twenty years had elapsed between the introduction of the fi rst 
 japonica  varieties and the development of  ponlai  varieties which possessed 
suffi  cient advantages relative to local varieties to justify rapid diff usion. 

 Two characteristics of the new varieties were particularly important in estab-
lishing a high complementarity with other inputs. First, the higher yield poten-
tials of the  ponlai  varieties could only be realized with high levels of fertilization 
and careful management of water. At low levels of fertilization and with inade-
quate or undependable control over irrigation water, the local  indica  varieties had 
higher yields than the  ponlai  varieties. Second, elimination of photoperiod sensi-
tivity (fl owering dependent on day length) and shortening of the number of days 
from transplanting to harvest made it possible to obtain two crops of rice per 
year, given a high level of crop husbandry and eff ective water control. 

 After World War II, strenuous eff orts were made to develop new  ponlai  
rice varieties to replace the old ones. Sixty-two improved varieties of  ponlai  rice 
were offi  cially registered from 1946 to 1964. As a result the  ponlai  rice varieties 
released in the early period have been largely replaced by varieties developed 
in the postwar period. Th e new varieties developed feature early maturity, 
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high-yielding capacity, short and sturdy straw (i.e., resistance to lodging), respon-
siveness to heavy fertilization, and resistance to most prevalent diseases. 

 Breeding eff orts to increase yields of the native  indica  varieties were also 
emphasized after World War II. Eff orts to develop  indica  varieties with such desir-
able characters as nonsensitiveness to day-length, lodging resistance, and respon-
siveness to fertilization have been successful. As a result large acreages are still 
planted to the native rice varieties. As the improved varieties of both types have 
demonstrated their superiority in increasing yield, a greater percentage of total 
area has been accounted for by a relatively limited number of varieties.   10        

   IRRIG AT ION DEVELOPMEN T   

 Rapid development of the irrigation system in Taiwan represented a major facet 
of the Japanese colonial policy designed to develop Taiwan into a major supplier 
of rice for the Japanese domestic market. Irrigation investment and irrigated area 
expanded rapidly from 1900 until completion of the Chianan system in the early 
1930s (Table   6.10  ).  

 Th e major capital investments were in the form of grants, generated primarily 
out of internal revenues. Japanese government subsidies for Taiwan development 
extended only from 1896 to 1904 (Chang and Myers   1963  ). Development, main-
tenance, and operation of the irrigation systems was placed in the hands of farm-
ers. Between the completion of the Chianan systems in the early 1930s and 
initiation of the Ta-Pu and Shihmen projects in the late 1950s, there was very 
little investment in expansion of system capacity. Th ere was, however, very sub-
stantial investment by the irrigation associations and individual farmers in the 
improvement of the effi  ciency of the distribution systems — in canal development 
and maintenance, local storage and pumping facilities, and land leveling and 
development — to more eff ectively use the irrigation water.     

   T ECHNIC AL INPU T S   

 Th e relationship between fertilizer use and the yield of rice depends critically 
on two factors: (a) Th e rice variety must have the genetic capacity to respond 
to higher levels of fertilization in terms of higher grain yield. Vegetative 
response, typical of most  indica  varieties, tends to induce lodging and is competi-
tive with higher grain yield. (b) Control of the timing and level of water applica-
tion is also essential. Lack of water control, resulting in either excess or inadequate 
water, can sharply reduce the response of yields to fertilization. Lack of both 
fertilizer-responsive rice varieties and eff ective water control accounts for the fact 
that farmers in Southeast Asia have, in the past, rarely fertilized rice grown under 
rain-fed conditions even when fertilizer has been available (von Uexkull   1964  ). 

 Commercial fertilizers were introduced to Taiwan by the Japanese during the 
early years of colonization. Major eff orts to induce farmers to use fertilizer on rice 
were not initiated, however, until the  ponlai  varieties were introduced. Use of 



116 Can Economic Growth Be Sustained?

commercial fertilizers on rice increased by about 50 percent between the mid-
1920s and 1938, remained relatively stable from 1938 until 1943, declined slightly 
during 1944–1947, and increased approximately fi ve times between 1949 and 
1960 (Rada and Lee 1963: 141). Except during 1946–1950 fertilizer has been 
available to farmers on relatively favorable terms (Hsieh and Lee   1966  ). 

 Rice yield per hectare did not reach the 1938 peak until 1956. Th is is clearly 
related to lack of fertilizer availability. It also seems reasonable to hypothesize 
that the level of fertilizer application limited the rate of growth of rice yields 
between the mid-1920s and 1938.     

      Table 6.10  Irrigation in Taiwan, 1900–40   *     

  Irrigated land (thousand hectares)  Costs   a    (thousand old Taiwan dollars at 
1935–37 prices)  

 Period  Total  Double  
 paddy 

 Single  
 Paddy 

 Total  Irrigation 
Investment 

  Irrigation 
operation 

 1900  194.7   . . .    . . .   

 1901–10  15.6  6.2  9.4  

 1910  332.4   . . .    . . .   

 1911–20  28.5  9.5  19.4  

 1920  367.2  246.5  120.7  

 1921–30  213.2  81.8  131.4  

 1930  396.3  292.1  104.2  

 1931–40  118.3  24.7  93.6  

 1940  529.6  324.2  205.4  

 1960  525.5  329.0  196.5  

   *  Data from E. L. Rada and T. H Lee (22): 33, 37.  
   a  Th e data on irrigation investment and operating costs are presented in constant dollars in order to 
emphasize the absolute rise in irrigation investment. Another measure of the magnitude of the irriga-
tion investment in Taiwan is obtained by comparing the current dollar value of irrigation investment 
with the current value of rice production. Th e results of this comparison are as follows in percent:  

  Investment and Operational Costs as a Percent of the Value of Rice Production in Current Dollars  
       

  Total  Irrigation investment  Irrigation operation cost  

 1901–10  2.5  1.00  1.50  

 1911–20  3.55  1.22  2.33  

 1921–30  18.97  7.31  11.66  

 1931–40  6.86  1.44  5.42  

  Th e data on the current value of rice production is from Taiwan Provincial Food Bureau,  Taiwan Food 
Statistics  (Taipei), various years.  
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   IMPROVED PRODUCT ION PR ACT ICE S   

 Th e emphasis on production practices has also shifted over time. Early eff orts were 
directed toward diff usion of the better processes already in use. As early as 1908 
government regulations with respect to the eradication and prevention of crop 
diseases and pests were promulgated. Closer spacing of rice seedlings to increase 
the plant population per hectare was emphasized. Deep plowing was introduced. 

 With the introduction of the  ponlai  varieties and the emphasis on fertilization 
in the mid-1920s special eff orts were made to promote weed control and good 
practices of land preparation. 

 More recently the emphasis has fallen on the development and diff usion of an 
integrated set of practices ranging from land preparation to harvesting methods. 
As the yield potentials have continued to rise, greater emphasis has also been 
placed on plant protection, particularly with respect to control of stem borer and 
blast disease.      

   Th e Institutional Conditions for Growth   

 Th e essential technological and environmental elements for rapid development of 
the Taiwan rice economy were available by the mid-1920s. Introduction of these 
elements resulted in increases in yield per hectare of over 2.0 percent per year 
until 1938, when Japanese military eff orts began to divert resources from devel-
opment objectives. Since the early 1950s rice yields have again risen rapidly, even 
though the technological and environmental factors were not greatly diff erent 
from those in the mid-1920s and early 1930s. 

 In spite of continued varietal development work, it appears that the yield 
potentials, under optimum environmental and management conditions, have not 
changed signifi cantly since the late 1920s or early 1930s. It has previously been 
pointed out that greater fertilizer availability has been one factor permitting closer 
approximation of average to potential yields. It also seems clear that the evolution 
of the farmers’ associations into eff ective extension and marketing organizations 
and the improvement in incentives resulting from the land reform of 1949–1952 
have played a signifi cant role in the achievement of higher rice yields.    

   FARMER S ’  A SSOCIAT ION S   

 Approximately twenty years elapsed between introduction of the fi rst Japanese 
rice varieties and the development of the  ponlai  varieties to the point where they 
were suitable for rapid diff usion. It looks roughly twice as long to develop fully 
eff ective institutional arrangements for rapid diff usion of new technology, the 
dissemination of credit, and marketing of agricultural supplies. Th e eff orts to 
develop institutions to perform these functions have focused on the farmers’ 
associations (Hsieh and Lee   1966  ). 
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 Th e fi rst farmers’ association was established in Taipei Prefecture in 1900. 
By 1908 sixteen had been organized to provide a direct link with experiment sta-
tions in introducing seeds of new varieties and in dissemination of improved farm 
practices. Th e associations also purchased and distributed fertilizer. Th ey came 
under formal government regulation in 1908, and membership and collection of 
dues became compulsory. Th e system was reorganized in 1927. Agricultural 
improvement stations were established in each prefecture with direct linkage to 
the prefectural associations. By the early 1930s the associations employed 1,148 
agricultural technicians. Th eir responsibilities had expanded to include extension 
of new agricultural practices, handling of land rent disputes between landlords 
and tenants, seed multiplication, fertilizer distribution, and related activities. Th e 
associations were again reorganized in 1937 in order to strengthen them in the 
townships and villages. 

 While the system of farmers’ associations was evolving, cooperatives were 
being fostered to provide credit to small business and to farms. By the early 
1930s the cooperatives had added purchasing, marketing, and warehousing ser-
vices. Considerable duplication had developed between the activities of the asso-
ciations and the cooperatives, and in 1943 they were combined into a single 
organization. 

 After the establishment of Chinese administration, the farmers’ associations 
and the cooperatives were fi rst separated in 1946 and then reunifi ed in 1949. 
Under the new reorganization, steps were taken to decentralize the administra-
tion of the associations and to give greater authority to the farmer members. 

 Th e period since 1950 has been one of continued development. Th e credit func-
tions and the handling of farm supplies and marketing of farm products of the old 
cooperative system were fully integrated with the extension and technical advi-
sory services of the farmers’ associations. A combination of market power and 
effi  cient administration combined to make the association an effi  cient agent of 
technological change. Bothe market and nonmarket devices were coordinated to 
induce the cultivator to adopt the highest-yielding varieties, apply high levels of 
fertilizer, and adopt labor-intensive production practices directed at achieving 
rapid increases in yield. 

 Th e farmers’ association system has evolved from a prewar pattern based very 
heavily on administrative control from the center down to the individual farmer 
to a system which relies primarily on a combination of technical information 
and market incentives in the factor and product markets to induce production 
decisions on the part of individual farmers.     

   L AND T ENURE   

 A second factor in the rapid growth of yield per hectare during the last decade and 
a half has been the incentive for more intensive use of purchased inputs, family 
labor, and land associated with the land reform of 1949–1953. Th e fi rst stage of 
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the program involved a compulsory reduction in rent. Th e second stage involved 
purchase and resale of rented land to the tenant. Tenancy declined from 39 per-
cent to 17 percent of families between 1949 and 1597. Th e land reform did not 
involve the breaking up of large estate but rather the transfer of tenant units from 
ownership of landlords to ownership of cultivators (Tang and Hsieh   1961  ). 

 Th e implications of the land reform for incentives to use purchased inputs and 
household labor is consistent with the empirical evidence. Th e rapid increase in 
fertilizer use on rice reviewed earlier was clearly a joint result of the availability of 
the fertilizer, a favorable rice-fertilizer barter ratio in relation to high potential 
response of rice output to fertilizer,   11    and the additional incentive associated with 
an owner-operator system as compared with a share tenure system. Dramatic 
increases in the multiple cropping index and in labor input per worker were prob-
ably even more closely associated with the increased incentives for more intensive 
use of family labor.   12    

 Th e Taiwan experience is consistent with the proposition that institutional 
development has to be built up through a process of selection, trial and error, and 
adaptive research similar to the manner in which new varieties are evolved. Both 
the agricultural technology and the institutions must be developed, or at least 
tested and modifi ed, in the location in which they are to be utilized (Long   1966  ).      

   Considerations in the Design of a Strategy for Increasing 
Rice Production in Southeast Asia   

 Th e analysis of the previous sections can be summarized as follows:  

   1  Prior to the mid-1920s diff erences in rice yields among the three countries — 
Philippines, Th ailand, and Taiwan — and among regions within each country 
were due primarily to diff erences in the environmental conditions under which 
rice was grown rather than to technological, economic, and social diff erences. 
Th e dominant environmental factor was irrigation and the precision of water 
treatment control.  

   2  With the introduction of the  ponlai  varieties by the Japanese in Taiwan in the 
mid-1920s technology became a dominant variable in explaining the rapid 
increase in rice yields in Taiwan and in explaining diff erences in rice yields 
between Taiwan and the other two countries. An important factor in the rapid 
diff usion of the new varieties and the use of higher levels of technical inputs 
such as fertilizer was the rapid irrigation development in Taiwan which began 
shortly after 1900 and continued through the 1920s. Achievement of the yield 
potentials inherent in the new varieties was stimulated by institutional devel-
opments, such as (a) the organization of farmers’ associations and irrigation 
associations during the period of Japanese occupation and (b) the successful 
implementation of the land reform program and the reorganization of the 
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farmers’ associations into eff ective integrated farm supply, credit, and mar-
keting cooperatives following the restoration of Chinese administration after 
World War II.  

   3  In the Philippines and Th ailand diff erences in yield both between the two 
countries and among regions within each country are still primarily due to dif-
ferences in environmental conditions under which rice is grown. When diff er-
ences in season (wet or dry) and water treatment (irrigated, rain-fed, or upland) 
are taken into consideration very little diff erence in yield is left to be explained 
by such factors as new varieties, diff erence in cultural practice, more intensive 
use of technical inputs, or diff erences in economic and social institutions.  

   4  Both the Philippines and Th ailand may now be approaching a yield take-off  
similar to that experienced in Taiwan in the mid-1920s. Yields in the major 
producing regions in both countries have been rising at about the same rate 
during the last decade as in Taiwan during the decade following introduction 
of the  ponlai  varieties. Furthermore, new higher-yielding varieties having a 
yield potential of at least 6.0 metric tons during the wet season and 8.0 metric 
tons during the dry season when grown under irrigation with an appropriate 
complement of technical inputs are now being introduced. (IRRI   1966  )     

 Yet despite the yield potential inherent in the new varieties now being intro-
duced there seem clearly to be basic defi ciencies in the sequence of development 
programming which may prevent the Philippines and Th ailand from repeating the 
experience of Taiwan. In Taiwan a major share of the basic investment in irriga-
tion was already completed before the beginning of the biological revolution that 
led to the yield take-off  in the 1920s. Furthermore, the irrigation development 
leading to eff ective water control was a prerequisite to the eff ective diff usion of 
the new higher-yielding, labor-intensive, “fertilizer-consuming” rice varieties. 
Institutional innovations such as extension work, farmers’ associations, irriga-
tion associations, and land reform followed and complemented both the invest-
ment in water control and the technological changes.   13    

 In the Philippines and Th ailand a reverse pattern is being followed. Eff orts to 
develop agriculture following World War II have concentrated very heavily on 
institutional development. In the Philippines this eff ort is currently being supple-
mented by substantial eff orts to develop and introduce high-yielding rice variet-
ies responsive to fertilizer similar to the  ponlai  varieties introduced in Taiwan in 
the mid-1920s. 

 Neither the Philippines nor Th ailand yet places major emphasis on the devel-
opment of irrigation systems designed to provide a dependable water supply in 
both the wet and dry seasons to a major portion of the area devoted to rice pro-
duction. It seems apparent that this lag of land and water resource development 
behind the institutional and technological changes will impose serious limitation 
on achievement of the output potential associated with the technological advances 
that are now being realized. 
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 A high percentage of the lowland rice in the Philippines and Th ailand is grown 
during the rainy season without irrigation. Under this rain-fed system of cultiva-
tion, village or provincial average yields rarely exceed 1.5 metric tons per hectare. 
In fully irrigated areas in both countries, however, in areas such as Cheingmai 
(Th ailand) or Laguna (Philippines) average yields often exceed 3.0 metric tons in 
the wet season and 3.5 metric tons in the dry season, over fairly substantial areas. 
On such individual farms as those which participate in contests, or under exper-
imental conditions, yields of the same varieties under irrigated conditions 
frequently fall in the range of 4.0–4.5 metric tons in the wet season and 5.0–6.0 
metric tons in the dry season (Chandler   1962  ; IRRI 1964). 

 A major implication of this analysis is that the factors which permit a prov-
ince or region to increase its yield from 1.5 metric tons per hectare in the wet 
season to the levels currently being achieved in the higher yielding areas of each 
country are primarily beyond the control of the individual farmer in the major 
rice-producing areas such as Central Luzon or central Th ailand. Modifi cations 
in the environment necessary to achieve eff ective water control through irriga-
tion and drainage during both the wet and the dry seasons will have to come pri-
marily from public or semi-public agencies capable of organizing resources in a 
manner that is almost invariably beyond the capacity of individual tenants or 
farm owners. 

 A second major implication is that the limitations on environmental control 
that prevent farmers from achieving the yield potentials of existing varieties will 
be an equally severe limitation on achievement of the much higher yield poten-
tials embodied in the new varieties now being introduced. Th ese new varieties are 
even more sensitive than existing varieties to eff ective environmental control, 
technical inputs, and management. 

 Th e ecology of the monsoon tropics and the factor and product price relation-
ships which characterize current development levels rule out the direct transfers 
of existing rice production technology from temperate region countries such as 
Japan and the United States. Even transfers within Southeast Asia, from Taiwan 
to the Philippines or Th ailand, have not been successful. 

 But it is possible to transfer the propensity and the capacity to focus scientifi c 
manpower and other resources on technical problems of economic signifi cance 
and the skill that comes from having solved similar problems although in a diff er-
ent environment. Th is involves skill (a) in breeding for fertilizer response, disease 
resistance, grain quality, and other elements, and (b) in using the local ecological 
information supplied by soil chemists, physiologists, entomologists, cereal chem-
ists, geneticists, agronomists, economists, and others to select and achieve appro-
priate breeding objectives and breeding strategy. 

 Th e magnitude of the investment required to realize the production potential 
inherent in the new technology that is being created tends to be substantially 
underestimated. Th ere will have to be massive investment in the industries that 
produce the inputs of fertilizer and insecticides; there will have to be massive 
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investment in irrigation if the investment devoted to development of new variet-
ies and production of the technical inputs is to achieve a reasonably high return; 
and it will be necessary to commit substantial increases in trained manpower to 
the tasks of management related to the direct investment and to educational work 
associated with rapid achievement of the production potentials. 

 Recognition of the complementarity between these infrastructure investments 
and the investments in research and development to create new production 
potentials raises a serious question about the validity of the assumption that pri-
mary emphasis on research and development could provide a relatively inexpen-
sive route to rapid growth of agricultural production during the early stages of 
agricultural development.   14    Th ese assumptions typically rest very heavily on anal-
ogies with the Japanese experience since the Meiji Restoration in 1868 and on the 
Taiwan experience after 1900 (Johnston   1966  ). In both Japan and Taiwan, how-
ever, a relatively high percentage of the rice-producing areas had already been 
brought under cultivation before the beginning of the “biological revolution” 
associated with the heavy use of natural and commercial fertilizer, the introduc-
tion of higher-yielding fertilizers and responsive rice varieties, and the intensive 
use of insecticides and other agricultural chemicals. 

 Th is failure to develop an eff ective water storage, transportation, and drainage 
system for rice production in the monsoon areas of Southeast Asia at an earlier 
stage in development was due to a major extent to the diff erences in physical 
geography. Both Japan and Taiwan are characterized by short river valleys and 
narrow coastal plains which lent themselves to locally organized, small-scale, 
labor-intensive irrigation and drainage works. Water typically did not have to be 
transported over long distances. In contrast to Japan and Taiwan, the major rice-
producing areas of Southeast Asia are characterized by broad river valleys and 
plains. Under these conditions, the physical geography dictates the organization 
of large national systems. Th e construction of such systems lends itself to much 
more capital intensive patterns of investment in water storage, transportation, 
and drainage, in contrast to the relatively labor-intensive system employed during 
the early stage of development in Japan and even Taiwan. 

 Clearly, the investment requirements for growth of the agricultural input sec-
tors and for infrastructure development in the rice-producing countries of South 
and Southeast Asia will be very high over the next several decades.   15    Furthermore, 
these investments will be competitive with other development goals. Unfortunately, 
investment in research and development has not opened up a new low-cost 
route to the rapid growth of agricultural output in those areas. It can provide one 
of the essential elements in a total program to achieve increases in agricultural 
production.     
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 Sources of Data for Rice Area, Production, and Yield     

   Philippines   

 Area fi gures through 1952/53 are for area planted, for area harvested thereafter. 
Yield fi gures refl ect this change. Production fi gures are in terms of rough rice 
(paddy) all years; here shown in metric tons, but sometimes also offi  cially reported 
in cavans (sacks) of 44 kilograms. 

 1902/03, Census Offi  ce of the Philippine Islands,  Census of the Philippine 
Islands : 1918, vol. 3 (Manila, 1921); 1908/09, J. S. Camus,  Rice in the Philippines  
(Dept. of Agr. and Natural Resources Bulletin No. 37, Manila, 1921). Data up to 
1920 are also reported: 1909/10–1924/25, Bureau of Commerce and Industry, 
 Statistical Bulletin of the Philippine Islands  (Manila, 1926), No. 8 and earlier issues; 
1925/26–1952/53, Dept. of Agr. and Natural Resources,  Philippine Agricultural 
Statistics , vols. 1 and 2 (Manila, 1955 and 1956); 1953/54–1958/59, Dept. of Agr. 
and Natural Resources,  Crop and Livestock Statistics  (Quezon City, 1958/59), and 
earlier issues; 1959/60–1963/64, Dept. of Agr. and Natural Resources, Bureau of 
Agricultural Economics, Rice:  Area, Production and Yield per Hectare by Region  
(Quezon City, mimeo, 1964), and earlier years. Data in Table   6.3   and Figure   6.7   
are from the 1960/61 issue, the only issue to give this much detail.     

   Th ailand   

 In all years area fi gures are for area harvested, and production in terms of rough 
rice. 

   A P P E N D I X  N O T E   
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 Ministry of Agriculture, Department of Rice,  Annual Report on Rice Production 
in Th ailand, 1965  [in Th ai] (Bangkok), and earlier issues. Historical data for 1959 
and earlier years in Figure   6.1   are from the 1959 issue.     

   Taiwan   

 Area fi gures are for area harvested all years. Th e authors have converted produc-
tion and yield fi gures, offi  cially reported in terms of brown rice, to rough rice 
(paddy) equivalent at 1.312 metric tons rough per metric ton brown, correspond-
ing to an extraction rate of 76.2 percent. 

 Taiwan Provincial Food Bureau,  Taiwan Food Statistics, 1965  (Taipei), and ear-
lier issues. Historical data for Figure   6.1   are from the 1964 issue: 2–3. Various 
issues give data for Hsiens (counties), Chens or Hsiengs (townships) by season 
(1st and 2nd crops) for 1952 and later years.    

   Notes   

            S. C. Hsieh and Vernon W. Ruttan,  Food Research Institute Studies  7 (1967): 307–41. Th is paper 
draws heavily on several earlier reports by Ruttan et al. (  1966a  , 1966b), Hsieh and Lee (1966), 
and Abarientos (  1966  ). Th e authors are indebted to M. K. Bennett and B. F. Johnson for helpful 
comments on an earlier draft of this paper.   

  1.  We do not attempt, in this paper, to analyze the factors associated with the expansion or decline 
of area devoted to rice. Work has recently been completed relating the response of area devoted 
to rice and other crops to product and factor price behavior (Behrman   1966  ; Mangahas et al. 
  1966  ). In general the results indicate that the area planted to rice tends to be highly responsive 
to changes in produce prices relative to competing crops. Th ese studies typically did not identify 
any signifi cant response in yield to changes in relative prices.   

  2.  Irrigated rice is typically grown in fi elds where water can be impounded by bunds or dikes and 
where water can be delivered to the fi eld from surface storage, stream diversion, or wells. Rain-
fed rice is grown in similar fi elds but without access to water from surface storage, stream diver-
sion, or wells. Upland rice is grown in fi elds where water is not impounded. Production 
of rain-fed and upland rice is typically confi ned to the wet season in Southeast Asia. In areas 
where seasonal diff erences are not too pronounced, two crops of rain-fed or upland rice per year 
are sometimes obtained. Typically, however, two or more crops per year are obtained only where 
irrigation is available from surface storage or wells.   

  3.  Yield is measured in terms of kilograms of palay or paddy (i.e., rough rice) per hectare per season. 
Th us if both a wet- and dry-season crop is grown on the same hectare, it is counted as two hect-
ares and the average yield is the total production for both seasons divided by two.      

  4.    
       

  Tons per hectare  

 Wet season irrigated   1.97   

 Dry season irrigated   1.81   

 Total irrigated   3.78   

 Wet season rain-fed   1.41   

 Increase from irrigation   2.37   
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 Th is is clearly a conservative estimate of the increase in output that would accompany irrigation. 
Th e dry-season yield refl ects a situation where there is inadequate water throughout the dry 
season. Experimental evidence from the IRRI and elsewhere indicates that with adequate irriga-
tion water the dry season yield should exceed the wet season yield by 25 to 50 percent.   

  5.  Th ere are some diffi  culties in comparing the production, area, and yield of irrigated and nonirri-
gated land in Th ailand. Th e Rice Department (Ministry of Agriculture) reports only total produc-
tion, total area planted and harvested, and provincial, regional, and national average yields. It 
does not report separately production, area, and yield for irrigated, nonirrigated, and upland rice. 
Since 1958/59 data on production, area planted and harvested, and yield for irrigated land have 
been reported by the Royal Irrigation Department (Ministry of National Development). Th e data 
on production, area, and yield for nonirrigated land utilized in this report were obtained by sub-
tracting the production and area estimates of the Royal Irrigation Department from the total 
production and area estimates of the Rice Department. Any bias in the Royal Irrigation depart-
ment data would, therefore, result in an opposite bias in the residual estimates of production, 
area, and yield in nonirrigated areas. In both Th ailand and the Philippines the defi nition of irri-
gated land is rather imprecise. Irrigation water is usually supplied by diversion dams in streams 
and is available only during the wet season. Th us in the Philippines and Th ailand the area of the 
second (dry-season) crop that is irrigated may represent a better estimated area that is adequately 
irrigated than the area of the fi rst (wet-season) crop that is irrigated. In Th ailand, substantial 
areas classifi ed as irrigated are subject to serious fl ooding and have inadequate drainage.   

  6.  Th e Provincial Food Bureau (PFB) reports rice production statistics in terms of paddy rice and 
upland rice. While all upland rice is rain-fed, part of the paddy rice is also grown on rain-fed 
(without irrigation) or so-called weather-depending paddy land. However, the PFB data do not 
diff erentiate between irrigated rice and rain-fed rice on paddy land. Th e available data do indi-
cate that even in the mid-1920s, the irrigation ratio (percentage of irrigated land to total culti-
vated land) was 42 percent in 1922 and 48 percent in 1928. Since irrigation was developed 
primarily in the lowland rice-producing areas, the area of irrigated land is even higher relative to 
the total rice area. Since most of the irrigated land is devoted to rice, and two crops of rice per 
year are typically grown in irrigation areas, the percentage of rice land that is irrigated is much 
higher than the percentage of total cultivated land that is irrigated. It seems likely that more 
than 75 percent of the area devoted to rice was irrigated by the mid-1920s.   

  7.  Th e regression analysis by Rada and Lee (1963) can be summarized as follows: 
  1922–38:  Y  = 9.6196  +  0.2595 F   +  0.6232 I   +  0.0375 P R  2  = 0.91 
  (0.1240) (0.2774) (0.1109)  S  = 5.3643 
  1950–60:  Y  = 186.5523  +  0.4971 F   +  2.4786 I   –  0.0047 P R  2  = 0.97 
   (0.7273) (0.6880) (0.036)  S  = 2.4918 
  Where I = rice yield per hectare 
   F  = total fertilizer application 
   I  = total area irrigation 
   P  = rice price   
  8.  As long as the parameters for damaged area (d) in the equations presented in Figure   6.11   hold a 

decline in the area damaged by 10 percentage points, say from 15 to 5 percent, would result in a 
rise in yield of 139 kilograms (0.139 metric ton) per hectare in the Central Plain and 86 kilo-
grams (0.086 metric ton) in the Northeast. In contrast, the parameter for time or trend ( T ) indi-
cates an average rise in yield of only 14.9 kilograms (.0149 ton) per hectare per year in the 
Central Plain and 7.1 kilograms (.0071 ton) per year in the Northeast. Th e eff ect is to produce a 
rather substantial increase in average yield during a period when the damage is declining, which 
could be sharply reversed by one or two bad years.   

  9.  Mosher (  1966  ) identifi es (Abarientos   1966  ) fi ve agricultural development essentials — (a) mar-
kets for farm products, (b) constantly changing technology, (c) local availability of supplies and 
equipment, (d) production incentives for farmers, and (e) transportation — and (Behrman   1966  ) 
fi ve accelerators — (a) education for development, (b) production credit, (c) group action by 
farmers, (d) improving and expanding agricultural land, and (e) national planning for agricul-
tural development. Our analysis leads us to classify irrigation development as an essential 
element for agricultural development in the rice-producing areas of the tropics.   
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  10.  Th e following percentage data illustrate the extent to which rice area was accounted for by a few 
varieties in 1963. *     

      *  Data from S. C. Hsieh and T. H. Lee 1966.   
  11.  Th e fertilizer-rice barter ratio in Taiwan has been criticized as relatively unfavorable in com-

parison with some other developing countries. However, given the relatively steep slope of the 
physical output response relationship for the  ponlai  varieties under irrigated conditions, it has 
been profi table for Taiwan farmers to use relatively high levels of fertilizer on rice.   

  12.  Th e changes in farm employment, labor input, and double cropping can be summarized as 
follows (1911–1915 = 100): *     

      *  Data from S.C. Hsieh and T. H. Lee 1966: 24, 41.   
  13.  Th e Taiwan experience is also consistent with the Japanese experience where eff ective water 

control also has represented a signifi cant factor in the diff usion of rice production technology 
(Kanazawa   1966  ).   

  14.  B. F. Johnston and G. S. Tolley (1965: 369) indicate that “initial emphasis should be placed on 
innovations that do not require large increases in the use of purchased inputs. Th is means 
emphasis upon the development and introduction of innovations such as high-yielding varieties, 
improved crop rotation, optimum spacing and time of planting, and a better seasonal distribu-
tion of the work load.” Th is advice does not appear relevant in the tropical rice-producing regions 
of South and Southeast Asia. Without massive investment in irrigation these innovations will 
not result in higher productivity.   

  15.  For a discussion of irrigation costs in the Philippines and other Southeast Asian countries, 
see G. Levine   1966   and President’s Science Advisory Committee   1967   .                                                             

       

   Ponlai  rice  Native rice  

 1st crop  2nd crop  1st crop  2nd crop  

 Most popular variety  19.5  28.2  47.9  18.0  

 Seven most popular varieties  65.4  63.6  76.8  60.5  

 Total hectare  200,623  288,921  112,484  131,111  

       

  Number of  a gricultural 
workers 

 Labor input  i n man 
days/worker 

 Multiple  c ropping 
index  

  1911 –1915   100    100    116   

  1921 –1925   98    118    121   

  1946 –1950   144    141    151   

  1956 –1960   149    198    180   
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    1.    Introduction   

 Concern about the unanticipated consequences of technical change is strongly 
rooted in public consciousness. Such concerns have emerged with particular force 
with respect to the potential adverse environmental eff ects of transgenically 
modifi ed organisms and to the safety concerns about food products derived 
from transgenically modifi ed crop or animal products.   1    Th ese concerns have 
given rise to substantial tension in trade relations between the United States 
and the European Community (Paarlberg   2000  ; Victor and Runge 2002) and are 
viewed by some as a potential threat to food security in developing countries 
(  Pinstrup-Anderson and Cohen 2001  ;   Pinstrup-Anderson and Schioler 2001  ). 

 Th e development and introduction, in tropical Latin America and Asia, in the 
1960s and the 1970s of high-yielding modern varieties (MVs) of wheat, maize, 
and rice, characterized by the press as a Green Revolution, was also controversial. 
Critics argued that the gains in production would be off set by losses in equity—
that the new technology would make the rich richer and the poor poorer 
(  Griffi  n 1974  : 51–52; Lappe and Collins   1979  : 121–68;   Pearse 1980  ). 

 Th e view that modern agricultural technology is both subversive of traditional 
institutions and regressive in its impact on rural incomes has been supported by 
both Marxist ideology and populist sentiment. Much of the discussion on this 
issue is badly confused. Th ere has often been a failure to distinguish between the 
diff erent income distribution eff ects of mechanical-engineering and biological-
chemical technology. Th ere has also been a tendency to focus on single-factor 
explanations and to ignore the eff ects of such factors as the growing population 
pressure against land resources. 

                                          C H A P T E R  7
Controversy about Agricultural 
Technology 
L E S S O N S  F R O M  T H E  G R E E N  R E V O L U T I O N              

   Vernon W.     Ruttan   
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 In this paper, I draw on my earlier research on the introduction of modern 
varieties of wheat, rice, and maize to explore whether there are lessons that are 
relevant to the current controversy about the new biotechnology revolution.     

    2.    Technology and Agrarian Structure   

 Th e perspective that an inevitable consequence of both modern technology and 
capitalism is to polarize the peasantry into commercial farmers and wage laborers 
was advanced by Karl Marx and elaborated by Karl Kautsky and Vladimir Lenin 
(Marx 1967, 1968;   Lenin 1964  ). In this perspective, the institutions of precapitalist 
village society, such as communal land ownership, mutual-help associations, and 
patron-client ties, were thought to assure the subsistence needs of the poorest 
members of the rural community. As those traditional institutions were replaced 
by modern market institutions, such as private property rights, village elites 
began to accumulate land for commercial production by encroaching on the com-
mons, by evicting tenants, and by purchasing or appropriating the holdings of 
small peasants. Th e introduction of modern machine technology was viewed as 
further enhancing the effi  ciency of large-scale relative to small-scale operations, 
enabling large capitalist farms to displace the small peasants from their land and 
convert them into landless laborers. Th ose who were not able to fi nd employment 
in agriculture owing to the labor-saving eff ect of modern agricultural technology 
were forced to migrate and join the urban lumpenproletariat or the reserve army 
of industrial workers.    

    2 .1     WHY AR E FARMS SO SM ALL?   

 Th e eighteenth- and early nineteenth-century Enclosure Movement in England 
and Scotland became the lens through which Marx viewed the eff ects of technical 
and institutional change in agriculture. Th e Marxian predictions did not materialize 
in the other early industrializing countries of Western Europe. In Western Europe, 
industrialization was accompanied by the persistence of small-scale peasant 
production units. Even in the United States, where the development of labor-
saving technology proceeded most rapidly, family farms continue to account for 
a high share of agricultural production. Unlike the industrial sector, large farm 
fi rms characterized by hired labor and management has not yet become the dom-
inant mode of production in the modern capital-intensive system of agriculture 
practiced in the United States (  Johnson and Ruttan 1994  ). 

 Why did the Marx-Lenin prediction fail to materialize in the course of capitalist 
development? Th e primary reason seems to be that intensive polyculture systems 
require high levels of husbandry skill. Only a few crops, such as sugarcane and 
cotton, have lent themselves to production by gangs of laborers working under 
the direction of hired overseers. Unlike the industrial sector, in which the machine 
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process makes work highly standardized and easy to monitor, the biological 
process of agricultural production is subject to infi nite variations in response to 
ecological conditions. A very diff erent crop or animal husbandry practice is often 
required in response to slight diff erences in temperature and soil moisture. 
It matters a great deal whether workers perform their work with care and judg-
ment. Th e quality of such work is extremely diffi  cult to monitor. Th e scattering 
of agricultural operations over a wide space adds to the diffi  culty of monitoring 
(  Hayami and Kikuchi 1982  ). 

 Th is diffi  culty multiplies as the farming system becomes more complex, involving 
more intensive crop and animal husbandry: 

 In areas more suitable for multiple enterprise farms, family operators 
have the advantage. Increasing the number of enterprises so multiplies 
the number of on-the-spot supervisory-management decisions per 
acre that the total acreage which a unit of management can oversee 
quickly approaches the acreage which an ordinary family can operate. 
(  Brewster 1950  : 331)   

 Th us, the development of biological technology geared to increase output per 
unit of land area by applying more labor, together with increased biological and 
chemical inputs for more intensive crop and animal husbandry, gives small family 
farms an advantage over large farms dependent on hired wage labor. Perhaps the 
strongest evidence of the relative ineffi  ciency of the estate or plantation system, 
based on the use of large numbers of laborers carrying out standardized tasks 
under hired overseers, is its tendency to disappear whenever an urban demand for 
labor generates upward pressure on agricultural wage rates. 

 It is critical to recognize that modern technologies are not homogeneous in 
their eff ects on agrarian structure. Advances in mechanical technology are usually 
accompanied by scale economies, resulting in economy in management eff ort as 
well as in the use of labor in production. It is much easier to supervise one tractor 
driver than a large number of bullock teams. Th e development of mechanical 
technology has increased the relative effi  ciency of large farms, as Marx and Lenin 
envisaged. Biological technology, in contrast, is generally embodied in divisible 
inputs such as improved seed and fertilizer and requires intensive on-the-spot 
supervisory management decisions. Its eff ect is to raise the relative effi  ciency of 
small family farms and promote a unimodal farm-size distribution. 

 Marx and Lenin failed to predict the course of agrarian change primari1y 
because they failed to understand the complexity of the biological production 
process and the potential contribution of advances in biological technology to 
productivity growth. Th e Marxian model of agrarian change remained a source of 
bias in eff orts to interpret the productivity and distribution eff ects of the Green 
Revolution in the work of scholars such as   Cleaver (1972) ,  Griffi  n (1974) ,  Palmer 
(1976) ,  Pearse (1980)  , and   Oasa (1987)  .     
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    2 .2     T ECHNOLOGY AND POPUL AT ION PR E SSUR E   

 Th e relation between new technology and income distribution is closely related to 
the characteristics of both the new technology and the structure of the economy 
into which it is introduced. Th e extent to which the income generated by a new 
technology, embodied in factors such as a new seed variety or a new machine, will 
augment the productivity and the income accruing to other factors will depend 
on the technical characteristics of the production function, the elasticity of supply 
of the several factors, and the institutional environment into which the new 
technology is introduced. 

 In rural communities in poor countries, a major cause of inequality in income 
distribution has often been the inequitable distribution of land ownership. Land-
saving and labor-using technological changes that raise the economic return to 
labor relative to land have the eff ect of equalizing the income distribution between 
the landless and the land-owning classes. In contrast, labor-saving and land-using 
technological changes contribute to greater inequality. 

 Since biological technology saves land by applying labor and biological inputs 
more intensively, its diff usion might be expected to contribute to a more favorable 
income distribution in rural communities. Nevertheless, the new seed-fertilizer 
technology has often been blamed for benefi ting landlords at the expense of 
tenants and laborers on the grounds that land rents increased while wage rates 
stayed the same or even declined in many areas where MVs and related inputs 
were introduced. Th ese arguments have often ignored a critical factor coinciding 
with the MV diff usion—the growing pressure of population on the land. If this 
had not been partially off set by the adoption of land-saving technology, incomes 
would have fallen further, and a larger portion of agricultural income would have 
accrued to landlords.      

    3.    Green Revolution Controversies   

 Th e discussions in the previous section should make it clear that the development 
of biological technology designed to increase agricultural output per unit of land 
area is a critical factor in off setting tendencies toward a worsening of income dis-
tribution in the rural sector in response to growing population pressure on land. 
Yet, since its introduction, MV technology has frequently been viewed as a source 
of inequality in income distribution and of polarization in rural communities. 

 Th e critics of the Green Revolution have often argued that  

   •  the new technology tends to be monopolized by large farmers and landlords 
who have better access to new information and better fi nancial capacity even 
though MVs and related inputs are divisible and, hence, applicable to small 
farms,  
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   •  small farmers are unable to use MVs effi  ciently because fi nancial constraints 
make it diffi  cult for them to purchase cash inputs such as fertilizers and 
chemicals,  

   •  favorable access to the new technology by large farmers enables them to 
use their profi ts to enlarge their operational holdings by consolidating small 
farmers’ holdings,  

   •  as farms’ size increases, it becomes profi table to purchase large-scale machinery 
and reduce the cost of labor management (  Griffi  n 1974  ;   Pearse 1980  ;   Cleaver 
1972  ; Frankel   1971  , 1974;   Falcon 1970  ;   Wharton 1969  ).     

 Tests of the several criticisms against experience suggest that the critics 
were wrong.    

    3 .1     WA S MV T ECHNOLOGY MONOPOLIZED BY L ARGE FARMER S?   

 Th e available evidence indicates that neither farm size nor tenure was a serious 
constraint to MV adoption. Th e data on adoption of modern wheat varieties 
in Pakistan, presented in Table   7.1  , are fairly typical of those available for other 
areas where MVs are technically well adapted. Similar results have been reported 
for wheat in India, rice in India, Indonesia, Malaysia, and the Philippines, and 
maize in Kenya (B.   Sen 1974  ;   Gerhart 1975  ;   Mangahas 1974  ;   Mangahas et al. 
1976  ;   Soejono 1976  ;   Goldman and Squire 1982  ; Bliss and Stern   1982  : 124–210; 
Barker et al.   1985  ).  

 Th ere are, of course, cases in which small farmers lagged signifi cantly behind 
large famers in MV adoption. One example was found in a rice village in Andhra 
Pradesh, India, covered by an international project and coordinated by the 
International Rice Research Institute (IRRI) to study the changes in rice farming 

      Table 7.1   Mexican-Type Wheat Acreage as Percentage of all Wheat Acreage, 
by Size and Tenure of Holdings: 1969–1970 Post-Monsoon 
Season in Lyallpur, Sahiwal, and Sheikhupura Districts, Pakistan  

  Number of acres 
 in holding 

 Owner holdings  Owner-cum-tenants  Tenant holding  All holdings  

 Less than 12.5  71.0  80.4  66.7  72.5  

 12.5–25  63.3  71.7  69.2  68.0  

 25–50  71.9  92.7  81.9  82.0  

 50  73.2  87.3  57.3  78.6  

 All sizes  69.4  80.5  70.0  73.4  

   Source : (  Azam 1973  : 408), Original source (  Government of the Punjab, Planning and Development Department, 
Statistical Survey Unit 1970  : 38).  
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in selected areas of Asia (  Parthasarathy 1975  ). Th is village was characterized by 
extremely skewed farm-size distribution. Its experience supports the hypothesis 
that the introduction of MV technology into a community in which resources are 
very inequitably distributed tends to reinforce the existing inequality. 

 However, this village is an exception rather than a norm. Of the thirty-six 
villages studied by the project, it was the only one where a significant differ-
ential in the MV adoption among farm-size classes was observed. On the aver-
age, small farmers adopted the MV technology even more rapidly than large 
farmers (see the upper diagram of Figure   7  .1). Th e pattern of MV diff usion 
contrasts sharply with the pattern for the diff usion of tractors, in which large 
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     Figure 7.1    Comulative Percentage of Farms in Th ree Size Classes Adopting Modern 
Varieties and Tractors in 30 Villages in Asia.     Source: (  IRRI 1978  : 9).    
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farmers achieved a distinctly faster and higher rate of adoption (lower diagram 
in Figure   7.1  ).      

    3 .2     DID T HE MV T ECHNOLOGY M AKE L ARGE FARMS 
REL AT IVELY MORE EFFICIEN T ?   

 Th ere is a large body of evidence suggesting that small farmers make more effi  -
cient use of available land than large farmers (  Parthasarathy 1975  ;   Cline 1975  ). 
Th ey apply higher levels of labor input, particularly family labor, and they often 
have more livestock per unit of land than large farms do. A carefully conducted 
study of the adoption of modern wheat varieties in the Indian Punjab by Sidhu 
(  1974a ,  1974b  ) showed that MV wheat represented a neutral technological change 
with respect to farm scale—both small and large farms achieved approximately 
equal gains in effi  ciency. 

 A study in Pakistan by   Azam (1973  : 18) interpreted the data from the Pakistan 
Punjab to indicate that, although 

 the smaller farmers do face relatively more severe constraints of irrigation 
water and credit, the diff erence in the severity of these constraints is not 
serious enough to have caused any signifi cant diff erences in the yields 
obtained by the small farmers as compared with large farmers.   

 Similar results have been reported for rice from the Philippines by   Mangahas 
(1974  ;   Mangahas et al. 1976  ) and from Indonesia by Soqiono (1976). Among 
the thirty-two villages throughout Asia covered by the IRRI-coordinated project, 
signifi cant diff erences in rice yields per hectare between large and small farmers 
were recorded in only eight villages (  IRRI 1978  : 96). 

 A major puzzle is why, in view of the evidence, political leaders and planners in 
developing countries and offi  cials in national and international development 
assistance agencies remain skeptical about the effi  ciency of small farms. One 
reason may be that as a country develops and the opportunity cost of labor rises, 
the effi  ciency advantage of small farms tends to disappear. It thus becomes 
natural to associate large farms with a highly developed national economy. But 
this inference is irrelevant in most developing economies in which the absolute 
size of the agricultural labor force is continuing to increase.     

    3 .3     DID T HE MV T ECHNOLOGY PROMOT E MECHANIZAT ION?   

 Th e popular perception that MV technology stimulates the introduction of labor-
displacing machinery has not been borne out by careful analysis. Th e data in 
Figure   7.1   indicate that, throughout Asia, large farmers began to adopt tractors 
before the introduction of MVs. Nor was there any indication that adoption of 
tractors was accelerated by the dramatic diff usion of MVs from the late 1960s to 
the early 1970s. 
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 Much of the early adoption of tractors in South and Southeast Asia can be 
attributed to distortions in the price of capital by such means as overvalued 
exchange rates and subsidized credits from national governments and interna-
tional lending agencies. Also, the ease of supervising the operation of one tractor 
with an operator relative to that of supervising a large number of laborers 
and bullock teams seems to have worked as a strong inducement to tractoriza-
tion on already large farms (  Barker et al. 1972  ;   McInerney and Donaldson 1975  ; 
  Binswanger 1978  ). Th is factor should have been especially serious where regula-
tion of land rent and tenure arrangements depressed the incentive of large 
landowners to rent out their holdings in small operational units.     

    3 .4     DID T HE MV T ECHNOLOGY R EDUCE L ABOR 
EMPLOYMEN T AND E ARNINGS?   

 An extensive review of the literature by Bartsch (  1977  ) indicates that the intro-
duction of MVs into traditional wheat and rice production systems has typically 
resulted in substantial increases in annual labor use per unit of cropped area 
and, in some cases, in higher cropping intensity. Similarly, data assembled by 
  Barker and Cordova (1978)   from various areas in Asia show that labor input 
per hectare of area in rice was higher for MVs than for traditional varieties by 
10–50 percent. Th e econometric investigation by Sidhu (  1974a ,  1974b  ) indicates 
a very substantial shift to the right of the labor demand function on wheat farms 
in Indian Punjab as a result of the introduction of MVs. Similar results were 
obtained by both   Rao (1975  : 227) and   Staub (1973)  . 

 Increases in labor use associated with MVs were often realized despite the 
concurrent progress in mechanization. Th e data on labor use in rice production 
from the Laguna province in the Philippines, as presented in Table   7.2  , are typical. 
Th is province experienced rapid diff usion of both modern rice varieties and trac-
tors. Tractorization reduced the amount of labor needed for land preparation, 
but the reduction was more than compensated for by increases in labor use for 
weeding and in other areas of crop husbandry. Th e econometric test by Sidhu 
(  1974a ,  1974b  ) for Punjab wheat production shows that the new technology was 
neutral with respect to factor use, implying that labor’s income rises proportionally 
with the incomes accruing to land and capital. A similar study by   Ranade and 
Herdt (1978)   on rice in the Philippines suggests that the MV technology is biased 
in the land-saving direction.  

 Several studies do indicate, however, that the labor share of income declined 
and the land share increased in some areas during the period of MV diff usion. 
  Jha (1974)   indicates that the factor share to land rose in India between 1960–61 
and 1970–71. Data assembled by   Mellor and Lele (1973)   indicate that a dispro-
portionately small percentage of the increased output attributable to MV adop-
tion was allocated to labor. Th e data on relative shifts in factor shares cannot 
be interpreted without further analysis to indicate that landowners have gained 
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relative to tenants and laborers from the adoption of MVs. Considerable confu-
sion has resulted from neglect of the fact that while the income share of 
land increased, as Jha’s data clearly show, not only did technology change but 
labor supply also increased. If the labor supply increases faster than demand for 
labor, it is possible for the factor share of land to rise even if the technological 
change is biased in the land-saving and labor-using direction (  Mellor and Lele 
1973  : 334–36). 

 Much of the data that indicated a rise in the factor share to land, such as that 
presented by Mellor and Lele, was obtained during the initial stages of MV adop-
tion. At that time, MVs accounted for only a small percentage of area cultivated 
and of output. Th ere was, therefore, only a modest shift in aggregate wheat or rice 
production or in aggregate factor demand. Early adopters were able to capture 
excess profi ts from the use of more effi  cient technology without forcing down 
product prices or bidding up factor prices appreciably. As the technology is dif-
fused more widely, innovators’ excess profi t tends to be lost as product and factor 
prices move toward a new equilibrium. In the long run, the relative share of labor 
will return to the same level as before if the introduction of MVs represents a 
neutral technological change. It will become larger if the technology is biased in 
the land-saving and labor-using direction. Th is sequence is supported by a number 
of studies. For example,   Bardhan (1970)   found that in North India MV diff usion 

      Table 7.2   Percentages of Farms Adopting MVs and Tractors and Use of 
Labor Man-Days per hectare for Rice Production in Laguna, 
Philippines, 1966–1975, Wet Seasons  

  1966  1970  1975  

 MV adopters (percent of farms)   1     0  76  94  

 Tractor adopters (percent of farms)   1     26  71  90  

 Average paddy yield (metric tons/ha)  2.5  3.4  3.5  

  Labor input (man-days/ha)   

 Land preparation  18.7  11.1  9.0  

 Transplanting  10.2  10.2  10.9  

 Weeding  13.8  17.8  31.3  

 Other preharvest operations  9.4  14.8  20.2  

 Harvesting and threshing  31.6  33.6  31.6  

 Postharvest operations  4.4  5.4  3.4  

 Total  88.1  92.9  106.4  

   1  Averages for wet and dry seasons.  
   Source : (  Rao 1975  : 120, 127).  
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initially had no signifi cant eff ect on the demand for rural labor. An analysis by 
D.   Lal (1976)   in the same region for a later period, however, shows clearly that as 
MV use diff used more widely, the net eff ect of the resulting increase in demand 
for labor was a signifi cant rise in the real wage rates in Punjab and other parts of 
North India at a time when real wage rates were constant or declining in other 
parts of India, parts where MV diff usion was limited.      

    4.    Perspective   

 How do we interpret the critical assessments of the eff ects of the Green Revolution 
on income distribution in view of the fi ndings reported in this paper? First, it is 
apparent that many of the assessments that were made during the initial years 
of the Green Revolution were based on casual observation and on limited data 
(  Hazel and Ramasamy 1991  : 1–7). Th e initial concerns were largely resolved in 
the professional literature by more careful observation and analysis of the mid-
1970s. But the less securely grounded early impressions of Green Revolution 
impacts have remained pervasive in the popular literature and in public con-
sciousness, even though the private and social rates of return to the investment 
in research and development that led to the Green Revolution have been high by 
any standard (  Alston et al. 1999  ;   Evenson and Gollin 2003a  ). 

 Second, there was a general failure to understand that the impact of technical 
change on income distribution is a function both of the technology’s character 
and of the economic and institutional environment into which it is introduced. 
When the Green Revolution technology was introduced into economies with 
relatively equitable income distribution, it reinforced that equity; when it was 
introduced into countries with inequitable income distribution in rural areas, it 
reinforced that inequity. Th ere is no substantial evidence that the MV technology 
was heavily biased against labor. Th ere is substantial evidence that in most areas 
where it has been adopted, it has increased the demand for labor. And there is a 
growing body of evidence that the impact on production and on demand for labor 
has had a positive eff ect on the quality of life in rural villages. In his study of a 
Punjab village, for example, Leaf (  1983  : 268) notes that farmers now 

 grow more per hectare . . . and more per capita overall. As measured by 
food, medical care, educational facilities, and housing, there have been 
substantial improvements in general welfare. . . . Th e gains have gone at 
least as much to the poorer villagers as to the wealthier.   

 The critics of the biotechnology revolution in agriculture draw their inspi-
ration from substantially diff erent sources than those cited by the critics of the 
Green Revolution. European consumers, who were scarcely aware of the Green 
Revolution, have been a major source of opposition to food products derived from 
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commodities produced using TGMO technology. Nongovernmental organizations 
(NGOs) have played a major role in focusing attention on potential adverse 
environmental and health eff ects associated with their production and con-
sumption. And the environmental and health concerns—although unsupported 
by research and experience over many years—have served as a mask for imple-
mentation of protectionist trade policies advocated by developed countries’ 
agricultural producers. 

 Th ere have been important similarities, however, in the dynamics of popular 
perception of the impacts of the Green Revolution and of the new biotechnology 
revolution. In both cases, the substantial critical literature, both prior to and 
following introduction of the new biological technologies in crop and animal 
production, succeeded in creating considerable confusion about the potential 
economic benefi ts that farmers and consumers in developing countries could real-
ize from the development, introduction, and diff usion of the new technologies. 
One eff ect has been to delay the realization by agricultural producers and consumers 
in developing countries of the benefi ts, fi rst of the MVs, and more recently of the 
TGMO. A second eff ect was to draw very large scientifi c and technical resources 
into the assessment of MVs and TGMO impacts. It is not yet clear whether, in 
retrospect, we will judge that the resources devoted to TGMO assessment and 
regulation were productively employed, or whether they will be viewed as a diver-
sion of technical and scientifi c resources from more productive employment.       

 Notes

      Vernon W. Ruttan,  International Journal of Biotechnology  6 (2004): 43–54. In this paper I draw 
heavily on earlier work with Yujiro Hayami (  Hayami and Ruttan 1985  : 330–62). I have benefi ted 
from editorial and substantive comment by Runge and by two anonymous reviewers.   

   1.   Th e language used to describe the agricultural products produced by genetic engineering has 
been indelibly compromised. Th e health and environmental concerns with the products of 
genetic engineering are most appropriately focused on transgenically modifi ed organisms 
(TGMOs)—that is, on organisms in which genetic material from an unrelated species has 
been inserted. All domestic crops and animals have been genetically modifi ed since fi rst being 
domesticated and are appropriately referred to as GMOs.               
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 Peasants—self-employed tillers of soil, whose farm production is based mainly on 
family labor as an integral part of household activities—have been for thousands 
of years and still are today the majority of mankind. Th eir production mode 
represents a sharp contrast with the large, internal organization of modern 
corporate fi rms characterized by a hierarchy of employees. 

 An apparently archaic style of peasant farming, relative to modern corporate 
activities, has often led to a presumption that the peasantry is a remnant of feudal 
society and bound to disappear as modernization proceeds. As a corollary it has 
been argued that consolidation of peasants into large farm enterprises is desir-
able or necessary for promoting agricultural productivity growth consistent with 
modern economic development. 

 Th is perspective has been waning recently, partly because of the disastrous 
experience of collective farming in former socialist economies, as well as repeated 
failures in the attempt to develop large farms as both state and private enter-
prises in developing economies (Eicher and Baker   1992  ; Johnson and Ruttan 
  1994  ). Concurrently, the high potential of peasants to achieve productivity growth 
has been recognized with the successful diff usion of modern high-yielding variet-
ies and related inputs—the so-called Green Revolution in Asia. Yet, pessimism 
about peasant agriculture persists and tends to distort the development strategy 
of the Th ird World toward favoring large farm estates (Binswanger et al.   1995  ; 
Eicher et al.   1996  ). 

 More ambiguous is the role of peasants in industrial and commercial develop-
ment. Th e traditional view from Karl Marx (1867) to W. Arthur Lewis (  1969 , 
 1970  ) has assumed peasants to be the source of an industrial reserve army for 
assuring the horizontal supply of labor to the emerging modern industrial sector. 
Th e possibility of peasants displaying entrepreneurship in industrial and com-
mercial activities has been totally neglected. However, rural industrialization in 
the early modernization phase in Japan as well as recent developments in the 
village-township enterprises in post-reform China strongly suggest the possibility 
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of rural-based economic development with proper exploitation of peasants’ entre-
preneurial abilities. 

 In this paper the major controversy concerning the nature and fate of the peas-
antry in the course of modern economic development is reviewed. Second, 
strengths and weaknesses of the peasant system are reviewed in comparison with 
the plantation system. Th ird, the impact of commercialization on peasants is 
investigated, with a focus on the relationship between peasants and middlemen. 
Finally, the possibility of rural-based economic development by mobilizing peas-
ants’ entrepreneurship in commerce and industry is examined and policies to 
enhance this process are explored.    

   Th e Agrarian Question   

 Since the outset of “modern economic growth” à la Kuznets (  1966a  ), the nature and 
fate of peasantry have been the subject of a major controversy. Pessimism about 
peasant agriculture as being incompatible with modern development needs fi rst 
found expression in the work of Arthur Young (1774) and other exponents of “new 
husbandry” in England from the time of the Agricultural Revolution in the eigh-
teenth century to the era of “high farming” in the nineteenth century (Ernie   1961  ). 

 In their view, small peasant farmers were constrained by village-community 
regulations on crop rotation and, therefore, were unable to shift from the open 
three-fi eld system to the Norfolk crop-rotation system. With the enclosure of 
peasants’ plots into large, private farms leased to innovative tenant operators, the 
advantage of the new crop rotation could be properly exploited. By this arrange-
ment, fallowed lands were planted with fodder crops, such as clover and turnips, 
which increased the livestock-carrying and, hence, the stable-manure-supplying 
capacity, which in turn augmented soil fertility and crop yields. 

 Th is popular view on the productivity-increasing eff ect of the Second Enclosure 
Movement in eighteenth-century England, together with the serious labor-
displacement experienced in the First Enclosure Movement of the fi fteenth to 
sixteenth centuries, by which peasants’ holdings were consolidated into sheep 
farms for commercial wool production, provided the basis for Karl Marx’s (1867) 
theory on the demise of peasantry. Marx predicted that peasants would be dis-
placed by large capitalistic farm fi rms using labor-saving machinery and, there-
fore, would be forced to seek employment in the labor market. Th is was nothing 
but an extension of the general process of capitalist development in which 
the majority of self-employed, small producers owning small productive assets 
(“means of production”) are proletarianized. 

 Th e subsequent German censuses of 1882 and 1895 were a shock for Marxists, 
because there was no indication in the census data that small farms had been dis-
placed by large ones. Th is anomaly, which was called the “Agrarian Question,” ignited 
a major controversy. Some tried to defend the Marxian orthodoxy. Karl Kautsky 
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(  1899  ), among others, reasserted the superiority of large farms in Germany and 
other European economies, and argued that the eventual demise of peasantry was 
delayed because of peasants’ desperate eff orts to continue farming by working harder 
and reducing consumption against competition from capitalist farms.   1    In another 
eff ort, Vladimir Lenin (  1960  ) tried to show that polarization of peasantry into large 
commercial farmers and landless laborers was, in fact, in progress in Russia. 

 In the other camp, so-called revisionists such as Eduardo Bernstein (  1899  ) and 
Eduardo David (  1903  ) argued that the Marxian theory of proletarianization does 
not apply to agriculture because of the inherent diffi  culty of labor enforcement in 
agricultural production. In urban industries, work is standardized and easy to 
monitor. Th e biological process of agricultural production, however, is subject to 
infi nite ecological variations. Diff erent ways of handling crops or animals are 
often necessary because of slight diff erences in temperature and soil moisture. 
Th e dispersal of agricultural operations over wide spaces adds to the diffi  culty of 
monitoring. Th erefore, small family farms will continue to be more productive 
than large farms dependent on hired labor despite development of the capitalist 
system in other sectors of the economy.   2    

 Th e Agrarian Question continued to fuel a major debate from the late nine-
teenth to the early twentieth century on the choice of socialist political programs 
(Mitrany   1951  ). Looking back from a century later there is little doubt about 
which side withstood the historical test. In all the advanced market economies in 
Western Europe, North America, and Japan, family farms have continued to be 
the dominant form of agricultural production organization. Th eir size of opera-
tion has increased in terms of farming area and capital input applied. However, 
corporate fi rm farms based on hired labor organized according to a management 
hierarchy have, until recently, been the exception. 

 Several production function studies have found signifi cant scale economies in 
agriculture in advanced economies (Griliches   1964  ; Hayami and Ruttan   1985  ; 
Hayami and Kawagoe   1989  ). However, the continued dominance of family farms 
implies that the range of increasing returns has been limited within the size that 
could be managed mainly by family labor. Th e farm-size expansion has been moti-
vated largely to equate the average income of family members engaging in farm 
production with that of nonfarm employees (Kislev and Peterson   1981  ), while 
being supported by technological innovation geared toward increasing the opti-
mum farm size. Th e nuclear family farm has continued to be optimum because 
scale economies arising from the use of indivisible inputs such as large-scale 
machinery are countervailed by scale diseconomies from the use of hired labor, 
according to the logic of the revisionists. 

 In fact, the history of the Agricultural Revolution in England, on the basis 
of which the Marxian orthodoxy was formulated, has now been drastically 
redrawn. Th e iconoclastic study by Robert Allen (  1992  ) convincingly shows that 
the enclosure in the eighteenth century resulted in no signifi cant gain in agricul-
tural productivity and that the major increase in land productivity had been 
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brought about by yeomen (small independent farmers comprising an upper stra-
tum of the British peasantry) during the seventeenth century before their lands 
were enclosed. Agricultural stagnation in former socialist economies under farm 
collectivization promoted by the Marxist doctrine might have been a bad replica 
of the true enclosure history.   3        

   Peasants and Plantations   

 While the Agrarian Question has already been resolved for advanced market 
economies, it still resounds in developing economies. Th e issue has often been 
discussed around the relative effi  ciency of peasants versus plantations.   4    

 Th e term “plantation” refers here to large fi rm farms based on hired wage labor, 
which were initially established in developing economies by Western colonizers 
for the purpose of extracting tropical agricultural products for export to home 
countries.   5    A traditional paradigm developed under colonialism had been to iden-
tify the plantation sector as a modern enclave geared for the international market 
and the peasant sector as dominated by subsistence orientation and irresponsive 
to profi t incentives created by changes in market demands and technological 
opportunities (Boeke   1953  ). Th is stereotyped view has simultaneously been 
debunked by three great development economists: Th eodore W. Schultz (1964), 
Hla Myint (  1965  ), and W. Arthur Lewis (1969, 1970). 

 Schultz convincingly argued that peasants in traditional agriculture are ratio-
nal and effi  cient in resource allocation and that they remain poor not because 
they are irresponsive to economic incentives but because only limited technical 
and market opportunities are available to which they can respond. Myint, draw-
ing mainly on the experience of Southeast Asia, demonstrated how peasants 
responded vigorously to market incentives in opening new lands for cultivation of 
export cash crops while maintaining subsistence food crop production. Th is obser-
vation for the Southeast Asian case was found by Lewis to be no exception in 
tropical development from the late nineteenth to the early twentieth century. 

 A conventional explanation for the establishment of a plantation system is the 
scale economies inherent in the production of tropical export crops (Baldwin 
  1956  ). However, the crops subject to suffi  ciently strong scale economies at the 
farm level to make it necessary to use the plantation organization are few (Pim 
  1946  ; Wickizer   1951 ,  1960  ; Lim   1968  ; Hayami et al.   1990  , chaps. 5 and 6). In fact, 
one can fi nd an example of every so-called plantation crop being grown success-
fully by peasants somewhere in the world. 

 Signifi cant increasing returns emerge only at the levels of processing and mar-
keting activities. Th e vertical integration of a large farm unit with a large-scale 
central processing and/or marketing system is called for because of the need to 
supply farm-produced raw materials in a timely schedule. A typical example is 
fermented “black tea.” Th e manufacturing of black tea at a standardized quality 
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for export requires a modern machine plant into which fresh leaves must be fed 
within a few hours after plucking (Wickizer 1951, 1960). Th e need for close coor-
dination between farm production and processing underlies the pervasive use of 
the plantation system for black tea manufacture. Unfermented “green tea,” in 
contrast, remains predominantly the product of peasants in China and Japan. 

 In the case of bananas for export, harvested fruits must be packed, sent to the 
wharf, and loaded to a refrigerated boat within a day. A boatful of bananas that 
can meet the quality standards of foreign buyers must be collected within a few 
days (Hayami et al.   1990  ). Th erefore, the whole production process from planting 
to harvesting must be precisely controlled so as to meet the shipment schedule. 
Although the plantation system has a decisive advantage for this export produc-
tion, bananas for domestic consumption are usually produced by peasants. 

 On the other hand, for the crops for which centralized processing and market-
ing are not necessary, plantations have no signifi cant advantage over peasants. 
Typical examples are cocoa and coconuts. Th e fermentation of cocoa and the 
drying and smoking of coconuts to make copra can be handled in small lots with 
no large capital requirement beyond small indigenous tools and facilities. Th ese 
crops are grown predominantly by peasants. 

 Sugar is frequently cited as a classic case of scale economies stemming from the 
need of coordination between farm production and large-scale central processing 
(Binswanger and Rosenzweig   1986  ). Effi  cient operation of a centrifugal sugar mill 
requires the steady supply of a large amount of cane over time. Coordination of 
production from planting to harvesting with processing is required. Th is coordi-
nation, however, need not be as stringent as for tea and bananas. Th e rate of sugar 
extraction decreases as the processing of cane is delayed, but this loss is in no way 
comparable to the devastating damage that delayed processing has on the quality 
of tea and bananas. Sugar cane can be hauled from relatively long distances and 
stored for several days. Th erefore, the need for vertical integration is not so large, 
and the necessary coordination can be achieved through contracts of a sugar mill 
with cane growers on the time and quota of cane delivery. In fact, an effi  cient 
sugar industry with small holders has developed in Australia and Taiwan. In trop-
ical Asia, too, sugar production has been carried out in the peasant system in 
India and Th ailand. 

 Another explanation for the use of the plantation system is the advantage of 
large estate farms in accessing capital. Because of this, it has been argued that 
plantations have an advantage in regard to tree crops characterized by long gesta-
tion periods from planting to maturity (Binswanger and Rosenzweig   1986  ). 
However, the opportunity costs of labor and capital applied to formation of the 
tree capital are not necessarily high for peasants. Typically, they plant the trees in 
hitherto unused lands. If such lands are located near their residence, they open 
new lands for planting by means of family labor at low opportunity cost during 
the idle season for the production of food crops on farm lands already in use. 
When they migrate to frontier areas, a typical process is to slash and burn jungles 
and plant subsistence crops such as maize, potatoes, and upland rice, together 
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with tree seedlings. Such complex intercropping is diffi  cult to manage with hired 
labor in the plantation system. 

 Th erefore, even in the export boom of tropical cash crops under colonialism 
from the nineteenth century to the early twentieth century, the plantation system 
failed to make inroads in regions where indigenous populations have established 
family farms (Lewis   1970  ). Western traders found it more profi table to purchase 
tropical agricultural commodities from peasant producers in exchange for 
imported manufactured commodities than to produce these commodities them-
selves in the plantation system. Th is was particularly convenient during the nine-
teenth century, when the Industrial Revolution in the Western nations made it 
possible for these countries to produce and supply manufactured products at 
much lower cost than if these products were produced by the manufacturing 
sector in the tropical economies (Resnick   1970  ). 

 Th e establishment of plantations in less developed economies became a neces-
sity when the demand for tropical products by the industrialized nations contin-
ued to rise, although the regions in the less developed economies physically suited 
for the production of these products had no signifi cant peasant population that 
could produce and trade these commodities. Opening frontier lands for the pro-
duction of new crops entailed high capital outlays. Virgin lands had to be cleared 
and developed, and physical infrastructure, such as roads, irrigation systems, 
bridges, and docking facilities, had to be constructed. Capital, in the form of 
machinery and other equipment, had to be imported and redesigned to adapt to 
local situations. Laborers were not only imported from the more populous regions 
but also had to be trained in the production of these crops. 

 Th e establishment of plantations thus requires huge initial capital investment. 
For the investors to internalize gains from investment in infrastructure, the farm 
size inevitably must be large. Viewed from this perspective, it follows that the 
plantation system evolved not because it was generally a more effi  cient mode of 
productive organization than the peasant mode, but because it was the most 
eff ective type of agricultural organization for extracting the economic benefi t 
accruing from the exploitation of sparsely populated virgin areas. From this per-
spective, it is easy to understand why the same crop is grown mainly by peasants 
in one place and mainly by plantations in another. For example, for sugar cane 
production the peasant mode is more common in old settled areas of Luzon, and 
the plantation system predominates in the newly opened Negros, both in the 
Philippines (Hayami et al.   1990  , chap. 5). 

 Th us, the effi  ciency of the plantation relative to the peasant system is high in 
the initial opening-up process of land-abundant and labor-scarce economies. 
However, several negative aspects of plantations become signifi cant as tropical 
economies shift from the land-abundant to the land-scarce stage after the com-
pletion of the opening-up process. 

 First, the plantation system tends to substitute capital for labor. Th is is because 
of the inherent diffi  culty in supervising wage laborers in spatially dispersed and 
ecologically diverse farm operations. 
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 Second, agricultural lands tend to be cultivated less intensively in the planta-
tion system that employs mainly wage labor and produces essentially a monocul-
ture crop. Complicated crop rotation and crop-livestock combinations are more 
diffi  cult to manage in the command system. Th is implies that both labor input 
and income per hectare were lower in the plantations. In contrast, small-sized 
family farms tend to cultivate land more intensively. 

 Th ird, plantations usually specialize in a single crop. Th is bias for the produc-
tion of a monocrop reduces the fl exibility of these productive organizations to 
respond to changing demand by shifting to the production of other crops. 
Moreover, continual cropping of a single crop tends to result in soil degradation 
and an increase in pest incidence. Counterapplication of fertilizer and chemicals 
causes serious stress on the environment and human health. 

 Fourth, the specialization of plantation workers in specifi c tasks inhibits the 
development of their managerial and entrepreneurial capacity (Baldwin   1956  ; 
Myint   1965  ; Beckford   1972  ). 

 Fifth, the plantation system is the source of class confl ict between laborers and 
managers/capitalists. Th e presence of a plantation enclave in rural economies 
where the peasant mode of production predominates has often strained relation-
ships in rural communities. In terms of the criterion of social stability, therefore, 
the plantation system is no match for the system of relatively homogeneous small 
producers owning small assets, however small they might be. 

 Th ese disadvantages can be mitigated if the plantation system is reorganized 
into the “contract farming” system. In contract farming, an agribusiness fi rm (or 
cooperative) manages processing and marketing but contracts for the supply of 
farm products with peasant farmers. Th e fi rm provides technical guidance, credit, 
and other services to peasants in return for their pledged production to the fi rm. 
In this way the system can take advantage of peasants in farm-level production 
without sacrifi cing scale economies in processing and marketing. A major advan-
tage of this system is to tap not only the muscle labor but also the management 
ability of rural people in developing economies. Th e high effi  ciency of this system 
has been illustrated by the fact that Th ailand, which began canned pineapple pro-
duction relatively recently based on this system, has surpassed the Philippines, 
formerly the world’s leading exporter, whose production is based on the planta-
tion system. 

 While negative aspects of plantations have been looming larger over time, gov-
ernment direct controls on their operations will likely prove damaging to both 
national development and the well-being of rural people. Th e entrepreneurship 
and management capability of agribusiness enterprises, including multinational 
corporations, in the area of agricultural marketing and processing are very valu-
able inputs which can be dispensed with only at a very high cost. Th e rational 
approach, therefore, should be to design an inducement mechanism toward estab-
lishing an agrarian organization that adequately combines the entrepreneurial 
and managerial abilities of both peasants and agribusiness fi rms. 
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 A policy designed in this direction might include the gradual phasing out of spe-
cial treatments to agribusiness plantations such as public land leases at favorable 
terms and special allocation of import licenses and foreign exchange, and the stricter 
application of labor and environment codes to the corporate farms. At the same 
time, government must invest in education, research, and extension for developing 
the capability of small growers to operate the contract farming scheme eff ectively.   6        

   Peasants and Middlemen   

 Th e same policy prescription can be envisaged for the relation between peasants 
and middlemen. It is a deeply rooted popular belief that middlemen exploit peas-
ants by means of monopoly/monopsony pricing and usury. Th is suspicion against 
middlemen is common in the Th ird World but especially strong in East Africa and 
Southeast Asia, where the trading networks established during the colonial regime 
were such that export-import business in major port cities was mainly handled by 
European fi rms, while collection of tropical export products from inland villages 
and distribution of imported consumption goods there were largely carried out by 
non-European ethnic minorities (Indians and Chinese). Such an ethnic division of 
labor originally could have been based on the comparative advantage of the native 
population in primary production in the natural-resource-rich economies sud-
denly opened to international trade. However, it was inevitable for the natives to 
develop strong anti-middleman sentiment and ideology as they continued to be 
excluded from the main current of commercial activities. Th us, as Leon Mears 
(  1981  : 133) described for Indonesia, even after independence, “it is not unusual to 
hear judgment . . . that farmers or consumers are exploited by the market control 
exercised by ethnic Chinese middlemen. At times one even hears that all private 
traders are exploitative and discouraging to producers.”Th is stereotype, however, 
has not stood up under empirical tests. Almost all substantive empirical studies, 
including the classic work for export cash crops in West Africa by Bauer (  1954  ) and 
two major studies for food crops in India by U. J. Lele (  1971  ) and in Africa by Jones 
(1972), have produced results inconsistent with the hypothesis of marketing inef-
fi ciency and middleman exploitation.   7    Th ese studies unanimously show that entry 
to agricultural marketing activities is open and competition among middlemen is 
intense in developing economies in the absence of government control, so that 
marketing margins are largely consonant with the costs associated with marketing 
activities; wide price gaps across areas and fl uctuation over seasons are not caused 
by monopolistic behavior by traders/speculators but arise mainly from the high 
costs of transport and storage as well as insuffi  cient market information services. 

 In the past, the fundamental contribution of trading activities to the develop-
ment of the peasant economy has been neglected, relative to the importance to 
such factors as capital formation, rural education, agricultural research, and land 
reform. It must be recognized that profi table opportunities created by new tech-
nology and improved infrastructure such as roads cannot be exploited without 
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the activities of middlemen. While solely motivated for their own profi t, middle-
men, in eff ect, provide essential support for peasants: 

 Traders both large and small create new opportunities. With their knowl-
edge of the requirements of local, regional, and export markets, traders 
provide outlets for farm products. Th ey buy the traditional products and 
at the same time acquaint farmers with new products and the methods 
of growing them. Further, they make available to them the necessary 
inputs such as seeds, fertilizers, and implements. Th us the traders 
encourage new wants, convey new opportunities, and help farmers to 
take advantage of them. Th e activities of traders set in motion and main-
tain the process by which participation in the exchange economy replaces 
subsistence production. (Bauer and Meier   1994  : 193)   

 When governments attempted to constrain or even to replace private trading 
by state-trading based on the folklore of exploitative middlemen, disastrous con-
sequences were inevitable, as evident from the experience of marketing boards 
and parastatals in several African economies (Bauer   1954  ; Hopkins   1973  ; Bates 
  1983  ; W. O. Jones   1987  ; Lele and Christiansen   1989  ).   8    

 Th is does not mean that government necessarily should leave the existing 
system of marketing as it is. A wide scope exists to reduce transportation costs 
through government investment in roads and railways. Moreover, improvements 
in transportation and communication by public investments are critically impor-
tant for reducing trade risk and transaction costs, and thereby promoting new 
entry and competition in marketing. Development of institutions for the service 
of market information, such as grading, standardization of measures and weights, 
commodity exchange, crop forecasting, and regular quotations of market prices 
through mass media, as well as more fundamental institutions for the protection 
and enforcement of property rights and contracts, can contribute much to reduc-
tions in trade risks and transaction costs. 

 If the activities of middlemen in the countryside of developing economies were 
supported by these government services, the healthy development of peasant 
economy would be greatly promoted. Th e problem is that most governments 
underinvest in this infrastructure and overinvest in their own enterprises and 
eff orts to carry out agricultural marketing directly. If policymakers trusted their 
peasants more and feared middlemen less, this government bias could be reversed. 
Most policymakers have never met a peasant, much less one with entrepreneurial 
skills engaged in risky trading activities. (Timmer   1993  : xi)     

   Peasant Entrepreneurship in Commerce and Industry   

 Indeed, the popular belief that peasants are exploited through the marketing 
process assumes implicitly that middlemen belong to a social group alienated 
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from the peasantry. Peasants have been considered always to be passive to market 
forces and to have neither the desire nor the ability to participate in commercial 
and industrial activities. 

 Th is view found a typical expression in Cliff ord Geertz’s (  1963  ) anthropological 
study in Indonesia. Based on observations in East Java and Bali, he concluded 
that the entrepreneurship for nonfarm business activities that may induce social 
modernization cannot emerge from “the immediate purview of village social 
structure” but is limited to the population with “extra-village status,” such as 
ethnic Arab traders in the East Javanese town and traditional rulers in the Balinese 
town (Geertz   1963  : 148–49). 

 If the Geertz thesis is valid, the case of Indonesia represents a sharp contrast to 
the historical experience of Japan. In the initial stage of modern economic growth 
in Japan, wealthy peasants, who typically cultivate a part of their land by them-
selves and rent out the other part, actively participated in trading and manufac-
turing; this process had begun already in the feudal Tokugawa period in response 
to the gradual development of the market economy, and it accelerated with Japan’s 
opening to foreign trade and national unifi cation by the Meiji Restoration in 1868 
(T. C. Smith   1956 ,  1959 ,  1988  ). Contributions of these small-scale, rural-based 
enterprises to the national economy were no less signifi cant than those of large, 
modern corporations developed by urban entrepreneurs who emerged from the 
preindustrial merchant class (such as Mitsui and Sumitomo) and the ex-warrior 
class (such as Yataro Iwasaki, the founder of Mitsubishi). In fact, until the turn of 
the century, or even later until about World War I, rural and national economic 
development is considered to have been supported, to a large extent, by the com-
mercial and industrial activities of those rural entrepreneurs (Rosovsky and 
Ohkawa   1961  ; Tussing   1966  ). Th is development of rural-based enterprises had 
made conditions for industrialization in modern Japan less capital intensive than 
in other latecomers to modern economic growth (T. C. Smith   1988  : chap. 1). 

 What I myself observed in a fi eld study of agricultural marketing in Indonesia 
during 1986–90, as reported in Hayami and Kawagoe   1993  , was contrary to the 
image developed by Geertz (  1963  ). Both in long-settled Java and newly opened 
Sumatra, indigenous entrepreneurs belonging to the upper peasantry actively 
engaged in the marketing and processing businesses. Th ese village-based traders 
in upland Java have been overtaking town-based ethnic Chinese traders in the 
interregional transshipment of such commodities as corn and soybeans by eff ec-
tively mobilizing a large number of small collectors who belong to the lower ranks 
of the peasantry. In the highly complicated and risky operation of commercial 
vegetable marketing for the metropolis, they have become dominant. Owner-
operators of local tobacco factories have applied to their businesses modern mar-
keting techniques, such as grading and the use of brand names, for reducing 
product quality uncertainty and transaction costs, without ever attending busi-
ness school. In the transmigration area in Sumatra, too, peasant entrepreneurs 
have been following the developments in Java, in response to improvements in 
transportation and communication infrastructure. All these activities by the 
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agents of peasant marketing in Indonesia resemble those of “rural capitalists” 
(Smith   1956  ) in Japan, who emerged from the  gono  (wealthy peasant) class and 
supported Japan’s emergence as a modern industrial state. 

 Th e strength of these village-based traders is their ability to enforce contracts 
with farmers and lower-rank collectors by means of the village community tie. 
Th is advantage is especially large in connection with perishable commodities like 
vegetables, for which close coordination between farm-level collection and bulk 
shipment to urban markets is required (Hayami and Kawagoe   1993  : chap. 4). Th is 
coordination is enforced by such means as long-term contracts involving credit 
tying, which are diffi  cult for urban-based traders, lacking the community mecha-
nism of enforcement, to organize.   9    Th us, if they are appropriately linked with 
international agribusiness or trading fi rms, while supported by public agricultural 
research and extension, they could well become an eff ective instrument for bring-
ing Indonesian agriculture up to the status of a major supplier to the rapidly 
expanding world market for horticultural products. 

 Th ere is little doubt that Geertz’s (  1963  ) pessimism about Indonesian peasants’ 
entrepreneurship does not stand up under empirical tests today.     

   Toward Rural-Based Development   

 What will be the role of peasant entrepreneurs as economies continue to advance 
to higher stages? Th e question arises as to what their fate will be in the event of 
successful economic modernization. Th eir marketing organization, as docu-
mented in Japan’s history and as observed in Indonesia today, is a decentralized 
hierarchy of many self-employed informal agents tied by customary trade prac-
tices and informal contracts, where vertical integration is typically absent. In the 
low-income stage of economic development, the system is highly effi  cient in econ-
omizing the use of scarce capital and management input while making intensive 
use of labor having a low opportunity cost. Th is system’s effi  ciency depends, to a 
large extent, on the dualistic structure characterized by diff erentials in wage and 
interest rates across fi rm sizes. Will this system become ineffi  cient and be replaced 
by vertically integrated large corporations when the economy advances to a stage 
at which the factor market dualism is eliminated? 

 Th e experience of the Japanese economy in the past three decades may shed 
some light on this question. Within a decade of high economic growth from the 
mid-1950s, the dualistic structure was largely eliminated (Minami   1973  ). Yet small-
scale family enterprises have survived and have even been strengthened (Kiyonari 
  1980  ; Patrick and Rohlen   1987  ). Advantages of small- and medium-scale enter-
prises, such as high incentives for entrepreneurs and fl exibility in employment 
and staffi  ng, have increased corresponding to the increased need for small-lot pro-
duction of diff erentiated products, as the Japanese economy has advanced to a 
stage characterized by high per capita income and diversifi ed consumer demands. 
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Large corporations in Japan continue to prefer subcontracting to vertical integra-
tion. Coordination between parent company and small/medium fi rms has been 
developed with such precision that the subcontracting system is integrated insepa-
rably in Toyota’s famous  kanban  (just-in-time) system. In this system the subcon-
tractors deliver the supply of their parts and materials to the assemblers precisely 
at the time when the parts are used, so that no inventory accumulates in the assem-
bling plant even for small lot-production of many diff erentiated products. Th e 
improved subcontracting system is now considered a major organizational innova-
tion that underlies the strength of Japanese industries, especially the automobile 
industry (Abegglen and Stalk   1985  ; Asanuma   1985 ,  1988  ; Wada   1991  ). 

 Is there any strong reason to doubt whether entrepreneurial and managerial 
skills now being learned in the countryside of Indonesia through the marketing of 
peasants’ products will provide the basis of a modern subcontracting system and 
thereby support the advancement of the Indonesian economy to a higher regime 
of development? Indeed, the relationship between the transshippers of vegetables 
to metropolitan markets and their agents engaged in collection from farmers, 
which I observed in rural Indonesia, is very similar to the Toyota’s  kanban  system 
(Hayami and Kawagoe   1993  : chap. 4). Are there insurmountable cultural and 
social barriers for peasant entrepreneurs in Indonesia to follow the development 
of their Japanese counterparts? 

 If the emergence of peasant entrepreneurs in Indonesia has followed the same 
pattern as in Japan, is there any reason to suspect that they will be incapable of 
becoming a major carrier of modern commerce and industry when Indonesia 
advances to a regime of higher economic development? Does not the same question 
apply to other developing economies? 

 Th e iconoclasm of T. W. Schultz (1964) has established a consensus in our pro-
fession that peasants in developing economies are not tradition-bound, irrational 
creatures but are highly responsive to economic opportunities and perfectly capa-
ble of carrying out modern agriculture. We must now recognize that they also can 
be a basis of modern commerce and industry if appropriate policies will be taken 
to support, rather than constrain, their entrepreneurship.    

   Notes       

    Yujiro Hayami,  American Journal of Agricultural Economics  78 (December 1996): 1157–67. Useful 
comments from Keijiro Otsuka and Vernon Ruttan are gratefully acknowledged.   

  1.  Kautsky’s argument is similar to the theory of Alexander Chayanov (  1966  ) on the point of the 
strong resilience and viability of peasants due to the application of family labor to farm produc-
tion beyond the equilibrium between market wage rates and labor’s marginal productivities. 
However, unlike Kautsky, who reasserted the demise of peasantry along the Marxian orthodoxy, 
Chayanov argued its persistence, similar to the revisionists.   

  2.  Th is perspective has been elaborated by a number of modern economists from John Brewster 
(1950) to Hans Binswanger and Mark Rosenzweig (  1986  ), to the point that it has been estab-
lished as a current orthodoxy.   
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  3.  Stalin collectivized family farms into  kolkhoz  partly based on the Marxian doctrine (Mitrany 
  1951  ) but more importantly with the intention of utilizing the collective farms for compulsory 
procurement of foodstuff  at low prices for urban industrial workers (Tang   1967  ). Th e conse-
quence was a shift of status for Russia from a major exporter of food grains to a major importer 
after World War II.   

  4.  Th is section draws heavily on Hayami   1994  .   
  5.  In a broader defi nition, for example, by Jones (  1968a  , 1968b), farm estates based on forced 

labor, such as slavery, corvée, and serf, instead of free wage labor may also be called plantations. 
Th ese estates based on forced labor were established typically before the onset of the Industrial 
Revolution in Europe and North America. Th ey had a major impact on the southern United 
States and Latin America (hacienda), as well as Eastern Europe (such as the  Junker  estates in 
Prussia) but had little eff ect in Asia. Th e plantations dealt with in this paper are those estab-
lished in tropical Asia in the late nineteenth to the early twentieth century. From the beginning 
their operations were based on wage laborers, even though many laborers were imported from 
densely populated economies such as China and India under long-term contracts, often tied by 
credit, akin to debt peonage.   

  6.  In this connection the debate on the role of food versus cash crop, which has been heated espe-
cially in Africa, should be reconsidered. Th e traditional emphasis on export cash crop under the 
colonial regime was initially inherited by postindependent governments. However, since Africa 
shifted from the net food exporter to the importer in the early 1970s, the reallocation of 
resources to the food sector has been strongly (often emotionally) advocated (Rodney   1974  ; 
Lappe and Collins   1977  ; Twose   1984  ). Correspondingly, both international and national sup-
ports on cash crop research, which was relatively well developed in the colonial regime, have 
been drastically reduced (Eicher and Baker   1992  ; Eicher et al.   1996  ). While the importance of 
public research on food crops cannot be overemphasized, the total neglect of export crop 
research on the popular presumption that it serves for the profi t of agribusiness alone is coun-
terproductive to the benefi t of small peasant producers, It is important to recognize that cash 
crop is an important source of earning for peasants in Africa as well as other developing 
regions and that peasants’ participation in cash crop production increases their entitlement to 
foods, thereby enhancing their food security (Dreze and Sen   1989  ). Research on cash crops, 
especially nontraditional export crops such as fl owers, fruits, and vegetables for which world 
demands have been expanding very rapidly (Islam   1990  ), would be highly eff ective to promote 
food security in low-income economies.   

  7.  Th e same conclusion has been drawn from numerous individual commodity studies, including 
Hirsch   1961   on sugar in India, Ruttan   1969a   on rice and corn in the Philippines, Mears 1971 on 
rice in the Philippines, G. J. Scott   1985   on potatoes in Peru, Hayami and Kawagoe   1993   on 
upland crops, and Akiyama and Nishio   1996   on cocoa in Indonesia.   

  8.  For example, farm producers’ shares of export FOB prices for cocoa for 1980–88 were less than 
60 percent in the countries in which marketing was handled by state marketing boards, such as 
Ghana, Cameroon, and Côte d’ Ivoire, whereas these of countries with no marketing board, such 
as Brazil and Indonesia, were higher than 80 percent. Within Indonesia, producers’ shares were 
much higher for commodities with little government intervention, such as cocoa and coff ee, 
than for sugar, which was controlled by the state procurement agency (BULOG) (Akiyama and 
Nishio   1996  : 10–11).   

  9.  I must caution, however, that the community mechanism can produce multiple equilibria 
depending on diff erent social and cultural conditions, as predicted by Akerlof (  1984  ). Unlike 
Indonesia and many other parts in Asia, close kinship relationships in African tribal communi-
ties are said to be working more strongly as a mechanism of tolerating poor villagers’ defaults of 
credits from relatively rich ones rather than as the mechanism of enforcing repayment (Kennedy 
  1988  ; Platteau   1996  ). Th is tradition might be one of the major factors underlying poorer perfor-
mances in capital accumulation and economic growth in sub-Saharan Africa than in East Asia 
for the past several decades.          
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 Th e process by which diff erent ecological conditions and historical trajectories 
interacted to create diff erent social and cultural systems resulted in major diff er-
ences in economic development performance within Southeast Asia. In the late 
nineteenth century, Indonesia, the Philippines, and Th ailand commonly experi-
enced vent-for-surplus development through exploitation of unused lands. 
Nevertheless, diff erent agrarian structures were created. Indonesia’s development 
was mainly based on the exploitation of tropical rain forest under Dutch colonial-
ism. It resulted in the bifurcation of the rural sector between rice-farming peasant 
proprietors and large plantations for tropical export crops based on hired labor. 
In the Philippines, exploitation of the same resource base under Spanish rule 
resulted in pervasive landlessness among the rural population. Relatively homo-
geneous land-owning peasants continued to dominate in Th ailand, where delta 
plains that were suitable only for rice production formed the resource base for 
development. Th ese diff erent agrarian structures associated with diff erent social 
value systems have accounted for diff erential development performance across 
the three economies in the recent three decades. 

 Ecology and history have a fundamental impact on the course of economic 
development. Nevertheless, few studies have investigated how diff erent ecological 
conditions and historical trajectories have interacted to forge diff erent social and 
cultural systems, resulting in major diff erences in development performance 
across economies. Th is article aims to shed light on this process, drawing on 
agricultural development experiences in Southeast Asia. Relatively high growth 
performance in agriculture in the past three or four decades has been counted as 
one of the factors underlying the “economic miracle” of this region (World Bank 
  1993  ). Yet economic performance has varied within the region. Variations in 
the recent agricultural growth performance refl ect diff erences in the agrarian 
structure, which were created through distinct colonial regimes under diverse 
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ecological environments. As such, this study does not aim to conduct research for 
predicting the future course of rural development in Southeast Asia; rather, 
I intend to provide a broad telescopic guide to such research for this region as 
well as other regions. 

 Southeast Asia can be classifi ed into two major ecological zones: the continental 
zone, including Th ailand, Vietnam, and Myanmar, and the insular and peninsular 
zone (henceforth called the insular zone), including Indonesia, Malaysia, and the 
Philippines (see Figure   9.1  ). Major river deltas characterize the continental zone, 
and tropical rain forests characterize the insular zone. Before the 1860s, when 
new transportation technology integrated this region with the rapidly industrial-
izing West, people in Southeast Asia lived on wet rice production in small valleys 
or shifting cultivation in upland forests. Many of the major deltas and thick rain 
forests were unused for agricultural production. When the region was faced with 
growing demand from the West for tropical products, this unused land became 
the basis of vent-for-surplus growth. Deltas were converted into paddy fi elds for 
commercial rice production, and rain forests were converted into plantations for 
export cash crops.  

 Corresponding to the diff erent crops produced, peasants or small family farms 
continued to dominate the deltas, whereas the insular areas were bifurcated 
between peasants cultivating rice in small valleys and coastal plains, and large plan-
tations based on hired labor. Th e diff erent agrarian organizations were rooted in 
diff erent ecological conditions and in land policies across diff erent political regimes. 
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     Figure 9.1    Map of Southeast Asia.    
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For example, the distribution of land ownership became far more skewed in the 
Philippines under Spanish colonialism than in Indonesia under Dutch colonialism, 
although both countries were in the insular zone. Diff erences in agrarian struc-
ture formed along diff erent historical trajectories under diff erent ecological 
conditions have had far-reaching infl uences on the performance of agricultural 
development across Southeast Asia. Several important variables other than 
the agrarian structure, including government policies, infl uence rural develop-
ment. However, the agrarian structure is a major determinant of the political 
economy of the countries in the region, which exerts critical infl uences on their 
policy choices. 

 Th is article fi rst outlines the characteristics of resource endowments, agrarian 
structures, growth in aggregate agricultural output, and changes in the shares of 
major export commodities in world markets in Indonesia, the Philippines, and 
Th ailand in the past three decades. Second, it reviews the process of vent-for-surplus 
development in Southeast Asia in the late nineteenth century to the early twenti-
eth, emphasizing the critical roles of major river deltas in the continental zone of 
Southeast Asia and tropical rain forests in the insular zone. Diff erent agrarian 
structures evolved in the three economies in the vent-for-surplus development 
process under diff erent ecological conditions and political regimes. Th e preemp-
tion of uncultivated but cultivable land by the power elite was the major force to 
have resulted in skewed land distributions. Finally, the article tries to explain dif-
ferential agricultural growth performance across Indonesia, the Philippines, and 
Th ailand in terms of diff erent agrarian structures. It discusses how governments 
forged policy choices in terms of the structure of political economy, under unique 
ecological conditions and unique historical trajectories. Although this study is 
limited to comparisons within Southeast Asia, its approach may be applicable to 
comparisons across regions, such as Africa versus Asia, to draw insights on broader 
development issues.    

   Recent Developments   

 Table   9.1   compares the endowments of land for agricultural production relative to 
the population and the labor force in Indonesia, the Philippines, and Th ailand in 
1965 and 1996.   1    Land is measured by area of cropland, which is the sum of areas 
of arable land (used for annual cropping) and land under permanent cropping, 
using data from the Food and Agriculture Organization. Arable land is classifi ed 
into lowland paddy fi elds and upland annual cropland. Data for these subcate-
gories of arable land have not been enumerated in the Food and Agriculture 
Organization statistics, which are mainly based on the census of farm households. 
It was only recently that the data for lowland paddy fi elds, based mainly on aerial 
photography, began to be available in the offi  cial reports of national statistical 
agencies for some specifi c years, which are used for calculations in Table   9.1  .   2    
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      Table 9.1  Land Endowments for Agricultural Production in Inodonesia, the Philippines, and Th ailand, 1965–96  

  Indonesia  Philippines  Th ailand  

 1996/65  1996/65  1996/65  

 Indicator  1965  1996  ratio  1965  1996  ratio  1965  1996  ratio  

 NumberolTarm workers (1,000)  29,006  47,713  1.64  7,363  12,128  1.65  12,450  20,824  1.67  

 Croplandll  

 Total (OOt)ha)  26,000  30,987  1.19  6,660  9,520  1.42  12,600  20,445  1.62  

 Percapita (ha)    0.24    0.15  0.63  0.21  0.14  0.67  0.41  0.35  0.85  

 Per farm worker (ha)    0.90    0.65  0.72  0.90  0.78  0.87  1.01  0.98  0.97  

 PercenliigL- ofcropland (%)  

 Lowland paddy fi eld       ---     27  ---  ---  32  ---  ---  53     ---   

 Upland annual crop land       ---     31  ---  ---  22  ---  ---  31     ---  

 Land under permanent crop      31     42  1.35  38  46  1.21  11  16  1.45  

  ---, Not available.  
  a. Economically active population.  
  b. Arabic land area plus area under permanent crop.  
  c. Lowland paddy fi eld areas pertain to 1995 in Indonesia. 1991 in the Philippines and 1993 in Th ailand.  
  d. Arable land area minus lowland paddy fi eld area.  
   Sources : FAOSTAT database (FAO 1999) except for lowland paddy fi eld areas, which arc taken from 1996 Statistical Yearbook of Indonasia (Indonesia Biro Pusat Statistik   1996  ) for 
Indonesia (8.484.000 ha in 1995). Philippine Statistical Yearbook 1998 (Republic of the Philippines   1991  ) for the Philippines (3,001,000 ha in 19911), and Agricultural Statistics! 
995/96 (Th ailand Ministray of Agriculture   1996   for Th ailand (10,934,000 ha in 1993).  
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Th e areas of upland annual cropland are measured as diff erences between arable 
land and lowland paddy fi eld areas.  

 Th e data in Table   9.1   show that in per capita terms, cropland area in Th ailand 
is more than twice as large as in Indonesia and the Philippines, but only margin-
ally larger in per farmworker terms (in 1996). Between 1965 and 1996, cropland 
areas increased by about 20 percent in Indonesia, 40 percent in the Philippines, 
and 60 percent in Th ailand. However, in all three economies, the rate of expansion 
in cropland area was lower than the rate of growth in population and in agricul-
tural labor force. Th e cropland endowment relative to population decreased by 
15 percent in Th ailand and by more than 30 percent in Indonesia and the 
Philippines. Cropland relative to the agricultural labor force remained about the 
same in Th ailand, decreased by 28 percent in Indonesia, and decreased by 13 percent 
in the Philippines. Th ese data suggest that Th ailand has been endowed with relatively 
favorable conditions for expanding land cultivation, compared with Indonesia and 
the Philippines. 

 For the analysis here, the important characteristic that distinguishes Th ailand 
from Indonesia and the Philippines is the high share of paddy fi eld area in total 
cropland. Relative paddy fi eld area is greater than 50 percent in Th ailand, com-
pared with only about 30 percent in Indonesia and the Philippines (in 1996). 
Indonesia and the Philippines are characterized by high shares of area under 
permanent crops, amounting to more than 40 percent, in contrast to less than 
20 percent in Th ailand. Permanent crops in these economies consist mainly of 
tropical trees for cash crop production, such as coff ee, coconuts, and rubber. 
Although data are not available for lowland paddy fi eld area in 1965, the share 
of tree cropland was as much higher in Indonesia and the Philippines than in 
Th ailand thirty years ago than it is today. Th e data refl ect the ecological diff erence 
between the continental zone of Southeast Asia, as represented by Th ailand, and 
the insular zone, as represented by Indonesia and the Philippines. Th e continental 
zone has major river deltas almost exclusively used for wet rice production. 
Th e insular zone was originally covered mainly by tropical rain forests that could 
be converted into profi table plantations of tropical cash crops. 

 Th e diff erent types of agricultural production corresponding to diff erent envi-
ronmental conditions gave rise to diff erent agrarian structures in the continental 
and insular zones. As is common in cereal-producing areas throughout the 
world, peasants or small family farms make up the organization of production. 
Th ai agriculture, which has traditionally been dependent on rice, has been char-
acterized by the dominance of peasants or small family farms as the organization 
of production. By contrast, a signifi cant portion of tropical cash crop production 
has been carried out by plantations or large estate farms dependent on hired 
labor, although many peasants have also grown cash crops. Table   9.2   compares 
the distribution of farm size and the incidence of tenancy across Indonesia, the 
Philippines, and Th ailand for the period before the infl uence of Philippine land 
reform became signifi cant.  
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 In all the three economies in the 1970s, small farms operating below fi ve hectares 
were the majority, comprising 70–100 percent of farms and cultivating 40–70 percent 
of farmland. Large farms above fi fty hectares, which were considered agribusiness 
plantations, were negligible in number: those estate farms operated on 14 percent 
of the land area in Indonesia and the Philippines and less than 1 percent in 
Th ailand. Th us the agricultural sector in the insular zone was bifurcated between 
peasants subsisting on small parcels of land and large plantations with hired labor 
under the hierarchy of management. Th e continental zone was characterized by 
the unimodal distribution of self-employed family farms. Th ese plantations were 
privately owned and managed in the case of the Philippines: those in Indonesia 
were mostly state enterprises expropriated from Dutch planters after indepen-
dence. Th e incidence of tenancy also varied widely. Tenancy was distinctively 
higher in the Philippines than in the other two countries, especially in terms of 
percentage of area under pure tenancy. In fact, the central focus of this article is 
on the ecological factors and historical processes that resulted in such diff erences 
in agrarian structures in Southeast Asia. 

      Table 9.2   Th e Distribution of Operational Farm Size and the Incidence 
of Agricultural Tenancy in Indonesia, the Philippines, and 
Th ailand 1970s  

  Indicator act  Indonesia 
1973 

 Philippines 
1971 

 Th ailand 
1978  

 Average operational farm size (ha)  1.1  3.7  3.7  

 Percentage of farms and farmland  

 Below 5 ha  

 Farms  98  8 5  72  

 Land area  69  48  39  

 Above SO ha  

 Farms  0   a     0.2  0   a     

 Land area  14  14  0.9  

 Gini coeffi  cient of land concentration   0.56  0.51  0.45  

 Percentage of tenanted area in total farmland  

 Pure tenancy  2  21  6  

 Total   b     24  33  16  

 Percentage of share tenancy in tenanted land  60  79  29  

   a  lless than 0.05 percent.  
   b  Area in pure tenancy farms plus area in owncr-cum-tenant farms.  
   Sources : Hayami and Otsuka (1993) and U.N.-FAO (1971).  



 Ecology, History and Development 157

 Table   9.3   compares agricultural growth performances in Indonesia, the 
Philippines, and Th ailand between 1965 and 1995. In terms of total agricultural 
output, the growth rate was about the same in Indonesia and Th ailand, but in 
per capita and per farmworker terms, Indonesia’s growth rates were somewhat 
higher. Th e Philippines had the lowest growth rates for those three measures. 
In terms of output per hectare of cropland, growth in the Philippines and Th ailand 
was comparable and much slower than in Indonesia. Th e slow growth of land 
productivity in Th ailand resulted partly because of a major expansion of the 
cultivation frontier in the Northeast, which was characterized by poor soil and 
unstable rainfall, and partly because of the relatively low rate in the diff usion of 
modern, high-yielding rice varieties. It was diffi  cult to grow short-stature modern 

      Table 9.3   Growth of Agricultural Production in Indonesia, the Philippines, 
and Th ailand 1961–95  

  Index  Growth rate (annual percent)  

 Country, 
indicator 

 1961–65  1976–80  1991–95  1961–65 to 
1976–80 

 1976–80 to 
1991–95 

 1961–65 to 
1991–95  

 Indonesia  

 Total  100  157  309  3.0  4.5  3.8  

 Per capita  100  111  165  0.7  2.6  1.7  

 Per farm 
worker 

 100  138  232  2.1  3.5  2.8  

 Per ha a   100  157  263  3.0  3.4  3.2  

 Philippines  

 Total  100  177  239  3.8  2.0  2.9  

 Per capita  100  116  111  1.0  -0.3  0.3  

 Per farm 
worker 

 100  134  156  2.0  1.0  1.5  

 Per ha a   100  137  165  2.1  1.2  1.7  

 Th ailand  

 Total  100  190  277  4.3  2.5  3.4  

 Per capita  100  123  140  1.4  0.9  1.1  

 Per farm 
worker 

 100  145  199  2.5  2.1  2.3  

 Per ha a   100  129  163  1.7  1.6  1.6  

   a  per hectare of cropland (arable land plus land under permanent crop).  
   Source : FAO (1999).  
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varieties in the fl ood-prone areas of the Chao Phraya delta, as well as in the 
drought-prone areas of the Northeast. In addition, farmers were slow to adopt 
modern varieties because of their low value in Th ailand’s export markets.  

 In terms of both environmental conditions and relative resource endowments, 
traditional comparative advantage in agricultural production in Th ailand lay in 
rice and that of Indonesia and the Philippines lay in tropical cash crops. Table   9.4   
shows that Th ailand is a major rice exporter (the world’s largest), and its world 
market share continued to rise between 1961–65 and 1991–95. Indonesia and 
the Philippines remained net importers of rice, although their import margins 
were signifi cantly reduced owing to the success of the Green Revolution. Th is 
success was especially great in Indonesia, accounting for the high rate of growth 
in aggregate agricultural output despite the relatively slow growth in cropland 
area ( Tables  9.1   and   9.3  ).  

 Surprisingly, Th ailand has become an exporter of several tropical cash crops 
that have declined in importance for Indonesia and, more conspicuously, for the 
Philippines. Sugar represents a typical example. Th ailand was a net importer of 
sugar before World War II and was barely self-suffi  cient in the early 1960s. 
Nevertheless, Th ailand rose to become the third largest exporter in the world 
(behind Brazil and Australia) in the 1990s. By contrast, Indonesia and the 
Philippines, two traditional exporters of sugar in Asia, have nearly completely lost 
signifi cance in the international market. By the 1990s, Th ailand exceeded Indonesia 
in the export of rubber and exceeded the Philippines in the export of pineapple 
products. Indonesia was able to achieve a major increase in its world market share 
of coff ee and also to maintain high shares of palm oil and rubber. After the 1970s, 
the Philippines lost out in world competition in most of the tropical cash crops in 
which it had a traditional comparative advantage. Th e market share data reveal the 
strengthened competitive position of Th ai agriculture and the dwindled position 
of Philippine agriculture, although comparative cost data are not available. 

 Indonesia and Th ailand belonged to high-performing economies in the East 
Asian economic miracle throughout the three decades ending in the outbreak of 
the fi nancial crisis in 1997 (World Bank   1993  ). Th e Philippine economy staggered, 
especially during the so-called lost decade of the 1980s. Gross national product 
(GNP) per capita in Th ailand, which was about the same as that of the Philippines 
in the 1970s, became twice as large by the early 1990s. During the same period, 
Indonesia’s GNP per capita increased from only about one-half that of the 
Philippines to about the same level. It should be reasonable to expect that the 
diff erent performance of agriculture in the three countries was a signifi cant factor 
underlying the diff erent GNP growth rates.     

   Th e Basis of Vent-for-Surplus Development   

 A basic framework of my perspective is the classifi cation of Southeast Asia into 
continental and insular zones, characterizing the former by major river deltas and 
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      Table 9.4   Shares of Net Exports in World Total Export Value of Selected 
Agricultural Commodities in Indonesia, the Philippines, and 
Th ailand. 1961–95  

  Share in world market (percent)  

 Commodity, country  1961–65  1976–80  1991–95  

 Rite  

 Indonesia  –11.0  –17.6  –3.5  

 Philippines  –3.1  0.5  –0.5  

 Th ailand    19.4  18.7  26.1  

 Maize  

 Indonesia  –0.1  –0.1  –0.8  

 Philippines  0  –0.2  –0.1  

 Th ailand  3.6  2.9  0.5  

 Sugar a   

 Indonesia  0.5  –1.4  –1.1  

 Philippines  7.5  4.0  0.6  

 Th ailand  0.2  2.7  6.9  

 Coff ee b   

 Indonesia  1.0  4.5  4.9  

 Philippines  0  0.3  0  

 Th ailand  –0.1  0  0.8  

 Coconut oil  

 Indonesia  0  –1.0  15.8  

 Philippines  39.8  69.4  60.4  

 Th ailand  –0.1  –0.2  0  

 Palm oil  

 Indonesia  17.8  14.5  13.9  

 Philippines  –0.9  –0.1  –0.1  

 Th ailand  0  –0.6  0  

 Rubber  

 Indonesia  23.3  23.7  27.9  

 Philippines  –0.3  0.1  0.3  

 Th ailand  8.8  12.9  32.6  

 Pineapple c   

(continued)
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the latter by tropical rain forests. Of course, such a characterization is subject to 
the hazard of oversimplifi cation, disregarding wide ecological variations within 
each region.   3    In Th ailand, for example, the major delta of the Chao Phraya River 
encompasses only a part of the Central Plain, one of four regions in Th ailand. Th e 
North is characterized by small river valleys amid hills and mountains rising 
toward the China-Laos-Myanmar border, where irrigated rice farming can be 
practiced by tapping the small streams on which early Th ai dynasties were built. 
Th e Northeast bordering on the Lao People’s Democratic Republic is characterized 
by an undulated plateau with sporadic rainfall and poor soil, which had remained 
as the last frontier until Lao migrants settled recently by means of risky rainfed 
farming. Th e South toward the border of Malaysia has an environment similar to 
the insular zone, which was originally covered by rain forest. 

 Ecological variations within the insular zone are equally large. Especially pro-
nounced is the diff erence between Java (and Bali) and the Outer Islands, such as 
Kalimantan and Sumatra, in Indonesia. Th ough much of the latter area is typically 
covered by tropical rain forest, the environment of Java is categorically diff erent, 
as it is characterized by volcanic slopes with fertile soil and steady water supply, 
which make much of this area uniquely suited for irrigated rice farming. Th e envi-
ronment of the Philippines is largely similar to that of the Outer Islands in 
Indonesia but mixed with volcanic terrain similar to that of Java. 

 Despite the large variations within each region, in general major river deltas 
characterize the environment of the continental zone, and tropical rain forests 
characterize the insular zone. Th ese two land types formed the basis of economic 
development in Southeast Asia from the late nineteenth century to the early 
twentieth. Myint’s (  1965 ,  1971  ) so-called vent-for-surplus theory focuses on the 

      Table 9.4   (continued )  

  Share in world market (percent)  

 Commodity, country  1961–65  1976–80  1991–95  

 Indonesia  0  0  7.8  

 Philippines  12.9  20.7  15.0  

 Th ailand  0  16.9  45.9  

 Banana  

 Indonesia  0  0  0. 1  

 Philippines  0  8.0  5.4  

 Th ailand  0.1  0.1  0  

   a  Sugar, raw equivalent.  
   b  Coff ee, green and roast.  
   c  Canned pineapple.  
   Source : FAO (1991) database.  
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process of development of “empty land” with low population density, large tracts 
of unused land, and abundant natural resources, typically found in Southeast 
Asia and East Africa at the outset of Western colonization. When these economies 
were integrated into international trade, unused natural resources (hitherto 
having had no value to indigenous people) began to command market value. Th ose 
resources could produce primary commodities to meet the high export demand of 
Western economies. In this way, previously unused resources became a source of 
economic development. Th e deltas of major rivers, such as Chao Phraya in 
Th ailand, Irrawaddy in Myanmar, and Mekong in Vietnam, became the basis of 
vent-for-surplus development in the continental zone of Southeast Asia. Th e rain 
forest provided the basis for the development of the insular zone. 

 Major river deltas in the continental zone are fl at and low relative to sea level, 
so that the surface is almost completely submerged by fl oods in the rainy season, 
although it dries up in the dry season, with no reservoir to store water. As such, 
fl oodplains in the major deltas had defi ed human settlement until the mid-
nineteenth century, literally remaining empty land. Major civil engineering work 
made it possible to control fl ooding so that the deltas were transformed into hab-
itable and agriculturally productive land. In Th ailand the water control work took 
the form of developing the network of canals connected with the Chao Phraya 
River. Th e canals guide fl oodwater more evenly over wider areas for rice production. 
Th e canal banks provide fl ood-proof spaces on which farmers can settle. 

 Th e government of enlightened King Mongkut (Rama IV of the Chakri dynasty) 
initiated canal construction in the Chao Phraya delta. Construction began shortly 
after the government and Great Britain signed the so-called Bowring Treaty in 
1855, which opened the kingdom to trade with the West. Soon rapid increases in 
foreign demand for Th ai rice, which signifi cantly raised both the price of rice and 
the value of rice land, induced the mobilization of private investment. A group of 
infl uential courtiers and wealthy Chinese traders established the Siam Canals 
Land and Irrigation Company, a major builder of private canals. Th e company 
secured a concession in 1889 to dig canals in a vast tract of swampy land northeast 
of Bangkok, under the clause that the company was allowed to hold ownership 
over reclaimed land along the canals. Its operation was managed by the Chinese 
business elite and construction work was heavily based on Chinese migrant labor-
ers hired for wages, unlike the corvée labor that was used in the king’s prior 
projects.   4    However, the farmers who settled in reclaimed land as tenants were 
Th ai who had migrated from other regions. 

 Th ere is little doubt that the opening of the Chao Phraya delta for rice produc-
tion was the basis of vent-for-surplus growth, which moved Th ailand’s economy 
toward specialization in rice production in the late nineteenth century. Although 
comparable data are not available for earlier years, the area planted in rice in the 
Central Plain was as large as 6.8 million rai (1 rai = 0.16 hectare) or 85 percent of 
total rice area in the kingdom in the 1905–9 period. Th at was larger than the 
national total of 5.8 million rai in 1850 (Ingram   1971  ). Th e opening for cultivation 
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of the Irrawaddy Delta in Myanmar and the Mekong Delta in Vietnam were simi-
larly important for those economies during the comparable period. 

 Th e tropical rain forests in Southeast Asia’s insular zone played a comparable 
role in vent-for-surplus development. Since long before the mid-nineteenth 
century, rain forests had been the source of supply of valuable products for 
trade, such as cinnamon, cloves, bird nests, deer horns, and hides. However, the 
high incidence of malaria and other tropical diseases defi ed human settlement 
inside thick tropical forests at low elevation. Typically, native people lived on sea 
coasts and occasionally entered the forests for collection and extraction of natural 
products for sale to foreign traders or their agents who sailed to their coasts. In the 
late nineteenth century, Western capital and entrepreneurship began to convert 
the forests into plantations of tropical export crops, heavily relying on migrant 
labor from China. Before this period, Western colonial powers had attempted to 
collect tropical products from the natives by taxation and other coercive means. 

 Th e concurrent exploitation of continental deltas and insular forests occurred 
with the greater integration of Southeast Asia into the world economy in the 
late nineteenth century. Much greater integration than before resulted from 
the establishment of the free trade regime under the hegemony of Britain and 
the revolution in ocean transportation. Th e free trade system was imposed on 
native economies by force, either directly by Britain in its colonies or indirectly by 
forcing liberalization on local sovereign and other colonial powers. In the Bowring 
Treaty, Th ailand not only conceded extraterritoriality to Britain but also lost fi nan-
cial autonomy. Export and import duties were fi xed at the fl at rate of 3 percent 
ad valorem, and internal taxes, such as exercise taxes, transportation tolls, and 
even land taxes, were not allowed to change by the will of the kingdom alone. 
Advisers from Britain carefully monitored public fi nance (Ingram   1971  ). As such, 
the kingdom of Siam for several decades after signing the Bowring Treaty was 
almost a protectorate of Great Britain. Great Britain imposed the free trade system 
on Th ailand, both internationally and internally, in a way similar to Great Britain’s 
other colonies, such as Burma and Malay. 

 Furthermore, Great Britain pressed the other Western colonies to adopt the 
free trade system. For example, the British occupation of Manila in 1762–64 
during the Seven Years’ War broke Spain’s monopoly of the reexport trade in 
Manila of Chinese goods to Mexico by galleon ships, opening up the port of 
Manila to shipments and commerce by traders in other nations. Great Britain’s 
continued pressure underlay the successive opening of other ports in the 
Philippines until the mid-nineteenth century (Larkin   1972  ). 

 Th e reason behind Great Britain’s strong drive for free trade was its high manu-
facturing production capacity, which established the country as the “Workshop of 
the World” after the Industrial Revolution. British industries sought markets for 
their products and sources of raw material supplies. Having established the 
modern factory system that could produce industrial products at lower cost than 
local cottage industries in the tropics, Great Britain found it advantageous to 
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trade its manufactured commodities for tropical agricultural products and miner-
als. Th us trade replaced the forced collection of tropical commodities through tax 
and other means, which were commonly practiced by earlier colonialists, such as 
the Spanish conquistadors in the Philippines and the Dutch East India Company 
in Indonesia. Soon other Western nations followed Great Britain in industrializa-
tion and in trade. 

 Corresponding to its expanded industrial production capacity, the West’s 
demand for raw materials for processing—such as cotton, rubber, and tin—
became very large. Moreover, as the level of income and wages rose, tropical 
delicacies—such as pepper, coff ee, and tea, hitherto limited to the high-income 
elite—became common items on the tables of ordinary working people. 

 Th is tendency was further strengthened by major innovations in ocean trans-
portation, consisting of the introduction of the steamship and the opening of 
the Suez Canal in 1869. Th ese two innovations combined reduced the transpor-
tation cost of commodities from Bangkok to major ports in Europe, such as 
London, below that from Bangkok to Th ailand’s old capital, Chiang Mai (Ingram 
  1971  ). Without such innovations, it would have been impossible for bulky com-
modities like rice produced in Southeast Asia to fi nd markets as far as Europe 
(Furnivall   1948  ). 

 Although the innovations in ocean transportation reduced the prices of 
commodities from Southeast Asia in the West, they also reduced the prices of 
Western commodities in Southeast Asia to a large extent. Th us under the liberal 
trade regime in the late nineteenth century, industrial commodities fl owed into 
Southeast Asia, outcompeting local handicraft industries. Deindustrialization 
became a common feature in Southeast Asia (Resnick   1970  ). Th ailand, which 
had been an exporter of cotton products before the 1850s, quickly became 
a major importer (Ingram   1971  ). Indigenous labor shifted from manufacturing 
to primary production for export. Th is shift, together with the migration of 
labor from China and India, provided the basis for exploiting unused natural 
resources, such as major river deltas and tropical rain forests, for vent-for-surplus 
development. 

 An example that clearly illustrates the impact of opening to international trade 
and specialization in primary production can be seen in the development of sugar 
production in Negros, Philippines. Prior to the opening of nearby Iloilo City as an 
international port in 1855, Negros Island was sparsely populated, and much of its 
area was uncultivated. When the port opened, the island was rapidly transformed 
into sugar plantations. Concurrently, the infl ow of cheap British cloth played 
havoc on local weaving industries surrounding Iloilo, which had hitherto made 
textiles a major export item from this region (McCoy   1982  ). 

 In the global trade system created in the late nineteenth to the early twentieth 
centuries, the exchange was not simply between industrial commodities in the 
West and primary commodities in Southeast Asia. Rice produced in the conti-
nental zone was originally brought to Europe as cheap food for industrial laborers 
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(some was reexported to Latin America). Later, as plantations developed in the 
insular zone, demand for rice as the basic subsistence need for plantation laborers 
expanded at a speed that could not be met by local supply. Correspondingly, the 
share of rice exported from the continental zone to the insular zone within 
Southeast Asia increased. Th us triangular trade fl ows emerged in this period—
rice produced from the continental zone was brought to the insular zone, and 
tropical cash crops produced in the insular zone by laborers fed on the imported 
rice were exported to Europe in exchange for industrial products. In this triangular 
trade fl ow, comparative advantage dictated regional specialization. For example, 
the sugar industry, which appeared to be a promising industry for export in 
Th ailand at the onset of trade opening, was soon destroyed by imports from 
Indonesia and the Philippines (Ingram   1971  ). 

 In this way, vent-for-surplus development in Southeast Asia based on the 
exploitation of hitherto unused land resources was reinforced by comparative 
advantage within the region, which was largely determined by ecological conditions. 
Comparative advantage based on natural resource endowments was also reinforced 
by colonial policies on farmland as well as public investments in physical and 
institutional infrastructure. For example, the strong sugarcane research program 
organized by the Dutch colonial government signifi cantly contributed to 
strengthening the international competitiveness of the sugar industry in 
Indonesia (Evenson   1976  ).     

   Evolution of Agrarian Systems   

 Th is process of vent-for-surplus development would have infl uenced the forma-
tion of agrarian structures in Indonesia, the Philippines, and Th ailand (Table   9.2  ). 
Th ailand is characterized by the unimodal distribution of peasants or family 
farms, with an insignifi cant number of large estate farms or plantations and a 
relatively low incidence of tenancy. Indonesia and the Philippines are character-
ized by bifurcation between the peasant sector, which grows mainly subsistence 
crops, and the plantation sector, which grows tropical cash crops. Relative to the 
other two countries, the incidence of tenancy is high in the Philippines and, com-
bined with the bifurcation of agricultural production, it implies that the share of 
landless population in the rural sector is highest in the Philippines. 

 It is common to explain the persistence of the peasant mode in contrast to the 
emergence of the plantation system in terms of diff erent technological require-
ments for production between subsistence food crops and export cash crops. 
However, in my perspective, the bifurcated farm-size distribution and the prob-
lem of landlessness in Southeast Asia (as well as in other parts in the world) 
stemmed essentially from “preemption of land” by colonial and domestic elites 
rather than technological factors for agricultural production.    
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   CONDI T ION S OF T HE PL AN TAT ION SYST EM   5      

 A conventional explanation for the establishment of the plantation system is 
based on the scale economies inherent in the production of tropical export crops 
(Baldwin   1956  ). However, few crops are subject to suffi  ciently strong scale econo-
mies at the farm level to make the use of plantation organization necessary 
(Pirn   1946  ; Wickizer   1951 ,  1960  ; Lim   1968  ; Hayami et al.   1990  ).   6    In fact, there 
are examples of every so-called plantation crop being grown successfully by peas-
ants somewhere in the world. Signifi cant increasing returns emerge only at the 
levels of processing and marketing activities. Th e vertical integration of a large 
estate farm with a large-scale central processing and/or marketing system is called 
for because of the need to supply farm-produced raw materials on a timely schedule. 
A typical example is fermented black tea. Th e manufacturing of black tea at a stan-
dardized quality for export requires a modern machine plant into which fresh 
leaves must be fed within a few hours after plucking (Wickizer   1951 ,  1960  ). Th e 
need for close coordination between farm production and processing underlies 
the traditional use of the plantation system for black tea manufacture. By con-
trast, mainly peasants in China and Japan produce unfermented green tea. Even 
for the manufacture of black tea, it is not imperative to use the plantation system. 
Th is is evident in the case of Taiwan, where smallholders produce both black and 
green tea with small-scale equipment. Th e large fermentation plant has been used 
in plantations as a device enforcing the work schedule and standardizing product 
quality for the export market. In fact, farm production by smallholders based on 
the system of contract farming has developed relatively recently in Kenya (Lamb 
and Muller   1982  ). 

 In the case of bananas for export, harvested fruit must be packed, sent to the 
wharf, and loaded on a refrigerated boat within a day. A boatful of bananas that 
can meet the quality standards of foreign buyers must be collected within a few 
days. Th erefore, the whole production process from planting to harvesting 
must be precisely controlled so as to meet the shipment schedule. Although the 
plantation system has a decisive advantage for this export product, bananas for 
domestic consumption are usually produced by peasants. 

 Plantations have no signifi cant advantage over peasants for the crops for which 
centralized processing and marketing are not necessary. Typical examples are 
cocoa and coconuts. Th e fermentation of cocoa and the drying and smoking 
of coconuts to make copra can be handled in small lots with no large capital 
requirement beyond small indigenous tools and facilities. Th ese crops are grown 
predominantly by peasants. 

 Sugar is frequently cited as a classic case of scale economies stemming from the 
need for coordination between farm production and large-scale central processing 
(Binswanger and Rosenzweig   1986  ). Effi  cient operation of a centrifugal sugar mill 
requires the steady supply of a large amount of cane over time. It requires coordi-
nation of production from planting to harvesting and processing. However, this 
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coordination need not be as stringent as it is for tea and bananas. Th e rate of sugar 
extraction decreases as the processing of cane is delayed, but this loss is in no way 
comparable to the devastating damage to the quality of tea and bananas for export 
that may result from delayed processing. Sugarcane can be hauled from relatively 
long distances and stored for several days. Th erefore, the need for vertical integra-
tion is not as large, and the sugar mill can achieve the necessary coordination 
through contracts with cane growers on the time and the quota of cane delivery. 
In fact, Australia, Taiwan, and more recently Th ailand have developed an effi  cient 
sugar industry with smallholders. 

 Another explanation for the use of the plantation system is the advantage of 
large estate farms in accessing capital. Binswanger and Rosenzweig (  1986  ) argue 
that this gives plantations an advantage with regard to tree crops characterized by 
long gestation periods from planting to maturity. However, the opportunity costs 
of labor and capital applied to formation of the tree capital are not necessarily 
high for peasants. Typically, they plant the trees in previously unused land. If such 
land is located near their residence, they open new land for planting by means of 
family labor at low opportunity cost during the idle season for the production of 
food crops on farm land already in use. Often, when peasants migrate to frontier 
areas, they slash and burn jungles and plant subsistence crops such as maize, 
potatoes, and upland rice, together with tree seedlings. Such complex intercrop-
ping is diffi  cult to manage with hired labor in the plantation system because of 
the inherent diffi  culty in monitoring the work of hired wage laborers over spa-
tially dispersed and ecologically variable farm operations (Brewster   1950  ; 
Binswanger and Rosenzweig   1986  ; Hayami and Otsuka   1993  ). 

 Th erefore, even in the export boom of tropical cash crops under colonialism 
from the nineteenth century to the early twentieth, the plantation system failed 
to make inroads in regions where the indigenous population had established 
family farms (Lewis   1970  ). Western traders found it more profi table to purchase 
tropical agricultural commodities from peasant producers in exchange for imported 
manufactured commodities than to produce the tropical crops themselves by 
means of the plantation system. 

 Th e establishment of plantations in less developed economies increased as the 
demand for tropical products by the industrialized nations continued to rise and 
the regions physically suited for the production of these products had no signifi -
cant peasant population that could produce and trade their commodities. Opening 
frontier land for the production of new crops entailed high capital outlays. Virgin 
land had to be cleared and developed, and physical infrastructure, such as roads, 
irrigation systems, bridges, and docking facilities, had to be constructed. Capital, 
in the form of machinery and equipment, had to be imported and redesigned to 
adapt to local situations. Laborers were imported from the more populous regions 
and trained in the production of these crops. 

 Th e establishment of plantations thus requires huge initial capital investment. 
For the investors to internalize gains from investment in infrastructure, farm size 
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must be large. Viewed from this perspective, it follows that the plantation system 
evolved not because it was generally a more effi  cient mode of productive organiza-
tion than the peasant mode. Instead, the system was adopted because it was the 
most eff ective type of agricultural organization for extracting the economic ben-
efi t accruing from the exploitation of sparsely populated virgin areas, typically in 
the process of vent-for-surplus development. 

 From this perspective, it is easy to understand why the same crop is grown 
mainly by peasants in one place and mainly by plantations in another. For exam-
ple, for sugarcane production, the peasant mode is more common in the old 
settled areas of Luzon, and the plantation system predominates in the newly 
opened Negros, both in the Philippines (Hayami et al.   1990  ). Usually the share of 
peasants in the production of export cash crops rises when the initial land-
opening stage is over and infrastructure is decently established with increased 
population density (Booth   1988  ). 

 Although the plantation system had an economic advantage in the vent-
for-surplus stage, plantations could not have been established if governments 
had not granted concessions to hold large tracts of virgin land for the exclusive 
use of plantations. Typically colonial governments granted concessions to Western 
planters. For example, the Dutch colonial government had traditionally tried to 
prevent alienation of farmland from indigenous peasants by regulating against 
land purchase by foreigners, including the ethnic Chinese. However, in the late 
nineteenth century, demand for tropical cash crops rose sharply. Th e colonial gov-
ernment passed the Agricultural Land Law of 1870. which granted Dutch planters 
long-term contracts to lease wild land. Th e land was de jure owned by the govern-
ment (although it was de facto used by native tribes). Although this new institu-
tional arrangement should have accelerated the development of “empty land” for 
cash crop production, it served as an instrument to preempt land for the elite, 
closing smallholders’ access to land. Similar public land-leasing arrangements 
were also practiced under the American colonial administration with frontier land 
in the Philippines, especially in Mindanao, which became the basis of large planta-
tions under the management of multinational corporations (Hayami et al.   1990  ).     

   L AND PREEMPT ION AND T ENANC Y   

 Th e incidence of land tenancy is closely related to the preemption of land. Of 
course, a land tenancy relationship can emerge as a practice among peasants in 
the absence of preemption. If external forces did not disturb a rural community, 
land tenure institutions would evolve gradually from communal to private 
ownership. Corresponding to the growing relative scarcity of land under mount-
ing population pressure, it becomes necessary to intensify the utilization of land, 
typically from shifting cultivation with long fallow to that with short fallow, to 
annual cropping, and further to multiple cropping per year involving irrigation 
(Boserup   1965  ). 
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 Th e process of agricultural intensifi cation requires major investment for 
improving land infrastructure, from removing stones and roots from newly 
opened land, to land leveling and terracing, and further to irrigation and drain-
age. To secure incentives for such investment, it becomes necessary to give land 
users the right to use their land exclusively. Th us land tenure institutions 
normally evolve from communal ownership to private ownership, involving 
various steps from periodical reallotment of communal land among community 
members, to lifelong usufruct rights, to usufruct rights inheritable by heirs, and 
further to private property rights amenable for market transactions. 

 Land tenancy arrangements gradually develop as an institution to increase 
production effi  ciency by improving combinations of land and labor (including 
entrepreneurship) as individual land tenure becomes longer and more exclusive. 
When a farmer fi nds his family labor short for cultivation of a land parcel on 
which a long-term usufruct is established (because of sickness or some other 
reason), he may rent out a part of it to someone whose land endowment is short 
relative to their labor endowment. It is a Pareto improvement if the latter pays to 
the former a rent equivalent to the marginal productivity of the land. At the same 
time, land tenancy associated with private property rights on land can work as an 
institution to increase inequality in income distribution and social hierarchy 
within a community. A farmer endowed with superior muscular power or entre-
preneurship may rent more land and increase income and may eventually buy the 
land. As he eventually accumulates more land than his family labor can effi  ciently 
cultivate, he may rent out a part of his land to someone who has become landless 
for whatever reason. Increased income from rent revenue added to farm income 
may motivate him to purchase more land for renting. Th is process should progress 
faster as the relative scarcity of land rises under increased population pressure. 

 Such autonomous evolution of land property rights and tenancy relationships 
does not usually result in the large-scale absentee landlordism observed in several 
developing economies. Rather, it tends to create stratifi cation of peasantry along 
a continuous spectrum between landlord-cum-owner and owner-cum–tenant 
farmer. Although land tenancy is commonly practiced, a majority of farmland 
continues to be under owner cultivation, and both noncultivating landlords and 
pure tenants are the minority. 

 Such an agrarian structure is typically found in the peasant sector in Indonesia. 
Unlike other colonial powers, the Dutch did not try to impose Western institu-
tions, such as private property rights in land. Rather, they preserved or even 
strengthened traditional community institutions and organizations. Th e Agrarian 
Law of 1870 granted long-term lease of wild public land to foreign planters, but 
did not allow them to purchase or rent cultivated land from native peasants indi-
vidually. Instead, sugar planters were allowed to lease rice land through contracts 
with the heads of villages. Th e contracts normally extended for less than twenty 
years. Th e lessee was allowed to occupy only one-third of the village land, which 
had to be rotated over three crop seasons. Th is rotation was designed to prevent 
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planters from gaining a permanent hold on village land. Periodic reallocation of 
village land under the direction of village headmen strengthened traditional 
tendencies toward communal landholding (Pelzer   1945  ). 

 Th e situation in the Philippines provides a sharp contrast. At the time of con-
quest, the Spaniards introduced the notion of legal title to land (McLennan   1969  ). 
Th ey applied to the Philippines the same principle they applied to other new 
territories—that all the lands except those offi  cially proved to be private or com-
munal possessions belonged to the Spanish Crown. Th e Crown’s property rights 
were established over vast areas of uncultivated land, including areas used as com-
mons by native people. Much of the royal domain was granted to conquistadors 
and monastic orders, such as Augustinian and Franciscan friars. Th is institutional 
development in the early Spanish era represented a wholesale preemption of 
usable land, closing access by native people. Later, the population increased, and 
foreign demand for Philippine products increased through trade liberalization. 
Large landholdings created from earlier royal grants became plantations in the 
upland areas and rice haciendas with tenant labor in the lowland areas. 

 Native peasants were even deprived of the opportunity to establish ownership 
by opening new lands for cultivation. For example, the inner part of Central Luzon 
had been covered by jungle and used only for cattle ranching. When it was fi nally 
converted into large rice haciendas in the late nineteenth century, many peasants 
migrated from the north, believing that they had settled in no-man’s-land. 
After the peasants opened the jungle, landowners’ agents visited and notifi ed 
the peasants that they had to pay rent as tenants on haciendas (Hesters and 
Mabun   1924  ). 

 Pervasive landlordism in the Philippines was also rooted in the relatively free 
land transactions under the Spanish regime. Chinese and Chinese mestizos, who 
engaged in internal trade along littorals, where native peasants held traditional 
land rights, acquired land through money lending using land as collateral. 
A common arrangement was that the borrower continued to cultivate his land as 
a sharecropper of his creditor during the loan period. If the borrower became 
unable to repay the loan at the end of the period, the land title shifted to the 
creditor and the borrower usually continued sharecropping (McLennan   1969  ). 
Th e scale of landholding accumulated in this commercial process in the coastal 
area was typically much smaller than that of haciendas in the inner part of Central 
Luzon (Hayami and Kikuchi   1981  ). Th us, before the Marcos land reform in the 
1970s, rice area in the Philippines was predominantly cultivated by share tenants, 
who typically owned no land of their own. Th e pervasive landlordism in the rice 
sector and plantations in the cash crop sector that characterized the traditional 
agrarian structure in the Philippines were both rooted in the preemption of land 
in the Spanish period. 

 In Th ailand, preemption occurred in the vent-for-surplus stage through the 
granting of land concessions to private canal builders in the Chao Phraya delta. 
As a result, the incidence of tenancy is signifi cant in the Central Plain, especially 
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in the Rangsit area northeast of Bangkok, where the private company intensively 
dug canals. Yet, taking Th ailand as a whole, tenancy is of minor importance 
compared with Indonesia and the Philippines, partly because of relatively abun-
dant land endowment and, more important, because of government policy. 

 Th e country’s ancient custom was to give every man the right to take as much 
land from the state as he and his family could cultivate, which was normally con-
sidered to be 25 rai (equivalent to 4 hectares). Th is institution was maintained 
even after opening trade with the West. Th e Consolidated Land Act of 1908 did 
not specify an exact area of land, but gave people the right to take as much land as 
they could profi tably cultivate. In practice these areas ranged between 20 and 
50 rai. Th e Land Act of 1936 specifi ed 50 rai as the maximum that one could take. 
Th ese laws kept access to land wide open for ordinary Th ai, making the situation 
diametrically diff erent from that of the Philippines.   7    Both of these Th ai laws 
incorporated the old custom that the cultivator could receive title to the land only 
after he cultivated it for three years. Th is clause together with land taxation, which 
applied to not only cultivated but also uncultivated holdings, discouraged holding 
land idle for speculation (Ingram   1971  ). 

 Th e basic factor underlying the major diff erence in land policy between the 
Philippines and Th ailand was the diff erence in the culture or the value system 
between the Spanish colonial rulers and the rulers of the independent kingdom. 
Th e Dutch colonial rulers tried to preserve traditional village institutions, thereby 
avoiding alienation of land from peasants in Indonesia. Th eir motivation might 
have been to maintain social stability for the sake of extracting tropical agricul-
tural products from this colony at minimum administrative cost, as argued by 
Furnivall (  1944 ,  1948  ). 

 It is also important to observe that the preemption of rice land through canal 
construction in Th ailand resulted in the emergence of large-scale landlordism, but 
not in the formation of plantations. Th is was similar to the case of the Philippines. 
In Th ailand, large holdings of landlords were usually subdivided into small parcels 
for rice cultivation by the family labor of landless peasants under tenancy con-
tracts. Th e owners of large tracts of rice land established titles through land 
preemption, such as obtaining concessions for canal digging in the Chao Phraya 
delta. Th ey preferred tenancy to plantation operations, perhaps at least in part 
because of the diffi  culty of standardizing tasks of rice production and, hence, of 
monitoring the eff orts of workers. 

 Another reason the owners preferred tenancy may have been because paddy 
is storable. Unlike black tea and bananas, paddy does not require close coordina-
tion between farm production and processing/marketing. Although rice milling 
and marketing for export involved signifi cant scale economies, the operators 
could secure adequate supply of paddy through ordinary market transactions. 
As the result, they could dispense with eff orts to vertically integrate farm produc-
tion with processing and marketing by means of the plantation system or the 
contract farming system. Th erefore it may not be unreasonable to postulate the 
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counterfactual hypothesis that, if the nature of rice-milling technology were such 
as to require close coordination with paddy production, large rice plantations 
would have been established in the Rangsit area, where territorial concessions 
were granted to private canal builders. 

 Outside the newly opened delta area, the practice of tenancy is fairy common 
in the old settled northern region. Th e agrarian structure in northern Th ailand, 
which did not experience preemption, is similar to that of the peasant sector in 
Indonesia. It is characterized by a continuous spectrum from landlord-cum-owner 
to owner-cum–tenant farmer.      

   Agrarian Structure and Agricultural Growth Performance   

 Th is section discusses whether the diff erent agrarian structures that emerged 
along diff erent historical paths under diff erent ecological conditions explain, at 
least in part, the diff erent agricultural growth performance across Indonesia, the 
Philippines, and Th ailand. Th e analysis focuses on two questions. First, why did 
Indonesia and the Philippines, which had strong comparative advantage in tropi-
cal cash crops such as sugar before World War II, lose ground to Th ailand in world 
market competition in recent years (Table   9.4  )? Second, why was the agricultural 
output growth of the Philippines so slow relative to growth in Indonesia and 
Th ailand (Table   9.3  )?    

   DECLINE IN T HE ADVAN TAGE OF PL AN TAT ION S   

 Th e previous section argued that the effi  ciency of plantations relative to the 
peasant system is high in the initial opening-up process of land-abundant and 
labor-scarce economies. However, several negative aspects of plantations grow 
large as tropical economies shift from the land-abundant to the land-scarce stage 
after the completion of the opening-up process. Correspondingly, the relative 
advantage of the peasant system increased.    

   Negative aspects of the plantation system   
 First, the plantation system tends to substitute capital for labor because of the 
inherent diffi  culty in supervising wage laborers in spatially dispersed and ecologi-
cally diverse farm operations. In addition, plantations have relatively easy access 
to both the private credit market and concessional loans from the government. 
Th e substitution of capital for labor is socially ineffi  cient in many developing 
economies, which are characterized by the abundant endowment of labor relative 
to capital. 

 Second, agricultural land tends to be cultivated less intensively in the planta-
tion system, which employs mainly wage labor and usually practices monoculture. 
Complicated intercropping and crop-livestock combinations are more diffi  cult to 
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manage in the command system, implying that both the labor input and income 
per hectare are lower on the plantations.   8    Th is is a source of ineffi  ciency in the 
plantation system, where land becomes scarce relative to labor under the pressure 
of population growth. By contrast, small-sized family farms tend to cultivate land 
more intensively. 

 Th ird, plantations usually specialize in a single crop. Th is monocrop bias 
reduces the fl exibility of productive organizations to respond to changing demand 
by shifting to the production of other crops. Moreover, continual cropping of a 
single crop tends to result in soil degradation and an increase in the incidence of 
pests. Counterapplication of fertilizer and chemicals causes serious stress on the 
environment and human health and incurs high costs. 

 Fourth, the specialization of plantation workers in specifi c tasks inhibits the 
development of their managerial and entrepreneurial capacity (Baldwin   1956  ; 
Myint   1965  ; Beckford   1972  ). 

 Fifth, the plantation system is a source of class confl ict between laborers and 
managers/capitalists. Th e presence of a plantation enclave in rural economies 
where the peasant mode of production predominates has often strained relation-
ships in rural communities. Th erefore, in terms of the criterion of social stability, 
the plantation system is no match for the system of relatively homogeneous 
small producers that own small assets.     

   Increased advantage of the peasant system   
 Although Southeast Asia had traditionally been endowed with relatively abun-
dant land resources ready for exploitation, frontiers for new land opening were 
progressively closed under the explosive population growth that characterized 
developing economies after World War II. It seems reasonable that the advantage 
of the plantation system declined and that of the peasant system increased 
correspondingly. Th erefore it is not surprising that Th ai agriculture, which pre-
dominantly consisted of smallholders, began to perform better than that of 
Indonesia and the Philippines, which were characterized by large plantation 
sectors.   9    Major increases in the export of nonrice agricultural commodities, such 
as rubber, kenaf, and cassava tips from Th ailand, were totally based on the pro-
duction of smallholders. To a signifi cant extent, the expansion in the production 
of nonrice export crops in Th ailand was supported by the existence of open land 
frontiers, which enabled relatively fast increases in the area under cultivation 
(Table   9.1  ). Th e important point in the present context, however, is that the 
exploitation of cultivation frontiers was carried out by smallholders and not by 
plantations. 

 Relative increases in the effi  ciency of the peasant system were not limited to 
Th ailand. Th e dramatic rise in Indonesia’s share in world coff ee and cocoa markets 
was entirely based on smallholders (Akiyama and Nishio   1996  ). Th e production 
of coconut oil in the Philippines, for which the country was able to maintain 
its high world market share, was extracted predominantly from copra made by 
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smallholders, although some coconut plantations continued to operate, especially 
in Mindanao. 

 Th e advantage of the plantation system is better coordination between large-
scale marketing/processing and farm-level production. Yet the disadvantage of 
the peasant system in this aspect could be overcome by organizing contract farming. 
In contract farming, an agribusiness fi rm manages processing and marketing but 
contracts for the supply of farm products with peasant farmers. Th e fi rm provides 
technical guidance, credit, and other services to peasants in return for their 
pledged production to the fi rm. In this way, the system can take advantage of 
peasants in farm production without sacrifi cing scale economies in processing 
and marketing. An advantage of this system is that it taps not only the manual 
labor but also the management ability of rural people in developing economies. 
Th ailand used this system when it began production of canned pineapple relatively 
recently; Th ailand has surpassed the Philippines, formerly the world’s leading 
exporter, whose production is based on large plantations in Mindanao.   10         

   T HE DILEMM A OF L AND R EFORM   

 Th e Philippine government has attempted to mitigate the social unrest rooted 
in pervasive landlessness and landlordism. Redistributive land reform extends 
back to the American colonial regime. However, the framework of the reform 
applied in the past four decades was established by the Agrarian Land Reform 
Code of l963, which was enacted under President Diosdado Macapagal (Hayami 
et al.   1990  ). 

 Th e major thrust of the code was the creation of owner-cultivatorship on rice 
and corn land. Th is involved two steps. First, “Operation Leasehold” converted 
share tenancy to leasehold tenancy, with rent fi xed at the rate of 25 percent of the 
average harvest for three normal years preceding the operation. Second, “Operation 
Land Transfer” transferred land ownership to tenants. In the latter operation, the 
government expropriated land in excess of landlords’ retention limit (75 hectares). 
It compensated the landlords with 10 percent of the land value in cash and the 
rest in interest-free redeemable Land Bank bonds. Th e land was resold to the 
tenants for annual amortization payments within twenty-fi ve years. 

 Th e code was amended in 1971 under President Marcos to extend land reform 
to the whole nation, with automatic conversion of all share tenants to leaseholders. 
Th e 1971 code was enforced by Presidential Decrees No. 2 and No. 27 under the 
martial law proclaimed in 1972. Th e landlord’s retention limit was reduced 
successively from 75 to 7 hectares. Th e period of amortization payments was 
shortened to fi fteen years. It is easy to enumerate the shortcomings of the land 
reform programs in the Philippines, yet there is no denying that large haciendas 
in Central Luzon were broken down. Most tenants established their status as 
leaseholders or amortizing owners, although sizable areas remain under the direct 
administration of landlords. 
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 Th e benefi ciaries of land reform have captured a large economic surplus. Rice 
yields have increased signifi cantly due to the development of irrigation and the 
application of new varieties and fertilizers, while rent and amortization payments 
have been fi xed. Th us, land reform has been successful in transferring much of 
the economic return to land from absentee landlords to former sharecroppers. 
However, the reform has created serious income inequality within village com-
munities. Th e income of landless laborers has not risen (or may have declined) 
because the strong population pressure on land has prevented their wages from 
rising despite agricultural productivity increases. 

 Major distortions in resource allocations occurred because reforms were 
applied in a discriminatory manner to a certain sector of agriculture. By limiting 
program application mainly to tenanted land, the reforms created a strong incen-
tive for landlords to evict their tenants and cultivate their land directly. However, 
labor inputs and, hence, agricultural output and labor income per hectare are usu-
ally higher in small family farms than in large farms. Th is is because of the inherent 
diffi  culty large farms have in supervising wage laborers. Th erefore, the exemption 
of land under the direct administration of landlords had the eff ect of reducing 
labor input per hectare below an optimum level, thereby reducing the income of 
the laborers. 

 Th e impact of the regulations on tenancy contracts (especially the prohibition 
of share tenancy and the control of land rent) were equally serious. Th ey reduced 
the incentive of large landholders to rent out their land in small parcels, resulting 
in a reduction in social product and labor income. Th is behavior applied not 
only to landlords but also to land reform benefi ciaries. As the income of former 
sharecroppers, who were converted into leaseholders or amortizing owners, rose 
signifi cantly, many of them retreated from arduous farmwork, leaving it to land-
less laborers. Yet they hesitated to subrent their holdings to landless laborers 
because their formal titles might be transferred. Th e land reform laws said that 
formal titles would be transferred to sublessees if they could prove to the agrarian 
reform offi  ce that they were the actual tillers of the land. Th us land reform benefi -
ciaries have to continue to cultivate their land based on hired labor, even if they 
are not able to work because they are sick, old, or engaged in nonfarm activities. 
Th e reforms inevitably resulted in ineffi  cient combinations of land and labor. 

 Signifi cant negative eff ects of land reform on agricultural production effi  ciency 
also occurred outside the rice and corn sector. Th e cash crop sector has not 
been covered by reform programs. Th e Comprehensive Agrarian Reform Law of 
1988 intended to cover the cash crop sector, but it has not been signifi cantly 
implemented. However, plantation owners fear that their land will eventually be 
expropriated. It is only natural that they have stopped investing in improvements 
in their land infrastructure, including planting and replanting trees. Some land-
owners even preferred to keep their land idle rather than use it for agricultural 
production. Th is was often the case in frontier regions like Mindanao. 
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 Such fears and lack of investment might underlie, to a signifi cant extent, the 
low rate of expansion in cropland area in the Philippines as compared with 
Th ailand (Table   9.1  ). Th e poor performance of the Philippines in competition 
for world export market shares is at least partly rooted in the uncertainty of 
the planters of tropical cash crops concerning the future course of land reform 
(Table   9.4  ).      

   Toward Political Economy   

 Diff erent agrarian structures developed in Indonesia, the Philippines, and 
Th ailand along diff erent historical paths and under diff erent ecological condi-
tions. From the late nineteenth to the early twentieth century, development of 
the three economies followed a typical pattern along the vent-for-surplus theory. 
Vent-for-surplus development is based on the exploitation of unused natural 
resources corresponding to their integration into the world market. Th ailand rep-
resents the continental zone of Southeast Asia, whose resource base for vent-
for-surplus development was the major delta of the Chao Phraya River. Indonesia 
and the Philippines represent the insular zone, whose resource base was the trop-
ical rain forest. Th is diff erence in the resource base underlay the major diff erence 
in farm-size distribution—the unimodal distribution of peasants or family farms 
in Th ailand as compared with the coexistence of peasants and large estate 
farms or plantations specializing in tropical export crops in Indonesia and the 
Philippines. 

 Diff erent land policies, especially with respect to preemption of unused land by 
the elite, under diff erent political regimes resulted in major diff erences in the 
pattern of land ownership. Th e preemption was wholesale in the Philippines 
under Spanish colonialism. It provided the base for the highly skewed land dis-
tribution, which was characterized by the bifurcation between noncultivating 
landlords and sharecroppers in lowland rice areas and between plantation owners 
and wage laborers in upland areas. In Indonesia, the preemption took place as 
the Dutch colonial government granted long-term lease of uncultivated public 
land to foreign planters. However, the government tried to prevent the alien-
ation of cultivated land from native peasants to avoid social instability. As a result, 
the peasant sector continued to consist mainly of landlord-cum-owners and 
owner-cum–tenant cultivators, and both noncultivating landlords and the pure 
landless remained a minority. In Th ailand the preemption occurred through the 
grant of concessions for private canal building. However, the incidence of tenancy 
did not become serious because the government of the independent kingdom 
preserved the traditional institution of giving land to anyone who could open and 
cultivate it. Relatively homogeneous landowning peasants continued to dominate 
the rural sector of Th ailand. 
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 It appears that major diff erences in the agrarian structure have been signifi -
cant factors in the diff erences in agricultural growth performance across the three 
economies in recent years. As frontiers for opening new land for cultivation were 
progressively closed, the initial advantage of the plantation system in large-scale 
land development began to be outweighed by its disadvantage in monitoring 
hired labor. At the same time, the advantage of the peasant system increased with 
respect to the use of family labor needing no supervision. Th is tendency seems to 
be manifest in Th ailand’s growing share in world exports of tropical cash crops in 
recent years. Furthermore, the land reform programs in the Philippines that 
called for reducing inequality in the distribution of land ownership have made 
land markets inactive, resulting in major distortions in resource allocations and 
serious underinvestment in agriculture. 

 Many factors in addition to the agrarian structure have contributed to the dif-
ferential performances in agriculture. For example, one factor that is commonly 
cited in explaining the poor growth performance of Philippine agriculture is the 
prolonged continuation of the country’s industrial protection policy geared for 
import substitution. Under this policy regime, the agricultural sector was penal-
ized by high tariff s on manufactured commodities and overvalued exchange rates 
(Ariff  and Hill   1985  ; Bautista   1987  ; Intal and Power   1989  ). Another factor was 
the state’s trade monopoly on sugar and coconut products, which was heavily 
tinted with cronyism in the late stage of the Marcos regime (Hayami et al.   1990  ). 
Th e political instability in the 1980s from the downfall of the Marcos administra-
tion throughout the succeeding Aquino regime discouraged both domestic and 
foreign investments in agriculture as well as in other sectors. 

 By contrast, Th ailand began to shift from the import-substitution to the 
export-oriented strategy in the 1970s, almost two decades ahead of the Philippines 
(Warr   1993  ; Warr and Nidhiprabha   1995  ). In addition, the government of Th ailand 
intervened little in the activities of private traders in agricultural marketing. Th e 
government’s control of trade was largely limited to indirect measures, such as the 
imposition of an export tax on rice (the rice premium). A large number of traders 
of various sizes, ranging from small collectors of farm produce at the village level 
to large exporters to the foreign market, were well coordinated through free 
competition. Th ey made up a highly effi  cient channel to deliver overseas demands 
to farmers. Th eir activities were facilitated by major public investment in infra-
structure, especially highways. Th is free trade system, supported by the govern-
ment’s provision of public goods, created remarkable diversifi cation of agricultural 
resources to new export crops. Th e agricultural diversifi cation was achieved while 
Th ailand continued to strengthen its competitive position in rice production 
(Siamwalla et al.   1990  ; World Bank   1987  ). 

 It is unlikely that such diff erences in government policy are independent of dif-
ferences in the agrarian structure and value system in society that are deeply rooted 
in diff erent ecological conditions and historical paths. For example, Hara (  1994  ) 
advances a hypothesis on the reason why import-substitution industrialization 
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was pursued more strongly for a longer period in the Philippines than in Th ailand 
and other Association for Southeast Asian Nations economies. He argues that 
in the Philippines the business elite who benefi ted from industrial protection 
originated from the landed oligarchy, therefore little countervailing power was 
mobilized against the industrial protection policy. By contrast, the rural counter-
vailing power against industrial protection was comparatively high in Indonesia, 
Malaysia, and Th ailand because the urban business elite were predominantly 
ethnic Chinese. Also, the rather harmonious division of labor that developed 
between Th ai farmers and Chinese traders in the kingdom of Siam may have pre-
vented the modern Th ai government from adopting antimarket and antitrader 
interventions. 

 Another example is the remarkable success of the Green Revolution in 
Indonesia. Th e country’s high growth of land productivity was, to a large extent, 
based on the strong support of the rice sector during the three decades of the 
Soeharto administration. It invested in irrigation and agricultural research and 
extension, plus subsidies for inputs and credits. Th is support was eff ective in 
overcoming the “Dutch disease eff ects” that seriously damaged agriculture in 
some oil-producing countries, such as Nigeria in the 1970s and early 1980s 
(Hayami   1997  ). It seems that Soeharto’s policy choice was not independent of the 
tradition in Indonesia of protecting peasants as the stabilizing block of society. 

 In the Philippines in the 1970s, the Masagana-99 Program promoted the Green 
Revolution by means of distributing to farmers packages of new seeds, subsidized 
fertilizers, and other modern inputs, in a manner similar to Indonesia’s Bimas 
Program. However, in the absence of “peasant fundamentalism” in the Philippines 
comparable to that of Indonesia, the Masagana Program lasted only about a 
decade (Hayami and Kikuchi   2000  ). Th us rice self-suffi  ciency in the Philippines, 
which had been achieved during the 1970s, could not be sustained in the 1980s. 
Indonesia rose from the world’s largest importer of rice in the 1970s to achieve 
self-suffi  ciency in the 1980s. However, the country again became a major importer 
with the recent economic crisis associated with the downfall of the Soeharto 
regime. Unlike Indonesia and the Philippines, in Th ailand’s liberal trade regime, 
the role of government policy in promoting fertilizer application was not very 
signifi cant and eff ective (World Bank   1987  ). 

 For now, such political-economy theorizing is largely conjectural. Yet the agrarian 
structure of a nation and the value system in its society have been created along a 
unique historical trajectory, under unique ecological conditions. Th ese should 
have a far-reaching infl uence on the organization of political economy and, hence, 
on policy choices. Th e positive analysis of this relationship presents a major chal-
lenge for future research. Th e analysis might be extended beyond the comparison 
within a region, as attempted here, to comparisons across regions. It might shed 
light on major questions in world development. For example, it might help in 
analyzing why Africa lags behind in achieving innovations in agricultural technology 
comparable to the Green Revolution in Asia.    
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   Notes   

           Yujiro Hayami,  World Bank Research Observer  16 (Fall 2001): 169–98. Th e author wishes to 
gratefully acknowledge helpful comments from Takamasa Akiyama, Robert Allen, Gershon 
Feder, and Yair Mundlak, as well as technical assistance from Kei Kajisa and Yue Yaguchi.   

    1.   For a more comprehensive assessment of agricultural growth performance in Asia, including 
Southeast Asia, see the fi ve-volume report of the Asian Development Bank’s project titled 
“Study of Rural Asia.” Especially relevant to the context of this section are its overview (Asian 
Development Bank   2000  ), volume 1 by Rosegrant and Hazell (  2000  ), and volume 2 by Kosa-ard 
and Rekasem (  2000  ). Another major study specifi cally addressed to Southeast Asian agricul-
ture is in progress by the Development Economics Research Group at the World Bank, titled 
“Dynamism of Rural Sector Growth: Policy Lessons from East Asian Countries.”   

    2.   Huke and Huke (  1997  ) estimate paddy fi eld areas in Indonesia, the Philippines, and Th ailand 
in the mid-1990s as being 9,441,000, 3,456,000, and 9,806,000 hectares, respectively. However, 
they do not specify the years for these data. Th e substitution of Huke and Huke’s estimates for 
the data used in Table   9.1   does not change the conclusion of this article.   

    3.   Descriptions of ecological and environmental conditions in Southeast Asia in this article are 
mainly based on Takaya   1985  .   

    4.   Th ough the corvée obligation was replaced by tax in kind or money, slavery was also phased out 
gradually over the reigns of Kings Mongkut and Chulalongkorn, ending in its abolishment in 
1905 (Ingram   1971  ; Feeny   1982  ). Th e elimination of slavery and the corvée should have been 
an important factor for allocating a greater share of Th ai labor to rice cultivation.   

    5.   Th is section draws heavily on Hayami 1994, 1996.   
    6.   Absence of scale economies in agriculture is also attested by the estimation of aggregate 

production functions based on intercountry cross-section data (Hayami and Ruttan   1985  ).   
    7.   All forestlands were de jure state-owned, but were de facto open-access, except valuable teak 

forests that were an important source of the kingdom’s revenue (Feeny   1999  ).   
    8.   Offi  cial statistics often record that yields per hectare of cash crops such as coff ee and rubber are 

higher in plantations than in smallholders. However, these statistics do not take into account 
various products intercropped with principal cash crops by smallholders, whereas monoculture 
is the common practice of plantations.   

    9.   In addition to this disadvantage, the plantation sector in postindependence Indonesia that 
expropriated the estates of Dutch planters seems to have suff ered from ineffi  ciency common to 
state enterprises. Several attempts to cure this problem include the “nuclear estate” scheme, in 
which a state plantation acts as a marketing/processing center with a demonstration farm for 
technical extension, along which smallholders are organized in a manner similar to contract 
farming. Th ese attempts have often been marred by the direct application of the technology 
and practice of plantations without due understanding of the conditions of smallholders 
(Barlow and Tomich   1991  ). Th e case of Indonesia represents a contrast to the relatively high 
effi  ciency of plantations in Malaysia under private entrepreneurship. Private plantations in 
Malaysia arc also well supported by the cooperative research and extension system that has 
been organized since the colonial period.   

   10.   However, it needs a high degree of entrepreneurship and managerial skill to organize and oper-
ate the effi  cient contract farming system. It is not easy to enforce contracts with a large number 
of smallholders concerning the quantity, quality, and time of their product delivery to process-
ing plants and/or marketing centers. Insuffi  cient ability and eff ort of agribusiness fi rms in this 
regard have often resulted in failure in the operation of contract farming. Th us the perfor-
mance of contract farming has so far been mixed even in Th ailand (Siamwalla   1992  ). Th e same 
applies to other areas, including Africa, where it is reported that contract farming organized by 
government agencies is usually ineffi  cient (Jaff ee and Morton   1995  ).                 
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 Th e United States and Japan are characterized by extreme diff erences in factor 
endowments and in price ratios among factors. Furthermore, these diff erences 
have widened over time. In spite of these diff erences, both countries have attained 
high and sustained rates of growth in agricultural output and productivity. Indeed, 
the two countries are frequently identifi ed as alternative “agricultural develop-
ment models.” Th ere is considerable discussion regarding the “lessons,” the 
“relevance,” or the “transferability” of the Japanese and United States agricultural 
development experiences to presently developing countries. 

 Th e purpose of this paper is to explore the hypothesis that a common basis for 
rapid growth in agricultural output and productivity lies in a remarkable adapta-
tion of agricultural technology to the sharply contrasting factor proportions in 
the two countries. It is hypothesized that an important aspect of this adaptation 
was the ability to generate a continuous sequence of induced innovations in 
agricultural technology biased toward saving the limiting factors.   1    In Japan these 
innovations were primarily biological and chemical (hereafter referred to as 
biological). In the United States they were primarily mechanical. Only in the 
last several decades has there been what appears to be the initial stage of conver-
gence in patterns of technological change in the two countries, with the United 
States beginning to experience rapid advances in biological technology and Japan 
experiencing a rapid adoption of mechanical technology. 

 We will fi rst review the trends in factor prices and in several signifi cant factor-
product and factor-factor ratios in the United States and Japan for the period 
1880–1960. After presenting this background material we will specify a hypothesis 
precisely. We will then subject the hypothesis to a statistical test. 

 C H A P T E R  10
Factor Prices and Technical Change 
in Agricultural Development   
 T H E  U N I T E D  S T A T E S  A N D  J A P A N ,  1 8 8 0  1 9 6 0            

    Yujiro     Hayami       and    Vernon W.     Ruttan            
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 Th e data on which it has been necessary to draw in conducting this study are 
subject to substantial limitations (see appendixes).   2    Since much of the data is 
admittedly crude and comparability of the data for the two countries is less 
adequate than we would prefer, of necessity the analysis must deal only with the 
broadest trends in the comparative growth experience of the two countries.     

    1.    Factor Endowments, Prices, and Productivity   

 In this section we attempt to characterize the diff erences and similarities in 
agricultural growth patterns in the United States and Japan for 1880–1960. 
First, we point to the extreme diff erences in factor endowments and factor prices 
in the two countries. We then compare changes in factor productivity ratios in 
the two countries. Finally, we contrast the diff erent pace of mechanical and 
biological innovations in the two countries.    

   FACTOR ENDOWMEN T S AND PRICE S   

 Japan and the United States are characterized by extreme diff erences in relative 
endowments of land and labor (Table   10.1  ). In 1880, total agricultural land area 
per male worker was thirty-six times larger in the United States than in Japan, 
and arable land area per worker was ten times larger in the United States than in 
Japan. Th e diff erence has widened over time. By   1960  , total agricultural land area 
per male worker was ninety-seven times and arable land area per male worker was 
forty-seven times larger in the United States than in Japan.  

 Th e relative prices of land and labor also diff ered sharply in the two countries. 
In 1880, in order to buy a hectare of arable land (compare row 10 and row 18 
in Table   10.1  ), it would have been necessary for a Japanese hired farmworker to 
work nine times as many days as a U.S. farmworker. In the United States the price 
of labor rose relative to the price of land, particularly between 1880 and 1920. 
In Japan the price of land rose sharply relative to the price of labor, particularly 
between 1880 and 1900. By 1960 a Japanese farmworker would have to work 
thirty times as many days as a U.S. farmworker in order to buy a hectare of 
arable land.     

   PRODUCT IVI T Y GROW T H   

 In spite of these substantial diff erences in land area per worker and in the relative 
prices of land and labor, both the United States and Japan experienced relatively 
rapid rates of growth in output per worker throughout the entire eighty-year 
period (Figure   10.1  ). For expository purposes it seems useful to partition the 
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      Table 10.1  Land-Labor  Endowments and Relative Prices in Agriculture: 
United States and Japan, Selected Years  

  1880  1900  1920  1940  1960  

 United States:  

 1.  Agricultural land 
area (million ha) 

 202  319  363  411  435  *    

 2.  Arable land area 
(million ha) 

 76  129  189  187  181  *    

 3.  Number of male 
farm workers 
(thousands) 

 7,959  9880  10.221  8,487  3,973  

 4.  (1)/(3) (ha. 
Worker) 

 25  32  36  48  109  

 5.  (2)/(3) (ha. 
Worker) 

 10  13  18  22  46  

 6.  Value of 
agricultural 
land ($/ha.) 

 47  49  171  78  285  *    

 7.  Value of arable 
land ($/ha.) 

 163  129  352  180  711  *    

 8.  Farm wage rate 
($/day) 

 0.90   a     1.00   b     3.30  1.60  6.60  

 9.  (6)/(8) (days/ha.)  52  49  52  49  43  

 10.  (7)/(8) (days/ha.)  181  129  107  113  108  

 Japan:  

 11.  Agricultural 
land area 
(thousand ha) 

 5,507  6,031  6.957  7,100  7,043  

 12.  Arable land area 
(thousand ha) 

 4,748  5,200  5,997  6,121  6,071  

 13.  Number of male 
farm workers 
(thousands) 

 7,842  7,680  7,593  6,365  6,230  

 14.  (11)/(12) 
(ha. Worker) 

 0.70  0.79  0.92  1.12  1.13  

 15.  (11)/(13) 
(ha. Worker) 

 0.61  0.68  0.79  0.96  0.97  

(continued)
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growth in output per worker among two components, land area per worker and 
land productivity, as in the following identity:

  

Y
L

A
L

Y
A

=
  
,
   

 where  Y  = output,  L  = labor,  A  = land area,  Y/L  = labor productivity,  A/L  = land area 
per worker, and  Y/A  = land productivity. Given the diff erences in the prices of land 
and labor in the United States and Japan, we would expect that growth of output per 
worker ( Y/L ) in the United States would be closely correlated with changes in land 
area per worker ( A/L ), and in Japan with changes in land productivity ( Y/A ). 

 Th ese expectations are confi rmed by the data on land area per male worker and 
output per hectare plotted on Figure   10.1  . In the United States, land area per 
worker ( A/L ) rose much more rapidly than in Japan. In Japan land productivity 
( Y/A ) rose much more rapidly than in the United States.     

   CON T R A ST S IN INNOVAT ION S   

 In agriculture it appears consistent with the technical conditions of production to 
consider growth in land area per worker ( A/L ) and output per hectare ( Y/A ) as 
“somewhat independent, at least over a certain range” (Griliches   1968  : 242). 
If this view is accepted, the major source of increase in the land area per worker 
would be mechanical innovations which facilitate the substitution of other sources 
of power for human labor. Similarly, the major source of increase in land produc-
tivity would be biological innovations which permit conversion of a higher per-
centage of the solar energy falling on an area into higher levels of plant and animal 
production through the increased supply and utilization of plant nutrients. 

      Table 10.1  (continued )   

  1880  1900  1920  1940  1960  

 Japan:  

 16.  Value of arable 
land (yen/ha.) 

 343  917  3,882  4,709  1,415,000  

 17.  Farm wage rate 
(yen/day) 

 0.22  0.31  1.39  1.90  440  

 18.  (16)/(17) 
(days/ha.) 

 1,559  2.958  2,793  2,478  3,216  

Note  – See the sources of data in Appendix II. Agricultural land areas in Japan are estimated by 
multiplying arable land areas by 1.16, the ratio of agricultural land area to arable land area in the 
1960 Census of Agriculture.  
  * 1959.  
a  1879 or 1880.  
b  1899.  
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 Th e association between mechanical and biological innovations and the con-
trasting growth patterns in land area per worker ( A/L ) and in the land productiv-
ity ( Y/A ) in the United States and Japan are shown in  Figures  10.2   and   10.3  . 
In Figure   10.2  , the three indicators of the land-labor ratio ( A/L ) are compared 
with the number of work animals (horses, mules, and work cattle) and tractor 
horsepower per worker.   3    Although there are considerable diff erences in the three 
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     Figure 10.1    Changes in labor productivity, land-labor ratio, and land productivity 
(1880 = 100), the United States and Japan, 1880–1960.    
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     Figure 10.2    Land-labor ratio and power-labor ratio, the United States and Japan, 
1880–1960.    
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indicators of land area per worker ( A/L ), when comparing the United States and 
Japan, their diff erences are relatively minor, and the general pattern is not altered 
by the choice of indicator. In the United States the number of work animals 
increased up to the 1920s, and then began to decline. Th e increase in tractor 
horsepower more than compensated for the decline in work stock. Overall, it 
seems that the nonhuman power per worker moved more or less parallel with 
land area per worker ( A/L ). Th ese increases in power per worker would represent 
a convenient index of the adoption of mechanical innovations. For example, the 
substitution of the self-raking reaper for the hand-rake reaper and, also, the sub-
stitution of the binder for the self-raking reaper required more horses per worker. 
Th ose innovations also involved the substitution of power for labor, thereby caus-
ing an increase in the land area used per worker in agriculture.   

 In Japan, corresponding to the slow rate of growth in land area per worker 
( A/L ), the number of work animals increased slowly, and the introduction of the 
tractor started only after the Second World War. 

 Figure   10.3   illustrates the contrasting relationship between land productivity 
( Y/A ) and the progress of biological innovations in the United States and Japan. 
Here, again, three indicators of land productivity ( Y/A ) are shown in order to 
check whether any diff erent conclusion is implied by the diff erent choices of data. 
Th e percentage of total corn area planted to hybrid corn, and of total rice area 
planted to improved varieties are treated as proxy variables representing an index 
of biological innovation in the United States and Japan, respectively. 

 Although the evidence from these two crops is certainly not conclusive (the 
percentages are poor proxies even for corn and rice improvements), from a com-
parison of the corn and rice adoption ratios with the trends in fertilizer inputs, it 
seems fairly safe to say that in Japan the signifi cant yield-increasing innovations 
date from the 1880s, while in the United States they began only in the 1930s. Th e 
yield-increasing varieties are almost invariably associated with high levels of plant 
nutrient utilization. Biological innovations of the yield-increasing type involve 
the creation of crop varieties which can respond to higher levels of fertilization. 
Th e parallel increases in fertilizer input per hectare and in the percentage of area 
planted in improved rice varieties in Japan indicate that the signifi cant biological 
innovations started in Japan as early as the 1880s. In the United States the intro-
duction of hybrid corn (and other high-yielding crop varieties) is closely associ-
ated with the growth of fertilizer consumption. A major factor in the development, 
introduction, and adoption of hybrid corn and other new crop varieties was 
greater responsiveness to the higher application of commercial fertilizers which 
were becoming available at continuously lower real prices.   4    

 In connection with the complementarity between fertilizer input and the 
development of yield-increasing varieties, it is suggestive that Japan’s level of fer-
tilizer input per hectare in the 1880s was almost identical to the level of the 
United States in the 1930s. Furthermore, these dates represent the beginning of 
periods in which signifi cant advances in biological innovations accompanied by 
rapid growth in fertilizer consumption were initiated in both countries. 
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 Increases in power per worker and in fertilizer input per hectare were accom-
panied by dramatic declines in (a) the price of machinery (a proxy for the price of 
power and machinery) relative to the wage rate and (b) the price of fertilizer rela-
tive to the price of land (Figure   10.4  ). Th ese trends in factor-price ratios, along 
with the trend in the price of land relative to labor (Table   10.1  ), are consistent 
with the hypothesis that the diff erential development of mechanical and biologi-
cal innovations in the United States and Japan represented a process of dynamic 
factor substitution in response to the changes in relative factor prices.       

    2.    Th e Induced Innovation Hypothesis   

 In this section we outline in greater detail the manner in which diff erences in factor-
price movements in Japan and the United States have infl uenced the process of 
technical change and the choice of inputs in the two countries. Th e argument is 
developed that the contrasting patterns of productivity growth and factor use in 
U.S. and Japanese agriculture can best be understood in terms of a process of 
dynamic adjustment to changing relative factor prices—dynamic in the sense that 
production isoquants change in response to the changes in relative factor prices.   5    

 A decline in the prices of land and machinery relative to wages encouraged the 
substitution of land and power for labor in the United States. Th is substitution 
generally involved mechanical innovations. With fi xed technology represented 
by a certain type of machinery, there is little possibility of factor substitution. 
For example, an optimum factor combination with the hand-rake reaper (such 
as the McCormick or Hussey) was more or less determined as two workers, one 
reaper, four horses (two horses for original models), assuming two shifts of horses 
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     Figure 10.4    Farm machinery price relative to farm wage and fertilizer price relative to 
arable land price (1880 = 100), the United States and Japan, 1880–1960. Prices are the 
averages of the fi ve years preceding the year shown.    
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and 140 acres of wheat. Only when a new technology was introduced in the form 
of the self-rake reaper was it possible for the farmer to change this proportion to 
one worker, one reaper, four horses, and 140 acres.   6    Although we do not deny the 
possibility of substitution within a limited range (for example, through change 
from two shifts to three shifts of horses), such enormous changes in factor 
proportions as observed in Figure   10.2   could hardly occur with fi xed technology. 

 Dramatic increases in land area and power per worker of the magnitude that 
occurred in the United States indicate a response to mechanical innovations which 
raised the marginal rate of substitution in favor of both land and power for labor.   7    
Th is is a continual process. Th e introduction of the tractor, which can be consid-
ered as the single most important mechanical innovation in agriculture, greatly 
raised the marginal rate of substitution of power for labor by making it much 
easier to command more power per worker. Substitution of higher-powered 
tractors for low-powered tractors has a similar eff ect. 

 In Japan the supply of land was inelastic, and the price of land rose relative to 
wages. Th erefore, it was not profi table to substitute land and power for labor. 
Instead, the opportunity arising from the declining price of fertilizer relative to 
the price of land was exploited through biological innovations. Seed improve-
ments were directed to the selection of varieties more responsive to fertilizers. 
At a lower level of fertilization, traditional varieties have equal or higher yields 
than improved varieties, but do not respond to a higher application of fertilizer. 
With fi xed biological technology represented by a certain variety of seed, the elas-
ticity of substitution of fertilizer for land was low. And such enormous changes in 
fertilizer input per hectare as observed in Japan since 1880, and in the United 
States since the 1930s, refl ect not only the eff ect of a decline in the price of fertil-
izer but the development of more fertilizer-responsive crop varieties to take 
advantage of the decline in the real price of fertilizer. 

 In Japan, where expectations have been formed from past trends that not 
only would wages rise but fertilizer prices fall drastically relative to land price, the 
motivation of farmers and experiment station workers to develop the biological 
innovations of high-yielding fertilizer-responsive crop varieties has been very 
strong. It is suggestive that in the United States the biological innovations repre-
sented by hybrid corn began about ten years after the rate of increase in arable 
land area per worker decelerated (around 1920), and that biological innovations 
and fertilizer application were accelerated after acreage restrictions were imposed 
by the government. It seems that the changes in the land supply conditions 
coupled with a dramatic decline in fertilizer price induced a more rapid rate of 
biological innovation in the United States after the 1930s. It may be that when 
the increase in fertilizer input per hectare resulting from this relative price decline 
exceeded the amount of natural fertility depleted from the soil, demand for 
biological innovations became a pressing need, which, coupled with the change in 
the supply condition of arable land, brought about the dramatic biological innova-
tions in the United States since the 1930s. 



190 Can Economic Growth Be Sustained?

 Our basic hypothesis is that such adjustments in factor proportions in response 
to changes in relative factor prices represent movements along the isoproduct 
surface of a “metaproduction function” or “potential production function.” Th is is 
illustrated in Figure   10.5  . In Figure   10.5  ,  U  represents the land-labor isoquant 
of the metaproduction function which is the envelope of less elastic isoquants, 
such as  u  0  and  u  1  corresponding to diff erent types of machinery or technology. 
A certain technology represented by  u 0   (for example, a reaper) is created when a 
price ratio,  p  0 , prevails for a certain length of time. When the price ratio changes 
from  p  0  to  p  1 , another technology represented by  u  1  (for example, a combine) is 
induced in the long run, which gives the minimum cost of production for  p  0 .  

 Th e new technology represented by  u  1 , which enables enlargement of the area 
operated per worker, generally corresponds to higher intensity of power per 
worker. Th is implies the complementary relationship between land and power, 
which may be drawn as a line representing a certain combination of land and power 
( A, M ). In this simplifi ed presentation, mechanical innovation is conceived as the 
substitution of a combination of land and power ( A, M ) for labor ( L ) in response to 
a change in wage relative to an index of land and machinery prices, although, of 
course, land and power are substitutable to some extent in actual practice. 

 In the same context, the relation between the fertilizer-land price ratio and 
biological innovations represented by the development of crop varieties more 
responsive to application of fertilizers is illustrated in Figure   10.5  .  V  repre-
sents the land-fertilizer isoquant of the metaproduction function, which is the 
envelope of less elastic isoquants such as  v 0   and  v 1   corresponding to varieties of 
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     Figure 10.5    (a) Labor-land-power isoquants; (b) land-fertilizer isoquants.    
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diff erent fertilizer responsiveness. A decline in the price of fertilizer relative to 
the price of land from  r 0   and  r 1   makes it more profi table for farmers to search for 
crop varieties described by isoquants to the right of  v  0 . Th ey also press public 
research institutions to develop new varieties (Schultz   1969  ). Th rough a kind of 
dialectic process of interaction among farmers and experiment station workers, a 
new variety, such as that represented by  v 1  , will be developed. 

 Such movements along the metaproduction function may be inferred from 
Figure   10.6  , which plots U.S. and Japanese data on the relation between fertilizer 
input per hectare of arable land and the fertilizer-land price ratio. Despite the 
enormous diff erences in climate and other environmental conditions, the relation 
between these variables is almost identical in the two countries. Th is suggests 
that the U.S. and Japanese agricultural growth has involved a movement along 
a common metaproduction function.   8     

 All mechanical innovations are not necessarily motivated by labor-saving 
incentives, nor are all biological innovations necessarily motivated by land-saving 
incentives. In Japan, horse plowing was propagated as a device to cultivate more 

0.05
0.1

0.5

0.1

Fertilizer-arable land price ratio

1.0

5.0

F
er

til
iz

er
 in

pu
t p

er
 h

ec
ta

re
 o

f a
ra

bl
e 

la
nd

 (
kg

.)

10.0

15.0

0.5 1.0

United States
Japan

5.0

     Figure 10.6    Relation between fertilizer input per hectare of arable land and 
fertilizer–arable land price ratio (= hectares of arable land which can be purchased 
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deeply to increase yield per hectare. Th e mechanical-powered threshing machine 
was introduced long before the Second World War. Th is innovation was motivated 
to divert labor from rice threshing to the preparation for the second crop, which 
resulted in an increase in the double-cropping ratio and the increase in total yield 
per hectare of land area. In the United States, in recent years, attempts have 
been made to develop crop varieties more suitable for mechanical harvesting. 
For example, tomatoes have been developed which have sturdier skin and ripen at 
the same time, so that they are susceptible to harvesting machinery. Th is shows 
that mechanical innovations could be land saving and biological innovations could 
be labor saving, depending on the conditions of factor-supply and factor-price 
trends. Historically, however, it appears that the dominant factor for saving labor 
has been the progress of mechanization, and the dominant factor for saving land 
has been the biological innovations.     

    3.    Th e Statistical Test   

 Th e hypothesis developed in the previous section can be summarized as follows: 
Agricultural growth in the United States and Japan during the period 1880–1960 
can best be understood when viewed as a dynamic factor-substitution process. 
Factors have been substituted for each other along a metaproduction function 
in response to long-run trends in relative factor prices. Each point on the 
metaproduction surface is characterized by a technology which can be described 
in terms of specifi c sources of power, types of machinery, crop varieties, and 
animal breeds. Movements along this metaproduction surface involve innova-
tions. Th ese innovations have been induced, to a signifi cant extent, by the 
long-term trends in relative factor prices. 

 As a test of this hypothesis, we have tried to determine the extent to which the 
variations in factor proportion, as measured by the land-labor, power-labor, and 
fertilizer-land ratios, can be explained by changes in factor-price ratios. Th is is 
not, in a rigorous sense, a test of the so-called induced innovation hypothesis.   9    
In a situation characterized by a fi xed technology, however, it seems reasonable to 
presume that the elasticities of substitution among factors are small, and this 
permits us to infer that innovations were induced, if the variations in these factor 
proportions are consistently explained by the changes in price ratios. Th e histori-
cally observed changes in those factor proportions in the United States and Japan 
are so large that it is hardly conceivable that these changes represent substitution 
along a given production surface describing a constant technology. 

 In order to have an adequate specifi cation of the regression form, we have to be 
able to infer the shape of the underlying metaproduction function and the 
functional form of the relationship between changes in the production function 
and in factor-price ratios. Because of a lack of adequate a priori information, 
we have simply specifi ed the regression in log-linear form with little claim for 
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theoretical justifi cation.   10    If we can assume that the production function is linear 
homogenous, the factor proportions can be expressed in terms of factor-price 
ratios alone and are independent of product prices. 

 Considering the crudeness of data and the purpose of this analysis, we used 
quinquennial observations (stock variables measured at every fi ve-year interval 
and fl ow variables averaged for fi ve years) instead of annual observations for 
the regression analysis.   11    A crude form of adjustment is built into our model, since 
our data are quinquennial observations and prices are generally measured as 
the averages of the past fi ve years preceding the year when the quantities are 
measured (for example, the number of workers in 1910 is associated with the 
1906–10 average wage). 

 Th e results of the regression analyses are summarized in Tables 10.2–10.5. 
Table   10.2   presents the regressions for land-labor and power-labor proportions 
for the United States. In those regressions we originally included the fertilizer-
labor price ratio as well. But, probably due to high intercorrelation between 
machinery and fertilizer prices, the coeffi  cients for the fertilizer-labor price 
ratio either were insignifi cant or resulted in implausible results for the other 
coeffi  cients.   12    Th is variable was dropped in the subsequent analysis.  

 In Table   10.2   more than 80 percent of the variation in the land-labor ratio and 
in the power-labor ratio is explained by the changes in their price-ratios. Th e coef-
fi cients are all negative and are signifi cantly diff erent from zero at the standard 
level of signifi cance, except the land price coeffi  cients in regressions 2 and 4. Such 
results indicate that the marked increases in land and power per worker in U.S. 
agriculture over the past eighty years have been closely associated with declines 
in the prices of land and of power and machinery relative to the farm wage rate. 
Th e hypothesis that land and power should be treated as complementary factors 
is confi rmed by the negative coeffi  cients. Th is seems to indicate that, in addition 
to the complementarity along a fi xed production surface, mechanical innovations 
which raise the marginal rate of substitution of power for labor tend to also raise 
the marginal rate of substitution of land for labor. Estimates of elasticity of sub-
stitution close to one in regressions 5 and 6 seem to suggest that the observed 
factor substitution was not restricted to a fi xed production surface describing a 
constant technology.   13    

 Th e results of the same regressions for Japan (Table   10.3  ) are much inferior in 
terms of statistical criteria. Th is is probably because the ranges of observed varia-
tion in the land-labor and power-labor ratios are too small in Japan to detect any 
signifi cant relationship between the factor proportions and price ratios. It may 
also refl ect the fact that the mechanical innovations developed in Japan were 
motivated by a desire to increase yield rather than as a substitute for labor.  

 Th e results of the regression analyses of the determinants of fertilizer input 
per hectare of arable land for the United States are presented in Table   10.4  . Th e 
results indicate that variations in the fertilizer-land price ratio alone explain almost 
90 percent of the variation in fertilizers. It is also shown that the wage-land price 
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ratio is a signifi cant variable, indicating the substitutionary relationship between 
fertilizer and labor. Over a certain range, fertilizer input can be substituted for 
human care for plants (for example, weeding). A more important factor in 
Japanese history would be the eff ects of substitution of commercial fertilizer for 
labor allocated to self-supplied fertilizers.  

 A comparison of Table   10.5   with Table   10.4   indicates a striking similarity in 
the structure of demand for fertilizer in the United States and Japan. Th e results 
in these two tables seem to suggest that despite enormous diff erences in climate 
and initial factor endowments, the agricultural production function, the induce-
ment mechanism of innovations, and the response of farmers to economic oppor-
tunities have been essentially the same in the United States and Japan.  

 Th e possibility of structural changes in the metaproduction function over time, 
as suggested by some of the low Durbin-Watson statistics in Tables 10.2–10.5, 

      Table 10.2   Regressions of Land-Labor Ratio and Power-Labor Ratio 
on Relative Factor Prices: United States, 1880–1960 
Quinquennial Observations  

  Coeffi  cients of Price of  

 Regression Number and 
Dependent Variables 

 Land 
Relative to 
Farm Wage 

 Machinery 
Relative to 
Ram Wage 

  R
2

     S    
  d   

 Land-labor ratio:  

 1.  Agricultural land per 
male worker 

 –0.451 
(0.215) 

 –0.486 
(0.120) 

 .828  .0844  1.29  

 2.  Arable land per male 
worker 

 –0.035 
(0.180) 

 –0.708 
(0.101) 

 .882  .0706  1.37  

 3.  Agricultural land per 
worker 

 –0.492 
(0.215) 

 –0.463 
(0.120) 

 .828  .0789  1.34  

 4.  Arable land per worker  –0.077 
(0.182) 

 –0.686 
(0.102) 

 .879  .0713  1.41  

 Power-labor ratio:  

 5.  Horsepower per male 
worker 

 –1.279 
(0.475) 

 –0.920 
(0.266) 

 .827  .1865  1.33  

 6.  Horsepower per worker  –1.321 
(0.474) 

 –0.898 
(0.265) 

 .828  .1863  1.36  

Note  – Equations are linear in logarithms. Standard errors of the estimated coeffi  cients are in parentheses. 
Data from Appendix II: number of workers (a), number of male workers (a), agricultural land area 
(a), arable land area (a), power in horsepower equivalents = number of work animals (a) + tractor 
horsepower (a), farm wage (c), land price (c), machinery price (c).  
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was tested by running regressions separately for 1880–1915 and 1920–60. Th e 
results summarized in Table   10.6   do not suggest that any signifi cant structural 
change occurred between those two periods. Th e inference from this test is rela-
tively weak, however, because of the small number of observations involved.  

 Overall, the results of the statistical analysis are consistent with the hypothesis 
stated at the beginning of this section.     

    4.    Conclusion   

 Th e results of this study indicate that the enormous changes in factor proportions 
which have occurred in the process of agricultural growth in the United States and 
Japan are explainable in terms of changes in factor-price ratios. In spite of strong 
reservations regarding the data and the methodology, when we relate the results 
of the statistical analysis to historical knowledge of the progress in agricultural 
technology, we conclude that such changes in input mixes represent a process of 
dynamic factor substitution accompanying changes in the production surface 
induced by the changes in relative factor prices. 

      Table 10.3   Regressions of Land-Labor Ratio and Power-Labor Ratio on 
Relative Factor Prices: Japan, 1880-1960 Quinquennial 
Observations  

  Coeffi  cients of Price of  

 Regression Number and 
Dependent Variables 

 Land 
Relative to 
Farm Wage 

 Machinery 
Relative to 
Ram Wage 

  R
2

     S    
  d   

 Land-labor ratio:  

 7.  Arable land per male 
worker 

 0.159 
(0.110) 

 –0.219 
(0.041) 

 .751  .0347  1.17  

 8.  Arable land per worker  0.230 
(0.049) 

 –0.155 
(0.019) 

 .914  .0156  1.71  

 Power-labor ratio:  

 9.  Horsepower per male 
worker 

 –0.665 
(0.261) 

 –0.299 
(0.685) 

 .262  .2191  0.60  

 10.  Horsepower per worker  –0.601 
(0.236) 

 –0.228 
(0.620) 

 .266  .1982  0.61  

Note  – Equations are linear in logarithms. Standard errors of the estimated coeffi  cients are in paren-
theses. Data from Appendix II: number of workers (a), number of male workers (a), arable land area 
(a), power in horsepower equivalents = number of work animals (a) + tractor horsepower (a), farm 
wage (c), land price (c), machinery price (c).  
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      Table 10.4   Regression of Fertilizer Input per Hectare of Arable Land on Relative Factor Prices: United States, 1880–1960 
Quinquennial Observations  

  Coeffi  cients of Price of  

 Regression Number   Fertilizer Relative to Land  Labor Relative to Land  Machinery Relative to Land 
  R

2
     S    

 d  

 11 ………….  –1.622   (0.200)  1.142   (0.275)  0.014   (0.286)  .950  .1042  2.08  

 12 ………….  –1.615   (0.134)  1.138   (0.255)  …..  .954  .0968  2.09  

 13 ………….  –1.951   (0.166)  ….  ….  .895  .1406  0.77  

 14 ………….  –1.101   (0.184)  1.134   (0.173)  -0.350   (0.214)  .969  .0816  1.38  

 15 ………….  –1.357   (0.102)  1.019   (0.168)  ….  .970  .0832  1.15  

 16 ………….  –1.707   (0.154)  ….  ….  .884  .1481  0.84  

   Note  – Equations are linear in logarithms. Standard errors of the estimated coeffi  cients are in parentheses. Data from Appendix II: fertilizer input (b), arable land area (a), In 
the cases of 11, 12, and 13, farm wage (a), land price (a), machinery price (c), fertilizer price (b); In the cases of 14, 15, and 16, farm wage (c), land price (c), machinery price 
(c), fertilizer (c).  
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      Table 10.5   Regression of Fertilizer Input per Hectare of Arable Land on Relative Factor Prices: Japan, 1880–1960 
Quinquennial Observations  

  Coeffi  cients of Price of  

 Regression Number   Fertilizer Relative   to Land  Labor   Relative   to Land  Machinery Relative   to Land 
  R

2
     S    

 d  

 17 ………….  –1.437   (0.238)  0.662   (0.244)  0.236   (0.334)  .973  .0865  2.45  

 18 ………….  –1.274   (0.057)  0.729   (0.220)  …..  .974  .0810  2.45  

 19 ………….  –1.211   (0.071)  ….  ….  .958  .1036  1.52  

 20 ………….  –1.248   (0.468)  1.217   (0.762)  -0.103   (0.708)  .878  .1820  1.76  

 21 ………….  –1.313   (0.131)  1.145   (0.556)  ….  .888  .1670  1.79  

 22 ………….  –1.173   (0.126)  ….  ….  .860  .1794  1.52  

   Note  – Equations are linear in logarithms. Standard errors of the estimated coeffi  cients are in parentheses. Data from Appendix II: fertilizer input (b), arable land area 
(a), In the cases of 17, 18, and 19, farm wage (a), land price (a), machinery price (c), fertilizer price (b); In the cases of 20, 21, and 22, farm wage (c), land price (c), machin-
ery price (c), fertilizer price (c).  
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      Table 10.6  Test for Structural Change of Regression Relations between 1880–1915 and 1920–1960  

  Residual Sum of Squares  Number of 
Parameter  p  

 Sample Size   F  Statistics  

 Regression Number  1880–1915  s 1    1920–1960  s 2    1880–1960  s   1880–1915  n 1    1920–1960  n 2    Computed  F c    Th eoretical  F   

 1 ….....  0.00314  0.07898  0.08719  3  8  9  0.23  3.59  

 2 …….  0.00123  0.05539  0.06099  3  8  9  0.28  3.59  

 3 …….  0.00282  0.07788  0.08709  3  8  9  0.29  3.59  

 4 …….  0.00103  0.05443  0.06233  3  8  9  0.45  3.59  

 5 …….  0.00284  0.39095  0.42588  3  8  9  0.30  3.59  

 6 …….  0.00277  0.38936  0.42512  3  8  9  0.31  3.59  

 7 …….  0.00052  0.00865  0.01241  3  8  7  1.06  3.86  

 8 …….  0.00146  0.00046  0.00250  3  8  7  0.93  3.86  

 9 …….  0.00344  0.46381  0.49381  3  8  7  0.17  3.86  

 10 …...  0.00346  0.38035  0.40415  3  8  7  0.16  3.86  

 11 …...  0.01295  0.03399  0.11470  4  8  9  3.25  3.63  

 12 …...  0.01856  0.06597  0.11472  3  8  9  1.37  3.59  

 13 …...  0.07902  0.09521  0.27809  2  8  9  2.43  3.80  

 14 …...  0.00582  0.03278  0.07027  4  8  9  1.85  3.63  
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 15 …...  0.01578  0.03771  0.08473  3  8  9  2.14  3.59  

 16 …...  0.02107  0.23481  0.30829  2  8  9  1.33  3.80  

 17 …...  0.01602  0.03085  0.06462  4  8  7  0.66  4.12  

 18 …...  0.01872  0.03859  0.06754  3  8  7  0.54  3.86  

 19 …...  0.05996  0.04582  0.12952  2  8  7  1.01  3.98  

 20 …...  0.11286  0.01408  0.28639  4  8  7  2.20  4.12  

 21 …...  0.11312  0.06828  0.28694  3  8  7  1.75  3.86  

 22 …...  0.12274  0.15434  0.38845  2  8  7  2.21  3.98  

   Note . –  F c  = (s – s 1  – s 2 ) / (s 1  + s 2 ) x (n 1  + n 2  – 2 p ) / p; F  = theoretical value at 5 percent level.  
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 Th is conclusion, if warranted, represents a key to understanding the success of 
agricultural growth in the two countries. Th e basis for the contrasting patterns of 
factor-price changes are the diff erences in factor-supply conditions. In the United 
States, land supply to agriculture has been more elastic than labor supply. 
In Japan, land supply has been either as elastic as labor supply, or less elastic. 
With the increased demand for farm products in the course of economic develop-
ment, the price of the less elastic factor tends to rise relative to the prices of the 
more elastic factors. Given the diff erences in supply elasticities, agricultural 
growth in both countries accompanied contrasting changes in land-labor price 
ratios. Prices of agricultural inputs such as fertilizer and machinery supplied by 
the nonfarm sector tended to decline relative to the prices of land and labor. Such 
trends induced farmers, public research institutions, and private agricultural 
supply fi rms to search for new production possibilities that would off set the 
eff ects of the relative price changes. Th us, mechanical innovations of a labor-
saving type were induced in the United States and biological innovations of a 
yield-increasing type in Japan. After the 1930s the decline in fertilizer price was 
so dramatic that innovation in U.S. agriculture shifted from a predominant 
emphasis on mechanical technology to the development of new biological innova-
tions in the form of crop varieties highly responsive to the lower-cost fertilizer. 

 Rapid growth in agriculture in both countries could not have occurred without 
such dynamic factor substitution. If factor substitution had been limited to 
substitution along a fi xed production surface, agricultural growth would have 
been severely limited by the factor of inelastic supply. Development of a continu-
ous stream of new technology which altered the production surface to conform to 
long-term trends in factor prices was the key to success in agricultural growth in 
the United States and Japan. 

 Such inducement of technological change was not attained without cost. Th e 
United States and Japan are among the few countries which have made a substan-
tial national eff ort in agricultural research and extension for the past hundred 
years. Th e history of agricultural research and extension in the United States is 
relatively well known (see Moseman 1968 and U.S. Department of Agriculture 
1962). 

 Japan’s eff orts to develop agricultural techniques were no less signifi cant than 
those of the United States.   14    Beginning with the trial importation of Western 
farming techniques in the 1870s, the itinerant agricultural instructor system 
started as early as 1885, and the National Agricultural Experiment Station was 
established in 1893, only fi ve years after the Hatch Experiment Station Act was 
enacted. Farmers, also, responded vigorously to exploit the opportunities opened 
by the Meiji Reforms by organizing Nodankai (Agricultural Discussion Societies) 
or Hinshukokankai (Societies for Exchanging Seeds).   15    

 Th e important point in the context of this paper is that such eff orts were 
directed appropriately in terms of factor-supply conditions. It is suggestive that 
in the 1870s the Japanese government tried to develop a mechanized agriculture 
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of the Anglo-American type by importing machinery and implements from 
the United States and inviting British agronomists to the newly established 
Komaba Agricultural School. Th is trial represented one of the general eff orts to 
borrow technology from the Western world at the outset of modern economic 
growth. But, unlike the case in industry, this trial was entirely unsuccessful in 
agriculture (except in Hokkaido). Th e government quickly realized the failure 
and reoriented its eff ort to the development of a biological technology by replac-
ing British agronomists with German soil scientists and hiring veteran farmers 
as itinerant instructors during the 1880s. Th ereafter, the main current of agri-
cultural research has been to develop veteran farmers’ techniques (with the pri-
mary motivation to raise the yield per hectare) on the scientifi c basis of German 
agricultural chemistry.   16    

 In both the United States and Japan, vigorous growth in the industries which 
supplied machinery and fertilizers at continuously declining relative prices 
represented an essential source of agricultural growth. Equally important were 
the eff orts in research and extension to best exploit the opportunities created 
by industrial development. Without the creation of fertilizer-responsive crop 
varieties, the benefi t from the lower fertilizer price is limited. Th e success in 
agricultural growth in both the United States and Japan seems to lie in the 
capacity of their farmers, research institutions, and farm supply industries 
to exploit new opportunities according to the information transmitted through 
relative price changes. 

 Agriculture in the United States and Japan under entirely diff erent initial 
factor endowments and factor-supply conditions attained rapid growth. Th ere is 
little reason that presently developing countries cannot attain the same success 
if they exploit the opportunities available to them. Th eir patterns of growth 
would likely be diff erent from the United States or Japan, as their factor-supply 
conditions are diff erent from those two countries. Eff orts must be directed to 
create a unique pattern of growth for each developing country. An important 
element in this eff ort appears to be a system which accurately refl ects the 
economic implications of factor endowments to producers, public institutions, 
and private industry.     
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 Quality adjustment factors for the farm machinery price index (USDA index of 
prices paid) were calculated for 1915–60 on the basis of Fettig   1963  . Th e adjust-
ment factors we calculated are originally for tractor prices, not for the prices of 
farm machinery in general. Th e basic assumption we have to make in order to use 
those factors for farm machinery prices is that the quality improvement in all 
farm machinery can be represented by or is parallel with quality improvement in 
wheel-type tractors. 

 Th e basic approach used by Fettig to construct the quality adjusted index of 
farm tractors for 1950–62 is (a) to estimate the regression of tractor price on the 
two quality variables (average horsepower per tractor and a dummy variable for 
the diesel engine) on cross-section data and (b) to discount the price changes due 
to the changes in these quality variables from the actual changes in tractor prices 
by the estimated regression equations. 

 Our quality adjustment factors for 1955–60 are based on the ratios of changes 
in the USDA index. Th e ratios calculated are 0.99 from 1950 to 1955 and 0.94 
from 1950 to 1960. For 1915–50 we calculated the adjustment factors using 
Fettig’s linear regression equation on 1950 cross sections. Since the numbers of 
diesel-powered tractors are negligible before 1950, and data are unavailable, we 
dropped the diesel dummy from the equation. Th e equation we used is  Y t   = 176.02 
+ 43.81  X t  , where  X t   and  Y t   are the average horsepower per tractor and the esti-
mate of tractor price (1950 U.S. dollars) for the corresponding horsepower in 
year  t . Th en,  Y t   divided by  Y1915  can be interpreted as the degree of tractor quality 
improvement from 1915 to year  t . We made the inverse of ( Y t  / Y1915 ) the quality 
adjustment factor ( k t  ) as in Table Al. Here for 1955 and 1960  k  is calculated 
by multiplying  k  for 1950 by the ratios of Fettig’s index to the USDA index (0.99 
and 0.94), as explained earlier. 

   A ppendix I

Q U A L I T Y  A D J U S T M E N T S  I N  T H E 
F A R M  M A C H I N E R Y  P R I C E  I N D E X   



 Factor Prices and Technical Change in Agricultural Development  203

 Data for average horsepower per tractor are calculated from the USDA, Farm 
Cost Situation 36 (November 1965), for 1940–60, and, Demand for Farm Tractors 
in the United States, Agriculture Economics Report No. 103 (1966), 1925–35. 
For 1915–20, the average horsepower is extrapolated from the 1925 value by 
the quinquennial growth rate of 7 percent (average rate for 1925–40).     

      Table 10.A  Tractor Quality Adjustment Factors  

  Year   X t     (HP)   Y t     ($)   k t     (1008/ Y  t  )  

 1915 …………  19  1,008  1.00  

 1920 …………  20  1,052  0.96  

 1925 …………  22  1,140  0.88  

 1930 …………  24  1,227  0.82  

 1935 …………  25  1,271  0.79  

 1940 …………  27  1,359  0.74  

 1945 …………  27  1,359  0.74  

 1950 …………  27  1,359  0.74  

 1955 …………  ….  ….  0.73  

 1960 …………  ….  ….  0.70  



204

 All data are quinquennial. Series marked as (a) are measured in single years at every 
fi ve-year interval beginning with 1880. Series marked (b) and (c) are fi ve-year 
averages centering on those quinquennial years and ending in these quinquennial 
years, respectively.     

    1.    U.S. Data   

 Agricultural output (b): gross output net of seed and feeds, Changes in Production 
and Effi  ciency, 1964, USDA Statistical Bulletin (hereafter Statis. Bull.) 233, 1964. 

 Crop production index (b): crop production index, USDA Statis. Bull. 233, 
extrapolated by 1910–14 constant price aggregate of nine major crops. 

 Number of male workers (a) and number of workers (a): economically active 
population adjusted by D. L. Kaplan and M. D. Kasey, Occupational Trends in the 
United States 1900–1950, U.S. Bureau of Census Working Report 5, 1958, linked 
with the number of gainful workers adjusted by A. M. Edwards, Comparative 
Occupational Statistics for the United States, 1870–1940, U.S. Department of 
Commerce, 1943. 

 Arable land area (a): cropland in U.S. Bureau of the Census, U.S. Census of 
Agriculture (various issues) with minor modifi cations. 

 Agricultural land area (a): land in farm in the Census of Agriculture with minor 
modifi cations. 

 Number of work animals (a): oxen, horses, and mules of all ages. Horses and 
mules from A Century of Agriculture in Charts and Tables, USDA Agriculture 
Handbook 318, 1966. Oxen from W. M. Hurst and L. M. Church, Power and 
Machinery in Agriculture, USDA Miscellaneous Publication 157, 1933. 

 Tractor horsepower (a): Farm Cost Situation 36, 1965, and Demand for Farm 
Tractors in the United States, USDA Agriculture Economics Report 101, 1966. 

   A ppendix II

B A S I C  S TAT I S T I C A L  S E R I E S   
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 Fertilizer input (b): (N + P 2 O 5  + K 2 O) series in USDA Statis. Bull. 233 linked 
with series 160 of U.S. Dept. of Commerce, Historical Statistics of the United 
States, Colonial Times to 1957, 1961 (hereafter Hist. Stat.). 

 Corn yield per harvested hectare (b): USDA Agriculture Handbook 318. 
 Percentage of corn area planted in hybrid seed (b): USDA, Agricultural Statistics 

1963. 
 Farm wage (a): farm wage per day without board, series K80 of Hist. Stat. 
 Farm wage index (c): composite index of farm wage rates, series K76 of Hist. 

Stat. 
 Arable land price (a): total value of farm real estate, series K4 of Hist. Stat. 

divided by arable land area. 
 Land price index (c): index of average value of farm real estate per acre of land 

in farm, series K5 linked with K7 of Hist. Stat. 
 Farm machinery price index (c): quality-adjusted index of farm machinery 

prices (Appendix I) extrapolated by the BLS and Warren-Pearson wholesale price 
index of metal and metal products, series E7 and E20 of Hist. Stat. 

 Fertilizer price (b) (c): current farm expense for fertilizer, USDA, Farm Income 
Situation 207, 1967, per ton of (N + P 2 O 5  + K 2 O), linked with the index of fertilizer 
prices at Connecticut market compiled by E. E. Vail, Retail Prices of Fertilizer 
Materials and Mixed Fertilizers, New York Agricultural Experiment Station Bull. 
545 (1932).    

    2 .     JAPAN DATA   

 Most Japanese data are taken from vol. 9 of  Estimates of Long-Term Economic 
Statistics of Japan since 1868 , edited by Kazushi Ohkawa et al. Tokyo, 1966 (here-
after  LTES  9), supplemented by vol. 3 and vol. 8 of the  LTES  series. 

 Agricultural output (b): gross output net of agricultural intermediate goods. 
Th e index of gross agricultural production (series 10 of Table 35,  LTES  9) multi-
plied by 1 minus the ratio of agricultural intermediate goods to agricultural 
production calculated from 1934–36 aggregates. 

 Crop output (b): series 10 of Table   4  ,  LTES  9. 
 Number of male workers (a) and number of workers (a): gainful workers, series 

1 and 3 of Table 33,  LTES  9. 
 Paddy fi eld area (a) and arable land area (a): series 13 and 14 of Table 32,  LTES  9. 
 Number of work animals (a): horses and draft cattle of all ages, Table 7,  LTES  3. 
 Tractor horsepower (a): estimated from the number of garden tractors or culti-

vators, Table   10  ,  LTES  3, by assuming the average horsepower is 5. 
 Fertilizer input (b): (N + P 2 O 5  + K 2 O), series 1 of Tables 20–22,  LTES  9. 
 Rice yield per planted hectare (b): in terms of brown rice. Data from Ministry 

of Agriculture and Forestry, Norinsho Ruinen Tokei-hyo, 1955. Yields before 1890 
are adjusted as in  LTES  9, p. 37. 

 Percentage of rice area planted in improved varieties (a): estimated in Hayami 
and Yamada   1968  . 
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 Farm wage (a): wage of male daily contract workers. Series 24 of Table 25,  LTES  9. 
 Farm wage index (c): index of male daily contract workers’ wages. Series 24 of 

Table 25,  LTES  9. 
 Arable land price (a): weighted average of the price of paddy fi elds and upland 

fi elds. Series 9–10 of Table 34,  LTES  9. 
 Land price index (c): simple average of paddy fi eld price index and upland fi eld 

price index. Series 9–10 of Table 34,  LTES  9. 
 Machinery price index (c): index of farm machinery prices (paid by farmers) 

from Bank of Japan, Hundred-Year Statistics of the Japanese Economy, 1966, 
linked with the index of machinery prices, series 21 of Table 8,  LTES  8. 

 Fertilizer price (b) (c): current farm expense for fertilizer, series 1 of Table 19, 
 LTES  9, per ton of (N + P 2 O 5  + K 2 O).     

   Notes   

          Yujiro Hayami and Vernon W. Ruttan,  Journal of Political Economy  78 (September/October 1970): 
1115–41. Minnesota Agricultural Experiment Station Scientifi c Journal Paper Series 6944. 
We are indebted to W. K. Bryant, Zvi Griliches, J. M. Henderson, D. G. Johnson, B. F. Johnston, 
Hideo Kanemitsu, A. O. Krueger, Takashi Negishi, R. R. Nelson, Kazushi Ohkawa, W. L. Peterson, 
Gustav Ranis, T. W. Schultz, A. M. Tang, and G. S. Tolley for suggestions and comments. 
We thank Mrs. Barbara Miller and Miss Sachiko Yamashita for computational assistance. 
Th e research on which this paper is based was fi nanced through a grant from the Rockefeller 
Foundation.   

   1.   Th is problem of induced bias in innovations represents a frontier of development economics. 
Hypotheses have been postulated on historical observations (Habakkuk 1967), and signifi cant 
theorems deducted (Fellner   1961  , 1966; Kennedy   1964  ; Samuelson   1965  ). Yet little work has 
been done to subject those theorems to quantitative tests. Even in Schmookler’s major contribu-
tion (  1966  ) to the quantitative economic analysis of innovations, the aspect of factor-saving 
bias was not treated.   

   2.   Th e reliability of agricultural production statistics in Meiji, Japan, has been strongly questioned, 
particularly by Nakamura (1966). For reactions to Nakamura’s criticisms see Hayami 1968a, 
Hayami and Yamada   1969  , and Rosovsky   1968  .   

   3.   When it is diffi  cult to choose a single data series to represent a single variable adequately, it is 
reasonable to try several alternatives and to accept the results as conclusive only if the several 
results are consistent with one another.   

   4.   Th e parallelism does not hold, however, for the period before the 1930s. Initially, increases in 
fertilizer input were not accompanied by increases in yield per hectare in the United States. Th is 
contradiction was apparently due to the use of commercial fertilizer primarily to off set the 
declining yields due to depletion of soil fertility. Prior to 1930, use of commercial fertilizer was 
concentrated in the South, in the production of cotton and tobacco, crops which were classifi ed 
as soil depleting. Th e depletion of natural fertility from virgin land progressed considerably in 
the newly opened Great Plains. Th e increase in commercial fertilizer input per hectare and the 
stagnant or even declining land productivity ( Y/A ) between 1880 and 1935 is consistent with 
the inference that the supply of plant nutrients from all sources (including both natural and 
commercial sources) was stagnant or even declining during this period.   

   5.   Our concept is similar to Fellner’s “weak but general proposition” that the anticipated rise in the 
price of a factor relative to other factor prices induces fi rms to develop and adopt innovations 
which save that factor (Fellner   1961  ).   

   6.   See Rogin   1931   for an excellent historical description.   
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    7.   Th is is consistent with the emphasis on the importance of the eff ect of mechanical innovations 
on the substitution between new and old machineries in terms of relative price changes as 
analyzed by P. A. David (  1966  ). In fact, in effi  ciency terms the decline in the price of new 
machines (relative to old machines) represents a measure of the contribution of the farm 
machinery industry to technical changes in agriculture.   

    8.   Griliches (  1958  ) has shown, using a distributed lag model, that increase in fertilizer input by 
U.S. farmers can be explained solely in terms of decline in fertilizer price. Th e relation he 
estimated can be identifi ed as the movement along the metaproduction function. Th e decline 
in the prices of fertilizer to farmers is a refl ection of technical change in the fertilizer industry 
(Sahota   1967  ).   

    9.   A direct test of the induced innovation hypothesis would involve a test for nonneutral change 
in the production surface. A possible approach is suggested by David and van de Klundert 
(  1965  ).   

   10.   Derivation of factor demand functions from a multifactor production function with diff erent 
elasticities of substitution (Griliches   1969a  , 1969b) seems to suggest a possibility for improv-
ing the present specifi cation. Our regressions are similar to Griliches’s, but our factor prices do 
not measure the costs of factor services other than fertilizer (see note 11).   

   11.   See appendixes for the nature of the data. Th e power and power prices series present the most 
serious limitations. Instead of resorting to existing estimates of power and machinery (Tostlebe 
  1957  ; U.S. Department of Agriculture   1947  ) which seem to underestimate seriously the growth 
in power and machinery inputs in effi  ciency terms because they do not consider quality change, 
we constructed a series on farm power by aggregating the number of work animals and tractor 
horsepower in terms of the estimated power they would generate. One horse is assumed equiv-
alent to 1 h.p. based on F. R. Jones   1938  : 8 and Hunt   1964  : 23. Th is assumption was consistent 
with a statistical test made to examine the adequacy of this conversion factor. Th e results of the 
test are available in mimeographed form. All we have for the price of power is the conventional 
price index of farm machinery, and even this does not exist for Japan before the Second World 
War. We have adjusted the conventional price index in the United States for quality changes 
based on Fettig’s (1963) work (Appendix I). Th e results obtained from such data should of 
course be taken with the greatest reservations. Ideally it would have been desirable to prepare 
data treating factor prices as the costs of factor services, that is, wage for labor, rent for land, 
and rental for power and machinery. We could not obtain this kind of data for land and machin-
ery. Our analysis is based on the assumption that changes in the prices of land and machinery 
in stock terms are an adequate refl ection of changes in the costs of their services.   

   12.   Some of the coeffi  cients of own prices turned positive—for example, the coeffi  cients of land 
price relative to wage in regressions 1 and 2. An exponential time trend was also included. Th e 
results were totally implausible due to multicollinearity (the simple correlation between time 
and the machinery price relative to wage was as high as 0.95).   

   13.   Biological innovations represented by improvements in crop varieties characterized by greater 
response to fertilizer tend to be land saving and labor using. For example, traditional rice 
varieties in Southeast Asia are equally productive as or more productive than improved 
varieties under low levels of nutrition and poor cultural practices. Th e yield potential of 
the improved varieties is achieved only when high levels of fertilization are combined with 
high levels of crop husbandry and water management. On this score, the introduction 
of high-yielding varieties enhances the substitution of fertilizer and labor for land. On the 
other hand, commercial fertilizers have signifi cant labor-saving eff ects as they substitute for 
self-supplied fertilizers. In Japan the production of such self-supplied fertilizers as manure, 
green manure, compost, and night soil has traditionally occupied a signifi cant portion 
of farmers’ work hours. With the increased supply of commercial fertilizers, farmers could 
divert their labor to the improvements in cultural practices in such forms as better seed bed 
preparation and weed control.   

   14.   See Ogura   1963  . Th ose who know Japanese are advised to consult Nogyo Hattatsushi Chosakai 
1953–73 ( Nihon Nogyo Hattatsushi  [History of Japan’s Agricultural Development], 10 vols.).   

   15.   Th is process is described by Hayami and Yamada (1968).   
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   16.   Adjustments of production techniques to factor-price ratios are not confi ned to agriculture. In 
the early phase of Japan’s modern economic growth we see a continuous sequence of modifi ca-
tions of “borrowed techniques” to conform to the factor-price ratios which were diff erent from 
those in Western countries (see Ranis   1957  ).                                   
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 Over the last several decades agricultural economists have made major contributions 
to our understanding of the impact of advances in natural science knowledge on 
technical change and of the impact of technical change on economic growth. We 
have also signifi cantly advanced our understanding of the sources of demand 
for and supply of technical change. Work carried out within the framework of the 
induced technical change paradigm has demonstrated that technical change can 
be treated as largely endogenous to the development process (Hayami and Ruttan 
  1971  ; Binswanger and Ruttan   1978  ). 

 We have made less progress in our attempts to understand the contributions of 
advances in social science knowledge to institutional innovation or of the contri-
bution of institutional innovation to economic, political, or social change. And 
our knowledge of the sources of demand for and supply of institutional change 
remains rudimentary. In this paper I suggest an approach to thinking about 
the sources of demand and supply for institutional change. I then proceed to 
explore the use of social science knowledge, and the role of social scientists, in 
the design and evolution of institutional innovations. Finally, I examine the 
contribution of agricultural economics research and of agricultural economists 
to the design and evolution of the “direct payment” approach to farm price and 
income policy. 

 I follow the lead of Commons (  1950  ) and Knight (  1952  ) and defi ne institution 
to include both the behavioral rules that govern patterns of relationships and 
action as well as decision-making units such as government bureaus, fi rms, and 
families. Th e term “institutional change” will at times be used to refer to both 
institutional innovation and changes in institutional performance.   1        

                     C H A P T E R  11  
 Social Science Knowledge and 
Institutional Change              

   Vernon W.     Ruttan         
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   Institutional Innovation and the Demand for 
Social Science Knowledge   

 Th e basic concept on which the evaluation of the returns to agricultural production 
research rests is that the demand for knowledge is derived from the demand for 
technical change in commodity production.   2    Once the output of research was 
clearly conceptualized as an input into the process of technical change in com-
modity production, processing, and distribution, this link made it possible to 
develop models to measure the ex post returns to research. It then became possi-
ble to make ex ante estimates of the relative contribution of alternative uses of 
research resources and to attempt to begin to specify rules that research managers 
might follow in the allocation of research resources. 

 Social scientists have only begun, perhaps somewhat reluctantly, to conceptu-
alize adequately the contribution of knowledge in the social sciences (Stigler 
  1982  : 60).   3    Th e fi rst step in an attempt to value new knowledge in economics, and 
in the social sciences generally, is to specify the sources of demand for that knowl-
edge. It is clear that the demand for knowledge in economics is not derived pri-
marily from either private or public demand for technical change in commodity 
production. Th e demand for knowledge in economics and in the other social 
sciences—as well as in related professions such as law, business, and social service—is 
derived primarily from a demand for institutional change and improvements in 
institutional performance. Shifts in the demand for institutional innovation or 
improvements in institutional performance may arise from a wide variety of 
sources. Th e Marxian tradition has emphasized the importance of technical 
change as a source of demand for institutional change. North and Th omas (1970, 
1973) attempted to explain the economic growth of Western Europe between 900 
and 1700 primarily in terms of innovation in the institutional rules that governed 
property rights. A major source of institutional innovation was, in their view, the 
rising pressure of population against increasingly scarce resource endowments. 
Schultz (  1968  ), focusing on more recent economic history, identifi ed the rising 
economic value of labor during the process of economic development as a primary 
source of institutional innovation. North and Th omas would apparently have 
agreed with Schultz (1968: 1120) that “it is hard to imagine any secular economic 
movement that would have more profound infl uence in altering institutions than 
would the movement of wages relative to that of rents.” It also seems more appar-
ent today than a decade ago that in nonmarket environments, or in environments 
where prices are severely distorted, the shadow prices that refl ect the real terms 
of trade among factors and products (or the gap between shadow and market 
prices) convey information to economic and political entrepreneurs that leads to 
shifts in the demand for institutional innovation and performance. 

 Conceptualizing the demand for institutional change in this manner opens up 
the possibility of a more precise identifi cation of the link between the demand 
for institutional change and the demand for knowledge in economics and in the 
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social sciences generally. Advances in knowledge in the social sciences off ers an 
opportunity to reduce the costs of institutional innovation, just as advances in 
knowledge in the biological sciences and agricultural technology have reduced the 
costs of technical innovation in agriculture. Th e demand by policy makers for 
advances in knowledge about price and market relationships is, for example, 
appropriately viewed as derived from demand for improved performance on the 
part of market or nonmarket institutions. 

 What evidence can be brought to bear against the hypothesis that the demand 
for social science knowledge is derived from the demand for institutional innova-
tion? Let me refer to two examples that tend at least to establish the plausibility 
of the hypothesis. Th e fi rst example draws on U.S. historical experience. During 
the last one hundred years, the United States has experienced three major waves 
of institutional reform. Th e fi rst was the Progressive era, which spanned the last 
decade of the nineteenth century and continued until the U.S. entry into World 
War I. Th e demands for reform were induced by the rapid technical and economic 
changes that had dramatically altered the conditions of American life since 
the Civil War.   4    Th e unifying theme that underlay the reform proposals of the 
Progressive era was a rejection of unregulated free-enterprise capitalism. Reforms 
refl ecting this perspective were initiated in the areas of income distribution, labor 
relations, social services, fi nancial markets, transportation, industrial organiza-
tion, and resource conservation. Popular demands for “direct democracy” were 
translated into expansion of women’s suff rage, direct election of senators, and 
more active participation of voters in the legislative process through the initia-
tive, referendum, and recall. A major consequence of these reforms was to widen 
substantially the participation of the federal government in economic aff airs and 
in areas previously reserved to the states. Th e second major wave of institutional 
innovation and reform was during the New Deal period in the 1930s. Th e ques-
tion of whether the New Deal reforms represented a drastic new departure in 
American reformism (Hofstadter   1955  ) or primarily the realization of reforms 
proposed originally during the Progressive era (Scott   1959  ; J. R. T. Hughes   1977  : 
146–98) and incubated during the 1920s (Chambers   1963  ) has been debated by 
political scientists and historians. But the New Deal reforms are not too diffi  cult 
to characterize. Th ey were in defense of security of property, of work, and of 
income—a reshuffl  e of the cards that had too long been stacked against the 
working man, the farmer, and the small businessman (Commager and Morris 
  1963  : xii). But the acceptance by the federal government of responsibility for 
maintaining economic life represented a radical break with tradition. Th e result 
was a period of six years, 1933 to 1938, that represented the most rapid period 
of institutional change since the Civil War (Leuchtenberg 1963: xv). 

 Th e third wave of institutional reform occurred during the Kennedy and 
Johnson administrations—the New Frontier (1960–63) and Great Society 
(1964–68) years. Th e Kennedy and Johnson administrations sought to complete 
the liberal agenda. Th ey sought to eradicate racial discrimination in voting, 
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housing, jobs, and schooling. And they sought to eliminate poverty—both black 
and white and urban and rural (Matusow   1984  : 180–271). Th ese reforms were 
followed in the late 1960s and early 1970s by rapid innovation in new forms of 
property rights in natural resources induced by a rising concern about the 
impact of technology on both material resources and environmental amenities 
(Ruttan   1971  ). 

 During each of these periods there was rapid growth in the demand for 
social science knowledge. Th e fi rst period drew on a broad range of intellectual 
capacities and expertise in law, in economics, and in the newer social science 
disciplines—but there was relatively little theory and even less research on which 
to draw. During the second period economists played a much larger role in policy 
design. Unfortunately, lack of an adequate understanding of macroeconomic 
relationships and a pervasive pessimism about the prospects for growth led to a 
structuralist reform agenda. But the demands for institutional innovation did 
lead to substantial growth in the resources devoted to social science research 
and to strengthening the statistical services of the federal government. By the 
late 1930s new theory and new information were being brought to bear on insti-
tutional innovation and reform. A new class of “service intellectuals” emerged 
in policy roles in the federal government.   5    During the 1960s social science 
research played an even larger role in program design than it had in the two 
earlier periods. Th is was in part because of a greatly expanded body of social 
science knowledge, a large social research capacity, and improvements in capacity 
to generate, process, and analyze social science data. Attempts were made to 
introduce experimental design as a stage in program development. But in spite of 
the advances in theory and method, the policy-relevant social science knowledge 
on which the Kennedy and Johnson administrations were forced to draw in the 
design of the poverty programs of the 1960s was too weak to respond eff ectively 
to the demands that were placed on it (Matusow   1984  : 217–76). 

 Th e second example draws more broadly on comparative experience. Stop for a 
minute and ask, which societies tend to draw most extensively on social science 
knowledge, and which societies draw least on social science knowledge, in policy 
design and reform? It seems clear that societies in which the design of social 
institutions is strongly determined by ideology or religion exhibit a very weak 
demand for social science knowledge. Th e USSR, for example, tends to draw 
primarily on that narrow range of economics most closely related to engineering-
input/output analysis, mathematical programming, and sector modeling. In 
China much of the capacity of economics is devoted to clarifying the implications 
of shifts in economic ideology (Calkins   1984  ). Relatively little capacity is devoted 
to institutional design. 

 It also seems clear that the demand for social science knowledge is strongest in 
those societies and in those historical periods in which the burdens of ideology, 
religion, and tradition impose relatively weak constraints on institutional design. 
And within any society it seems apparent that the demand for social science 
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knowledge is strongest when the society is attempting to confront the problems 
of the present rather than when it is attempting to recapture romantic memories 
of the past or pursuing utopian visions of the future. In the 1960s it was possible 
to believe that the exhaustion of the ideologies that had dominated social thought 
for the previous century and a half had permanently shifted the demand for 
social science knowledge to the right (Bell   1960  ). But this vision is somewhat 
more clouded when viewed from the perspective of the 1980s. It is diffi  cult to 
avoid the conclusion that budget reductions have at times been used to reduce 
the accumulation of social science knowledge in order to reduce the challenge to 
ideology in policy design.     

   Social Science Knowledge and the Supply of 
Institutional Innovation   

 If one accepts the notion that the demand for knowledge in economics, and in the 
social sciences generally, is derived from the demand for institutional change, it 
then becomes necessary to consider the sources of supply of institutional change. 

 Th e view that emerges from my own work is that advances in social science 
knowledge act to shift the supply of institutional change to the right. Th roughout 
history, improvements in institutional performance have occurred primarily 
through the slow accumulation of successful precedent or as a by-product of 
expertise and experience. Institutional change was traditionally generated 
through the process of trial and error much in the same manner that technical 
change was generated prior to the invention of the research university, the 
agricultural experiment station, or the industrial research laboratory. With the 
institutionalization of research in the social sciences it is becoming increasingly 
possible to substitute social science knowledge and analytical skill for the more 
expensive process of learning by trial and error. 

 But how responsive are advances in social science knowledge to demands aris-
ing out of social confl ict or economic growth? Is the supply of social science 
knowledge for institutional innovation relatively elastic? Or is society typically 
faced with a situation wherein the demand for institutional innovation shifts 
against a relatively inelastic supply curve? Stigler has argued that the supply 
of knowledge in the social sciences is relatively impervious to the impact of 
economic events (Stigler   1965  ). He also has argued the opposite position (Stigler 
  1982  ). My own perspective is consistent with Stigler’s more recent view that 
economists respond rapidly to changes in the economic and political environ-
ment. Advances in economic thought are becoming an increasingly eff ective 
substitute for trial and error in the design and reform of economic institutions 
and economic policy. 

 If we accept the arguments that (a) the value society places on social science 
research is derived primarily from its contribution to institutional change and 
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performance and (b) advances in social science knowledge are responsive to 
demands generated by social and economic change, we are then forced to consider 
several additional questions. How much freedom does a society have in choosing 
the path of institutional change that it will follow? Is society as free to design new 
institutions as planners frequently assume? Or is institutional change so domi-
nated by historical or evolutionary forces that rational design has a relatively 
small role to play in the process?   6    Th e response by economists to these questions 
can be grouped in two major intellectual traditions. One tradition can be charac-
terized as the design tradition, the other the evolutionary tradition. Th e strategy 
adopted in the design literature is to attempt to distinguish between the institu-
tional mechanism, over which the designer or planner can exercise some degree of 
analytical control, and the institutional environment, in which changes are treated 
as exogenous (Hurwicz 1972a, 1972b, 1977; Reiter   1977  ). Th e research agenda is 
then to study the performance characteristics of diff erent institutional mecha-
nisms under a wide class of institutional environments. My own work (with 
Hayami and Binswanger) on induced institutional innovation falls more within 
the evolutionary tradition. In this work we have attempted to test and examine 
empirically how changes in the institutional environment have been induced by 
long-term changes in resource endowments and changes in technology.   7    

 Th e history of agricultural economics suggests a strong commitment to the 
design tradition. Agricultural economists have been intimately involved in the 
process of institutional design almost since the origin of the fi eld. We have been 
involved both through our research and through personal involvement in the 
design and reform of land tenure, credit, and marketing institutions. And our 
leading practitioners have contributed both to the agricultural policy debates and 
to the design of agricultural policies and programs. Th e history of our successes 
and failures suggests that we have been less sensitive to the constraints placed on 
design by changes in the economic and social environment. And we have often 
been insensitive to the design opportunities made possible by changes in resources 
and cultural endowments or by changes in technology. 

 I would now like to turn to review the history of a major institutional innova-
tion in which agricultural economists have played active roles in both the advance-
ment of knowledge and in institutional design. My purpose will be to examine the 
relative contributions of the design logic and of external political and economic 
forces to the evolution of policies and programs. Th e area I have selected for exam-
ination is the development of direct payment approaches in programs to support 
commodity prices and farm incomes.     

   Th e Compensatory Payments Approach to 
Farm Income Support   

 Th e late 1950s and early 1960s were a period of remarkable vigor in agricultural 
policy research and in the design of agricultural commodity policy. Much of the 
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professional discussion during this period was dominated by the “supply man-
agement” proposals developed and championed by Willard Cochrane (1945, 1946, 
1947, 1958, 1984). Cochrane served as an adviser to Kennedy during the 1960 
campaign, assisted in the drafting of a campaign “white paper” on agricultural 
policy, and was brought into the Kennedy administration as director of agricul-
tural economics. Th e design of the commodity program provisions of the proposed 
Food and Agriculture Act of 1962 was based on the supply management ideas that 
Cochrane had worked out over the previous decade and a half.   8    But the most 
signifi cant policy innovations in the new legislation that fi nally emerged out of 
this period drew more heavily on the compensatory or direct payment ideas that 
were fi rst formally proposed to the Congress in 1949 by Secretary of Agriculture 
Charles F. Brannan than on the supply management proposals developed by 
Cochrane. 

 How did the direct or compensatory payment ideas incorporated in the 1949 
Brannan plan emerge? Proposals for a program of countercyclical compensatory 
payments based on the diff erences between market prices and some percentage 
of the price that prevailed during a pre-depression period had been suggested 
by Th eodore W. Schultz in a book in 1943 and in an article in 1944. Th e proposal 
was substantially elaborated in his 1946 study for the Committee for Economic 
Development, Agriculture in an Unstable Economy. Direct payments were also 
discussed in a number of the papers submitted to the 1945 American Farm 
Economic Association essay contest titled “Price Policy for Agriculture.”   9    By 1948 
practically all leading agricultural economists were favorably disposed toward 
direct payments as an essential element of an eff ective farm commodity policy 
(Christenson   1959  : 28; Brandow   1977  : 238–39). It was generally agreed that a 
system that could provide income support without distorting market prices would 
more eff ectively meet both equity and effi  ciency objectives than policies that 
attempted to meet income objectives through price supports. 

 In putting the emergence of proposals for direct or compensatory income pay-
ments into perspective, it is useful to recall the environment in which the earlier 
agricultural programs of the 1930s were initiated. Th e designers of commodity 
price programs during the fi rst Roosevelt administration were not able to draw on 
an extensive body of either program experience or professional analysis and dis-
cussion comparable to that available to the designers of the farm credit programs. 
Agricultural economists, particularly Joseph Davis, M. L. Wilson, Mordecai 
Ezekiel, John D. Black, Howard Tolley, and George F. Warren, had played an active 
role in the debates about the merits of the McNary-Haugen and Federal Farm 
Board proposals of the late 1920s and early 1930s and in the design of the 
Agricultural Adjustment Act of 1933 (Kirkdendall   1966  ).   10    But their arguments 
drew on limited data about and weak understanding of the agricultural sector 
implications of macroeconomic policy. Th e extent to which the behavior of agri-
cultural commodity and fi nancial markets refl ected the dramatic increase in 
unemployment and the decline in national income was not clearly understood. 
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It was not until the 1940s that the dialogue between theory, method, and data 
had advanced to the point at which the agricultural economics literature began to 
refl ect adequately an understanding of what today can be recognized as the 
Schultz-Cochrane paradigm on the macroeconomic basis for the farm crisis of the 
1930s or the implications of macroeconomic policy for the design of agricultural 
programs.   11    

 Farm policy did not emerge as a major issue until late in the 1948 presidential 
campaign. With the support of the two major farm organizations, the Republicans 
and Democrats had joined forces to pass the 1948 Hope-Aiken bill that extended 
the high wartime price support levels for one year, to be followed by a program of 
fl exible price supports. As the election approached, however, the consensus 
tended to break down. Th e breakdown was stimulated by the southern Democrats’ 
unwilling support of the Hope-Aiken bill, falling farm prices, farmers’ favorable 
response to Truman’s “give’em hell” campaign rhetoric, and Brannan’s vigorous 
emphasis on a policy of abundance in speeches in support of the Truman candi-
dacy (Matusow   1984  : 170–93; Cochrane and Ryan   1976  : 26–28). 

 Following the election both Truman and Brannan agreed that farmers had 
played a critical role in the Truman victory. Brannan then set in motion steps to 
translate his commitment to a policy of abundance into the design of a farm pro-
gram. As an initial step, Brannan assigned Oris V. Wells, then head of the Bureau 
of Agricultural Economics (BAE), to chair a departmental seminar on national 
agricultural policy. Th e regular members of the seminar included the senior policy 
offi  cers of the department and several of the leading economists of the BAE—
John Baker, Louis Bean, O. C. Stein, and Karl Fox. Other economists were involved 
in the presentation of seminar papers and in some of the individual seminars 
(Christenson   1959  : 26). Th e seminars continued twice a week from January to 
early March of 1949, while the Congress impatiently pressed Brannan for his 
policy proposals. 

 Th e topics covered included problems of supporting perishable commodities, 
multiple price systems, income parity as an alternative to price parity, the food 
stamp plans, modernization of parity, and compensatory payments. Brannan’s 
role in the seminars came close to approximating the textbook example of the 
appropriate role of policy makers in drawing on economic analysis. He “said little 
until the sixth meeting. He knew that if he were to tip his hand on how his 
thinking was running, it would dry up or defl ect the contributions of the more 
timid—or ambitious—members” (Christenson   1959  : 27). 

 At the sixth meeting, on March 3, the secretary concluded the seminars and 
formed a smaller technical group to work on the fi nal formulation of department 
policy. On April 6 Brannan met with President Truman to review the economic 
and political implications of the program. On the same day he also met with the 
leaders of the major farm organizations to explain the program. And on April 7 
he presented his recommendations to a joint hearing of the House and Senate 
agriculture committee. 
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 Th e plan that Brannan presented to the Congress refl ected “his philosophy of 
positive government and his goals of income equity to farmers and . . . cheap food 
for all consumers. Supply and demand were allowed to determine market prices 
but acceptable incomes for family farmers were to be guaranteed by supplemental 
payments” (Cochrane and Ryan   1976  : 29). Th e proposal represented a major break 
with the scarcity orientation of the agricultural policies of the 1930s. Th e Branan 
proposals included “(1) the use of an income standard, based on a ten-year moving 
average . . . as a method of computing price support levels for farm products; 
(2) support for major products . . . at full income standard levels; (3) support of 
the incomes of growers of perishable commodities by direct payments by the 
government of the diff erence between the prices received in the market and the 
support price established; (4) restriction of supports to large-scale farmers to 
what effi  cient family farm units could produce; and (5) requirement of compliance 
with approved conservation practices and production or marketing controls in 
order to receive benefi ts” (Rasmussen   1983  : 360). 

 In retrospect, Brannan’s interpretation of the 1948 election as a mandate for 
his program of abundance was exaggerated (Ryan   1980  ). Th e plan was greeted 
with a storm of protest. Th e early proponents of direct payments objected to 
the revisions in the parity formula that had the eff ect of raising support levels 
(Schultz   1949  : 176–90). Th e supporters of high support prices objected to the 
regimentation implied by production controls. Only the Farmers Union supported 
the payment limitations and the AFL-CIO the cheap food provisions. Initial 
support for the plan eroded rapidly throughout the 1949 and 1950 legislative 
sessions. When the Korean War broke out in June 1950, farm prices surged 
upward, and the problems for which the Brannan Plan was designed appeared to 
disappear (Christenson   1959  : 143–70; Matusow   1984  : 201–21). 

 Th e attraction of the compensatory payments concept did not die with the 
Brannan Plan. In 1954 the Congress authorized, with the approval of Secretary of 
Agriculture Ezra Taft Benson and supported by the votes of most Republican con-
gressmen, a compensatory payments program for support of the income of wool 
growers, “the Brannan Plan in sheep’s clothing,” funded with tariff  receipts 
on wool imports (Christenson   1959  : 167; Benedict and Stein   1956  : 352–55). 
It emerged again in the feed grain provisions of the Agricultural Act of 1962 in 
the form of production payments based on the diff erence between the price sup-
port level and the price that would allow wheat to move into international trade 
without a direct subsidy. In the Agricultural Act of 1964 this provision was 
extended to maize and cotton (with payments going to handlers in the case of 
cotton). In the Agricultural Act of 1965 the mandatory features of the earlier 
supply management program were completely abandoned—“voluntary produc-
tion control programs with low levels of price supports and direct payment to 
producers had carried the day in the major commodities. And these program 
features . . . remained essentially unchanged for fi ve years” (Cochrane and Ryan 
  1976  : 82). In the Agricultural Act of 1973 the concept of a “target price” was 
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introduced as a device for determining the size of the income support payment. 
Th e target price concept had the eff ect of further institutionalizing the direct or 
defi ciency payment approach (Cochrane   1984  ). 

 It seems apparent that increased reliance on direct payments in agricultural 
commodity programs, beginning in the mid-1960s, was induced at least in part 
by the growing integration of U.S. agriculture into world commodity markets. 
Th e eff ects of the overvaluation of the dollar, which began in 1949 when a number 
of European countries undertook major devaluations, were initially masked 
by the Korean War. By the mid-1960s program costs, from acquiring stocks or 
removing land from production, had become excessively burdensome (Schuh 
  1974  ). Th e wheat referendum gave policy makers license to lower support levels 
gradually to a level consistent with the overvalued dollar. A program which 
permitted agricultural commodities to move into world markets without direct 
subsidies was more consistent with the opportunity to participate in the growth 
of agricultural trade. Th e benefi ts from a direct payments program when initially 
proposed by Brannan were primarily in terms of agricultural adjustment and 
income distribution. By the mid-1960s the gains could also be measured in terms 
of economic growth and higher farm income (Lopes and Schuh   1976  ; Schuh   1984  ; 
Cochrane   1984  ). After the initial defeat of the supply management proposals the 
Freeman-Cochrane-Schnittker team in the department responded skillfully and 
eff ectively to design and manage program changes that, by the late 1960s, brought 
agricultural commodity production and prices closer to equilibrium levels than 
they had been since the end of the Korean War.     

   Some Lessons   

 What does the case study reviewed in this paper reveal about the demand for 
and supply of social science knowledge and how such knowledge contributed to 
institutional design and innovation? Clearly, one case study is too limited to do 
more than suggest hypotheses to guide further research. It would also have been 
useful, for example, to examine institutional innovations such as (a) the “rural 
free delivery” of mail, which arose out of the farmer protest movement of the late 
nineteenth century with no assistance from social science analysis or research;   12    
(b) the cooperative farm credit system in which agricultural economists played a 
preeminent role in the reform and management of the system;   13    and (c) the food 
stamp program, in which agricultural economists played a dominant role in both 
program design and the mobilization of political resources.   14    

 A fi rst lesson is that defi ciencies in social science knowledge relevant to 
institutional design have at times imposed a substantial burden on the design of 
eff ective policy. Th e production control proposals advocated by department econ-
omists such as Wilson, Ezekiel, and Tolley refl ected the pervasive defi ciency in the 
understanding of macroeconomic relationships in the early 1930s. 
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 In spite of advances in the understanding of the macroeconomic relationships 
during the 1940s, it seems apparent that the limited ability to translate that 
understanding into a system of demand and supply relationships, and to estimate 
empirically the parameters of commodity and sector models, imposed a severe 
burden on both the design and the acceptance of the Brannan Plan. For example, 
except for a few illustrative estimates for individual perishable commodity pro-
grams (for hogs, eggs, potatoes, and milk and milk products), Secretary Brannan 
was not able to present to the Congress overall cost estimates for implementing 
his proposals. 

 Th e fi rst comparative estimates of alternative program costs using a consistent 
supply-and-demand framework were synthesized in 1950 for the 1949 crop year 
by George Mehren (  1951  ). Mehren’s estimates suggested, somewhat surprisingly, 
that the costs of the Brannan Plan would not have been signifi cantly diff erent 
than costs incurred under the programs that were mandated by the Agricultural 
Act of 1948 and the Agricultural Act of 1949. But it was not until the research 
programs of Karl Fox (  1953  ) and his associates at the U.S. Department of 
Agriculture (USDA) in the early and mid-1950s and of George Brandow (  1961  ) 
and his colleagues on the Interregional Committee on Agricultural Policy in the 
late 1950s were completed that reasonably consistent estimates of program 
costs and impact became possible. And it was not until the early 1960s that a 
substantial body of literature on program costs and impacts became available to 
policy analysts (Cochrane and Ryan   1976  : 359–82).   15    

 By the early 1960s the theory and method for the preparation of such esti-
mates had become fully institutionalized in the USDA and were consistently 
referred to in debates over commodity policy. It had become customary by the 
time Cochrane became director of agricultural economics at the USDA to estimate 
the farm price and income eff ects, the consumer price eff ects, the federal budget 
impact, and the income distribution impact of the farm policy alternatives that 
received serious administrative or legislative attention. And I am prepared to 
argue that these estimates contributed to both the quality of the policy debates 
and to better policy than would have emerged in the absence of the advances in 
analytical capacity that occurred over the previous two decades. 

 A second major lesson that emerges from the cases examined in this paper 
is that short-run economic and political events can exert a major impact on the 
eff ectiveness of social science contributions to institutional design or reform. Th e 
depression of the early 1930s generated a dramatic increase in demand for social 
science knowledge for the design of policies and programs. 

 But the capacity of social scientists to respond to such opportunities with 
eff ective program design is itself dependent on the state of social science knowl-
edge. Roosevelt’s election resulted in a discrete shift to the right in the demand 
for institution innovation. Th e department economists who contributed to the 
design of the commodity and price policies of the 1930s were clearly among the 
most brilliant members of the profession. But the economic theory and economic 
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research on which they were forced to draw for policy design was underdeveloped. 
Th e policies that were designed in the 1930s have imposed a continuing burden 
on professional dialogue in the fi eld of agricultural policy and heavy social costs 
on both farmers and consumers. 

 A third inference is that the agricultural commodity programs were induced by 
fundamental economic forces associated with the development of the American 
economy and the agricultural economy in particular. 

 Before the beginning of this century, the gains in productivity in American 
agriculture were almost entirely a consequence of increased mechanization. Th e 
technological revolution of the nineteenth century contributed to increasing 
output per worker but contributed very little to growth in aggregate output 
(Hayami and Ruttan   1971  : 138–52). Th e period immediately after the turn of the 
century was a period of technological stagnation. But by the mid-1920s a new 
biological technology capable of enhancing output per acre and output per unit of 
breeding stock was beginning to come onstream. It was becoming possible to 
increase aggregate output more rapidly than aggregate demand. 

 In the absence of public intervention in agricultural commodity markets, the 
gains from the new technology would have been transferred almost immediately 
from agricultural producers to consumers. In this environment it should not have 
been surprising that farmers would be unsatisfi ed with policies that protected 
them only from the eff ects of cyclical fl uctuations in economic activity. Although 
farmers and farm leaders articulated these demands in diff erent terms, it seems 
clear in retrospect that they were demanding economic policies that would 
dampen the transfer of productivity gains from farm producers to consumers. 

 I have not in this review presented any formal estimates of rates of return to 
agricultural economics research. It is quite clear, however, that lack of economic 
knowledge has at times imposed very heavy costs on American farmers and the 
American economy. As the participation of American agriculture in world mar-
kets has grown, our capacity to expand the knowledge relevant to institutional 
reform and design has not kept pace. Private sector research on this issue is almost 
nonexistent. Th e 6 percent or 7 percent of the public agricultural research budget 
now allocated to economic research represents a substantial underinvestment 
when evaluated against the gains that can be achieved by substituting economic 
analysis for trial and error in research policy, fi nancial policy, commodity policy, 
trade policy, resource policy, and the other areas of applied economics that are 
amenable to the analytical skills of agricultural economists. 

 In concluding, I would like to add an important qualifi cation to my enthusiasm 
about the value of agricultural economics research. One of our major defi ciencies, 
both in the modern tool-using epoch and in the earlier epoch when we operated 
primarily with the use of principles unencumbered by signifi cant tool-using capacity, 
has been our lack of sensitivity to the major sources of economic and social change 
that have shaped our policies and our institutions. Th e literature suggests that we 
have believed that institutional design is simply a matter of analytical skill and 
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political will. We have given relatively little attention to an attempt to understand 
the rate and direction of the broader historical forces that infl uence the demand 
for institutional change. As a result, we have often found it diffi  cult to escape the 
impact of short-run changes in the economic and political environment, or of the 
often volatile changes in the intellectual environment.    

   Notes   

          Vernon W. Ruttan,  American Journal of Agricultural Economics  66 (December 1984): 549–59 
(American Agricultural Economics Association 1984 Fellows Lecture). Th e author is indebted to 
Dale Adams, Peter J. Barry, John R. Brake, Harold Breimyer, Karen Brooks, Emery N. Castle, 
Willard W. Cochrane, James P. Houck, Glenn Fox, C. Edward Harshbarger, Yujiro Hayami, Forest 
F. Hill, Emanuel Melichar, Glenn L. Nelson, George W. Norton, Wayne D. Rasmussen, C. Ford 
Runge, Lyle P. Schertz, G. Edward Schuh, and Th eodore W. Schultz, and to members of the 
University of Minnesota Agricultural Development Workshop for comments on an earlier draft 
of this paper.   

   1.   Th is usage is consistent with my earlier work (Binswanger and Ruttan   1978  : 327–57; Ruttan and 
Hayami   1984  ), where the term “institution” is used to include that of organization. Th e term 
“institutional innovation” will be used to refer to innovations that lead to changes (a) in the 
behavior of a particular organization, (b) in the relationship between such organization and its 
environment, or (c) in the rules that govern behavior and relationships in an organization’s 
environment. Th is defi nition is more inclusive than Veblen’s (Seckler   1975  : 61) but is consistent 
with that used by Commons (  1950  : 26) and Knight (  1952  : 51). Th e defi nition used here also 
encompasses the several classes of institutional entities and behavior employed by Davis and 
North (  1971  ).   

   2.   Th is section and the next section, on the supply of institutional innovation, draw on earlier 
discussions in Binswanger and Ruttan   1978  : 337–40, Ruttan   1982a  : 304–8, and Ruttan and 
Hayami   1984  .   

   3.   For two initial attempts see Hayami and Peterson   1972   and Norton and Schuh   1981b  . See also 
the reviews by Norton and Schuh (  1981a  ) and Norton and Norris (  1984  ).   

   4.   For a very useful review of thought regarding the Progressive era see A. M. Scott   1959  . For the 
intellectual, political, and social origins of many of the reforms of the Progressive era in the 
earlier farmer protest movements see Hicks   1961  , chap. 15 and J. R. T. Hughes   1977  .   

   5.   Th e term “service intellectual” is from Kirkendall   1966  . Kirkendall (1966: 1–7) traces the rise of 
the service intellectual back to origins in the Progressive era, when Governor Robert M. 
LaFollette actively encouraged the movement of academics from the University of Wisconsin 
into service of the state government.   

   6.   Th is issue has been of concern since the origin of modern social science. In 1744 Giambattista 
Vico, whose role in the origins of political science is comparable to that of Adam Smith in 
economic thought, argued that it is “naive to regard political and social institutions as owing 
their origins to acts of rational planning . . . motivated either by considerations of enlightened 
self-interest or by respect for an abstract concept of justice” (Gardiner   1959  : 10).   

   7.   Th is perspective was initially outlined in Hayami and Ruttan   1971  : 59–61. It will be elaborated 
more fully in the forthcoming revised edition of Hayami and Ruttan   1985  . See also Binswanger 
and Ruttan   1978  : 227–357 and Ruttan and Hayami   1984  . Th e complementarity between the 
design and induced innovation perspectives was explored in a seminar at the University of 
Minnesota in February 1983 (see Runge   1983  ).   

   8.   Cochrane’s perspectives on aggregate economic relations for the agricultural sector began with 
a series of papers published in the 1940s (Cochrane   1945  , 1946, 1947) and were articulated 
most completely in his book  Farm Prices: Myth and Reality  (1958). For a discussion of Cochrane’s 
role in the design of the Food and Agricultural Act of 1962, see Hadwiger and Talbot   1965  .   
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    9.   Th e American Farm Economic Association essay contest “Price Policy for Agriculture” refl ected 
an exceptional interest in the design of postwar agricultural policy. Over three hundred essays 
were submitted. Th e major theme of the award papers was greater freedom in pricing of 
individual commodities combined with some form of “forward pricing” to guide production 
and minimum or fl exible price support guarantees. Direct payments for farm income support 
represented a subsidiary theme. For the award papers see Nicholls   1945  , Johnson   1945  , and 
Waugh   1945  . Th e Cochrane honorable mention paper (Cochrane   1945  ), which drew on his 
1945 Harvard Ph.D. thesis, emphasized production adjustment, equilibrium market prices, 
and abundant and inexpensive food supplies for consumers. Th e food abundance theme became 
an important issue in the Brannan proposal in 1948.   

   10.   John D. Black (  1939  ) would give somewhat less credit (or blame) to the department econo-
mists. According to Black (1939: 26), “A little contemplation will convince anyone that in the 
great surge toward collective action in the agricultural economy of this and other nations since 
the World War, the economists have generally been considerably behind the lines of battle—
many of them engaged in rear guard fi ghting. Not only the drive toward action but also the 
major part of the thinking about eff ective lines of action has come from outside the strictly 
professional ranks—from men like the two Wallaces, George Peck, Chester Davis, Governor 
Lowden, Alexander Legge, Edward O’Neal, even Rexford Tugwell if you like. Th is is in spite of 
the fact that in this particular case an unusual amount of aid has been rendered by several 
professional agricultural economists—Dr. H. C. Taylor in the days when he served with 
the elder Wallace, M. L. Wilson, H. R. Tolley and L. C. Gray; in the fi eld of agricultural credit 
W. I. Myers and F. F. Hill. ‘Cock-eyed’ and ‘screwy’ though we economists may dub some of the 
ideas of some of these men, they have nevertheless set the stage and written many of the parts 
of the drama of agriculture in the last 16 years” (see also Gaus and Wolcott   1940  : 65–66).   

   11.   Th e weakness of agricultural policy analysis and discussion by economists before the 1940s 
has been noted by Wilcox (  1963  ). Brandow (  1977  : 241) notes that by the early 1950s there 
was “a group of economists who tended to approach policy analysis in a particular way and 
who came to similar policy conclusions; this group . . . included T. W. Schultz, D. G. Johnson, 
W. H. Nicholls, O. H. Brownlee, and R. Schickele. A group in the USDA Bureau of Agricultural 
Economics . . . owed much to the leadership of H. R. Tolley and included, among others, 
B. W. Allin, W. W. Cochrane, J. G. Maddox, O. C. Stine and O. V. Wells. J. D. Black in his prag-
matic way worked closely with the Tolley group, S. E. Johnson, J. P. Cavin, and others in the 
USDA.” Brandow (  1977  : 219) also comments, “Th ough in retrospect Cochrane’s analysis seems 
to be generally consistent with ideas presented . . . by Schultz, it is instructive to note that 
Cochrane’s fi rst articles did not present it in that context and that Schultz so severely criticized 
the details and emphasis of Cochrane’s analyses as to appear to reject it. Th is was not the fi rst 
or last time that economic ideas subsequently seen to be closely related were initially thought 
of as sharply diff erent.” In retrospect, it appears that the major diff erence between Schultz and 
Cochrane was not so much a diff erence in their analysis of the sources of the farm problem 
or the behavior of the agricultural economy but in their policy proposals. Schultz was more 
concerned with the protection of farm incomes from the eff ects of macroinstability. Cochrane 
was more concerned with protecting farm income from the eff ects of overcapacity associated 
with rapid technical change. See Cochrane’s critical discussion of income payments (  1946  ).   

   12.   Legislation authorizing an experimental program of free mail delivery in rural areas was passed 
by the U.S. Congress in 1892. Th e program was not initiated, however, until 1896. Th e service 
grew rapidly during its fi rst decade but it was not until 1926 that the system was fully devel-
oped. Legislation extending rural delivery of parcel post was passed in 1912 (Fuller   1964  ). 
Fuller (  1964  : 35) suggests that rural free delivery was almost the only positive accomplishment 
of the farmers’ protest movement of the 1890s.   

   13.   Th e draft of this paper presented at the AAEA annual meetings at Cornell University on 
August 7, 1984, contained a discussion of the political and economic forces that led to the 
initial development of the farm credit system during the 1916–29 period and the role of agri-
cultural economists in the reform of the system in the 1930s. It was necessary, in order 
to conform to space requirements, to drop this section in the published version of the paper. 
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A copy of the paper containing the omitted section can be obtained by writing to the author 
at the Department of Agricultural and Applied Economics, University of Minnesota, St. Paul 
MN 55108.   

   14.   Th e food stamp program was fi rst initiated in 1939. It was discontinued in 1943 and revised 
again in the early 1960s (Benedict   1956  : 289–94).   

   15.   Th e defi nitive reports in these two eff orts were Fox   1951   and Brandow 1961.          
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 Th e interpretation of technical and institutional change as endogenous rather 
than exogenous to the economic system is a relatively new development in 
economic thought. In work published in the early 1970s we extended the theory 
of induced technical change and tested it against the history of agricultural devel-
opment in the United States and Japan (Hayami and Ruttan   1971  ; Binswanger 
and Ruttan   1978  ; Wade   1981  ). It is now generally accepted that the theory of 
induced technical change provides very substantial insight into the process of 
agricultural development for a wide range of developed and developing countries. 
And economic historians are increasingly drawing on the theory of induced 
technical change in attempting to interpret diff erential patterns of productivity 
growth among countries and over time (Cain and Paterson   1981  ; Phillips   1982  ). 

 Th e demonstration that technical change can be treated as largely endogenous 
to the development process does not imply that the progress of either agricultural 
or industrial technology can be left to an “invisible hand” that drives technology 
along an “effi  cient” path determined by relative resource endowments. Th e capacity 
to advance knowledge in science and technology is itself a result of a product of 
institutional innovation—“the great invention of the nineteenth century was the 
invention of the method of invention” (Whitehead   1925  : 96). 

 In the case of agriculture, for example, in both Japan and the United States, 
much of the technical change that has led to growth of output per hectare 
has been produced by public sector institutions. Th ese institutions—state (or 
prefectural) and federal (or national) agricultural experiment stations—obtain 
their resources in the political marketplace and allocate their resources through 
bureaucratic mechanisms. Th e success of the theory of induced technical change 
gives rise, therefore, to the need for a more careful consideration of the sources of 
institutional innovation and design. 

 In this paper we elaborate a theory of institutional innovation in which shifts 
in the demand for institutional innovation are induced by changes in relative 
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resource endowments and by technical change. We also consider the impact of 
advances in social science knowledge and of cultural endowments on the supply 
of institutional change. After examining the forces that act to shift the demand 
and supply of institutional innovation, we then present the elements of a more 
general model of institutional change. Th e perspective on the role of institutional 
innovation in the process of economic development presented in this paper is 
much more positive than the views that were held by the American institutional 
school or in the recent literature on social choice and collective action (Zingler 
  1974  ; Seckler   1975  ; Olson   1982  ).     

   What Is Institutional Innovation?   

 Institutions are the rules of a society or of organizations that facilitate coordination 
among people by helping them form expectations each person can reasonably 
hold in dealing with others. Th ey refl ect the conventions that have evolved in 
diff erent societies regarding the behavior of individuals and groups relative to 
their own behavior and the behavior of others.   1    In the area of economic relations 
they have a crucial role in establishing expectations about the rights to use 
resources in economic activities and about the partitioning of the income streams 
resulting from economic activity—“institutions provide assurance respecting the 
actions of others, and give order and stability to expectations in the complex and 
uncertain world of economic relations.”   2    

 In order to perform the essential role of forming reasonable expectations in 
dealings among people, institutions must be stable for an extended time period. 
But institutions, like technology, must also change if development is to occur. 
Anticipation of the latent gains to be realized by overcoming the disequilibria 
resulting from changes in factor endowments, product demand, and technical 
change represents a powerful inducement to institutional innovation (North and 
Th omas   1970  ; Schultz   1975  ). Institutions that have been effi  cient in generating 
growth in the past may, over time, come to direct their eff orts primarily to pro-
tecting the vested interests of some of their members by maintaining the status 
quo and thus become obstacles to further economic development.   3    Th e growing 
disequilibria in resource allocation due to institutional constraints generated by 
economic growth create opportunities for political entrepreneurs or leaders to 
organize collective action to bring about institutional change. 

 Our perspective on the sources of demand for institutional change is similar to 
the traditional Marxian view.   4    Marx considered technological change the primary 
source of institutional change. Our view is somewhat more complex: we believe 
that changes in factor endowments and product demand are equally important 
sources of institutional change. Nor is our defi nition of institutional change lim-
ited to the dramatic or revolutionary changes of the type anticipated by Marx. 
Rather, we share with Lance Davis and Douglass North (1971: 9) the view that 
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basic institutions such as property rights and markets are more typically altered 
through the accumulation of “secondary” or incremental institutional changes 
such as modifi cations in contractual relations or shifts in the boundaries between 
market and nonmarket activities. 

 Th ere is a supply dimension as well as a demand dimension in institutional 
change. Collective action leading to changes in the supply of institutional 
innovations involves struggles among various vested interest groups. Clearly, the 
process is much more complex than the clear-cut, two-class confl ict between 
the property owners and the propertyless, as assumed by Marx. In our view, the 
supply of institutional innovations is strongly infl uenced by the cost of achieving 
social consensus (or of suppressing opposition). How costly a form of institutional 
change is to be accepted in a society depends on the power structure among vested 
interest groups. It also depends critically on cultural tradition and ideology, such 
as nationalism, that make certain institutional arrangements more easily accepted 
than others. 

 Advances in knowledge in the social sciences (and in related professions such 
as law, administration, planning, and social service) can reduce the cost of institu-
tional change in a somewhat similar manner as advances in the natural sciences 
reduce the cost of technical change. Education, both general and technical, that 
facilitates a better understanding among people of their common interests can 
also reduce the cost of institutional innovation. Our insistence that important 
advances in the understanding of the processes of institutional innovation and 
diff usion can be achieved by treating institutional change as endogenous to 
the economic system represents a clear departure from the tradition of modern 
analytical economics.   5    Th is does not mean that we abandon analytical economics. 
On the contrary, we try to expand the scope of modern analytical economics by 
treating institutional change as endogenous.     

   Demand for Institutional Innovation—Property Rights 
and Market Institutions   

 In some cases the demand for institutional innovation can be satisfi ed by 
the development of new forms of property rights or more effi  cient market 
institutions, or even by evolutionary changes arising out of direct contracting by 
individuals at the level of the community or the fi rm. In other cases, where exter-
nalities are involved, substantial political resources may have to be brought to 
bear to organize nonmarket institutions in order to provide for the supply of 
public goods. 

 In this section we illustrate, from the agricultural history of a number of coun-
tries, how changes in factor endowments, technical change, and growth in product 
demand have induced change in property rights and contractual arrangements in 
order to promote more effi  cient resource allocation through the market. 
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 Th e agricultural revolution that occurred in England between the fi fteenth and 
the nineteenth centuries involved a substantial increase in the productivity of 
land and labor. It was accompanied by the enclosure of open fi elds and the replace-
ment of small peasant cultivators, who held their land from manorial lords, by a 
system in which large farmers used hired labor to farm the land they leased from 
the landlords. Th e First Enclosure Movement, in the fi fteenth and sixteenth cen-
turies, resulted in the conversion of open arable fi elds and commons to private 
pasture in areas suitable for grazing. It was induced by expansion in the export 
demand for wool. Th e Second Enclosure Movement, in the eighteenth century, 
involved conversion of communally managed arable land into privately operated 
units. It is now agreed that it was largely induced by the growing disequilibrium 
between the fi xed institutional rent that landlords received under copyhold 
tenures (with lifetime contracts) and the higher economic rents expected from 
adoption of new technology, which became more profi table as a consequence of 
higher grain prices and lower wages. When the land was enclosed, there was a 
redistribution of income from farmers to landowners, and the disequilibrium was 
reduced or eliminated.   6    

 In nineteenth-century Th ailand, the opening up of the nation for international 
trade and the reduction in shipping rates to Europe resulted in a sharp increase in 
the demand for rice. Th e land available for rice production, which had been abun-
dant, became more scarce. Investment in land development for rice production 
became profi table. Th e response was a major transformation of property rights. 
Traditional rights in human property (corvée and slavery) were replaced by more 
precise private property rights in land (fee-simple titles) (Feeny   1982  ). 

 In Japan, at the beginning of the feudal Tokugawa period (1603–1867), peasants’ 
rights to cropland had been limited to the right to till the soil, with the obligation to 
pay a feudal land tax in kind. As the population grew, commercialization progressed 
and irrigation and technology were developed to make intensive farming more 
profi table. Some peasants divided their holdings into smaller units and leased them 
out to ex-servants or extended family members. Some accumulated land through 
mortgaging arrangements that made other peasants de facto tenants. As a result of 
the accumulation of illegal leasing and mortgaging practices, peasants’ property 
rights in land approximated those of a fee-simple title by the end of the Tokugawa 
period. Th ese rights were readily converted to the modern private-property system 
in the succeeding Meiji period (Hayami and Kikuchi   1981  : 28). 

 Research conducted by Yujiro Hayami and Masao Kikuchi in the Philippines 
during the late   1970  s has enabled us to examine a contemporary example of the 
interrelated eff ects of changes in resource endowments and technical change on 
the demand for institutional change in land tenure and labor relations (Kikuchi 
and Hayami   1980  ; Hayami and Kikuchi   1981  ). Th e case is particularly interesting 
because the institutional innovations occurred as a result of private contracting 
among individuals. Th e study is unique in that it is based on a rigorous analysis of 
microeconomic data in a village over a period of about twenty years.    
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   CHANGE S IN T ECHNOLOGY AND RE SOURCE ENDOWMEN T S   

 Between 1956 and 1976, rice production per hectare in the study village rose 
dramatically, from 2.5 to 6.7 metric tons per hectare per year. Th is was due to two 
technical innovations. In 1958, the national irrigation system was extended to 
the village. Th is permitted double-cropping to replace single-cropping, thereby 
doubling the annual production per hectare of rice land. Th e second major techni-
cal change was the introduction in the late 1960s of the modern high-yielding 
varieties. Th e diff usion of modern varieties was accompanied by increased use of 
fertilizer and pesticides and by the adoption of improved cultural practices such 
as straight-row planting and intensive weeding. 

 Population growth in the village was rapid. Between 1966 and 1976 the number 
of households rose from 66 to 109 and the population rose from 383 to 464, while 
cultivated area remained virtually constant. Th e number of landless laborer house-
holds increased from 20 to 54. In 1976, half of the households in the village had 
no land to cultivate, not even land for rent. Th e average farm size declined from 
2.3 hectares to 2.0 hectares. 

 Th e land is farmed primarily by tenants. In 1976, only 1.7 hectares of the 
108 hectares of cropland in the village were owned by village residents. 
Traditionally, share tenancy was the most common form of tenure. In both 1956 
and 1966, 70 percent of the land was farmed under share tenure arrangements. 
In 1963, a new agricultural land reform code was passed which was designed to 
break the political power of the traditional landed elite and to provide greater 
incentives to peasant producers of basic food crops.   7    A major feature of the new 
legislation was an arrangement that permitted tenants to initiate a shift from 
share tenure to leasehold, with rent under the leasehold set at 25 percent of the 
average yield for the previous three years. Implementation of the code between 
the mid-1960s and the mid-1970s resulted in a decline in the percentage of land 
farmed under share tenure to 30 percent.     

   IN ST I TU T IONAL INNOVAT ION   

 Th e shift from share tenure to lease tenure was not, however, the only change in 
tenure relationships that occurred between 1966 and 1976. Th ere was a sharp 
increase in the number of plots farmed under subtenancy arrangements. Th e 
number increased from one in 1956 to fi ve in 1966 and sixteen in 1976. Subtenancy 
is illegal under the land reform code. Th e subtenancy arrangements are usually 
made without the formal consent of the landowner. All cases of subtenancy were 
on land farmed under a leasehold arrangement. Th e most common subtenancy 
arrangement was 50-50 sharing of costs and output. 

 It was hypothesized that an incentive for the emergence of the subtenancy 
institution was that the rent paid to landlords under the leasehold arrangement 
was below the equilibrium rent—the level which would refl ect both the higher 
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yields of rice obtained with the new technology and the lower wage rates implied 
by the increase in population pressure against the land. 

 To test this hypothesis, market prices were used to compute the value of the 
unpaid factor inputs (family labor and capital) for diff erent tenure arrangements 
during the 1976 wet season. Th e results indicate that the share-to-land was lowest 
and the operators’ surplus was highest for the land under leasehold tenancy. In 
contrast, the share-to-land was highest and no surplus was left for the operator 
who cultivated the land under the subtenancy arrangement (Table   12.1  ). Indeed, 
the share-to-land when the land was farmed under subtenancy was very close to 
the sum of the share-to-land plus the operators’ surplus under the other tenure 
arrangement.  

 Th e results are consistent with the hypothesis. A substantial portion of the 
economic rent was captured by the leasehold tenants in the form of operators’ 
surplus. On the land farmed under a subtenancy arrangement, the rent was 
shared between the leaseholder and the landlord. 

 A second institutional change, induced by higher yields and the increase in 
population pressure, has been the emergence of a new pattern of employer-labor 
relationship between farm operators and landless workers. According to the tradi-
tional system called  hunusan , laborers who participated in the harvesting and 
threshing activity received a one-sixth share of the paddy (rough rice) harvest. By 
1976, most of the farmers (83 percent) adopted a system called  gamma , in which 
participation in the harvesting operation was limited to workers who had per-
formed the weeding operation without receiving wages. 

 Th e emergence of the  gamma  system can be interpreted as an institutional 
innovation designed to reduce the wage rate for harvesting to a level equal to the 
marginal productivity of labor. In the 1950s, when the rice yield per hectare was 
low and labor was less abundant, the one-sixth share may have approximated an 
equilibrium wage level. With the higher yields and the more abundant supply of 
labor, the one-sixth share became larger than the marginal product of labor in the 
harvesting operation.   8    

 To test the hypothesis that the  gamma  system was adopted rapidly primarily 
because it represented an institutional innovation that permitted farm operators 
to equate the harvesters’ share of output to the marginal productivity of labor, 
imputed wage costs were compared with the actual harvesters’ shares (Table   12.2  ). 
Th e results indicate that a substantial gap existed between the imputed wage for 
the harvesters’ labor alone and the actual harvesters’ shares. Th is gap was elimi-
nated if the imputed wages for harvesting and weeding labor were added.  

 Th ose results are consistent with the hypothesis that the changes in institu-
tional arrangements governing the use of production factors were induced when 
disequilibria between the marginal returns and the marginal costs of factor inputs 
occurred as a result of changes in factor endowments and technical change. 
Institutional change, therefore, was directed toward the establishment of a new 
equilibrium in factor markets.     
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      Table 12.1  Factor Shares of Rice Output per Hectare, 1976 Wet Season  

  Factor shares   a     

 Number 
of Plots 

 Area (ha)  Rice Output  Current 
Inputs 

 Land-owner  Sub-tenancy  Total  Labor  Capital   b     Operators’ 
Surplus  

 kg /ha  

 Leasehold land  44  67.7  2,889 
(100.0) 

 657 
(22.7) 

 567 
(19.6) 

 0 (0)  567 
(19.6) 

 918 
(31.8) 

 337 
(11.7) 

 410 
(14.2)  

 Share tenancy land  30  29.7  2,749 
(100.0) 

 697 
(25.3) 

 698 
(25.4) 

 0 (0)  698 
(25.4) 

 850 
(30.9) 

 288 
(10.5) 

 216 
(7.9)  

 Subtenancy land  16   9.1  3,447 
(100.0) 

 801 
(23.2) 

 504 
(14.6) 

 801   c    
(23.2) 

 1,305 
(37.8) 

 1,008 
(29.3) 

 346 
(10.1) 

 –13 
(–0.4)  

   a  Percentage shares are shown in parentheses.  
   b  Sum of irrigation fee and paid and/or imputed rentals of carabao, tractor and other machines.  
   c  Rents to subleasors in the case of pledged plots are imputed by applying the interest rate of 40 percent crop season (a mode in the interest rate distribution in 
the village).  
   Source : Hayami and Kikuchi (  1982  ): 111–13.  
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   EFFICIENC Y AND EQUI T Y IMPLIC AT ION S   

 It is important to recognize that subtenancy and  gamma  contracts were the 
institutional innovations to facilitate more effi  cient resource allocations 
through voluntary agreements by assigning more complete private property 
rights. Th e land reform laws gave tenants strong protection of their tenancy 
rights, with the result that a part of land property rights, which is the right to 
continue tilling the soil at a rent lower than the marginal product of land, was 
assigned to tenant operators. But the laws prohibited tenants from renting their 
land to someone else who might utilize it more effi  ciently—when they became 
elderly or found more profi table off -farm employment, for example. Subtenancy 
was developed to reduce such ineffi  ciency due to the institutional rigidity in the 
land rental market based on the land reform programs. Likewise, the  gamma  
system was developed to counteract the institutional rigidity in the labor market 
based on the traditional custom in the rural community in the form of a fi xed 
harvester’s share. 

 It might appear that these institutional innovations increased effi  ciency at 
the expense of equity. But if the subtenancy system had not been developed, the 

      Table 12.2   Comparison between the Imputed Value of Harvesters’ 
Share and Imputed Cost of  GAMMA  Labor  

  Based on employers’ 
data 

 Based on employees’ 
data  

 No. of working days of  gamma  labor 
(days/ha)   a    

 

  Weeding  20.9  18.3  

  Harvesting/threshing  33.6  33.6  

 Imputed cost of  gamma  labor (P/ha)   b     

  Weeding  167.2  146.6  

  Harvesting/threshing  369.2  369.6  

 (1) Total  536.8  516.0  

 Actual share of harvesters: 
In kind (kg/ha)   c    

 504.0  549.0  

 (2) Imputed value (P/ha)   d     504.0  549.0  

 (2) – (1)  –32.8  33.0  

   a  Includes labor of family members who worked as  gamma  laborers.  
   b  Imputation using market wage rates (daily wage = P8.0 for weeding, P11.0 for harvesting).  
   c  One-sixth of output per hectare.  
   d  Imputation using market prices (1 kg = P1).  
   Source : Hayami and Kikuchi (  1982  ): 121.  
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route would have been closed for some of the landless laborers to become farm 
operators and use their entrepreneurial abilities more profi tably. If the implicit 
wage rate for harvesting work had been raised in the absence of the  gamma  
contract, it might have encouraged mechanization in threshing and thereby 
reduced employment and labor earnings. It must be recognized that the institu-
tional innovations to develop more effi  cient markets by assigning more complete 
private property rights do not necessarily impair equity, as is often argued by 
Marxist and populist critiques against private market institutions. 

 In the case reviewed here the induced innovation process leading toward the 
establishment of equilibrium in factor markets occurred very rapidly in spite of 
the fact that many of the transactions—between landlords, tenants, and laborers—
were less than fully monetized. Informal contractual arrangements or agreements 
were utilized. Th e subleasing and the  gamma  labor contract evolved without the 
mobilization of substantial political activity or bureaucratic eff ort. Indeed, the 
subleasing arrangement evolved in spite of legal prohibition. Where substantial 
political and bureaucratic resources must be mobilized to bring about technical 
or institutional change, the changes occur much more slowly, as in the cases of 
the English enclosure movements and the Th ai and Japanese property rights 
cases referred to at the beginning of this section.      

   Th e Demand for Institutional Innovation—Nonmarket 
Institutions for the Supply of Public Goods   

 Th e examples of institutional change advanced in the previous section, such as 
the enclosure in England and the evolution of private property rights in land in 
Japan and Th ailand, have contributed to the development of a more effi  cient 
market system. Institutional changes of this type are profi table for society only 
if the costs involved in the assignment and protection of rights are smaller than 
the gains from better resource allocation. If those costs are very high, it may be 
necessary to design nonmarket institutions in order to achieve more effi  cient 
resource allocation.   9    

 For example, in Japan, although the system of private property rights was 
developed on cropland during the premodern period, communal ownership at the 
village level permitted open access to large areas of wild and forest land which 
were utilized for the collection of fi rewood, leaves, and wild grasses to fertilize rice 
fi elds. However, over time more detailed common property rules were stipulated 
for the use of communal land in order to prevent resource exhaustion.   10    

 Detailed stipulations of the time and place of utilization of communal land as 
well as rules for mobilizing village labor to maintain communal property (such as 
applying fi re to regenerate pasture) were often enforced with religious taboos and 
rituals. Th ose communal village institutions remained viable because it was much 
more costly to demarcate and partition wild and forest land than cropland among 
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individuals and to enforce exclusive use. Any villager’s use of communal land 
involves externality. For example, his collection of fi rewood reduces the availability of 
the fi rewood for other villagers. If property rights are not assigned, there may be 
only limited incentive for resource conservation. Th is is not a serious problem if 
the resource that is subject to open access is abundant relative to population. 
However, as population pressure begins to rise, a common understanding regard-
ing appropriate use, reinforced by social sanctions, may act to limit excessive 
exploitation. But as population growth continues to press against limited land 
resources and the market value of the resource product rises, it becomes necessary 
to impose more formal regulations regarding the access of individual villagers to 
communal land. 

 Group action to supply public goods, such as the maintenance of communal 
land, may work eff ectively if the size of group involved is small, as in the case of a 
village community. However, if a large number of people are involved in the use of 
a public good, as in the case of marine fi sheries, it is more diffi  cult to regulate their 
resource use or to prevent free riders by means of voluntary agreements.   11    Action 
by a higher authority with coercive power, such as government, may be required 
to limit free riding. 

 Th e “socialization” of agricultural research is common not only in socialist 
economies but also in market economies (Hayami and Yamada   1975  : 224–49). 
Th is can be explained by the failure of the market in allocating resources effi  -
ciently for the supply of public goods for a large, unidentifi able clientele group. 
New information or knowledge resulting from research is typically endowed with 
the attributes of a public good characterized by nonrivalness or jointness in supply 
and utilization, and nonexcludability or external economies.   12    Th e fi rst attribute 
implies that the good is equally available to all. Th e second implies that it is impos-
sible for private producers to appropriate through market pricing the full social 
benefi ts arising directly from the production (and consumption) of the good—it 
is diffi  cult to exclude from the utilization of the good those who do not pay for it. 
A socially optimal level of supply of such a good cannot be expected if its supply 
is left to private fi rms. However, present institutional arrangements are such 
that much information resulting from basic research is nonexcludable. Th is is the 
major reason why it has been necessary to establish nonprofi t institutions to 
advance basic scientifi c knowledge.   13    

 A unique aspect of agricultural research, particularly that directed to advanc-
ing biological technology, is that many of the products of research even in the 
applied area are characterized by nonexcludability. Protection by patent laws is 
either unavailable or inadequate. Th e nature of agricultural production to be con-
ducted would make it diffi  cult to restrict information about new technology or 
practices. Furthermore, even the largest farms are relatively small units and would 
not be able to capture more than a small share of the gains from inventive activity. 
Private research activities in agriculture have been directed primarily toward 
developing mechanical technology for which patent protection is established.   14    
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 Another important attribute of the research production function is that it has 
a stochastic form. Research, by nature, is characterized by risk and uncertainty. 
Success in a research project is like hitting a “successful oil well”: any number of 
dry holes may be bored before the successful one is found. Richard Nelson (  1959  : 
304) has pointed out that this stochastic nature of the research production 
function, which is especially strong in the case of basic research, contributes to 
the failure of the market in attaining optimum resource allocation over time: 

 Th e very large variance of the profi t probability distribution from a basic 
research project will tend to cause a risk-avoiding fi rm, without the eco-
nomic resources to spread the risk by running a number of basic-research 
projects at once, to value a basic-research project at signifi cantly less 
than its expected profi tability and hence . . . at less than its social value.   

 Th e public-good attributes of the agricultural research product together with 
the stochastic nature of the research production function make public support of 
agricultural research socially desirable. It does not necessarily follow, however, 
that agricultural research should be conducted in governmental institutions 
fi nanced by tax revenue. Th e social benefi t produced by agricultural research can 
be measured as the sum of increases in consumers’ and producers’ surpluses due 
to the downward shift in the supply function of an agricultural product. If the 
benefi t consists primarily of producers’ surplus, agricultural research may be left 
to the cooperative activities of agricultural producers (that is, to the activities of 
such institutions as agricultural commodity organizations and cooperatives). 
Research on a number of tropical export crops grown under plantation conditions 
such as sugar, bananas, and rubber is often organized in this manner. 

 However, most agricultural commodities are produced by a number of small 
producers. Under these conditions voluntary cooperation to support research 
would be very costly to organize. Furthermore, most agricultural commodities, 
except those intended for export, are characterized by low price elasticity of 
demand. As a result, a major share of the social benefi t produced by research tends 
to be transmitted to consumers through lower market prices. In such a situation 
the cost of agricultural research should be borne by the general public. 

 If agricultural research were left entirely to the private sector, the result would 
be serious bias in the allocation of research resources. Resources would fl ow 
primarily to those areas of mechanical technology that are adequately protected 
by patents and to those areas of biological technology where the results can be 
protected by trade secrets (such as the inbred lines used in the production of 
hybrid corn seed). Other areas, such as research on open pollinated seed varieties, 
biological control of insects and pathogens, and improvements in farming 
practices and management, would be neglected. Th e socialization of agricultural 
research or the predominance of public institutions in agricultural research, espe-
cially in the biological sciences, can be considered a major institutional innovation 
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designed to off set what would otherwise represent a serious distortion in the 
allocation of research resources.     

   Th e Supply of Institutional Innovation   

 We have identifi ed the disequilibria in economic relationships associated with 
economic growth, such as technical change leading to the generation of new 
income streams and changes in relative factor endowments, as important sources 
of demand for institutional change. But the sources of supply of institutional 
innovation are less well understood. Th e factors that reduce the cost of institu-
tional innovation have not been widely studied by economists or by other social 
scientists. 

 In the Philippines village case discussed earlier, changes in tenure and labor 
market institutions were supplied, in response to the changes in demand generated 
by changing factor endowments and new income streams, through the individual 
and joint decisions of owner-cultivators, tenants, and laborers. But even at this level 
it was necessary for gains to the innovators to be large enough to off set the risk of 
ignoring the land reform prohibitions against subleasing and the social costs 
involved in changing traditional harvest-sharing arrangements. While mobilization 
of substantial political resources was not required to introduce and extend the new 
land and labor market institutions, the distribution of political resources within the 
village did infl uence the initiation and diff usion of the institutional innovations. 

 Th e supply of major institutional innovations necessarily involves the mobili-
zation of substantial political resources by political entrepreneurs and innovators. 
It is useful to think in terms of a supply schedule of institutional innovation that 
is determined by the marginal cost schedule facing political entrepreneurs as they 
attempt to design new institutions and resolve the confl icts among various vested 
interest groups (or suppression of opposition when necessary). We hypothesize 
that institutional innovations will be supplied if the expected return from the 
innovation that accrues to the political entrepreneurs exceeds the marginal cost of 
mobilizing the resources necessary to introduce the innovation. To the extent that 
the private return to the political entrepreneurs is diff erent from the social return, 
the institutional innovation will not be supplied at a socially optimum level.   15    

 Th us, the supply of institutional innovation depends critically on the power 
structure or balance among vested interest groups in a society. If the power bal-
ance is such that the political entrepreneurs’ eff orts to introduce an institutional 
innovation with a high rate of social return are adequately rewarded by greater 
prestige and stronger political support, a socially desirable institutional innova-
tion may occur. However, if the institutional innovation is expected to result in a 
loss to a dominant political bloc, the innovation may not be forthcoming even if it 
is expected to produce a large net gain to society as a whole. And socially undesir-
able institutional innovations may occur if the returns to the entrepreneur or 
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the interest group exceed the gains to society (Tullock   1967  ; Krueger   1974  ; 
Tollison   1982  ). 

 Th e failure of many developing countries to institutionalize the agricultural 
research capacity needed to take advantage of the large gains from relatively 
modest investments in technical change may be due, in part, to the divergence 
between social returns and the private returns to political entrepreneurs. In the 
mid-1920s, for example, agricultural development in Argentina appeared to be 
proceeding along a path roughly comparable to that of the United States. 
Mechanization of crop production lagged slightly behind that in the United States. 
Grain yields per hectare averaged slightly higher than in the United States. In 
contrast to the United States, however, output and yields in Argentina remained 
relatively stagnant between the mid-1920s and the mid-1970s. It was not until 
the late 1970s that Argentina began to realize signifi cant gains in agricultural 
productivity. Part of this lag in Argentine agricultural development was due to 
the disruption of export markets in the 1930s and 1940s. Students of Argentine 
development have pointed to the political dominance of the landed aristocracy, to 
the rising tensions between urban and rural interests, and to inappropriate 
domestic policies toward agriculture (de Janvry   1973  ; P. H. Smith   1969 ,  1974  ; 
Cavallo and Mundlak   1982  ). Th e Argentine case would seem to represent a 
case where the bias in the distribution of political and economic resources 
imposed exceptionally costly delays in the institutional innovations needed to 
take advantage of the relatively inexpensive sources of growth that technical 
change in agriculture could have made available. 

 Cultural endowments, including religion and ideology, exert a strong infl uence 
on the supply of institutional innovation. Th ey make some forms of institutional 
change less costly to establish and impose severe costs on others. For example, the 
traditional moral obligation in the Japanese village community to cooperate in 
joint communal infrastructure maintenance has made it less costly to implement 
rural development programs than in societies where such traditions do not 
prevail. Th ese activities had their origin in the feudal organization of rural com-
munities in the pre-Meiji period. But practices such as maintenance of village and 
agricultural roads and of irrigation and drainage ditches through joint activities in 
which all families contribute labor were still seen in well over half of the hamlets 
in Japan as recently as 1970 (Ishikawa   1981  ). Th e traditional patterns of coopera-
tion have represented an important cultural resource on which to erect modern 
forms of cooperative marketing and joint farming activities. Similar cultural 
resources are not available in South Asian villages where, for example, the caste 
structure inhibits cooperation and encourages specialization. 

 Likewise, the aspiration of new ideology may reduce the cost to political entre-
preneurs of mobilizing collective action for institutional change. For example, 
the Jeff ersonian concept of agrarian democracy provided ideological support for 
the series of land ordinances culminating in the Homestead Act of 1862, which 
established the legal framework designed to encourage an owner-operator system 
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of agriculture in the American West (Cochrane   1979  : 41–47, 179–88). Strong 
nationalist sentiment in Meiji Japan, refl ected in slogans such as “A Wealthy 
Nation and Strong Army” ( Fukoku Kyohei ), helped mobilize the resources needed 
for the establishment of vocational schools and agricultural and industrial exper-
iment stations (Hayami and Kikuchi   1981  ). In China, communist ideology, 
reinforced by the lessons learned during the guerrilla period in Yenan, inspired 
the mobilization of communal resources to build irrigation systems and other 
forms of social overhead capital (Schran   1975  ). Th us, ideology can be a critical 
resource for political entrepreneurs and an important factor aff ecting the supply 
of institutional innovations. 

 Advances in social sciences that improve knowledge relevant to the design of 
institutional innovations that are capable of generating new income streams or 
that reduce the cost of confl ict resolution act to shift the supply of institutional 
change to the right. Th roughout history, improvements in institutional perfor-
mance have occurred primarily through the slow accumulation of successful prec-
edent or as by-products of expertise and experience. Institutional change was 
generated through the process of trial and error much in the same manner that 
technical change was generated prior to the invention of the research university, 
the agricultural experiment station, or the industrial research laboratory. With the 
institutionalization of research in the social sciences and related professions the 
process of institutional innovation has begun to proceed much more effi  ciently; 
it is becoming increasingly possible to substitute social science knowledge and 
analytical skill for the more expensive process of learning by trial and error. 

 Th e research that led to advances in our understanding of the production and 
consumption of rural households in less developed countries represents an impor-
tant example of the contribution of advances in social science knowledge to the 
design of more effi  cient institutions (Schultz 1964; Nerlove   1974  ; Binswanger 
et al.   1981  ). In a number of countries this research has led to the abandonment of 
policies that viewed peasant households as unresponsive to economic incentives. 
And it has led to the design of policies and institutions to make more productive 
technologies available to peasant producers and to the design of more effi  cient 
price policies for factors and products. 

 Similarly, the diff usion of education designed to raise the intellectual level of 
the general public and to facilitate better understanding of the private and social 
costs of institutional change may reduce the cost to political entrepreneurs of 
introducing socially desirable institutions and raise the cost of biasing institu-
tional change in a manner that is costly to society.     

   Toward a More Complete Model of Induced Innovation   

 We illustrate, in Figure   12.1  , the elements of a model that maps the general 
equilibrium relationships among resource endowments, cultural endowments, 
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technologies and institutions.   16    Th e model goes beyond the conventional general 
equilibrium model in which resource endowments, technologies, institutions, and 
culture (conventionally designated as tastes) are given.   17    In the study of long-term 
social and economic change the relationships among the several variables must be 
treated as recursive. Th e formal microeconomic models that are employed to 
analyse the supply and demand for technical and institutional change can be 
thought of as “nested” within the general equilibrium framework of Figure   12.1  .  

 One advantage of the “pattern model” outlined in Figure   12.1   is that it helps to 
identify areas of ignorance. Our capacity to model and test the relationships 
between resource endowments and technical change is relatively strong. Our capac-
ity to model and test the relationships between cultural endowments and either 
technical or institutional change is relatively weak. A second advantage of the 
model is that it is useful in identifying the model components that enter into other 
attempts to account for secular economic and social change. Failure to analyze his-
torical change in a general equilibrium context tends to result in a unidimensional 
perspective on the relationships bearing on technical and institutional change. 

 For example, historians working within the Marxist tradition often tend to 
view technical change as dominating both institutional and cultural change. In his 
book,  Oriental Despotism , Karl Wittfogel (  1957  ) views the irrigation technology 
used in wet rice cultivation in East Asia as determining political organization. 
In terms of Figure   12.1   his primary emphasis was on the impact of resource 
endowments and technology on institutions (C) and (B). 

 A serious misunderstanding can be observed in contemporary neo-Marxian 
critiques of the Green Revolution. Th ese criticisms have focused attention almost 
entirely on the impact of technical change on labor and land tenure relations. 
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     Figure 12.1    Interrelationships between Changes in Resource endowments, Cultural 
Endowments, Technology and Institutions.    
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Both the radical and populist critics have emphasized relation (B). But they have 
tended to ignore relationships (A) and (C).   18    Th is has led to repeated failure to 
identify eff ectively the separate eff ects of population growth and technical change 
on the growth and distribution of income. Th e analytical power of the more com-
plete induced innovation model was illustrated in the work by Hayami and Kikuchi 
(  1982  ), discussed earlier in this paper, on the impact of both technical change and 
population growth on changes in land tenure and labor market relationships in 
the Philippines. 

 Armen Alchian and Harold Demsetz identify a primary function of property 
rights as guiding incentives to achieve greater internalization of externalities. 
Th ey consider that the clear specifi cation of property rights reduces transaction 
costs in the face of growing competition for the use of scarce resources as a result 
of population growth and/or growth in product demand (Demsetz   1967  ; Alchian 
and Demsetz   1973  ). 

 North and Th omas, building on the Alchian-Demsetz paradigm, attempted to 
explain the economic growth of Western Europe between 900 and 1700 primarily 
in terms of changes in property institutions.   19    During the eleventh and thirteenth 
centuries the pressure of population against increasingly scarce land resources 
induced innovations in property rights that in turn created profi table opportuni-
ties for the generation and adoption of labor-intensive technical changes in agri-
culture. Th e population decline in the fourteenth and fi fteenth centuries was 
viewed as a primary factor leading to the demise of feudalism and the rise of the 
national state (line C). Th ese institutional changes in turn opened up new possi-
bilities for economies of scale in nonagricultural production and in trade (line b). 

 In a more recent work Mancur Olson (  1982  ) has emphasized the proliferation 
of institutions as a source of economic decline.   20    He also regards broad-based 
encompassing organizations as having incentives to generate growth and redis-
tribute incomes to their members with little excess burden. For example, a broadly 
based coalition that encompasses the majority of agricultural producers is more 
likely to exert political pressure for growth-oriented policies that will enable its 
members to obtain a larger share of a larger national product than a smaller orga-
nization that represents the interests of the producers of a single commodity. 
Small organizations representing narrow interest groups are more likely to pursue 
the interests of their members at the expense of the welfare of other producers 
and the general public. In contrast, an even more broadly based farmer-labor 
coalition would be more concerned with promoting economic growth than an 
organization representing a single sector. But large groups, in Olson’s view, 
are inherently unstable because rational individuals will not incur the costs of 
contributing to the realization of the large group program—they have strong 
incentives to act as free riders. As a result, organizational “space” in a stable soci-
ety will be increasingly occupied by special interest “distributional coalitions.” 
Th ese distributional coalitions make political life more divisive. Th ey slow down 
the adoption of new technologies (line b) and limit the capacity to reallocate 
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resources (line c). Th e eff ect is to slow down economic growth or in some cases 
initiate a period of economic decline. 

 What are the implications of the theory of institutional innovation outlined in 
this paper for the research agenda on the economics of institutional change? In 
our research on the direction and rate of technical change we were able to advance 
signifi cantly our knowledge by treating technical change as endogenous—as 
induced primarily by changes in relative resource endowments and the growth of 
demand. We have also attempted to develop a theory of induced institutional 
innovation in which we treat institutional innovation as endogenous. Th ere is 
now a signifi cant body of evidence that suggests that substantial new insights 
on institutional innovation and diff usion can be obtained by treating institu-
tional change as an economic response to changes in resource endowments and 
technical change. 

 We also insist on the potential signifi cance of cultural endowments, including 
the factors that economists typically conceal under the rubric of tastes and that 
political scientists include under ideology. But our capacity to develop rigorous 
empirical tests capable of identifying the relative signifi cance of the relationships 
between cultural endowments and the other elements of the model outlined 
in Figure   12.1   is quite unsatisfactory. Until our colleagues in the other social sci-
ences provide us with more helpful analytical tools, we are forced to adhere to a 
strategy that focuses primarily on the interactions between resource endow-
ments, technical change, and institutional change. Th e strategy suggested here 
does have the clear advantage of allowing us to explore how far a strategy based 
on the rather straightforward extension of standard microeconomic theory will 
take us in the analysis of both technical and institutional change.    

   Notes   

          Vernon W. Ruttan and Yujiro Hayami,  Journal of Development Studies  20 (July 1984): 203–23. 
We are indebted to Margaret Andrews, Robert Bates, David Feeny, Elizabeth Hoff man, Robert 
Keohane, James Roumasset, and Ford Runge for comments on an earlier draft of this paper.   

   1.   Th ere is considerable disagreement regarding the meaning of the term “institution.” A distinc-
tion is often made between the concepts of institution and organization. We fi nd the broad view 
which includes both concepts most useful for our purpose. Th is is consistent with the view 
expressed by both Commons (  1950  : 24) and Knight (  1952  : 51). Our defi nition also encompasses 
the classifi cation employed by Davis and North (  1971  : 8–9). We employ the more inclusive 
defi nition in order to be able to consider changes in the rules or conventions that govern behavior 
(a) within economic units such as families, fi rms, and bureaucracies, (b) among economic units 
as in the cases of the rules that govern market relationships, and (c) between economic units and 
their environment, as in the case of the relationship between a fi rm and a regulatory agency.   

   2.   See Runge   1981b  : xv. Formal analysis of the role of institutions in providing assurance of stability 
in economic relationships emerged from dissatisfaction with the implications of the assumption 
of strict dominance of individual strategy in modern welfare economics. See A. K. Sen   1967   and 
Runge   1981a  . In a less formal treatment, North (1981: 45–58) argues, in a chapter on “Ideology 
and the Free Rider Problem,” that shared ideological and ethical perspectives provide assurance 
that is lacking in models built on the dominance of individual strategies.   
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    3.   Th e role of special interest “distributional coalitions” in slowing society’s capacity to adopt new 
technology and reallocate resources in response to changing conditions is the central theme in 
Olson   1982   (see esp. p. 74).   

    4.   At a certain stage of their development, the material forces of production in society come in 
confl ict with the existing relations of production, or—what is but a legal expression for the 
same thing—with the property relations within which they had been at work before. From 
forms of development of the forces of production these relations turn into their fetters. Th en 
comes the period of social revolution. With the change of the economic foundation the 
entire immense superstructure is more or less rapidly transformed (Marx   1913  : 11–12). For a 
discussion of the role of technology in Marxian thought see Rosenberg   1982  : 34–54.   

    5.   Th e orthodox view of a generation ago was expressed by Samuelson (  1948  : 221–22): “Th e aux-
iliary (institutional) constraints imposed upon the variables are not themselves the proper 
subject of welfare economics but must be taken as given.” Contrast this with the more recent 
statement by Schotter (  1981  : 6): “We view welfare economics as a study . . . that ranks the 
system of rules which dictate social behavior.” Th ere are now fi ve fairly well-defi ned “political 
economy” traditions that have attempted to break out of the constraints imposed by tradi-
tional welfare economics and treat institutional change as endogenous. Th ese include (a) the 
theory of property rights, (b) the theory of economic regulation, (c) the theory of interest-
group rent seeking, (d) the liberal-pluralist theories of government, and (e) the neo-Marxian 
theories of the state. In the property rights theories the government plays a relatively passive 
role; the economic theory of regulation focuses on the electoral process; the rent-seeking and 
liberal-pluralist theories concentrate on both electoral and bureaucratic choice processes; and 
the theory of the state attempts to incorporate electoral, legislative choice, and bureaucratic 
choice processes. For a review and criticism see Rausser, Lichtenberg, and Lattimore   1982  .   

    6.   Th ere has been a continuing debate among students of English agricultural history about 
whether the higher rents that landowners received after enclosure was (a) because enclosed 
farming was more effi  cient than open fi eld farming, or (b) because enclosures redistributed 
income from farmers to landowners. See Chambers and Mingay   1966  , Dahlman   1980  , and 
Allen   1982  .   

    7.   Although the passage and implementation of the Land Reform Code of 1963 was exogenous to 
the economy of the village, the land reform of the 1960s has been interpreted as the result of 
eff orts by an emerging industrial elite to break simultaneously the political power of the more 
conservative land-owning elite and to provide incentives to peasant producers to respond to 
the rapid growth in demand for marketable surpluses of wage goods, primarily rice and maize, 
needed to sustain rapid urban industrial development. Th us, the Land Reform Code can be 
viewed as an institutional innovation designed to facilitate realization of the opportunities 
for economic growth that could be realized through rapid urban industrial development. 
See Ruttan   1969b  .   

    8.   Real wages for agricultural labor declined signifi cantly in the Philippines between the mid-
1950s and the mid-1960s. See Khan   1977  . Th us, while we cannot be certain that the labor 
market was in equilibrium in the 1950s, it is clear that the degree of disequilibrium widened, 
as a result of both higher yields and lower wage rates, prior to the introduction and diff usion of 
the  gamma  system.   

    9.   Harold Demsetz (1964) has pointed out that the relative costs of using market and political 
institutions is rarely given explicit consideration in the literature on market failure. An appro-
priate way of interpreting the “public goods vs. private goods” issue is to ask whether the costs 
of providing a market are too high relative to the cost of nonmarket alternatives. A similar 
point is made by Leonid Hurwicz (  1972b  ).   

   10.   For the distinction between open access and common property, see Ciriacy-Wantrup and 
Bishop   1975  . In the case of open access use rights have not been fully established. In the case 
of common property rules have been established that govern joint use. Common property is 
therefore a form of land use that lies between the extremes of open access and fully exclusive 
private rights. Th e problem of resource exhaustion in open access properties was elaborated in 
Demsetz   1967   and Alchian and Demsetz   1973  .   
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   11.   See Olson   1968  . Several students of institutional change have emphasised that coordinated or 
common expectations resulting from the assurance provided by traditional institutions or 
common assumptions about equity or ideology have permitted much larger groups to engage 
in either implicit or explicit voluntary cooperation than implied by Olson’s model. See Runge 
  1981b  : 189–99 and North   1981  : 54. North (ibid.) notes that “the premium necessary to induce 
people to become free riders is positively correlated with the perceived legitimacy of the 
existing institution.”   

   12.   For a characterization of the nonrivalness and nonexcludability attributes of public goods see 
Samuelson   1954  , 1955, 1958 and Musgrave   1959  .   

   13.   Nonrivalness is an essential attribute of information. Th e use of information about a new 
farming practice (contour plowing, for example) by a farmer is not hindered by the adoption of 
the same practice by other farmers. Th ere is no capacity limit for its utilization. Nonexcludability, 
by contrast, is not a natural attribute of information but rather is determined by institutional 
arrangements. In fact, patent laws are an institutional arrangement that make a certain kind of 
information (called an “invention”) excludable, thereby creating profi t incentives for private 
creative activities. Retention of trade secrets is another legally sanctioned method of retaining 
control over inventions or other forms of new technical knowledge. Th ese arrangements are 
the ones designed to promote more effi  cient resource allocation through market arrangements 
as discussed in the previous section.   

   14.   In a number of countries “breeders’ rights” and “petty patent” legislation has induced rapid 
growth in private sector R&D related to agriculture. See Ruttan   1982b   and Evenson and 
Evenson   1983  .   

   15.   See, for example, Frohlich, Oppenheimer, and Young   1971  . For a review and extension of 
concepts of political entrepreneurship see Guttman   1982  .   

   16.   Fusfeld (  1980  : 33) uses the terms “pattern” or “Gestalt” model to describe a form of analysis 
that links the elements of a general pattern together by logical connections. Th e recursive 
multicausal relationships of the pattern model imply that the model is always “open”—“it can 
never include all of the relevant variables and relationships necessary for a full understanding 
of the phenomenon under investigation.”   

   17.   In economics the concept of cultural endowments is usually subsumed under the concept of 
“tastes” which are regarded as “given”—that is, not subject to economic analysis. Our use of the 
term “culture” is consistent with the defi nition suggested by Leslie A. White (1974: 1158): 
“When things and events are considered in the context of their relation to the human organ-
ism, they constitute behavior, when they are considered . . . in their relationship to one another, 
they become culture.” We use the term “cultural endowments” to capture those dimensions 
of culture that have been transmitted from the past. Contemporary changes in resource 
endowments, technology, and institutions can be expected to result in changes in cultural 
endowments.   

   18.   A major limitation of the Marxian model is the emphatic rejection of a causal link between 
demographic change and technical and institutional change (North   1981  : 60–61). Th is blind-
ness to the role of demographic factors, and to the impact of relative resource endowments, 
originated in the debates between Marx and Malthus. An attempt to correct this defi ciency 
represents the major innovation of the “cultural materialism” school of anthropology. See 
Harris   1979  .   

   19.   See North and Th omas   1970  : 1–17; 1973. For a critical perspective on the North-Th omas model 
see Field   1981  . Field is critical of the attempt by North and Th omas to treat institutional 
change as endogenous.   

   20.   For a review of the Olson work see North   1983  : 163–64.               
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 Th e institutional and cultural foundations of the modern world began to emerge 
in Western Europe in the seventeenth and eighteenth centuries. Th e material 
basis for the agricultural and industrial revolutions was established during the 
eighteenth and nineteenth centuries. Th ese advances were initially limited to a 
few countries in Western Europe and their off shoots. For most countries of the 
world, the transition did not begin until well into the twentieth century. Th ese 
institutional and technical changes combined to generate unprecedented growth 
in population, in resource use, and in human welfare. Since midcentury alone, 
global population has doubled, energy production has more than tripled, and 
economic output has increased by a factor of fi ve. 

 Th e challenge of the twenty-fi rst century will be to make the transition to sus-
tainable growth in both presently developed and low-income countries. It will 
involve a transition to a stable global population, it may involve a transition to a 
stable level of material consumption, and it will involve a transition to a largely 
urban society. Whether the transition will be accompanied by levels of material 
and energy consumption in presently poor countries comparable to the levels that 
have been achieved by the industrial countries is the subject of intense debate. 
How much land will be left to nature after meeting the demands for agricultural 
commodities and the demands for environmental services arising out of popula-
tion and income growth is even more problematical.     

   Sustainability Scenarios   

 It will be useful to discuss the transition to agricultural sustainability within the 
context of broader visions of global sustainability.   1    One thing we can be certain of 
is that, in the future, we will be continuously confronted by surprise. One approach 

 C H A P T E R  13  
 Th e Transition to Agricultural 
Sustainability         

    Vernon W.     Ruttan                 



246 Can Economic Growth Be Sustained?

to the exploration of plausible futures is the construction of integrated assess-
ment models. An early, and highly controversial, example was the Club of Rome’s 
report titled  Limits to Growth  (Meadows et al.   1972  ). Th e report depicted a world 
entering an “era of limits” in which even low rates of growth would no longer be 
sustainable. More recent integrated assessment models have emphasized the 
specifi cation of more realistic model structures and parameter values. Th ere 
also has been a shift away from prediction and toward exploration of the sensi-
tivity to alternative parameter values and policy regimes. Integrated assessment 
models are increasingly employed in addressing global climate change issues 
(Weyant et al.   1996  ; Rotmans and Dowlatabadi   1998  ). 

 A second approach employed in attempts to reach beyond the analytical 
constraints of the more formal integrated models has been to construct plausi-
ble scenarios of alternative development paths that could arise from the forces 
that will drive the world system across the twenty-fi rst century. Scenarios are 
stories told in the language of words as well as numbers. Th ere are usually 
four major steps in formulating a scenario (Gallopin and Raskin   1998  ). Th e cur-
rent state of the system is fi rst described and quantitatively represented in 
suffi  cient detail to clarify the key issues that will be addressed. Next, the “driving 
forces” that govern the system and move it forward are identifi ed and char-
acterized. A third step involves identifying the forces that can redirect beliefs, 
behaviors, and policies away from some visions of the future toward others. 
Finally, an attempt can be made to impose surprising events on the scenario 
trajectory. 

 Recent examples include the World Resources Institute–Santa Fe Institute–
Brookings Institution “2050 Project” (Hammond   1998  ) and the Stockholm 
Environmental Institute (Raskin and Gallopin et al.   1998  ). Th e Stockholm group 
presented three basic scenarios: Conventional Worlds, Barbarization, and Great 
Transitions. Th e Conventional Worlds Reference Scenario assumes that economic 
trends will, with minor variations, continue along the historical trajectory of the 
twentieth century without fundamental changes in institutions and values. “Th ese 
include markets, private investment, and competition as the fundamental engine 
for economic growth and wealth allocation; free trade and unrestricted capital 
and fi nancial fl ows to foster globalization of product and labor markets, rapid 
industrialization and urbanization; possessive individualization as . . . the basis of 
the ‘good life’; and the nation-state and liberal democracy as the appropriate form 
of governance” (Raskin et al.   1996  : 3). 

 Th e Reference Scenario implies a kinder and gentler world than projected in 
 Limits to Growth . Population increases from 6 billion to a peak of 10 billion in 
2050, with nearly all the increase in the presently poor countries. Th e economies 
of the developing countries grow more rapidly than those of the developed 
(Organization for Economic Cooperation and Development) countries—3.6 
percent as compared with 2.0 percent per year. Th e ratio of per capita gross 
domestic product between the rich Organization for Economic Cooperation and 
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Development countries and the rest of the world declines from twenty in 1990 to 
fi fteen in 2050—but the absolute diff erence continues to widen. Structural shifts 
in economic activity—from agriculture to industry to services—continues. 
Trends toward dematerialization and decarbonization also continue. Although 
energy use grows far less rapidly than gross domestic product, due to structural 
and technological changes, the greater scale of human activity results in rising 
environmental stress on the assimilative capacity of the air, water, and soil. Oil 
and gas become increasingly scarce, but price increases are contained by develop-
ment of backup technologies. 

 Th e world described by the Reference Scenario is richer but dirtier than the 
world we live in at the threshold of the twenty-fi rst century. Th ere are also sub-
stantial risks associated with the Reference Scenario. “First, the cumulative loads 
on Earth’s geochemical cycles and ecosystems could exceed natural assimilative 
capacities. . . . Second, heightened pressure on natural resources could lead to 
economic and social disruptions or even confl icts” (Gallopin and Raskin   1998  : 
11). Th e persistence of poverty in poor resource countries experiencing rapid pop-
ulation growth could become a serious source of social, political, and economic 
stress. 

 Th ese concerns lead to construction of a Policy Reform variant of the 
Conventional Worlds Scenario. Th e Policy Reform variant assumes that, within 
the context of current values and institutional structures, governments act vigor-
ously to achieve rapid economic growth, greater distributional equity, and serious 
protection of environmental quality. Th e policy reform variant would require 
major institutional changes, including substantial transfer of resources from rich 
to poor countries, and major technological changes, including a more rapid shift 
toward dematerialization and decarbonization than implied in the Reference 
Scenario. It would also require a more active public role in environmental manage-
ment. Th e benefi ts, as compared with the Reference Scenario, would be realized in 
terms of improvements in environmental quality, greater equity, and a reduction 
in sociopolitical confl ict.     

   Fundamental Change   

 Th e Stockholm Environmental Institute studies present two alternative scenarios, 
each with two variants, that assume more fundamental changes. In the Great 
Transitions New Sustainability variant, governance and economic systems refl ect 
a stronger sense of global community and place a higher value on environmental 
amenities. Th e fl ow of energy and material through the economy is drastically 
reduced even as incomes continue to rise. Incomes in the poorer regions of the 
world converge more rapidly toward those in the developed countries. Growth in 
cultural consumption emerges as a substitute for growth in material consump-
tion. Th is new postindustrial culture can emerge only from successful eff orts to 
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design the technical and institutional changes that will be necessary to respond to 
challenges that will be confronted in attempting to provide an improved quality of 
life for the people who will be living in the increasingly urbanized world. 

 Th e Barbarization Scenarios arise out of failure to realize the institutional 
reforms necessary to achieve either the Conventional Worlds or the Great 
Transitions scenarios. “Th e most signifi cant element of these scenarios is that the 
number of people living in poverty increases while the gap between rich and poor 
grows—both within and among countries” (Gallopin and Raskin   1998  : 26). Local 
and regional environments come under increasing stress, and confl ict over access 
to natural resources intensifi es. Th e Breakdown and Fortress World variants diff er 
primarily in the degree to which the prevailing power structure—governments, 
transnational corporations, international organizations, and the armed forces—
manages to maintain some semblance of order.     

   Scientifi c and Technical Constraints   2      

 Th e half-century since World War II has experienced unprecedented rates of 
growth in population, in per capita income, and in agricultural production. World 
population increased from 2.5 billion in 1950 to 6.0 billion in the late 1990s. Th e 
global annual population growth rate peaked at slightly higher than 2.0 percent in 
the mid- to late 1960s (Cohen   1995  ). Th e production of cereal crops more than 
tripled during the same period. In spite of rapid population growth, global aver-
age per capita food availability rose from less than 2,400 to more than 2,700 calo-
ries. Projections of future population and income growth are notoriously 
uncertain. Population growth will likely add 3.0–5.0 billion people to the world 
population by 2050. Th e contribution of income growth to growth in food demand 
will depend importantly on whether the decline in the rate of per capita income 
growth in the low- and middle-income countries since 1980 is reversed in the 
early years of the twenty-fi rst century. While income growth in rich countries 
imposes very little burden on per capita food consumption, the very poor often 
spend as much as one-half of any increase in per capita income on food. 

 In the 1950s and 1960s, it was not diffi  cult to anticipate the sources of the 
increase in agricultural production over the next several decades. Advances in 
crop production would come from expansion in irrigated area, from more inten-
sive application of fertilizer and crop protection chemicals, and from the develop-
ment of crop varieties that would be more responsive to fertilizer and management. 
Advances in animal production would come from genetic improvements and 
advances in animal nutrition. At a more fundamental level, increases in grain 
yields would occur from changes in plant architecture that would make possible 
higher plant populations per hectare and by increasing the ratio of grain to total 
dry matter. Increases in production of animals and animal products would come 
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about by decreasing the proportion of feed devoted to animal maintenance and 
increasing the proportion used to produce usable animal products. 

 I fi nd it much more diffi  cult to tell a convincing story about the sources of 
increase in crop and animal production over the next half-century than it was a 
half-century ago. Th ere are severe physiological constraints to increasing the 
grain-to-drymatter ratio or to reducing the percentage of animal feed devoted to 
animal maintenance.   3    Th ese constraints will impinge most severely in those areas 
that have already achieved the highest levels of output per hectare or per animal 
unit—in Western Europe, North America, and East Asia. Th e constraints are 
already evident in terms of a reduction in the incremental yield increases from 
fertilizer application and smaller incremental reductions in labor input from the 
use of larger and more powerful mechanical equipment. 

 Th ere are also preliminary indications of declines in agricultural research pro-
ductivity. As average grain yields, under favorable conditions, have risen from the 
1.0–2.0 to 6.0–8.0 metric tons per hectare, the share of research budgets devoted 
to maintenance research—the research needed to maintain existing crop and 
animal productivity levels—has risen relative to the total research budget 
(Plucknett and Smith   1986  ). As a result, the scientist years required to achieve 
incremental yield increases in wheat and maize have been rising more rapidly 
than the yield increases (Maredia and Eicher   1995  ). And the cost per scientist has 
been rising more rapidly than the general price level (Pardy et al.   1989  ; Huff man 
and Evenson   1993  ). I fi nd it diffi  cult to escape a conclusion that agricultural 
research, in the countries that have achieved the most rapid gains in agricultural 
technology over the last half-century, has begun to experience diminishing 
returns to both public and private sector agricultural research. Th e good news is 
that there remains a substantial gap between the more technically advanced 
regions and the lagging regions that can be narrowed if suffi  cient eff ort is devoted 
to adaptive research and diff usion. 

 It is possible, within another decade, that advances in molecular biology and 
genetic engineering will reverse the urgency of the above concerns. Th e use of 
genetic engineering is enabling plant breeders to manipulate genetic materials 
with greater precision and to speed the pace of crop breeding. Th e applications 
of genetic engineering that are presently available in the fi eld, however, are 
primarily in the area of plant protection and animal health. Th ey are enabling 
producers to push crop and animal yields toward their genetic potential, but they 
have not yet raised the biological ceilings above the levels that have been achieved 
by researchers employing the older methods based on Mendelian biology.   4    
Th e advances that are most likely to be introduced over the next decade are likely 
to be the result of eff orts to realize higher value added—as in neutraceuticals and 
pharmaceuticals—rather than from eff orts to break the constraints on yield 
ceilings. Th e excessively broad patent rights being granted in the fi eld of biotech-
nology may become a serious institutional constraint on the transfer of plant 
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protection and animal health biotechnology products to farmers in developing 
countries.     

   Resource and Environmental Constraints   

 A second set of concerns about the capacity of the agricultural sector to respond 
to the demands that will be placed on it focuses on resource and environmental 
constraints. Part of this concern is with the feedback of the environmental impacts 
of agricultural intensifi cation on agricultural production itself. Th ese include the 
degradation and loss of soil resources due to erosion, the waterlogging and salin-
ity associated with irrigation, the coevolution of pests and pathogens associated 
with use of chemical controls, the impact of global climate change, and the loss of 
biological diversity.    

   SOIL EROSION   

 Soil erosion and degradation have been widely regarded as a major threat to sus-
tainable growth in agricultural production in both developed and developing 
countries (Bennett   1931  ; Kellogg   1948  ; Pimentel et al.   1976  ; Pimentel et al. 
  1995a  ).   5    It has been projected to become an even more severe constraint into the 
future (Pimentel et al.   1995a  ). It has been suggested, for example, that, by 2050, 
it may be necessary to feed “twice as many people with half as much topsoil” 
(Harris   1990  : 115).   6    

 Attempts to assess the implications of erosion on agricultural production con-
front serious diffi  culties. Water and wind erosion estimates are measures of the 
amount of soil moved from one place to another rather than the soil lost to agri-
cultural production. Most studies do not provide the information necessary to 
estimate yield loss from erosion and degradation. Even in the United States, 
credible national soil erosion measures are available only for three years (1982, 
1987, and 1992). Th ese studies, conducted by the U.S. Department of Agriculture 
Soil Conservation Service, now the Natural Resources Conservation Service, 
indicate that the rate of soil erosion had declined by 24 percent between 1982 
and 1992, presumably because some 30–35 million acres of highly erosive land 
was put in the Conservation Reserve. Only the 1982 studies included estimates 
of the yield loss from erosion. Th e estimates indicated that, if the 1992 erosion 
rates continued for one hundred years, the yield loss at the end of the period 
would amount to only 2–3 percent (Crosson   1995a ,  1995b  ). 

 Th e extent of soil degradation and loss and its impact on crop production in 
developing countries is even less well understood than in the United States. Th e 
estimates of soil erosion and degradation for developing countries that appear in 
the literature are typically based on expert opinion rather than carefully designed 
and adequately monitored experiments. R. Lal (  1984  ) indicated fi fteen years ago 
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that the information needed to assess the productivity eff ects of soil erosion in 
developing countries was not available for major soils and crops. As far as I have 
been able to determine, information on the eff ects of soil loss and degradation is 
still lacking (Anderson and Th ompapillia   1990  ). Studies conducted by Peter 
Lindert (  1996 ,  1998 ,  1999  ) in China and Indonesia provide the only long-term 
evidence I have been able to identify on the impact of soil loss in developing coun-
tries. Th ese studies indicate, somewhat surprisingly, that, while there has been 
some decline in soil organic matter and nitrogen, there has been little or no loss 
of topsoil or in productive capacity over the fi fty-plus years covered by his study 
(Lindert   1996 ,  1998 ,  1999  ). A careful review of the international literature by 
Crosson suggests that yield losses at the global level might be roughly double the 
rates estimated for the United States (Crosson   1995a  ). 

 Th e fact that the data is so limited should not be taken to suggest that soil ero-
sion is not a serious problem. But it should induce some caution in accepting some 
of the more dramatic pronouncements about the inability to sustain agricultural 
production (National Research Council   1993  ). Th e impact of human-induced soil 
degradation and loss is not evenly distributed across agroclimatic regions, either 
in developed or developing countries. What I do feel comfortable in concluding is 
that the impacts on the resource base and on regional economies from soil erosion 
and degradation are local rather than global. It is unlikely that soil degradation 
and erosion will emerge as important threats to the world food supply in the fore-
seeable future. Where soil erosion does represent a signifi cant threat to the 
resource and the economic base of an area, the gains from implementation of the 
technical and institutional changes necessary to reclaim degraded soil resources, 
or at least to prevent further degradation, can be quite substantial.     

   WAT ER   

 During the last half-century, many countries have been undergoing a transition in 
which water is becoming a resource of high and increasing value. In the arid and 
semiarid areas of the world, water scarcity is becoming an increasingly serious 
constraint of growth of agricultural production.   7    Th e change in the economic 
value of water is the result of the very large increases in withdrawal of water for 
domestic and industrial purposes and, most importantly, for irrigation. Th e 
International Water Management Institute lists sixteen countries, with a total 
population of 361 million, located primarily in the Middle East and North Africa, 
that were experiencing absolute water scarcity in 1990. Th e Institute projected 
that, by 2025, an additional twenty-three countries, primarily located in Africa, 
with a 1990 population of 345 million, plus Northern China and Western 
India, where another 360 million people live, will experience either absolute or 
severe water scarcity.   8    Th e International Water Management Institute projects a 
decline in withdrawals of water for irrigation in almost all of these areas between 
1990 and 2025. 
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 During the last half-century, irrigated area in developing countries more than 
doubled, from 100 million to almost 200 million hectares. About half of develop-
ing country cereal production is grown on irrigated land (Alexandratos   1995  ). Th e 
issue of the relationship between water scarcity and food production has gener-
ated a substantial debate. It has been suggested that impending water shortages 
in northern China will be so severe by 2025 that China will need to import between 
210 and 370 million metric tons of grain per year to meet the demand arising out 
of population and income growth (Brown and Halweil   1998  ). Th e International 
Water Management Institute studies indicate that northern China will experience 
absolute water scarcity, while southern China will have surplus water. 

 Much of public sector irrigation investment has been devoted to the develop-
ment (and rehabilitation) of gravity irrigation systems. In most arid regions, the 
topography that is best suited to the development of large-scale irrigation sys-
tems has already been exploited. Investment costs of adding surface irrigation 
capacity have risen by several multiples during the last half-century. It is unlikely 
that there will be substantial new investment in large-scale, gravity-fed irrigation 
systems in the foreseeable future unless there is a substantial long-term rise in 
food prices. 

 In spite of the large public investment in gravity irrigation systems, the area 
irrigated by using tube wells to pump groundwater has expanded even more rap-
idly. In many respects, pump irrigation from aquifers is an ideal form of irrigation. 
Th e water is stored underground with no loss from evaporation. Water is generally 
available during the dry season even during drought years, when reservoirs for 
surface irrigation may be dry. Access to water is under the control of individual 
producers rather than of an often ineffi  cient and corrupt irrigation bureaucracy. 

 Th ere are substantial spillover eff ects or externalities in both surface and 
groundwater systems that impact directly on agricultural production. One of the 
most common problems of surface water systems is waterlogging and salinity 
resulting from excessive water use and poorly designed drainage systems. In the 
Aral Sea Basin in Central Asia, the eff ects of excessive water withdrawal for cotton 
and rice production, combined with inadequate drainage facilities, has resulted in 
waterlogging and salinity in irrigated areas and contraction of the Aral Sea, which 
threatens the economic viability of the region.   9    Another common externality 
results from extraction of water from aquifers in excess of recharge, resulting in 
lowering of the groundwater level and rising pumping costs. In some countries, 
these spillover eff ects are suffi  cient to off set the contribution of expansion of irri-
gated area to agricultural production. 

 Th e institutional arrangements under which producers obtain access to water 
contribute to ineffi  cient water use. Th ey not only are an important source of nega-
tive spillover eff ects but also have failed to induce the development and adoption 
of technology that would lead to growth of water productivity comparable to the 
increases that have occurred in output per hectare or output per worker in agricul-
ture. Th e design of eff ective institutional arrangements to induce improvements 
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in water effi  ciency and productivity will not be easy. Th e reforms that are typically 
suggested include elimination of subsidies, design of “constructed markets” to 
allocate surface water more effi  ciently, and a system of quotas, charges, and taxes 
to reduce groundwater withdrawals to a sustainable level (National Research 
Council   1992  ; Easter et al.   1998  ). It is possible to identify some successes from 
such eff orts, but in general it has been diffi  cult to design reforms that are both 
economically and politically viable. Transaction costs in constructed markets are 
often high. Water use typically involves a wide variety of public values that involve 
third parties. It seems clear, however, that the rising economic value of water and 
the constraints on water withdrawals that can be anticipated can be expected to 
induce more intensive institutional reform eff orts.     

   PE ST CON TROL   

 Pest control has become an increasingly serious constraint on agricultural produc-
tion in spite of dramatic advances in pest control technology over the last half-
century. Th e major pests of crops and animals include insects, pathogens, and 
weeds. Strategies include cultural control, biological control, pest-resistant crop 
varieties, and chemical control (Conway   1997  ; Palladino   1996  ; Ruttan   1982a  ). 

 Before the latter decades of the nineteenth century, farmers relied almost 
exclusively on cultural methods such as crop rotation in their eff orts to control 
pests. Chemical controls began in the 1870s with the development of arsenical 
and copper-based insecticides. Use of biological control dates from the late 1880s 
with the introduction of the vedelia beetle (from Australia) to control a California 
citrus pest, the cottony cushion scale. Eff orts also were made to identify, develop, 
and introduce pest-resistant crop varieties and animal breeds. 

 Pest control strategies changed dramatically as a result of the development of 
dichlorodiphenyl-trichlorethane (DDT) in the late 1930s and its use, during World 
War II, to protect American troops against typhus. Early tests found DDT to be 
eff ective against almost all insect species and relatively harmless to humans, ani-
mals, and plants. It was eff ective at low application levels and was relatively inex-
pensive. Th e eff ect was to direct the research eff orts of economic entomologists, 
and the attention of funding agencies, away from fundamental research on insect 
biology, physiology, and ecology, as well as from the development of alternative 
methods of insect pest control. Chemical companies rapidly expanded their 
research on synthetic organic insecticides as well as chemical approaches to the 
control of pathogens and weeds. 

 Problems of negative externalities were encountered shortly after the intro-
duction of DDT. When DDT was introduced in California to control the cottony 
cushion scale, its introduced predator, the vedelia beetle, turned out to be more 
susceptible to DDT than the scale. In 1947, just one year after its introduction, 
citrus growers, confronted with a resurgence of the scale population, were 
forced to restrict the use of DDT. In Peru, the cotton boll worm quickly built up 



254 Can Economic Growth Be Sustained?

resistance to DDT and other chlorinated hydrocarbon pesticides. Producers then 
turned to the more recently developed, and much more toxic, organophosphate 
insecticides, which again selected for resistant strains of the boll worm. In the 
meanwhile, natural predators were almost completely exterminated. Cotton pro-
duction collapsed and was revived only after a program to regulate insecticide use 
was implemented (Palladino   1996  ). Concerns about the externality eff ects of the 
new pesticides emerged fi rst in the United States and other developed countries. 
Th e adoption of the high-yielding Green Revolution cereal varieties in developing 
countries was associated with a dramatic increase in pesticide use. When yields 
were low, there was little benefi t from pest control. As yields rose, the economic 
incentive to adopt chemical pest control technologies also rose. 

 During the 1950s, an increasing body of evidence suggested that the benefi ts 
of the pesticides introduced in the 1940s and early 1950s were obtained at a sub-
stantial cost. Th e costs included not only the increase in resistance to pest control 
chemicals in target populations and the destruction of benefi cial insects, but also 
the direct and indirect eff ects on wildlife populations and on human health. In the 
early 1960s, public concern about these eff ects was galvanized by Rachel Carson’s 
dramatic revelations of the eff ects of the new insecticides (Carson   1962  ). During 
the 1960s and early 1970s, the view emerged to the eff ect that a coalition of 
chemical manufacturers, agricultural interests, and economic entomologists at 
public universities were engaged in a “pesticide conspiracy” to block the technical 
and institutional changes necessary to achieve a more economically viable and 
ecological benign pest control strategy (Van den Bosch   1978  ; Perkins   1982  ). 

 Th e solution to the pesticide crisis off ered by the entomology community was 
Integrated Pest Management (IPM). IPM involved the integrated use of some or 
all of the pest control strategies referred to above. It is more complex for the pro-
ducer to implement than spraying by the calendar. It requires skill in pest moni-
toring and understanding of insect ecology. And it often involves cooperation 
among producers for eff ective implementation.   10    At the time IPM began to be 
promoted as a pest control strategy in the 1960s, there was very little IPM tech-
nology available to be transferred to farmers. IPM represented little more than a 
rhetorical device to paper over the diff erences between economic and ecological 
entomologists. By the 1970s, suffi  cient research had been conducted to provide 
the knowledge to successfully implement a number of important IPM programs 
(Conway and Pretty   1991  ). However, exaggerated expectations about the possibil-
ity that dramatic reductions in pesticide use could be achieved without signifi cant 
decline in crop yields as a result of adoption of IPM have not been realized (Curtis 
et al.   1991  ; Pimentel et al.   1991  ; Gianessi   1991  ). 

 Integrated approaches to weed management evolved later than for insect pests, 
in part because emergence of resistance to chemical herbicides occurred much 
more slowly than resistance by insect pests to insecticides. By the mid-1990s, 
however, the development of genetically engineered herbicide-resistant crop vari-
eties resulted in a new set of concerns. In some cases, herbicide-resistant crops 
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may have benefi cial eff ects on the environment—when, for example, a single 
broad-spectrum herbicide that breaks down rapidly in the environment is substi-
tuted for several applications of preand postemergence herbicides, or for a herbi-
cide that is more persistent in the environment. When a single herbicide is used 
repeatedly, however, it does pose the danger of selecting for herbicide-resistant 
weeds. Th e impact of agricultural intensifi cation and the coevolution of patho-
gens, insect pests, and weeds will continue to represent a major factor in directing 
the allocation of agricultural research eff orts to maintenance research (Plucknett 
and Smith   1986  ).     

   CLIM AT E CHANGE   

 In the late 1950s, measurements taken in Hawaii indicated that carbon dioxide 
(CO 2 ) was increasing in the atmosphere. Beginning in the late 1960s, computer 
model simulations indicated possible changes in temperature and precipitation 
that could occur due to human-induced emission of CO 2  and other “greenhouse 
gases” into the atmosphere. By the early 1980s, a fairly broad consensus had 
emerged in the climate change research community that energy production from 
fossil fuels could, by 2050, result in a doubling of the atmospheric concentration 
of CO 2 , a rise in global average temperature by 1.5–4.5°C (≈ 2.7–8.0°F), and a com-
plex pattern of worldwide climate changes. Since the beginning of the 1980s, a 
succession of studies have attempted to assess how an increase in the atmospheric 
concentration of CO 2  could aff ect agricultural production (Clark and Munn   1989  ; 
Parry   1990  ; Rosenzweig and Hillel   1998  ). 

 Th ere are three ways in which increases in CO 2  concentrations in the atmo-
sphere may aff ect agricultural production. One is that increased CO 2  concentra-
tion in the atmosphere may have a positive eff ect on the growth rates of crop 
plants (and weeds) through the CO 2  “fertilization eff ect” and by decreasing the 
rate of transpiration. Th e magnitude of the CO 2  fertilization eff ects remain highly 
uncertain. Extrapolations are limited to model-based estimates that use data 
from greenhouse or small-scale fi eld experiments. And it has not yet been possible 
to separate the eff ects of the increase in CO 2  concentrations over the last half-
century from other factors that have contributed to higher yields. A second way 
that agricultural production could be impacted is that higher temperatures could 
result in a rise in the sea level, resulting in inundation of coastal areas and the 
intrusion of salt water into groundwater aquifers and surface waters. Low-lying 
coastal agricultural areas in Bangladesh, for example, could be impacted very 
severely. 

 Th e largest impacts on agricultural production will be due to the eff ects of 
CO 2 -induced changes in temperature, rainfall, and sunlight. Th ese eff ects can be 
expected to vary greatly across agroclimatic regions. However, greenhouse-
induced warming is expected to be greatest in high midlatitude regions (>45°) and 
high latitudes (>60°). Subtropical and tropical regions will experience less extreme 
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temperature changes. Monsoon rains are likely to penetrate farther northward. 
Northern areas in which production is presently constrained by length of the 
growing season, such as the northern fringes of the Canadian prairie provinces, 
could expect both higher yields and an expansion of area devoted to cereals and 
forage plants. 

 Th ere has been a substantial change in estimates of the impact of global cli-
mate change on crop yield and agricultural production. Estimates made in the late 
1980s and early 1990s generally projected rather substantial negative impacts at 
the global level (Parry   1990  ). More recent studies have tended to project impacts 
ranging from slightly negative to slightly positive (Mendelsohn et al.   1994  ; Adams 
et al.   1998  ). Th ese more positive estimates have been due primarily to two changes 
in the modeling of climate change. One has been the incorporation of assump-
tions about the positive eff ects of CO 2  fertilization. As noted above, these assump-
tions remain controversial because they involve extrapolation from greenhouse 
or very-small-scale fi eld experiments. Th e second change has been due to replac-
ing the static production function or “dumb farmer” approach employed in earlier 
models with estimates of farmers’ rational responses to climate change, including 
changing in cropping systems and adoption of technology. As a caveat, several of 
the models suggest that, while modest changes in global average surface tempera-
ture in the 2.5° range, for example, could have a net positive eff ect, larger increases, 
in the 5° range, could have a negative eff ect on agricultural production.   11    

 Th e modeling eff orts continue, however, to employ a “dumb scientist” assump-
tion. Th e behavior of public and private sector suppliers of knowledge and tech-
nology has not yet been incorporated in the models and estimates. Eff orts to 
incorporate endogenous or induced technical change into climate change models 
have been limited by the tractability of the models (or the modelers). Th e only 
successful empirical eff ort I am aware of is a study by Evenson and Alves in Brazil 
(Evenson   1988  ). Th e Evenson-Alves model incorporates not only the choice of 
technology by farmers in response to climate change but also responses by the 
public and private suppliers of technology. Th e study indicates that, in Brazil, the 
eff ect of climate change alone would be to depress production in the North, 
Northeast, and Center-West. In contrast, many areas in the Center-East, the 
South, and the coastal regions would benefi t. When the technical change induced 
by the climate change is taken into account, it is expected to compensate for the 
eff ect of climate change in the more disadvantaged regions, while the more favored 
regions will benefi t from both the climate change and technical change. 

 None of the models gives adequate attention to the indirect or interactive 
eff ects of climate change. Th e limited assessments that have been made suggest 
that, as environmental stress intensifi es as a result of warmer (and, in some areas, 
more humid) climates, crops will become more vulnerable to weeds, insects, and 
plant diseases (Rosenzweig and Hillel   1998  ). Th e incidence and severity of soil 
erosion, changes in rainfall, surface water storage, groundwater recharge, the inci-
dence of pests and pathogens, or frequencies of extreme events, such as drought 
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or fl oods, or climate variability have not been incorporated eff ectively into the 
climatic change models. It is possible that actions taken to mitigate global climate 
change, such as land-intensive approaches to carbon sequestering, substitution of 
fuels based on agricultural raw materials for petroleum-based fuels, and eff orts to 
control carbon, nitrous oxide, and methane emissions, could have a larger negative 
eff ect of crop and animal production than the direct impacts of climate change. 

 I have not, in this paper, discussed the potential impacts of health constraints 
on agricultural production. Improvements in nutrition associated with growth in 
agricultural production has, in many developing countries, contributed to lower 
infant mortality and increased life expectancy. But the increased use of insecti-
cides and herbicides associated with agricultural intensifi cation has also had 
negative eff ects on the health of agricultural workers. Th ere are also important 
health eff ects, in both urban and rural areas, of the intensifi cation of industrial 
production associated with atmospheric, water, and soil pollution. Th ere are 
also the health eff ects associated with the emergence of new diseases such as 
AIDS and the emergence of drug resistance by older parasitic and infectious 
diseases. It is not too diffi  cult to visualize situations in particular villages in 
which the coincidence of several of these health factors could result in serious 
threats to agricultural production. It is more diffi  cult, but not completely impos-
sible, to visualize health threats becoming a serious constraint on national 
agricultural production (Lederberg   1996  ; Ruttan   1994b  ; Pimentel et al.   1998  ).      

   Perspective   

 What inferences do I draw from this review of resource and environmental con-
straints on the transition to agricultural sustainability? Th ere will, even beyond 
the middle of the twenty-fi rst century, continue to be great diversity among 
countries and regions in the transition to agricultural sustainability. It seems 
unlikely that the conditions projected in the Barbarization Scenario will be 
completely eliminated or that the conditions projected in the New Sustainability 
Scenario will be more than partially realized (Figure   13.1  ).  

 It is unlikely that soil loss and degradation will represent a serious constraint on 
global agricultural production over the next half-century. But soil loss or degrada-
tion could become a serious constraint on production on a local or regional scale in 
some fragile resource areas. Th is possibility will be greatest if slow productivity 
growth in robust resource areas should lead to intensifi cation or expansion of crop 
and animal production in fragile resource areas—that is, tropical rain forests, arid 
and semiarid regions, and the high mountain areas. In some such areas, however, 
the possibility of sustainable production can be enhanced by irrigation, terracing, 
careful soil management, and changes in commodity mix and farming systems. 

 It is also unlikely that lack of water resources will become a severe constraint 
on global agricultural production in the foreseeable future. But in fi fty to sixty of 
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the world’s most arid countries, plus major regions in several other countries, 
competition from household, industrial, and environmental demands will result 
in a reallocation of water away from irrigation. In many of these countries, 
increases in water use effi  ciency and changes in farming systems will permit con-
tinued increases in agricultural production. But it seems reasonable to expect 
that, in a number of countries, the reduction in irrigated area will be large enough 
to result in signifi cant reductions in agricultural production. Since these countries 
are among the world’s poorest, some may have great diffi  culty in meeting food 
security needs from either domestic production or food imports. 

 Th e problem of pest and pathogen control may have more serious implica-
tions for sustainable growth in agricultural production at a global level than 
either land or water constraints. Both the development of resistant crop varieties 
and chemical methods of control tend to induce target pest or pathogen resis-
tance. In addition, international travel and trade will result in rapid diff usion 
of traditional and newly emerging pests and pathogens to favorable environments. 
As a result, new pest control technologies must constantly be replaced by a succes-
sion of resistant varieties and chemical (or biochemical) agents. As a result, an 
increasing share of a constant research budget will need to be devoted to mainte-
nance research—the research required to sustain existing productivity levels. 

 Recent projections of the impact of climate change on global agricultural pro-
duction are much more optimistic than projections made a decade ago. Th e scien-
tifi c and empirical basis for the more optimistic projections is, however, much too 
fragile to serve as a secure foundation for policy. Th ere is great uncertainty about 
the rate of climate change that can be expected over the next half-century. All of 
the projections employ assumptions that are only weakly grounded in experience. 
None of the models gives adequate attention to the synergistic interactions among 
climate change, soil loss and degradation, groundwater and surface water storage, 
and the incidence of pests and pathogens. Th ese interactive eff ects could add up 
to a signifi cantly larger burden on sustainable growth in production than the rela-
tively small eff ects of each constraint considered separately. A point made repeat-
edly in this paper is that, while the constraints discussed do not represent a threat 
to global food security, they may, individually or collectively, become a threat to 
growth of agricultural production at the regional and local level in a number of the 
world’s poorest countries. Th is means that the transition to agricultural sustain-
ability will, given the uncertain future, depend on the maintenance and enhance-
ment of capacity for technical and institutional innovation. A primary defense 
against the uncertainty about resource and environmental constraints is agricul-
tural research capacity. Research capacity represents the “reserve army” to deal 
with uncertainty. Th e erosion of capacity of the international agricultural research 
system will have to be reversed; capacity in the presently developed countries 
will have to be at least maintained; and capacity in the larger developing countries 
will have to substantially strengthened. Smaller countries will need, at the very 
least, to strengthen their capacity to borrow, adapt, and diff use technology from 
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countries in comparable agroclimatic regions. It also means that more secure 
bridges must be built between the “island empires” of agriculture, environment, 
and health. 

 If the world fails to meet the challenge of a transition to sustainable growth in 
agricultural production, the failure will be at least as much in the area of institu-
tional innovation as in the area of resource and environmental constraints. Th is is 
not an optimistic conclusion. Th e design of institutions capable of achieving com-
patibility between individual, organizational, and social objectives remains an art 
rather than a science, Th e incentive compatibility problem has not been solved 
analytically, even at the most abstract theoretical level (Hurwicz   1973 ,  1998  ). At 
our present stage of knowledge, institutional design is analogous to driving down 
a four-lane highway looking at the rearview mirror. We are better at making course 
corrections when we start to run off  the highway than at using foresight to navi-
gate the transition to sustainability.    

   Notes       

    Vernon W. Ruttan,  Proceedings of the National Academy of Sciences  96 (May 1999): 5960–67. 
Th is paper was presented at the National Academy of Sciences colloquium “Plants and 
Population: Is Th ere Time?” held December 5–6, 1998, at the Arnold and Mabel Beckman 
Center in Irvine, CA. Th e author is indebted to Randolph Barker, Pierre Crosson, and Gretchen 
Daily and to the participants in the University of Minnesota Agricultural Development 
Workshop for comments on an earlier draft of this paper.   

   1.  In this section, I draw on my participation in the work of the National Research Council (  1999  ). 
See also Hammond   1998   and Raskin and Gallopin et al.   1998  . For the evolution of the concept 
of sustainability, see S. Lele   1991   and Ruttan   1994a  .   

   2.  In this and the following sections, I focus primarily on supply-side constraints on agricultural 
production, in contrast to the paper by D. G. Johnson (  1999  ), which emphasizes demand-side 
constraints.   

   3.  See the papers by Cassman   1999  .   
   4.  Several students have presented more optimistic perspectives. See, for example, Waggoner 

  1994  . I fi nd it somewhat surprising that I fi nd it so diffi  cult to share the current optimism 
about the dramatic gains to be realized from the application of molecular genetics and genetic 
engineering. My fi rst major professional paper was devoted to refuting the pessimistic projec-
tions of the early and mid-1950s (Ruttan   1956  ).   

   5.  Land degradation is a broader concept than erosion. It includes areas aff ected by soil degrada-
tion; drylands with vegetation degradation but no soil degradation; and degraded moist tropi-
cal forest lands (Daily et al.   1995  ).   

   6.  For a very useful introduction to the issues discussed in this section, see the exchange between 
Crosson (  1995a  , 1995b) and Pimentel et al. (  1995b  ).   

   7.  For a useful review, see Seckler et al.   1999  . See also Food and Agriculture Organization   1995   
and Raskin and Gleick et al.   1998  . Th e study by Raskin and Gleick et al. gives more explicit 
attention to withdrawals for domestic, industrial, and environmental purposes. In arid regions 
in both developing and developed countries, use of water to protect instream environmental 
values is increasingly competitive with withdrawals for irrigation.   

   8.  Countries characterized by absolute water scarcity do not have suffi  cient water resources to 
maintain 1990 levels of per capita food production from irrigated agriculture, even at high 
levels of irrigation effi  ciency, and also meet reasonable water needs for domestic, industrial, 
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and environmental purposes by 2025. Countries characterized by severe water scarcity are in 
regions in which the potential water resources are suffi  cient to meet reasonable water needs by 
2025, but only if they make very substantial improvements in water effi  ciency and investments 
in water development. Th e International Water Management Institute study assumes that, 
when withdrawal exceeds 50 percent of annual water resource fl ows, the costs of further water 
resource development are likely to be prohibitive (Seckler et al.   1999  ).   

   9.  One of the most comprehensive eff orts to identify the world’s most threatened regions was 
organized by a group of scholars from the Department of Geography at Clark University 
(Kasperson et al.   1995  ). For the Aral basin study see Glazovsky   1995  . Although the Aral Sea 
basin was the most severely aff ected of the nine studied, two other regions were characterized 
as “endangered,” and the patterns of resource exploitation in the other six were judged to be 
not sustainable.   

  10.  Th e elements of the very successful program to control cotton pests (boll weevil, pink boll-
worm, and tobacco budworm) on the high plains of Texas included (1) establishment of a uni-
form planting period and adoption of short-duration varieties; (2) irrigation before planting; 
(3) application of insecticide only in areas in which high bollworm populations are expected; 
(4) selective application of an organophosphate insecticide during harvest; (5) defoliation of 
mature crops (so all bolls open at the same time); (6) use of mechanical strippers (to kill larvae) 
in harvesting; (7) shredding of stalks and plow down immediately after harvest; and (8) impo-
sition of fi nes on uncooperative producers. Implementation of the program involved organiz-
ing a pest control district with responsibility for enforcement (Pimentel et al.   1991  ).   

  11.  Th e Mendelson, Nordhaus, and Shaw model (Mendelson et al.   1994  ) has also been criticized for 
underestimating the impact of global climate change on agriculture in irrigated areas by giving 
inadequate attention to the way water is currently used due to distortions associated with 
water allocation and pricing (Fischer and Hannenan   1998  ).                         
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       Both growth economics and development economics emerged as distinct fi elds of 
inquiry in the early post–Second World War period. Growth economics emerged 
out of a concern with the preservation of full employment in modern capitalist 
economies. Development economics focused on growth initiation and accelera-
tion in less developed traditional societies. Growth economics was committedly 
macroeconomic in orientation and the province of the practitioners of “high 
theory.” Development economics was more microeconomic in orientation and 
drew on knowledge from related research in anthropology, sociology, and political 
science and on the insight of practitioners (Krugman   1996  ). 

 Th ere has been an uneasy relationship between these subdisciplines. Growth 
economists have tended to view the development economics literature as lacking 
in rigor and burdened with irrelevant organizational and behavioral detail. 
Development economists have often felt that the only message growth econo-
mists were sending them was to get interest rates (and other prices) right. After a 
hiatus of over two decades there has emerged, since the mid-1980s, renewed 
interest in the theory of economic growth. With the emergence of a new and 
richer growth economics literature the possibilities of a more fruitful dialogue 
between growth economics and development economics now may be possible. 
Th e purpose of this article is to address the question, what should development 
economists learn from the new growth economics?   1    

 Th ere have been three waves of interest in growth theory in the last half cen-
tury. Th e fi rst was stimulated by the work of Harrod (  1939 ,  1948  ) and Domar 
(  1946 ,  1947  ). Th e second wave began in the mid-1950s with the development 
by Solow (  1956  ) and Swan (  1956  ) of a neoclassical model of economic growth. 
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Th e third wave was initiated in the mid-1980s by Romer (  1983 ,  1986  ) and Lucas 
(  1988  , based on his 1985 Marshall Lecture).   2        

   Keynsian and Neoclassical Growth Economics   

 Th e question posed by Harrod and Domar, using somewhat diff erent terminology, 
was under what circumstances is an economy capable of achieving steady-state 
growth? Th is question had forced itself on to the economic agenda by the Great 
Depression of the 1930s and the expectation that the end of the Second World 
War would be followed by renewed instability. In the Harrod-Domar view instabil-
ity in economic growth was the result of failure to equate a “warranted” and a 
“natural” rate of growth. Th e warranted rate of growth is dependent on the sav-
ings rate and on a given capital requirement per unit of output. Th e natural rate is 
the maximum long-run sustainable rate of growth. It is determined by the rate of 
growth of the labor force and the rate of growth of output per worker. Th is central 
proposition of the Harrod-Domar model arises from the assumption that invest-
ment is both capacity creating and income generating. 

 An attraction of the Harrod-Domar model was that it attempted to study long-
run growth with the tools of Keynesian economics that had recently become 
familiar to economists. Use of the model diff used rapidly to the planning agencies 
of many newly independent countries. It seemed to confi rm the widely held belief 
among development economists and planners that the transition from slow to 
rapid growth required a sustained rise in the rate of savings and investment.   3    It 
provided a rationale for interventions designed to raise savings rates and encour-
age investment in heavy industry in order to remove the constraints on produc-
tion resulting from capital equipment. And it provided the conceptual foundation 
for the two-gap (in savings and foreign exchange) model developed by Chenery 
and associates to estimate foreign aid requirements of developing countries 
(Chenery and Strout   1966  ). It was also interpreted as consistent with the view 
that achieving sustained growth would be more diffi  cult for capitalist economies 
than for economies where the central planning apparatus would have more direct 
access to the instruments needed to force a rise in the saving rate and to allocate 
investment to its most productive uses.   4    

 Th e second wave in the development of modern growth theory began with the 
neoclassical model introduced by Robert M. Solow (  1956  ) and Trevor W. Swan 
(  1956  ). Solow (  1988  : 303) was motivated by skepticism that a sustained rise 
in the savings rate is the key to the transition from a slow to a fast growth path 
and by a concern that the fi xed capital-output ratio be replaced by a richer and 
more realistic representation of technology. Solow’s departure from the Harrod-
Domar model was to substitute a variable capital-output ratio for the fi xed coef-
fi cient capital-output ratio of the Harrod-Domar model. He insisted that the 
primary eff ort in his 1956 paper “is devoted to a model of long run growth which 
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accepts all the Harrod-Domar assumptions except that of fi xed proportions” 
(Solow   1956  : 66). 

 Th e initial version of the Solow neoclassical model has been succinctly described 
by Prescott (  1988  : 7): “Th e model has a constant returns to scale aggregate pro-
duction function with substitution between two inputs, capital and labor. Th e 
model is completed by assuming that a constant fraction of output is invested.” 
Th e model was employed in a 1957 paper in which an aggregate two-factor pro-
duction function was used in accounting for growth in the U.S. economy. To 
Solow’s surprise, and to the surprise of the profession generally, four-fi fths of the 
growth in U.S. output per worker over the 1909–49 period was accounted for by 
changes in the technology coeffi  cient. Th e two papers triggered a whirlwind of 
theoretical and empirical research that lasted well into the 1970s. 

 In the initial Solow-Swan neoclassical model steady-state growth can hardly be 
avoided. A country that succeeds in permanently increasing its savings (invest-
ment) rate will, after growing faster for a while, have a higher  level  of output than 
if it had not done so. But it will not achieve a permanently higher  rate  of growth 
of output (Solow   1988  : 308). What were the implications of the Solow neoclassi-
cal growth theory and related growth-accounting exercises for development eco-
nomics? Th e initial results seemed to completely reverse the earlier Harrod-Domar 
implications. Technological change replaced growth of capital equipment as the 
primary source of growth. Subsequent growth-accounting exercises employing 
broader defi nitions of capital resulted in somewhat lower estimates of the contri-
bution of technical change. But technical change continued to outweigh growth of 
physical capital stock by a substantial margin in studies conducted in the United 
States and other presently developed countries. Research on sources of growth in 
poor or newly developing countries typically found that a much smaller share of 
economic growth was accounted for by productivity growth. Th is was often inter-
preted as an indication that inappropriate technology transferred from high-wage 
economies, where it had been developed, to low-wage economies failed to gener-
ate as high productivity gains in low-wage as in high-wage economies.   5    In addi-
tion research carried out within the neoclassical framework did not shed much 
light on the driving forces behind the proximate sources of growth—on the deter-
minants of the growth of physical and human capital and technical change.     

   Endogenous Growth Th eory   

 Massive divergence in absolute and relative per capita income across countries is 
a dominant feature of modern economic history (Kuznets   1955 ,  1966b  ; Maddison 
  1979  ; Pritchett   1995  ; Prescott   1997  ). Th e “new” growth economics literature was 
initially motivated by the apparent inconsistency between the implications of the 
neoclassical theory and (a) lack of evidence of convergence toward steady-state 
growth even among presently developed economies (Romer   1983  : 3) and (b) by 
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the inability to successfully account for diff erences in income growth rates or 
income levels across countries (Romer   1994  ).   6    “By assigning so great a role to 
‘technology’ as a source of growth, the theory is obliged to assign correspondingly 
minor roles to everything else, and so has very little ability to account for the wide 
diversity in growth rates that we observe” (Lucas   1988  : 15). Romer (  1986  : 1003) 
argued that what is needed is “an equilibrium model of endogenous technical 
change in which long-run growth is driven primarily by the accumulation of 
knowledge by forward-looking, profi t maximizing agents.”   7    

 A primary goal of the new growth economics is to build models that can “ensure 
that the long run growth rate of income depends not only on the parameters of 
the production and utility functions, but also on fi scal policies, foreign trade poli-
cies, and population policies” (Srinivasan   1995  : 46).   8    Th e eff ect was to challenge 
the neoclassical assumption that policy can aff ect the level of economic activity 
but not the rate of economic growth. In this section I fi rst review the contribu-
tions by Romer and Lucas and then some related contributions. 

 In the initial endogenous growth models advanced by Romer (  1983 ,  1986  ) 
long-run growth is driven primarily by the accumulation of knowledge. Th e pro-
duction of new knowledge exhibits diminishing returns at the fi rm level. However, 
the creation of new knowledge by one fi rm is assumed to generate positive exter-
nal eff ects on the production technology of other fi rms. Furthermore, the produc-
tion of consumption goods, which is a function of both the stock of knowledge 
and other inputs, exhibits increasing returns. Th e three elements—decreasing 
returns in the production of new knowledge, externalities associated with new 
knowledge, and increasing returns in the production of output—ensure that a 
competitive equilibrium with externalities will exist.   9    

 Th us the initial models advanced by Romer abandon the neoclassical assump-
tion of perfect competition and require either constant or increasing returns to 
capital. An important implication of the model is that the market equilibrium is 
suboptimal, since the external eff ects of the accumulation of knowledge is not 
considered by the fi rm in making production decisions. Another implication is 
that factor shares, typically employed as the elasticity coeffi  cients in the neoclas-
sical production function, can no longer be used to measure the contribution of 
capital and labor. Romer suggests that the typical capital coeffi  cient (0.25) severely 
underestimates the contribution of capital and that the labor coeffi  cient (0.75) 
severely overestimates the contribution of labor. In his model the capital coeffi  -
cients, adjusted to take into account the accumulation of knowledge (or of human 
capital), would have to be (implausabily) close to one in order to generate the 
extremely high growth rates of the East Asian NICs (Romer   1987  ). 

 Lucas (  1988  ), drawing on Uzawa (  1965  ) ,  proposed a second alternative to the 
neoclassical model. In his model, human capital serves as the engine of economic 
growth. He employed a two-sector model in which human capital is produced by a 
single input, human capital, and in which fi nal output is produced by both human 
and physical capital. Two alternative human capital models are analyzed. In the 
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fi rst, the schooling model, the growth of human capital depends on how a worker 
allocates his or her time between current production and human capital accumu-
lation. In the second, the learning-by-doing model, the growth of human capital 
is a positive function of the eff ort devoted to the production of new goods. 

 In both Lucas models there are, as in Romer, in addition to the “internal eff ects” 
on the worker’s own productivity, “external eff ects” that are the source of scale 
economies and that enhance the productivity of other factors of production.   10    In 
both cases the accumulation of human capital involves a sacrifi ce of current util-
ity. In the fi rst model this sacrifi ce takes the form of a decrease in current con-
sumption. In the second it takes the form of a less desirable mix of current 
consumption goods than could be obtained with slower human capital growth 
(Lucas   1988  : 18). Lucas argues that this defi ciency could, in principle, be solved in 
the fi rst case by subsidizing schooling and in the second case by subsidizing 
research and development. 

 In 1990 Romer advanced an alternative endogenous growth model in which he 
followed Lucas in emphasizing the importance of human capital in the develop-
ment of new knowledge and technology. He departed from Lucas, and from his 
own earlier work, by treating technical change as embodied in new producer dura-
bles. Th e basic inputs in the model are capital, raw labor, human capital, and an 
index of the level of technology. Th e technology component is disembodied nonri-
val knowledge that can grow indefi nitely. Human capital is the cumulative embod-
ied product of formal education, on-the-job training, and learning-by-doing. Th e 
model economy has three sectors: (a) a research sector that uses human capital 
and the stock of knowledge to produce new knowledge in the form of designs for 
producer durables; (b) an intermediate goods sector that uses the designs from the 
research sector together with foregone output to produce the producer durables 
used in the production of fi nal goods; and (c) a fi nal goods sector that uses raw 
labor, human capital, and producer durables (but no raw material) to produce fi nal 
output—which can be consumed or saved as new capital (Romer   1990  ). 

 In this model growth in the stock of capital used in the production of fi nal 
goods takes the form of growth in the number of intermediate inputs rather than 
in the quality of each input. Growth in the number of intermediate inputs implies 
monopolistic competition in the market for producer durables and assures exter-
nal scale economies as a result of the growth in output of each consumer durable. 
Th e critical allocative decision is the share of human capital employed in research. 
As in his earlier model, and in the Lucas models, the optimum rate of growth 
exceeds the market rate, since the externalities from knowledge creation are not 
considered by the fi rm making production decisions.   11    

 As his work continued to mature Romer (  1993 ,  1996  ) has turned to the contri-
bution of ideas as the primary source of economic growth. 

 Neoclassical growth theory explains growth in terms of interactions 
between two basic types of factors: technology and conventional inputs. 
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New growth theory . . . divides the world into two fundamentally diff er-
ent types of productive inputs that we can call “ideas” and “things.” Ideas 
are nonrival goods. . . . Th ings are rival goods. . . . Ideas are goods that are 
produced and distributed just as other goods are. (Romer   1996  : 5–6)   

 For Romer, scale eff ects are important because ideas, as nonrival goods, are 
expensive to develop but are inexpensive to use.   12    Th eir value increases with the 
size of the market. Th is implies that large countries, with large internal markets, 
have a greater incentive to produce ideas than small countries. As a result large 
countries can be expected to grow more rapidly than small countries—particu-
larly when small countries burden themselves with the control and regulatory 
structures that characterize large countries.   13    

 What are the implications of the Romer-Lucas inspired endogenous growth 
literature for development economics? Bardhan (  1995  : 2985) insists that the 
most substantive contribution “is to formalize endogenous technical progress in 
terms of a tractable imperfect-competition framework in which temporary 
monopoly power acts as a motivating force for private innovations.” Griliches 
(  1992  : 294) notes the importance of their work in emphasizing that (i) “technical 
change is the result of conscious economic investments and explicit decisions by 
many diff erent economic units and (ii) unless there are signifi cant externalities, 
spillovers, or other sources of increasing returns, it is unlikely that economic 
growth can proceed at a constant undiminished rate into the future.” 

 In my judgment the most important substantive contribution has been their 
endogenization of human capital formation. Th is led to the important analytical 
result that when investment takes place in an economic environment with increas-
ing returns to scale the marginal product of capital need not decline over time to 
the level of the discount rate. Th us the incentive to accumulate human and physi-
cal capital may persist indefi nitely and long-run growth in per capital income can 
be sustained. 

 Even more important than the results of their own research has been the stim-
ulus that the Romer-Lucas work has provided for a new burst of theoretical and 
empirical research in the fi eld of both growth and development economics: by the 
mid-1990s, several graduate-level textbooks had incorporated and extended the 
work in growth economics conducted over the previous decade (Barro and Sala-
i-Martin   1995  ; Aghlon and Howitt   1998  ). At the theoretical level there has been a 
proliferation of models, each of which attempts to introduce greater realism, in 
order to account for both a general failure of convergence and the “miraculous” 
growth of a few countries such as Korea and Taiwan. Th e theoretical literature has 
been complemented by eff orts to analyze the eff ects of diff erent national policies, 
tax rates for example, in accounting for diff erent national growth rates (King 
and Rebelo   1990  ). In a later section I turn to the implications of the new growth 
economics for development.     
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   Trade and Growth   

 Th e potentially most important extension of the new growth economics, particu-
larly for development economics, is the synthesis of the new growth economics 
and the new trade theory by Gene Grossman and Elhanan Helpman. Th eir contri-
bution is the result of an exceedingly ambitious research agenda that began in the 
late 1980s (1990a, 1990b, 1991a) and culminated in the publication of Innovation 
and Growth in the Global Economy (1991b). 

 Following Romer and Lucas they stress that industrial research not only gener-
ates specifi c proprietary technical information that allows a fi rm to produce new 
products, but also contributes to general scientifi c knowledge, which can be 
exploited by other fi rms to develop even better products. To illustrate the point 
that externalities in R&D activities are essential to maintain growth they develop 
and analyze two alternative models of technological competition. As in Romer 
  1990  , one innovation takes the form of expanding product variety, while the other 
takes the form of quality improvement. 

 Grossman and Helpman fi rst introduce a one-sector closed-economy model in 
which accumulation can take the form of (a) investment in plant and equipment 
and (b) in specialized skills by agents. Physical capital is treated as a homogeneous 
commodity produced by the same means as consumption goods. Th e physical 
capital is then used, along with labor and human capital, to produce output. Th e 
equilibrium determines an endogenous supply of human capital and a residual 
supply of unskilled labor. Th e steady-state stocks of the two types of labor deter-
mines long-run rates of growth. Analysis of the model leads to the counterintui-
tive conclusion that physical capital can play only an accommodating role in 
long-run economic growth. In the interest of simplicity (and tractability) they 
then drop capital equipment from their analysis of the closed economy world—
and from the rest of the book! Further analysis of factor accumulation and alloca-
tion is confi ned to the two labor categories—unskilled labor and human capital. 

 In the second half of their book Grossman and Helpman extend these models 
to analyze the interactions between trade and growth. With each step they intro-
duce greater realism in the assumptions employed in the models. Th ey abandon 
the traditional assumption employed in growth economics (but not in develop-
ment economics) that technological opportunities are the same throughout the 
world.   14    Countries are not characterized by a common production function. Th ey 
insist that the process of assimilating existing technologies in the less developed 
countries is not unlike that of creating entirely new technologies in the developed 
world. Countries in which technological research is carried out acquire a compara-
tive advantage in the form of human capital resource endowments that may 
persist for some time. 

 Starting from these more realistic assumptions Grossman and Helpman 
proceed to show how external relationships aff ect a country’s growth 
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performance: (a) international exchange opens channels of communication that 
facilitate the transmission of technical information; (b) international competi-
tion encourages entrepreneurs in each country to pursue new and distinctive 
ideas and technology; (c) international integration enlarges the size of the market 
in which the innovative fi rm operates; and (d) international trade induces a real-
location of resources (labor and human capital). In this process countries can lose 
as well as gain from trade. Countries with a larger high-technology sector (and 
employing labor with a high human capital component) may experience long-
term gains relative to countries with relatively abundant supplies of raw labor 
(Grossman and Helpman   1991b  ). 

 In a world in which the Grossman-Helpman assumptions hold, there can be a 
substantial role for public policy. An appropriate policy regime can help speed the 
transition from traditional manufacturing into becoming an exporter of high-
technology goods. It may also modify the impact on income distribution of the 
“creative destruction” associated with technical change. Th e policy instruments 
discussed by Grossman and Helpman are the conventional instruments that are 
commonly analyzed in the trade literature—lump sum taxes, subsidies to R&D 
and on production for export, and tariff s. In spite of the importance they place on 
technical change, discussion of science and technology policy is exceedingly thin. 
Grossman and Helpman have pushed their analysis further than the other schol-
ars working in the new growth economic tradition to incorporate the interna-
tional movement of goods, capital, and ideas. Drawing on Romer and Lucas, they 
have formerly incorporated “the process of introduction of an ever-expanding set 
of new goods and technologies” (Bardhan   1995  : 2992). 

 Th e results obtained by Grossman and Helpman represent an important con-
tribution to the formal analysis of trade and growth. But their analysis is charac-
terized by a curious “industrial fundamentalism.”   15    It provides rather “thin gruel” 
for the appetites of development economists and practitioners. It will be neces-
sary to extend their analysis beyond the rather narrow confi nes of the industrial 
sector and embrace a richer institutional environment before their research 
agenda will be very useful to development economists (Krueger   1997  ).     

   Dialogue with Data   

 Th e assault by the proponents of the new endogenous growth theory on the 
neoclassical model was beginning, by the mid-1980s, to generate a substantial 
backlash. Some of the qualifi cations were theoretical in nature.   16    Most, how-
ever, have challenged the consistency of the empirical implications with growth 
experience. 

 Much of the initial empirical work has not attempted to directly test the endog-
enous growth models but rather to rehabilitate the neoclassical model (Pack   1994  : 
55, 63). An important landmark in this eff ort is the cross-country analysis by 
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Mankiw, Romer, and Weil (  1992  ).   17    Th e authors fi rst reject the Romer-Lucas 
characterization of the neoclassical model. When they incorporate saving, popu-
lation growth rates, and human capital accumulation into the cross-country 
regressions, along with physical capital and raw labor, Mankiw, Romer, and Weil 
fi nd that the “augmented” neoclassical model accounts for about 80 percent of 
the cross-country variation in income. Th ey also fi nd that the augmented model 
predicts what they term “conditional convergence” across counties. 

 Th ere have also been several studies that have attempted to explore the sources 
of growth of the rapidly growing newly industrializing countries of East Asia 
(NICs)—Hong Kong, Singapore, South Korea, and Taiwan. Th e results challenge 
the conventional wisdom that high productivity growth in the manufacturing sec-
tors largely account for the rapid overall rate of economic growth in these coun-
tries (World Bank   1993  ; Kim and Lau   1994  ; Easterly   1995  ; Young   1995  ). Young 
concludes, from a traditional neoclassical growth accounting exercise, that the 
very high rates of growth of the East Asian NICs are primarily accounted for by (a) 
a rise in labor force participation rates, (b) a rise in investment to GDP ratios, (c) 
improvements in education, and (d) the intersector transfer of labor from agricul-
ture. Annual rates of total factor productivity growth (Hong Kong 2.3 percent; 
Taiwan 2.1 percent; South Korea 1.7 percent; Singapore 0.2 percent) have been 
high, but not high enough to explain miracles. 

 A second line of inquiry questions the ability of familiar public policy instru-
ments to bring about permanent changes in growth rates, at least in the presently 
developed countries. Islam (  1995  ) employs a dynamic panel data model (combin-
ing cross-section and time-series data) with individual country eff ects. Th is 
enables him to incorporate diff erences in the aggregate production function both 
across groups of countries (convergence clubs) and for individual countries. 
Islam’s results suggest that growth in each country converges to its own steady-
state growth rate, conditional on diff erences in technology and institutions. He 
notes that this conclusion is hardly optimistic: “Th ere is probably little solace to be 
derived from the fi nding that countries in the world are converging at a faster rate 
when the points (and growth paths) to which they are converging remain very 
diff erent” (Islam   1995  : 1162). 

 A number of recent papers have focused on the growth experience of particular 
counties or regions. C. I. Jones (  1995  ) shows that in spite of permanent changes 
in a growth-increasing direction of a number of the variables identifi ed as poten-
tial determinants of long-run growth in the new growth economics literature 
(openness to international trade, human capital investment, population growth, 
and others), they have had little or no impact on growth in the OECD economies 
during the post–Second World War era. Th e rate of growth in per capita income in 
the United States, for example, has remained essentially unchanged during the 
entire 1880–1987 period. Jones draws the startling conclusion that “either noth-
ing in the U.S. experience since 1880 has had a large persistent eff ect on the 
growth rate, or whatever persistent eff ects have occurred have miraculously been 
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off setting” (C. I. Jones   1995  : 499; Pritchett   1997  ).   18    And Griliches (  1994  : 16) has 
insisted even more strongly: “Knowledge externalities are obviously very impor-
tant in the growth process but do not help us explain what has happened (in the 
United States) in the last two decades.” 

 A third line of inquiry has involved attempts to test the returns to scale hypoth-
eses that is central to the new growth economics. In spite of its intuitive plausibil-
ity the evidence from cross-industry and cross-county studies provides only 
minimum support for the role of scale economies as an important source of 
growth (Burnside   1996  ; Backus et al.   1992  ). Backus et al. (  1992  ) have attempted 
to test the sources of scale economies—learning by doing, investment in human 
capital, and specialized intermediate inputs—emphasized by Lucas and Romer. In 
their search for evidence of scale economies from these three sources they fi nd 
modest support for scale economies in the manufacturing sector but fail to fi nd 
evidence of economy-wide scale economies.   19    In their cross-country agricultural 
production function studies for 1960–80 Hayami and Ruttan (  1985  ) found scale 
economies across conventional inputs (land, labor, capital, and operating inputs) 
for developed countries but not for developing countries. Using an augmented 
production function they did, however, fi nd economies of scale across conven-
tional inputs plus human capital for both developed and developing countries. 
Th ey interpret the evidence of economies of scale as the disequilibrium eff ects of 
prior technical change rather than as pure scale economies. 

 What should development economists learn from this more recent research 
carried out within a neoclassical framework? When the neoclassical model is 
extended to incorporate the variables of an augmented production function to 
explain diff erences in the level of per capita income or of partial or total factor 
productivity, reasonable results are obtained (Hayami and Ruttan   1970b  ; 
Kawagoe et al.   1985  ; Mankiw et al.   1992  ; Mankiw   1995  ; Pritchett   1997  ). Th ese 
advances in our understanding are important. But they are a refl ection of surface 
phenomena—the proximate sources of economic growth. Answers to more fun-
damental questions, such as why some countries save and invest more than 
others, why some countries invest a larger share of GNP on education or on R&D, 
why some countries were able to put the package of high payoff  inputs together 
more eff ectively than others, or why some countries have responded to shocks 
(the Great Depression of the 1930s, the food crises of the 1960s, or the oil shocks 
of the 1970s) more eff ectively than other countries continue to remain beyond 
the reach of the models employed by both the neoclassical and the new growth 
economists (Nelson and Pack   1997  ). Much of the work in development economics 
has focused on the changes in technology and institutions that enter into the 
country-specifi c term. Both Islam’s results and Jones’s suggest a high return to 
the research agenda advanced by Abramovitz (  1952  ), Kuznets (  1955  ), and Rostow 
(  1956 ,  1960  ) in the 1950s—a focus on the deeper sources of the technical and 
institutional changes associated with the “preconditions” and “takeoff ” into self-
sustained growth.     
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   Growth Economics as Development Economics   

 It is now time to turn to a fuller assessment of the implications of the new growth 
economies for development economics.   20    Lucas attempted to answer this ques-
tion in his 1991 lecture at the European meeting of the Econometric Society 
(Lucas   1993  ). He was very explicit about what he wanted to accomplish. He wanted 
to be able to encompass both the Korean “growth miracle” and the Philippine 
“growth failure.” And he viewed growth miracles as productivity miracles. Just as 
Solow in the mid-1950s viewed his contribution as a modest modifi cation of the 
Harrod-Domar model, Lucas viewed his contribution as adapting the neoclassical 
model to fi t the observed behavior of both rich and poor economies. He saw the 
new growth economics as displacing not only the older neoclassical growth eco-
nomics, but development economics as well. Th e new growth economics includes 
“those aspects of economic growth we have some understanding of, and develop-
ment (economics) those we don’t” (Lucas   1988  : 13). 

 As an exercise in the integration of the several strands of the new growth eco-
nomics into a coherent system, the Lucas paper is an exciting tour de force. Lucas, 
Romer, and other practitioners of the new growth economics must be credited 
with an attempt to reach behind the proximate sources of growth and to treat as 
endogenous some of the more fundamental sources. Th is was achieved by import-
ing three concepts that have been conventional in development economics. One 
was the concept of scale economies, which occupied a prominent role in the early 
development literature.   21    A second was the insight into the role of human capital 
advanced initially by development economists.   22    A third was the concept of endog-
enous technical change, which, under the rubric of induced technical change, had 
achieved substantial success in the hands of development economists and eco-
nomic historians in interpreting the rate and direction of technical change.   23    

 Th ere are several other concepts that must be imported before the new 
growth economics can successfully lay claim to success as a “new development 
economics,” or provide new insights for development practice. I list below some of 
the more fundamental concepts that are employed by development economists 
but continue to be ignored by practitioners of growth economics. Th e list is not 
intended to be exhaustive.    

   STRUCTUR AL TR AN SFORM AT ION   

 Th e issue of structural transformation, the transition from a primarily agrarian to 
an industrial-commercial economy, has represented a core issue in development 
economics since the publication of Colin Clark’s classic work in 1940 (Clark   1940  ; 
Jorgenson   1961  ; Ranis and Fei   1961  ). Th e assumptions of homothetic prefer-
ences and neutral technical change employed by most growth economists rules 
out any analyses of structural transformation (Matsuyama   1992  ; Bardhan   1995  ). 
Once these assumption are abandoned, structural change emerges as a central 
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feature of the process of development (Syrquin   1994  ; Echevarria   1997  ). An 
attempt to analyze economic development with a model in which there is no 
mechanism to generate structural transformation can hardly be regarded as seri-
ous. It resembles an attempt to perform  Hamlet  with no role for the Prince of 
Denmark.   24        

   T HE DEMOGR APHIC TR AN SI T ION   

 Th e demographic transition is one of the more familiar processes associated with 
economic development. It strikes one as somewhat negligent that attempts to 
develop an endogenous theory of per capita income growth have failed to address 
the issue of growth of population and labor force. Th is seems particularly negli-
gent given the attention that has been focused on East Asia in the new growth 
economics literature. Development economists have made substantial progress in 
constructing endogenous models of family fertility decisions. Less progress has 
been made in our understanding of such factors as investment in health and 
nutrition that infl uence infant and child mortality rates and the growth of human 
capital (Nerlove   1974  ; Nerlove and Raut   1977  ).     

   NATUR AL R E SOURCE CON ST R AIN T S   

 While sometimes acknowledged, natural resource constraints are only just begin-
ning to be incorporated into the growth economics literature (Musu and Lines 
  1995  ; Echevarria   1996  ). At the very least it is important to incorporate land (and 
other natural resource endowments) and environmental constraints into growth 
models.   25    When environmental eff ects are more adequately incorporated the com-
ment by Solow (  1956  : 66) in his classic 1956 paper will become more apt: “Th e 
scarce-land case would lead to decreasing returns to scale in capital and labor and 
the model would become more Ricardian.” It is also important to separate those 
investments in technology development that represent maintenance research 
and development—the R&D necessary to off set declines in natural resource qual-
ity or loss of productivity in biological technology—from R&D investment in 
productivity-enhancing technical change.   26        

   INCOME DI STRIBU T ION   

 Th e relationship between income distribution and economic development is a 
central issue in development economics. Much of the earlier literature has focused 
on the U-shaped Kuznets income distribution curve (Kuznets   1955  ; Bacha   1977  ). 
Th e conditions under which economic growth leads to a widening or narrowing of 
income distribution and the conditions under which changes in income distribu-
tion enhance or threaten economic growth are the subject of a large literature in 
development economics (Kanbur   1997  ). Th e literature on sources of poverty and 
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poverty alleviation has been enriched by the large literature on entitlements stim-
ulated by A. K. Sen (  1981 ,  1983  ). Attempts have been made in recent literature to 
endogenize the mechanisms that generate the Kuznets inverted-U relationship 
between inequality and income growth (Galor and Tsiddon   1996  ). But neither 
the models employed by the neoclassical or the new growth economists have 
explicitly addressed the issues of poverty and income distribution.     

   IN ST I TU T IONAL CHANGE   

 Th e formal analytical literature on sources of institutional change remains under-
developed. A beginning was made in the literature by development economists on 
land tenure reform in Eastern Europe and West Asia in the 1950s and 1960s 
(Hayami and Ruttan   1985  ) Recent advances include the literature on contract 
choice (Stiglitz   1974  ; Otsuka et al.   1992  ) and on the role of property and contract 
rights in the transition to democracy (Clague et al.   1996  ). But the success of the 
new growth economics in endogenizing technical change has not been followed 
up by an eff ort to endogenize the process of institutional change or to incorporate 
institutional design theory.   27    Mancur Olson notes that neither the old nor the 
new growth literature has successfully confronted the empirical observation that 
in spite of the widening disparity between rich and poor countries “the fastest 
moving countries are never the countries with the highest per capita incomes but 
always a subset of the lower income countries” (Olson   1996  : 20). And he insists 
that the only explanation available for the emergence of the rapidly growing 
subset of poor countries is institutional change. Prescott (  1997  : 33) has urged 
that inquiry be directed to those factors that determine the strength of resistance 
to transfer and adoption of knowledge and technology. 

 Why have growth economists been so slow to incorporate such fundamental 
issues and concepts into growth theory? Th e answer seems to be that it is primar-
ily because of analytical and modeling tractability. Insistence on working within 
the narrow constraints of steady-state growth models has represented a funda-
mental obstacle to building on the rich body of literature initially advanced by 
development economists.   28    In retrospect it seems clear that a pervasive obsession 
with the conditions for convergence (or the traverse) to steady-state growth 
accounts for much of the failure of both the old and the new growth economics to 
extend its reach to encompass some of the more fundamental sources of economic 
development.   29    

 Furthermore, the distinction between level eff ects and rate eff ects, however 
important analytically, does not carry over well into development economics. Th e 
growth obtained by exploiting the transition dynamics from one balanced growth 
pattern to another is as welcome to a developing country as a source of an improve-
ment in welfare as growth along a balanced growth path (if such exists). For a 
low-income country, it is not particularly interesting to insist that the “pay-off  
from a higher saving rate is not a permanently higher rate of growth; it is a 
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permanently higher output per man” (Solow   1970  : 20). Th e distinction between a 
policy leading to a growth rate eff ect rather than a level eff ect will not be obvious 
to even the best economists employed in national planning or fi nance agencies or 
in multilateral development banks (Solow   1997  : 81).   30 ,  31         

   Perspective   

 Th e new growth economics, like the neoclassical growth economics, has advanced 
our understanding of the process of economic growth in industrial economies 
characterized by reasonable stability of expectations regarding factor and product 
markets, legal institution, and civic culture. It is not about the problems facing 
the poor economies of the world that have attracted the attention of development 
economists (Solow   1997  : 71). Th ere are, however, more countries today than half 
a century ago where the institutional arrangements that remain implicit in growth 
economics prevail. And if development economists pursue their research with 
appropriate rigor and relevance there may be more as we approach the end of the 
next half century. 

 My own sense is that the most signifi cant advances in knowledge about eco-
nomic development will continue to emerge from research conducted at the 
micro-level. Th e real sources of growth that result from effi  ciency gains, technical 
change, and institutional reform and design can only be observed and understood 
by investigations conducted at the household, fi rm, and sector level. Th e eff ects of 
those technical and institutional changes generate the disequilibrium eff ects that 
are captured at the aggregate level in measures of scale economies and total factor 
productivity growth (Harberger   1990  ). I am not arguing, however, that develop-
ment economists and growth economists should continue to follow their natural 
inclination to ignore each other’s work. Th ere needs to be a continuing dialogue 
between development economists working in the fi elds of household economics, 
agricultural economics, labor economics, and industrial organization and the 
practitioners of growth economics. Th ere is too much interesting and important 
data being generated by the development process that is begging to be under-
stood and interpreted to confi ne development economics within the straitjacket 
of growth economics. Th ose of us who are development economists or practitio-
ners simply cannot wait until the growth economists are able to incorporate a 
deeper understanding of the sources of economic development into their 
models.       

 Notes

    Vernon W. Ruttan,  Journal of Development Studies  35 (December 1998): 1–26. Earlier drafts of 
this article have been presented at seminars at Australian National University, the University 
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of Hawaii, and the University of Minnesota. Th e author has benefi ted from comments by 
Christopher Bliss, John Chipman, Jason Christianson, Elamin Elbasha, Yujiro Hayami, Bruce 
Johnston, D. Gale Johnson, Timothy Kehoe, Gopinath Munisamy, Marc Nerlove, Howard Pack, 
Stephen Parente, Terry Roe, James Roumasset, Robert Solow, Michael Trueblood, and an 
anonymous referee.   

    1.   In this article I draw on an earlier paper in which some of the issues are treated in greater   detail 
(Ruttan   1998  ).   

    2.   For other reviews of the new growth economics literature from a development economics per-
spective see Bardhan   1993  , 1995. For a review from the perspective of economic history see 
Crafts   1995   and J. G. Williamson   1995  .   

    3.   Th is view was articulated by W. Arthur Lewis (  1954  : 155): “Th e central problem of the theory 
of economic development is to understand the process by which a community which was previ-
ously saving 4 or 5 percent of its national income or less converts itself into an economy where 
voluntary savings is about 12 to 15 percent of national income or more.”   

    4.   Th ese views were argued most forcefully by the Indian planner P. C. Mahalanobis (1953, 1955). 
See also Bhagwati   1966  : 203. In the development planning literature it became common to 
refer to the Harrod-Domar-Mahalanobis model.   

    5.   See, for example, the literature on appropriate technology (Schumacker   1973  ; Eckhaus   1977  , 
1987; Stewart   1987a  , 1987b).   

    6.   Th ere are a number of useful surveys of the new growth economics literature (Verspagen   1996  ; 
Van de Klundert and Smulders   1992  ; Hammond and Rodriguez Clare   1993  ; Amable   1994  ).   

    7.   It should be kept in mind that Romer and Lucas were not the fi rst to attempt to endogenize the 
process of technical change. Kaldor (  1957  ) advanced a Keynesian model with an endogenous 
“technical progress function” (Palley   1996  ). Romer (1986, 1990) and Lucas (  1988  , 1993) both 
acknowledge inspiration from Arrow (1962) and Uzawa (  1965  ). But neither Romer nor Lucas 
refers to the Kaldor article. In the 1960s several attempts were made to rescue neoclassical 
growth economics from the limitations of exogenous technical change under the rubric of 
induced technical changes (Fellner   1961  ; Kennedy   1964  ; Ahmad   1966  ). For reviews see 
Nordhaus   1973  , Th irtle and Ruttan   1987  , and Ruttan   1997  . I fi nd it somewhat diffi  cult to 
imagine that Romer and Lucas were so unfamiliar with this earlier literature on endogenous 
technical change that they were forced to reinvent it “from scratch.”   

    8.   Srinivasan (  1995  ) points out that the neoclassical growth models could also generate sustained 
long-run growth in per capita income, even in the absence of technical progress, provided the 
marginal product is bounded away from zero by a high enough positive number. He also notes 
that this is not a particularly attractive assumption, “since it implies that labor is not essential 
for production” (Srinivasan   1995  ). It also assumes that nonrenewable resources are either not 
essential or have easily available substitutes.   

    9.   Th e initial Romer model, and other closely related models, are frequently referred to as closed-
economy  AK  models, after the assumed production function ( Y  =  AK ). In expanded versions of 
the model,  K  can be thought of as a proxy for a composite of capital goods that includes physical 
and human components (Barro and Sali-i-Martin   1995  : 146). Amable and Solow have pointed 
out that this initial Romer model has not been able to avoid the razor-edge balance of the older 
Harrod-Domar model. If the elasticity of production coeffi  cients of the accumulated factors are 
greater than one, the growth is explosive (Amable   1994  : 30; Solow   1995  : 51, 1997).   

   10.   “Th e spillover eff ect of the average stock of human capital per worker in the Lucas model and of 
knowledge in the Romer model are externalities unperceived (and hence not internalized) by 
individual agents. However, for the economy as a whole they generate increasing scale econo-
mies even though the perceived production function for each agent exhibits constant returns 
to scale” (Srinivasan   1995  : 43). In eff ect Romer and Lucas have completed, or have attempted 
to complete, the agenda initially advanced by Jorgenson and Griliches (  1969  ). Th ey have sub-
stituted a new “black box”—termed “scale eff ects”—for the old black box of “technical change” 
as a source of productivity change.   

   11.   A somewhat similar model has been proposed by Aghion and Howitt (  1992  ) in which innova-
tion takes the form of improvements in the quality of intermediate goods that, in turn, improve 
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the productivity of the intermediate goods in fi nal goods production. Th is is consistent with 
Schumpeterian “creative destruction” as each improved producer good takes the place of an 
older producer good (Amable   1994  : 33).   

   12.   Th ere is, however, a large literature that suggests that ideas are much more expensive to trans-
fer than implied by the literature that treats knowledge as a pure public good (Teese   1977  ; 
Hayami and Ruttan   1985  ).   

   13.   In a later paper Romer (  1994  ) extends the model in his 1990 paper to incorporate the introduc-
tion of new consumer goods as a source of welfare gains.   

   14.   Romer seems of two minds on this issue. In a comment on Mankiw   1995   he notes: “Mankiw 
argues that technology is a public good that is available everywhere in the world. I argue that 
there is ample evidence that this assertion is wrong” (Romer   1995  : 315). Yet in his 1993 paper 
on idea gaps and knowledge gaps he asserts that “people in the industrial nations of the world 
already possess the knowledge needed to provide a decent standard of living for everyone on 
earth” (Romer   1993  : 546). In our research on technical change in agricultural development 
Yujiro Hayami and I (Hayami and Ruttan   1985  ) show that what is available to be transferred to 
the developing countries is not only technology, which tends to be location specifi c, but the 
capacity to develop or adapt technology consistent with the resource endowments and eco-
nomic environment of poor countries.   

   15.   Th e share of employment in industry is typically higher in newly industrializing countries than 
in either the OECD countries or developing countries. For example, the share of the labor force 
in industry in Korea is approximately 35 percent; in the United States, 26 percent; and in 
Nigeria, 7 percent (World Bank   1995  : 146–48). Th e simple arithmetic of population and 
employment growth rates suggest that for lowest-income developing countries with popula-
tion growth rates in the 2 to 3 percent per year range, exceedingly high growth rates of employ-
ment in industry would be required to raise the share of employment in industry from less 
than 10 percent to 30 percent over a fi fty-year period (Dovring   1959  ).   

   16.   Solow pointed out that Lucas (  1988  ) had emphasized that “a touch of diminishing returns to 
capital (human capital in this case) would change the character of the model drastically, making 
it incapable of generating permanent growth. He did not notice that a touch of increasing 
returns to capital would do the same” (Solow   1995  : 49). “With increasing returns the growth of 
capital became infi nite in fi nite time. Th us Lucas’ version of the endogenous growth model is 
very un-robust. It cannot survive without exactly constant returns to capital” (Solow   1995  : 
51). See also Solow   1997  .   

   17.   See also Barro   1997  . Th ere has been a virtual explosion of aggregate cross-country studies since 
the early 1980s. Levine and Renelt (  1992  ) subjected the studies that had been completed by 
the early 1990s to a careful sensitivity analysis. Th ey found that almost all of the results were 
fragile. However, they did fi nd three robust results: (a) a negative relationship between the 
initial level of per capita income and subsequent economic growth, (b) a positive correlation 
between the share of investment in GDP and growth, and (c) a positive correlation between the 
investment share and the ratio of trade to output. Much of the more recent empirical research 
has abandoned the discipline of the production function for an unstructured “search for vari-
ables,” such as equipment quality, market distortions, government spending, tax policy, fi nan-
cial capital, trade policy, ethnicity, legal culture, religion, and even distance from the equator 
(Sala-i-Martin   1997  ). A reviewer of this paper has pointed out that the negative sign on the per 
capita income term should not be taken as a sure indicator of rehabilitation of the neoclassical 
model because it could be picking up the dynamic eff ects of catch-up or structural change. It 
should be noted that the macro cross-country studies have completely ignored the sector-level 
cross-country studies by development economists. For example, a series of cross-country stud-
ies for the agricultural sector using augmented neoclassical production functions (including 
land, labor, capital, intermediate inputs, education, and research and development) have been 
highly successful in accounting for diff erences in output and productivity levels among countries 
(Hayami and Ruttan   1985  ; Lau and Yotopoulas   1989  ).   

   18.   Rostow (1956, 1960) had earlier argued that the “preconditions” for economic growth in the 
United States were established between the 1780s and 1840s. He dates the U.S. “takeoff ” into 
rapid industrial development between 1843 and 1860.   
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   19.   Intra-industry trade is sometimes taken as evidence of scale economies. Chipman (  1992  ) has 
argued, however, that evidence of intra-industry trade is frequently based on aggregation bias 
from an inappropriate industry classifi cation system that obscures the fact that the great bulk of 
what is often classifi ed as intra-industry trade consists of trade in distinct commodities. He then 
goes on to demonstrate that even when commodities are correctly classifi ed, intra-industry 
trade cannot be taken as evidence of scale economies. Burnside (  1996  ) also stresses aggregation 
bias in cross-industry studies in the United States that purport to show economies of scale.   

   20.   I do not, in this section, attempt to present an exhaustive exposition of the scope of develop-
ment economics. A useful tour is presented in the three-volume  Handbook of Development 
Economics  (Chenery and Srinivasan   1988  , 1989; Behrman and Srinivasan   1995  ). Apparently, as 
an afterthought, the editors commissioned a fi nal paper in volume 3B on “Th e Contribution of 
Endogenous Growth Th eory to the Analysis of Development Problems: An Assessment” 
(Bardhan   1995  ).   

   21.   Economies of scale played an important role in what Krugman (1993) has termed the “high 
development theory” of the 1940s and 1950s. Krugman identifi es the period of high devel-
opment theory as beginning the 1943 with the publication, drawing on Harrod (  1939  ) for 
inspiration, of the “big push” model by Rosenstien-Rodan (  1943  ) and ending with the popular-
ization of ideas of forward and backward linkages by Hirschman (  1958  ). Attempts to imple-
ment policies based on these ideas left many developing countries stuck in low-level equilibrium 
burdened with nonviable capital-intensive industries (Bardhan   1995  ). For an attempt to reha-
bilitate the big push approach within the framework of the new development economics, see 
Murphy, Shliefer, and Vishny   1989  .   

   22.   Emphasis on the role of human capital in development thought extends back to at least the 
1950s. See, for example, the presidential address to the American Economic Association by 
Th eodore W. Schultz (  1961  ). In an early cross-country analysis, Krueger found that “diff erences 
in human resources between the United States and less developed countries accounted for 
more of the diff erences in per capita income than all other factors combined” (Krueger   1968  : 
658). For additional examples, see Bardhan   1993  . See also the papers on human resources and 
labor markets in Chenery and Srinivasan   1988  .   

   23.   For reviews of the literature, see Th irtle and Ruttan   1987   and Ruttan   1997  .   
   24.   It is hard to overemphasize the importance of structural transformation, particularly the tran-

sition from a predominantly agrarian economy to an industrial and then a service economy, in 
the development literature. Th e classic empirical studies are Clark   1940   and Kuznets   1966b  . 
For the evolution of thought see Lewis   1954  , Jorgenson   1961  , Ranis and Fei   1961  , Fei and 
Ranis   1964  , Dixit   1973  , and Ranis   1988  . See also the papers on structural transformation in 
Chenery and Srinivasan   1988  . Because of the importance of structural transformation, devel-
opment economists have generally preferred to work with two-sector models of the Lewis and 
Jorgenson and Ranis-Fei type rather than two-sector models in the Uzawa (1961, 1963) tradi-
tion. Failure to incorporate the role of growth in agricultural production and of agricultural 
trade in the early stages of structural transformation represents a serious defi ciency in any 
attempt to understand the development process (Echevarría   1995  ; Park and Johnston   1995  ; 
Tomich et al.   1995  ).   

   25.   For an empirical exploration of the relationship between environmental indicators and eco-
nomic growth see Grossman and Krueger   1995  . For an attempt to incorporate environmental 
eff ects in a closed-economy endogenous-growth model for the United States see Elbasha and 
Roe   1995  .   

   26.   Maintenance research can represent a relatively high share of R&D expenditures in the fi eld of 
biological technology. Th e resistance of new crop varieties to pests and pathogens is eroded by 
the evolution of new races. Th e eff ectiveness of new drugs to control animal and human disease 
is eroded by the coevolution of infectious disease organisms (Ruttan   1982a  : 59).   

   27.   For an attempt to treat institutional changes as endogenous see Ruttan and Hayami   1984  . Th e 
concept of incentive comparable institutional design was introduced by Hurwicz (  1972a  ). For 
a more recent treatment see Groves, Radner, and Reiter   1987  .   

   28.   For a detailed iteration of both the rediscovery and the neglect of ideas initially advanced 
by development economists see Bardhan   1993  . A similar perspective has been advanced by 
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Romer (  1993  ) in what appears to be a remarkable departure from his papers of the late 1980s. 
For an example, see Lucas’s uncomfortable discussion on the incorporation of the rise in 
schooling levels in East Asia. He notes that “the percentage of school age children in school has 
little leverage in explaining diff erences in growth rates. Th e fast growing Asian economies are 
not, in general, better schooled than some of their slow growing neighbors” (1993: 257). He 
then goes on to note that although schooling levels are increasing in virtually all societies, “it 
cannot be pursued within a steady state framework” (Lucas   1993  : 258).   

   29.   More than twenty-fi ve years ago Solow suggested that the steady state is not a bad place for 
growth theory to start, but may be a dangerous place for it to end (Solow   1970  : 7; see also Hicks 
  1985  : 10). Griliches (  1994  ) made a similar point, somewhat more cautiously, in questioning an 
excessive commitment to equilibrium economics in his 1994 presidential address to the 
American Economic Association. See also Nelson   1998  .   

   30.   Th e timescale for transition eff ects in neoclassical models has generally been estimated to be 
quite long (Atkinson   1969  ). Th ey may also be quite diffi  cult to distinguish from rate eff ects. 
Rivera-Batiz and Romer (  1991  ) present a model in which economic integration of countries 
“with identical endowments and technologies” can result in a permanent increase in growth 
rates primarily because it results in an increase in the extent of the market. For an excellent 
review see King and Robelo   1993  .   

   31.   A promising start toward a more fruitful articulation between growth economics and develop-
ment economics has recently opened in the work of a group of “new neoclassical” growth econ-
omists associated with the Department of Economics at the University of Minnesota and 
Minneapolis Federal Reserve Bank (Parente and Prescott 1991, 1993, 1994; Backus et al.   1992  ; 
Prescott   1997  ; Schmitz   1993  ; Chari et al.   1996  ). Chari, Kehoe, and McGrattan depart from the 
traditional neoclassical model by abandoning the deterministic transition path between 
steady-state growth paths in favor of stochastic transition probabilities. Th eir motivation is 
that they fi nd little persistence in individual country growth rates. Parente and Prescott are 
pursuing a research agenda designed to explain diff erences in per capita income levels rather 
than growth rates. Th ey invoke institutional constraints on the effi  cient use of existing tech-
nologies and on the development and adoption of new technologies to explain the large and 
persistent productivity and income gaps that cannot be explained by diff erences in physical 
and human capital. For an analysis that is quite similar in spirit to that advanced by the 
“Minnesota school” but argued more intuitively, see Olson   1996  .          
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    1.    Introduction   

 Th is paper aims to identify the nature of a new agricultural problem emerging in 
high-performing economies in Asia, as they have advanced from the low-income 
to a middle-income stage. Th e “agricultural problem” is here defi ned as a problem 
of overriding concern to policy makers with respect to designing and implement-
ing policies for agriculture as part of policies to promote national economic devel-
opment in their country. As such, it may well be called the “basic problem in 
determining agricultural policies.” 

 For the past half-century East Asia has been the growth pole of world economy. 
Japan’s jump from a middle-income to a high-income economy associated with 
very rapid industrialization in two decades from the 1950s was followed by a more 
compressed growth of so-called Asian NIES—Korea, Taiwan, Hong Kong, and 
Singapore—from the 1960s. Equally remarkable in this period was the advance-
ment of low-income agrarian economies in Southeast Asia, such as Indonesia and 
Th ailand, to the middle-income stage. Within three decades from the 1960s they 
were able to achieve signifi cant industrialization, with the major share of their 
export shifted from primary to manufactured commodities. Shortly after the 
takeoff  of these high-performing economies in the Association of South-East Asia 
(ASEAN), China began the rise to its “workshop of the world” status with its suc-
cessful market-oriented reforms. Th is experience has been followed by another 
transitional economy in East Asia: Vietnam. Furthermore, it appears that this 
“East Asian Miracle” (World Bank   1993  ) is now being transmitted to South Asia, 
where India and Bangladesh have been accelerating economic growth rates since 
the 1990s, though they have not yet escaped from the low-income status. 

 As high-performing developing economies in Asia have advanced or will advance 
to a middle-income stage, they are bound to face a new agricultural problem. 

                                C H A P T E R  15  
 An Emerging Agricultural Problem in 
High-Performing Asian Economies         

    Yujiro     Hayami         
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What is the nature of this problem? What is its root? What policies might be 
appropriate and eff ective in solving the problem? Th ese are the questions addressed 
in this paper. 

 Following this introduction, section 2 defi nes three agricultural problems, each 
corresponding to a major development stage. Section 3 elaborates the political 
economy mechanism giving rise to a unique problem in the middle-income stage, 
on which section 4 gives a historical perspective in terms of the experiences of 
Th ailand and Japan. Section 5 discusses the relevance of the East Asian experi-
ence to economies in other regions. Finally, section 6 concludes with a plea for 
more serious research on this problem for sustaining development of high-
performing economies in Asia.     

    2.    Th ree Agricultural Problems   

 First, the nature of the agricultural problem in the middle-income stage shall be 
specifi ed in comparison with the problems confronted by the low-income and 
high-income countries. In his classic treatise, Th eodore Schultz (  1953  ) specifi ed 
the two diff erent agricultural problems confronted by low-income and high-
income economies. Th e “food problem” in his term is the problem faced by low-
income economies; these economies, characterized by rapid population growth 
and high food demand elasticity, are under the constant risk of being beset by 
shortage in the supply of food relative to the demand; the resulting high food 
prices pull up the costs of living and the wage rates of workers in nonfarm sectors 
and thereby suppress industrialization and overall economic growth; therefore, 
the prime policy concern in low-income economies is to prevent the food shortage 
from occurring. 

 Schultz argued that the “farm problem” faced by high-income economies is 
diametrically diff erent from the food problem; population growth slowdown 
and food consumption is saturated in the high-income stage, while the food 
production capacity is strengthened due to their ability to advance technology; 
therefore, high-income economies have a chronic tendency for food demand to 
be exceeded by supply, with the result that food prices and farm incomes 
decline; under powerful lobbying by farmers, agricultural policies in high-
income economies is mainly geared toward preventing farm incomes from fall-
ing, and their demand for agricultural protection policies tends to be easily 
accepted because high-income consumers are lenient to high food prices and 
farm subsidies. 

 Later, Schultz (  1978  ) identifi ed these two agricultural problems as underlying 
the policies to exploit or tax agriculture commonly adopted in low-income coun-
tries, in contrast to the policies to protect or subsidize agriculture in high-income 
countries. His hypothesis has been established as a paradigm among agricultural 
economists as it found support from several empirical studies (Anderson and 
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Hayami   1986  ; Hayami   1988  ; Krueger et al.   1991  ). Under the serious constraint of 
foreign exchange common among low-income economies, it is generally not fea-
sible for them to counteract food shortage and rising food prices by increasing 
commercial imports. Instead, lowering domestic food prices by such means as 
taxation on food exports, government compulsory procurement of farm products 
from producers at lower-than-market prices, and accepting foreign food aid for 
damping in domestic market is commonly practiced in low-income countries for 
securing the supply of cheap food to nonfarmworkers at the expense of farmers. 
In contrast, policies to raise agricultural product prices by such means as border 
protection and domestic production control are commonly used in high-income 
countries for supporting farmers’ incomes at the expense of consumers and 
taxpayers. 

 In this paper, the agricultural problem underlying policies to depress food 
prices and farm incomes in low-income countries is called the “food problem” fol-
lowing Schultz’s terminology, but the agricultural problem underlying policies to 
support farm incomes in high-income countries is called the “protection prob-
lem,” instead of Schultz’s “farm problem” or Hayami’s (1988) “agricultural adjust-
ment problem.” 

 Despite the change in terminology, I adopt as the basic framework the Schultz 
theory on the two agricultural problems. In addition, I propose that it would be 
useful to identify another agricultural problem specifi cally faced by middle-
income countries. Th is problem is brought about by a lag in productivity growth 
in agriculture behind nonagriculture as a result of the successful industrialization 
that raised these economies to a middle-income stage. At this stage as compared 
with the previous low-income stage, the food supply capacity rises and factors 
causing demand growth are weakened, but people’s per capita incomes do not yet 
reach a level at which food consumption is completely saturated, as in the high-
income economies. As a result, the terms of trade between agriculture and nonag-
riculture remain largely stable, despite signifi cant decreases in agriculture’s 
productivity relative to nonagriculture due to rapid progress in industrialization. 
Th erefore, farmers’ income level tends to decline relative to nonfarmers’, corre-
sponding to the widening intersectoral productivity gap. By observing non-
farmworkers’ rapid escape from poverty, farmers who are left behind begin to 
realize how poor they are, even if their income level did not decrease or even 
slightly increased from the previous stage. Dissatisfaction of farm population on 
their remaining to be poor despite visible improvements in other sectors often 
becomes a signifi cant source of social instability. Th us, at the middle-income 
stage, it becomes a prime concern of policy makers to prevent rural-urban income 
disparity from widening. Th is agricultural problem is here called the “disparity 
problem.” It is by nature the problem of income disparity between the farm and 
the nonfarm sectors. Th is problem is looming large and will continue to become 
more serious among high-performing economies in Asia as they advance to the 
middle-income stage upon their success in industrialization.     
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    3.    Th e Political Equilibrium of the Disparity Problem   

 Th e disparity problem is considered a political equilibrium in which the political 
infl uences of farm and nonfarm interests are more or less balanced. Figure   15.1   
illustrates how the objective of politicians in designing agricultural policies 
changes in the process of economic development. Th e food problem becomes 
dominant where politicians’ major concern for the sake of their staying in offi  ce is 
how to secure low-priced food to urban dwellers; and the protection problem 
becomes dominant where their major concern is how to keep farmers’ income 
level balanced with non-farmworkers. In contrast, the disparity problem emerges 
where these two concerns are more or less equally important.  

 At the stage in which the disparity problem is dominant, the prime concern of 
politicians is to relieve farmers from poverty. However, “poverty” here means not 
absolute poverty but relative poverty. Absolute poverty among the farm popula-
tion is less severe in middle-income countries than in low-income countries. In 
the middle-income stage, with the progress of industrialization by means of bor-
rowing technology from developed countries, newly risen well-to-do families, 
including workers employed in large-scale modern enterprises, form a new social 
class in urban areas enjoying a modern comfortable life. Observing the income 
diff erence from the newly risen urban families, farmers become envious and even-
tually develop a grudge against the social system keeping them in poverty, which 
may culminate in social disruptions. 

 Th is relative poverty problem is closely related with the so-called dual struc-
ture that emerged in the process of industrialization. Th e dual structure refers to 
the situation characterized by the coexistence of a formal sector consisting of 
large-scale, capital-intensive enterprises paying high wages to their employees 
and an informal sector consisting of small-scale, labor-intensive enterprises based 
on cheap labor. Th e formal sector is largely closed to laborers in the informal 
sector, including employees in small-scale enterprises, casual laborers working on 
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     Figure 15.1    Th e agricultural problems at diff erent stages of economic development.    
 Source: Hayami and Godo (  2004  : 12).    
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a daily contract basis, and self-employed manufacturers and traders. With labor 
codes and unions exclusively applicable to large-scale enterprises, their labor costs 
are high despite the abundant availability of low-wage laborers in the informal 
sector. Th erefore, strong incentives are at work among entrepreneurs in the formal 
sector to increase capital intensity by adopting labor-saving technologies. As a 
result, employment increases much slower than increases in output. Th e income 
gap tends to widen cumulatively between employees in the formal and the 
informal sectors. 

 Typically the informal sector functions as a buff er in the labor market. 
Many small-scale enterprises engage in production as subcontractors of large-
scale enterprises. Since employment in the formal sector is largely permanent, 
large-scale enterprises prefer to reduce order to subcontractors during the eco-
nomic slump rather than to lay off  their own employees. Correspondingly, many 
laborers in the informal sector who came from farm households lose work oppor-
tunities in cities and are forced to return to parents or brothers in home villages. 
In addition to the economic burden of feeding these returnees, farmers face sharp 
drops in farm product prices during recessions because of the low price elasticities 
characteristic of food demand and supply. In this way, during economic reces-
sions, farmers suff er from dire poverty, intensifying their grudge against urban 
people. 

 Supported by the sympathy of the intelligentsia, farmers’ dissatisfaction may 
elevate to serious antigovernmental movements, forcing the government to adopt 
agricultural protection measures. However, unlike in the high-income stage, in 
the middle-income stage this protection cannot be strong enough to fi ll up the 
income gap between farmers and urban workers. Since the shares of agriculture in 
both national income and labor force still remain large, it is impossible for the 
government in the middle-income stage to secure suffi  cient fi nance to close the 
growing income gap. In addition, increases in food prices result in a major damage 
to a large number of small-scale enterprises in urban area, which rely heavily 
on cheap labor. Developing countries can advance from the low-income to the 
middle-income stage by technology borrowing from developed countries. 
However, the successful industrialization by means of technology borrowing 
tends to result in the formation of the dual structure in the economy and the 
widening of income disparity between farmers and newly risen urban families. 

 Under the dictate of this disparity problem, policy makers in middle-income 
countries are forced to muddle around in search of ways and means to protect 
farmers within the constraint of the food problem that is still binding because a 
large number of workers in urban informal sectors are still absolutely poor. As 
their Engel coeffi  cients are high, high food prices could well raise the cost of living 
above their meager incomes. Th e tendency of relative poverty to rise in the 
middle-income stage can be confi rmed in Table   15.1  , in which farmers’ relative 
income is measured by dividing agriculture’s share in GDP by agriculture’s share 
in employment. In low-income countries, farmer’s relative incomes were in the 
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      Table 15.1   International comparisons of relative incomes of agricultural workers across diff erent stages of economic 
development  

  (1)  (2)  (3)  (4)=(3)/(2)  

 Per-capita GDP (constant 2000 US$)  Agriculture’s share in 
economically active 

population (%) (Na/N) 

 Agriculture’s share 
in GDP (%) (Ya/Y) 

 Agriculture’s per-capita income/
whole economy’s per-capita income a  

(%) (Ya/Na) (Y/N)  

 2000  1965–2000 average 
annual growth rate 

 1965  2000  1965  2000  1965  2000  

 Developing countries 
  Low-income countries  

  Ghana  251  –0.2  62  57  44  36  70  63 

  Nigeria  358  0.3  72  33  55  29  76  86  

  Kenya  414  1.3  87  75  35  32  41  43 

  India  450  2.5  74  60  45    25  61  41  

  Pakistan  531  2.4  65  47  40  26  62  55  

  Average a   401  1.3  72  54  44  30  62  58  

 Middle-income countries  

  Indonesia  800  4.1  71  48  56  16  79  32 

  China  949  6.6  80  67  38  15  47  22  

  Philippines  1,002  1.1  61  40  26  16  43  40   

  Th ailand  1,998  4.7  82  56  32  9  39 16 
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  Turkey  2,956  2.0 b   72 c   46  42 c   15  59  c   33 

  South Africa Rp  3,020  0.3  34  10  9  3  27  34  

  Chile  4,917  2.7  27  16  9  5  32  30   

  Mexico  5,935  1.9  49  21  14  4  28 20 

  Average d   2,660  3.1  58  37  26  10  42  28  

 Developed countries  

  Korea 

  Spain 

 10,884 

 14,338 

 6.3 

 2.8 

 55 

 28 e  

 10 

 7 

 39 

 14 e  

 5 

 4 

 71 

 50 e  

 49 

 60  

  France 

  Canada 

 22,548 

 23,220 

 2.5 

 2.1 

 13 e  

 8 e  

 3 

 2 

 7 e  

 4 e  

 3 

 2 

 55 e  

 59 e  

 85 

 98  

  UK 

  US 

 24,075 

 34,599 

 2.1 

 2.2 

 3 e  

 4 e  

 1 

 1 

 3 e  

 4 e  

 2 

 2 

 95 e  

 120 e  

 168 

 169  

  Japan  37,409  3.7  19 e   4  5 e   1  28 e   34  

  Average f   26,032  2.6  12 e   3  6 e   2  68  e   102  

  Notes  
  (1) GDP is converted by the average offi  cial exchange rate reported by the International Monetary Fund.  
  (2)  Economically active population in agriculture (agricultural labour force) is that part of the economically active population engaged in or seeking work in agriculture, 

hunting, fi shing or forestry.  
  (3) Agriculture corresponds to divisions 1–5 of the International Standard Industrial Classifi cation and includes forestry and fi shing.  

  a Simple average of Ghana, Nigeria, Kenya, India and Pakistan.  
  b 1968–2000 growth rate.  
  c 1968 value.  
  d Simple average of Indonesia, China, Philippines, Th ailand, South Africa Republic, Chile and Mexico.  
  e 1971 value.  
  f Simple average of Spain, France, Canada, UK, US and Japan.  

  Sources: Food and Agriculture Organization (  2005  ) and World Bank (  2006  ).  
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order of 40–60 percent in 2000, which were not so low compared with those of 
middle-income countries. In particular, three African economies—Ghana, Nigeria, 
and Kenya, all of which recorded virtually no economic growth for 1965–2000, 
experienced no signifi cant decrease in farmer’s relative income. In contrast, in 
India and Pakistan, which recorded moderate economic growth, farmer’s relative 
income dropped slightly. In Indonesia and Th ailand, which recorded high growth, 
having been able to advance from the low-income to the middle-income stage 
during this period, farmer’s relative income declined sharply. It is interesting to 
observe that in the Philippines, which lagged behind East Asian Miracle growth, 
farmer’s relative income did not signifi cantly decrease. Notably, farmer’s relative 
income increased rather than decreased in high-income economies on average, 
where the government could aff ord to allocate suffi  cient money to support 
farmers’ incomes.  

 Underlying this widening income gap between farm and nonfarm sectors in 
the middle-income stage is the rapid shift in comparative advantage away from 
agriculture to industry, as illustrated in Table   15.2  . In this table, changes in com-
parative advantages are compared among selected countries in terms of labor pro-
ductivity growth in agriculture relative to that of manufacturing. In developed 
countries, labor productivity has tended to increase faster in the agricultural 
sector than in the manufacturing sector, whereas in developing economies labor 
productivity in manufacturing has tended to increase faster than in agriculture. 
Th ese observations are consistent with the hypothesis that comparative advan-
tage in agriculture declined in developing countries and increased in developed 
countries.  

 Likely underlying this increase in comparative advantage in manufacturing 
among developing countries is the greater diffi  culty of technology transfer from 
developed to developing countries in agriculture than in manufacturing. Because 
agricultural production is a biological process, it is critically infl uenced by natural 
environments, which are diffi  cult to control artifi cially. Th erefore, superior farm-
ing methods and plant varieties developed in advanced countries located in the 
temperate zone cannot readily be applied in developing countries under tropical 
environments. In contrast, manufacturing production is largely a mechanical pro-
cess operated in the controlled environments of factories, so its technology is 
much easier to transfer from developed countries to developing countries. In this 
way, agriculture’s comparative advantage tends to decline in developing countries, 
especially in middle-income countries achieving rapid industrialization by means 
of technological borrowing from developed countries. 

 Th e speed of decline in agriculture’s comparative advantage is likely to exceed 
the speed of labor transfer from agriculture to manufacturing under the regime of 
emerging dual structure characterized by the low rate of labor absorption in the 
formal sector. To that extent the income disparity between farmers and the 
employees of formal manufacturing and service enterprises could well become a 
source of major social instability or even disruption.     
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      Table 15.2   Th e average annual growth rates of real labor productivities in 
agriculture and manufacturing in selected countries, 1980–95  

  (1)  (2)  (3)  (4) = (2)–(3)  

 Per-capita 
GDP 

(US$) 

 Average growth rate per year 
of labor productivity (%) 

 Rate of change in 
comparative 

productivity (%)  

 Agriculture  Manufacturing  

 Developing countries  

  Kenya  414  –0.1  0.4  –0.5  

  India  450  2.3  4.3  –2.0 

  Pakistan  531  3.1  3.3  –0.2  

  China  949  3.7  5.1  –1.4 

  Philippines  1,002  0.4  10.7  –10.3  

  Turkey  2,956  0.8  4.8  –4.0 

  South Africa Rep.  3,020  0.9  0.6  0.3  

  Mexico  5,935  1.5  3.5  –2.0  

  Average a   1,907  1.6  4.1  –2.5  

 Developed Countries  

  Korea  10,884  6.6  6.7  –0.2 

  Spain  14,338  4.5  3.5  1.1  

  France  22,548  4.5  2.3  2.1 

  Canada  23,220  5.8  2.6  3.2  

  UK  24,075  2.0  3.9  –1.9 

  US  34,599  2.2  3.5  –1.3  

  Japan  37,409  3.9  1.9  2.0  

  Average b   23,868  4.2  3.5  0.7  

  Notes  
  (1)  GDP in 2000 converted by the average offi  cial exchange rate reported by the International 

Monetary Fund.  
  (2)  Productivity in the agricultural sector is measured by FAO’s index of agricultural production 

divided by the economically active population (or labor force) in agriculture.  
  (3)  Productivity in the manufacturing sector is measured by UNIDO’s industrial production index 

divided by employment in the manufacturing sector. For China, for which UNIDO’s industrial pro-
duction index is not available, value added of the manufacturing sector (in 1990 US dollars) is 
used.  

  a Simple average of Kenya, India, Pakistan, China, Philippines, Turkey, South Africa Republic and Mexico.  
  b Simple average of Korea, Spain, France, Canada, UK, US and Japan.  

  Sources: United Nations Industrial Development Organization (1997) and Food and Agricultural Organization 
(  2005  ).  
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    4.    Historical Perspectives   

 A more concrete grasp of the process by which the disparity problem dominates 
agricultural policy formulation as economies advance from the low-income to the 
middle-income stage may be obtained by examining histories of the nations that 
underwent such a transformation. For this purpose the histories of Th ailand 
during the period after the Second World War and of Japan between the First and 
Second World Wars shall be reviewed in this section.    

   T HE EXPERIENCE OF T HAIL AND   

 First, the experience of Th ailand is examined as a typical example of high-per-
forming economies in Asia currently experiencing the disparity problem. Indeed, 
the growth performance of Th ai economy in the past half-century was dramatic. 
Before the 1960s, Th ailand was a low-income economy dependent on the produc-
tion and export of primary commodities, rice above all. Before 1960, average GDP 
per capita remained largely stagnant at the level of about $500 U.S. (in 1990 
prices), with the share of industrial products in total export being only about 
10 percent (Douangngeune et al.   2005  ). However, within only two decades from 
1960, Th ailand suddenly jumped up to middle-income status based on the success 
of labor-intensive industrialization; by the end of the 1970s the export share of 
industrial products rose to about 40 percent, and GDP per capita more than dou-
bled, to the level of about $1,200. Th ereafter, the industrial sector in Th ailand was 
further strengthened, beginning to develop high-tech industries such as automo-
bile and electronics. Correspondingly, within only a decade and half before the 
1997 Asian Financial Crisis, per capita GDP again more than doubled, and the 
export share of industrial products exceeded 70 percent. Even though the Th ai 
economy suff ered severely from the 1997 crisis, it was able to return to the track 
of high growth in about three years. 

 It was inevitable that the rise of Th ailand from a low-income to a middle-
income country based on dramatic industrial development was associated with 
the widening income disparity between agriculture and the rest of economy, as 
already observed in Table   15.1  . Increasing income disparity between rural and 
urban sectors should have been parallel with the widening income gap between 
workers in urban formal and informal sectors. Th e disparity increased as the 
development of capital- and knowledge-intensive industries created a dual struc-
ture. Altogether, inequality in income distribution in Th ailand, as measured by 
the Gini coeffi  cient in Figure   15.2  , increased signifi cantly as the economy advanced 
to the middle-income stage.  

 In this process both farmers and workers in the urban informal sector were not 
absolutely worse off . Instead, they should have improved their absolute income 
levels, as refl ected in continued reduction in the share of population below the 
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poverty line (the head-count index) despite increases in the Gini coeffi  cient. 
Nevertheless, they must have developed frustration about their being poor or 
becoming poorer in comparison with the rising standard of living of formal-sector 
employees. Th us, upon successful reduction of absolute poverty, Th ailand began 
to be confronted with the problem of relative poverty. 

 Since the majority of the poor were staking out subsistence in agriculture, pol-
icies to support farmers’ incomes became important agenda for politicians to pre-
vent income inequality from rising to a socially disastrous level. Also, the spread 
of primary education and the improvements of communication and transporta-
tion infrastructure in rural areas increased both farmers’ awareness of their being 
“unfairly” treated relative to urban dwellers and their ability to organize political 
lobbies for demanding a “fair deal.” Th us, in the process of advancing from a low-
income to a middle-income stage, Th ai politicians were pressed to change their 
policy objective from taxing agriculture for solving the food problem to support-
ing farmers for solving the disparity problem. 

 Th is change in policy orientation in Th ailand is most clearly observable in 
changes in taxation on rice exports. As a major exporter of rice, taxation on 
rice exports represented a convenient and eff ective instrument for taxing agricul-
ture for the purpose of income transfer from farm producers to consumers and 
taxpayers. Several instruments were used for taxing rice exports in Th ailand, 
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     Figure 15.2    GDP growth and poverty indexes in Th ailand, 1962–2001.   
 Note: Within parenthesis is the year of observation. 
 Sources: Hayami and Godo (  2005  : 208):   GDP per capita originally from World Bank (2003) and 
Head Count Index and Gini coeffi  cient from Warr (  2004  ).    
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including quantitative restriction (export quota) and imposition of obligations on 
exporters to submit a certain share of rice export to the government at lower-
than-market prices (the so-called rice reserve requirement), all of which had the 
eff ect of lowering domestic prices below international prices. However, by far the 
most important instrument used by Th ai government was the “rice premium,” a 
kind of specifi c duty levied proportional to export quantities. At the low-income 
stage, the rice premium was a critically important source of government revenue 
and, at the same time, acted as a mechanism of supplying rice to domestic con-
sumers at lower-than-world-market prices. Further, it had the power to protect 
consumers from the vagaries of world market by increasing (reducing) the pre-
mium when world market prices rose (dropped) so as to stabilize domestic prices. 
Th us, the rice premium was a highly eff ective policy instrument to serve the dual 
purpose of raising government revenue and securing supply of cheap food to 
urban consumers by means of taxing agriculture at the stage when the food prob-
lem was dominant in the formulation of agricultural policies (Siwamwalla   1987  ; 
Siwamwalla and Sethboonsarny 1989). 

 Figure   15.3   draws changes in rice premium in comparison with changes in the 
nominal rate of protection (NRP). NRP aims to measure the divergence of the 
domestic price from the border price. Here it is calculated as the rate of diff erence 
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     Figure 15.3    Rice premium and nominal rate of protection (NRP) for rice 5% broken in 
Th ailand, 1950–2002.   
 Note: NRP= (domestic wholesale price – export price fob Bangkok)/export price fob 
 Bangkok. 
 Source: Export price: IRRI World Rice Statistics (2003); Domestic price: Churchart (  1957  ) for 
1950–54, IRRI World Rice Statistics (2003) for 1955–97, and Th e Bank of Th ailand (various 
years) for 1998–2002; and Rice premium from Churchart (  1957  ), Pookkachatikul and Welsch 
(  1976  ), and Siamwalla and Sethboonsarng (  1989  ).    
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of the domestic wholesale price from the export price, fob in Bangkok, for the grade 
of rice 5 percent broken. To the extent that rice exports are taxed, domestic prices 
diverge below border export prices, resulting in the negative values of NRP. NRP 
includes the eff ects of not only the rice premium but also other taxation instru-
ments, but the dominant role of the premium is evident from high negative corre-
lation between movements in the premium rate and NRP. Data in Figure   15.3   show 
that before the mid-1970s, when Th ailand stayed in a low-income stage, the rice 
premium rate remained high, at the level of about 30 percent of the border price, 
and NRP was as high as about 50 percent; this implies that nearly half the values of 
farmers’ rice sales were transferred to nonfarm sectors, including the government, 
through the export taxation. For a decade thereafter, though, as Th ailand advanced 
to the middle-income stage, the rice premium was reduced, till its abolishment in 
1986. Th is change should have refl ected the rise of the disparity problem.  

 Beside the reduction of export taxation, the emerging need to prevent rural-
urban disparity from further widening pressed politicians to install more visible 
measures for the support of farmers. Under the political instability in the mid-
1970s involving student riots and military coups, this pressure culminated in the 
establishment of the Farmers’ Aid Fund in 1974. Based on large rice premium 
revenues corresponding to sharp increases in world rice prices in the so-called 
World Food Crisis of 1973–75, the fund tried to undertake several programs to 
support farmers, such as farmer credit, fertilizer subsidy, and public work using 
rural labor for the construction of rural infrastructure, including a program orga-
nized in a signifi cant scale that attempted to support rice prices through the pur-
chase of rice by government agencies. However, the program totally failed to 
achieve its intended goal, partly because of its poor design and ineffi  cient imple-
mentation due to lack of experience and skill in government procurement agen-
cies but more critically because the budget that the fund could allocate was too 
small to signifi cantly infl uence market prices (Siwamwalla   1987  ). Th is program 
was soon terminated, as the rice premium revenue decreased corresponding to 
declines in world rice prices after the food crisis period. 

 Th is failure of the price support program organized by the Farmers’ Aid Fund 
epitomizes the diffi  culty in formulating appropriate policies to cope with the dis-
parity problem. First of all, the program was contradictory, as it tried to support 
farmers based on the revenue from taxation on them; this contradiction arose 
from the fact that the government tax base outside agriculture was still insuffi  -
cient to support farmers adequately in the middle-income stage. Second, if the 
program were really successful in raising domestic rice prices, it should have met 
with strong opposition and protest from the urban poor outside the formal sector. 
Here is the dilemma of the disparity problem, in which politicians must decide 
whether it is more important to supply cheap food to the urban poor or to prevent 
farmers from becoming poorer relative to non-farmworkers. 

 It must be very diffi  cult for middle-income countries to escape from this 
dilemma. Th ailand, for example, tried to introduce export subsidy on rice for 
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further increasing support on farmers after the abolishment of rice premium. As 
yet, however, the export subsidy has been negligibly small. Th e large application 
of export subsidy would not have been possible, as it is against the WTO rule. 
However, even before the GATT Uruguay Round Agreement in 1993, the Th ai gov-
ernment indicated no sign to greatly expand the export subsidy scheme. Th is was 
presumably because of both the budgetary constraint and the danger of raising 
food prices for the urban poor. 

 Since the mid-1980s, the Th ai government has introduced a commodity credit 
program akin to a program operated by the Commodity Credit Corporation in the 
United States in the past. Th rough this program farmers can receive low-interest 
loans from the government for the pledge of their rice until the rice price will go 
up to a target level and, in the event that the price will not suffi  ciently rise, they 
can relinquish their debt by submitting the pledged rice to the government. Th is 
is a high-cost program that would be unsustainable even in the United States. It is 
doubtful if this program can be expanded to such a scale as to render suffi  cient 
income supports for farmers in a middle-income country. 

 As industrialization in Th ailand will continue to progress, comparative advan-
tage in agriculture will decline further. For closing the rural-urban income gap, 
the government will continue to increase supports on farmers in various fronts, 
including subsidies on inputs and credits as well as price supports. Yet it is unlikely 
that Th ailand will able to expand the support programs to such a scale as to fully 
close the income gap before its economy advances to a high-income stage.     

   T HE EXPERIENCE OF JAPAN   

 Th e current problem in Th ailand at the middle-income stage, as reviewed in the 
previous section, may be better understood by comparing it with the economic 
transformation of Japan from the low-income to the high-income stage. Table   15.3   
presents a synopsis of modern economic development in Japan from 1885 to 1995. 
Japan and Th ailand opened to international trade at about the same time under 
pressure from the West; both were forced to sign unequal treaties—Th ailand with 
the United Kingdom in 1855 and Japan with the United States in 1858. Despite 
this similarity, industrialization progressed much faster in Japan than in Th ailand, 
probably owing to much scarcer endowments of natural resources, especially land 
for cultivation, making industrialization more urgent in Japan than in Th ailand in 
terms of surviving under open international trade (Bounlouane et al. 2005). At any 
rate, in terms of per capita GDP data in Table   15.3   (column 1), it appears that 
Japan was able to approach the middle-income stage by the fi rst decade of the 
twentieth century. Until the First World War, Japan’s industrialization had been 
predominantly based on the expansion of labor-intensive manufacturing. Later, 
heavy industries were promoted during the First World War and continued to be 
strengthened thereafter in the interwar period. At that time a dual structure 
emerged and the rural-urban disparity became serious.  
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      Table 15.3  Farm-nonfarm income disparity in Japan’s economic development, 1885–2000  

 (1)   (2)  (3)  (4)  (5)  (6)  (7)  

 GDP per 
capita (ppp 

at 2000) 

 Share of 
agriculture 

in GDP 

 Agriculture/Industry 
labour productivity 

ratio 

 Tariff  rate 
of rice 

 Average tariff  rate 
of all products 

 Agriculture/
Manufacturing Terms 

of Trade 

 Farm/Non-farm 
household income 

ratio  

 (US$)  (%)  (%)  (%)  (%)  (1885 = 100)  (%)  

 1885 

 1890 

 1,092 

 1,285 

 45 

 48 

 75 

 67 

 – 

 – 

 – 

 – 

 100 

 115 

 76 

 87  

 1900 

 1910 

 1,498 

 1,656 

 39 

 32 

 49 

 37 

 – 

 13.7 

 3.7 

 16.2 

 102 

 98 

 52 

 47  

 1920 

 1930 

 2,154 

 2,350 

 30 

 18 

 50 

 31 

 9.9 

 14.0 

 10.0 

 22.6 

 99 

 104 

 48 

 32  

 1935  2,693  18  24  41.2  23.8  136  38  

 1955 

 1960 

 3,519 

 5,063 

 21 

 13 

 55 

 39 

 – 

 – 

 3.5 

 6.5 

 163 

 169 

 77 

 70  

 1970 

 1980 

 12,337 

 17,056 

 6 

 4 

 25 

 25 

 – 

 – 

 6.9 

 2.5 
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 342 

 94 

 116  
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      Table 15.3  (Continued)  

 (1)   (2)  (3)  (4)  (5)  (6)  (7)  

 GDP per 
capita (ppp 

at 2000) 

 Share of 
agriculture 

in GDP 

 Agriculture/Industry 
labour productivity 

ratio 

 Tariff  rate 
of rice 

 Average tariff  rate 
of all products 

 Agriculture/
Manufacturing Terms 

of Trade 

 Farm/Non-farm 
household income 

ratio  

 (US$)  (%)  (%)  (%)  (%)  (1885 = 100)  (%)  

 1990 

 2000 

 23,580 

 26,220 

 2 

 1 

 26 

 22 

 – 

 778 

 2.7 

 2.1 

 379 

 347 

 115 

 101  

  (1)  GDP per capita in PPP at 2000 from World Bank (  2006  ) ,  linked with the series in OECD Development Centre (2003).  
  (2)  Th e share of agriculture in nominal GDP in 1885–1955 from Ohkawa et al. (  1967  , vol. 6: 273–81), share in NNP for1885–1935 and 1960–2000 from World Bank 

(  2006  ).  
  (3)  Th e ratio of real GDP per worker in agriculture (including forestry and fi shery) to real GDP per worker in industry (including mining). 1885–1970 from Y. Hayami, 

(  1986  : 120). 1980–2000: extended from 1970 using real GDPs from  Annual Reports of National Accounts.   
  (4)  Tariff s for 1910, 1920, 1930 and 1935 are tariff s in 1908, 1918, 1928 and 1933, respectively, from K. Ohkawa, et al. (  1967  , vol.6). Tariff s rate for 2000 is ad valorem 

tariff  equivalent of specifi c duty, 341 yen/kg, which was reported to WTO by the government.  
  (5)  Tariff s for 1900, 1910, 1920, 1930 and 1935 are tariff s in 1898, 1908, 1918, 1928 and 1933, respectively, from K. Ohkawa, et al. (  1967  , vol.6). Tariff s for1955–2000 are 

average tariff s calculated by total tariff  revenue as percentage of total import cif value in Japan, Ministry of Finance (various issues).  
  (6)  1985–1960: the ratio between the price index of agricultural products and the price index of manufacturing products in K. Ohkawa, et al. (  1967  :165, 192–3). 1970–80: 

extended from 1960 using the Ministry of Agriculture, Forestry and Fishery’s price index of agricultural products and the Bank of Japan’ s domestic corporate goods 
price index for manufacturing industry products.  

  (7)  1885–1935: the ratio in household income per household member betwee n farm and non-farm households in Otsuki and Takamatsu (  1982  ). 1955–2000: the ratio in 
per-capita income between farm households and employees’ households based on Ministry of Agriculture (various issues) and Ministry of Internal Aff airs (various 
issues). Farm households in 1990–2000 exclude non-commercial farm households.  
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 Correspondingly, the focus of agricultural policies changed. Before the First 
World War, agricultural policies were mainly geared toward increasing food pro-
duction so as to counteract the food problem in the low-income stage. Th e ade-
quate supply of cheap food, especially rice, was considered a critical support for 
the development of labor-intensive industries. To this end Japanese government 
invested heavily in agricultural research and extension as well as irrigation infra-
structure for the development and diff usion of high-yielding varieties, initially 
within Japan and later to overseas territories (Korea and Taiwan). Such eff orts 
were successful in overcoming the food problem before the Second World War 
(Hayami   1975  ; Hayami and Ruttan   1985  ; Hayami and Yamada   1991  ). 

 Ironically, this success greatly aggravated the disparity problem during the 
interwar period. As column 5 of Table   15.3   shows, declines in labor productivity 
in agriculture relative to industry were very fast in Japan from the beginning of 
modern economic growth, refl ecting very rapid progress in industrialization. 
Nevertheless, the terms of trade did not improve for agriculture (column 6): 
income per capita in farmers’ households declined sharply relative to that in non-
farmworkers’ households (column 7). Th ese trends contrast sharply with those 
after the Second World War, when despite continued declines in relative produc-
tivity for agriculture, the per capita income of farmers improved relative to non-
farmers to the point of exceeding parity after the 1970s: this resulted from very 
rapid improvements in the terms of trade based on farm price support programs 
at a large scale unthinkable in the prewar days. Such a scale of farm supports 
became possible as Japan advanced to the high-income stage in the late 1960s. 

 As the disparity problem loomed large, the farm bloc demanded for increased 
government supports. Already in 1913, politically powerful landlords had been 
successful in lobbying for the institution of a specifi c duty on rice imports, but it 
was not applied to rice produced in overseas territories within the Japanese Empire. 
When rice prices began to fall after the First World War, the farm bloc pressed the 
government to support rice prices by means of rice procurement and storage. In 
addition, the government developed various programs to assist farmers, including 
government spending on construction of physical infrastructure in rural areas in 
order to provide wage-earning opportunities and the release of low-interest loans 
from government to farmers heavily in debt from private moneylenders. 

 Th e tax burden on farmers was also reduced. In the early stage of moderniza-
tion in Japan, land tax levied on farmers was the major source of government 
revenue. During the 1880s the ratio of direct tax shouldered by farmers to their 
income was about 15 percent compared with only about 2 percent for nonfarm-
ers; this disparity largely remained even in the 1910s, with the tax rates of about 
11 percent for farmers and 5 percent for nonfarmers, but by the late 1930s farm-
ers’ tax rate was reduced to about 6 percent, not so diff erent from nonfarmers’ 
rate (Hayami   1988  : 40). 

 Th ese policies designed in Japan during the interwar period in response to the 
emerging disparity problem were also very similar to those adopted in Th ailand 
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since the 1970s. Th eir consequences were similar. In spite of all these eff orts, the 
level of income and the living standard of farm people did not appreciably improve. 
Unlike after the Second World War, during the interwar period the Japanese 
economy did not reach the stage at which the government could aff ord to under-
take farm support programs at such a scale as to close the rural-urban income gap. 
Although heavy industries developed rapidly, light industries based on small- and 
medium-scale enterprises were still the backbone of Japanese economy, especially 
with respect to foreign exchange earnings. Th eir international competitive power 
was still dependent on cheap labor, so that a major increase in the wage rate 
resulting from large increases food prices could not be tolerated. In such circum-
stances, with whatever powerful lobbying the landlords were able to organize, it 
was not politically possible to raise the level of agricultural protection suffi  ciently 
to solve the rising disparity problem. 

 Unfortunately, by the time when the disparity problem became serious, Japan 
was plunged into the storm of the Great Depression, which began in 1929. In 
Japan as well as throughout the world, farm product prices declined faster than 
the prices of manufactured goods, and farmers’ incomes dropped more than non-
farmworkers.’ Growing dissatisfaction and frustration among farmers, who 
became poorer both absolutely and relatively, culminated in social disruptions, 
including terrorism; this rendered a major support for militarism to gain power, 
ending in the tragedy of the Pacifi c War.      

    5.    On the Relevance of the East Asian Experience   

 So far, the process of the disparity problem that emerges in developing economies 
as they advance from the low-income to the middle-income stage through suc-
cessful industrialization has been illustrated with respect to the experience of 
high-performing economies in East Asia. One may wonder how relevant this 
model based on the East Asian experience is to economies in other regions with 
diff erent economic and social conditions. Is it not possible that the disparity prob-
lem in other regions might not become quite as severe as in East Asia, even if they 
are able to achieve rapid industrialization comparable to that of East Asia? Th is 
possibility depends on the success of their interindustry adjustment to the loss in 
comparative advantage in agriculture owing to rapid industrial development. 

 First, even if the productivity of manufacturing in an economy rises very rap-
idly owing to success in the borrowing of advanced industrial technology from 
abroad in association with increases in capital intensity, as has been the case in 
the East Asian Miracle, the decrease in agriculture’s comparative advantage might 
not be so large if it can achieve agricultural technology borrowing at a comparable 
speed. For example, if the agriculture sector were able to achieve its productivity 
growth by means of farm mechanization parallel with increases in the capital 
intensity in the manufacturing sector, intersectoral productivity diff erence would 
have not widened so much. However, even if investment in farm mechanization 
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becomes profi table in terms of increased wage rates resulting from successful 
industrialization, the farm mechanization might not proceed smoothly because 
of the diffi  culty of establishing farms big enough to exploit the advantage of using 
modern large-scale machinery, due to the high transaction costs involved in con-
solidating a large number of peasants’ holdings into large commercial farms. In 
East Asia, particularly in Japan, Korea, and Taiwan, where agriculture has tradi-
tionally been manned by small homogeneous peasants who have been attached to 
the same lands over generations, it is very costly to alienate them from their 
ancestral lands. Th ese economies are also characterized by high population den-
sity; in these areas, frontiers have long been closed for opening new lands for 
cultivation. In such economies, it should be extremely diffi  cult to counteract 
against loss in agriculture’s comparative advantage by promoting an agrarian 
structure dominated by large-scale commercial farms. Such agrarian restructur-
ing could be relatively easier in land-abundant newly settled regions such as Latin 
America, where land and labor markets are more fl uid and the aggregate supply of 
arable lands is more elastic through new land opening. To that extent, the dispar-
ity problem could be less severe in such economies than in Japan, Korea, and 
Taiwan, even at the same speed of industrialization. 

 Such a diff erence could well be signifi cant, but it is unlikely that even newly 
settled land-abundant economies where land markets are usually more active can 
totally escape from the trap of the disparity problem in the process of industrial-
ization. Unlike the manufacturing sector, where adjustments in factor combina-
tion necessary for the borrowing of foreign technology can easily be made based 
on the effi  cient supply of capital from both domestic and foreign sources through 
generally well-functioning capital markets, adjustments in land input needed for 
introducing foreign agricultural technology is much more diffi  cult and costly, given 
the typical absence in developing economies of institutions to support land mar-
kets such as cadastral surveys and land registry, not to speak of the total absence 
of “international markets for lands,” unlike the case for capital. Furthermore, as 
emphasized in section 4, the importation of foreign technology is usually much 
more diffi  cult for agriculture than for manufacturing because of the location-spe-
cifi c nature of agricultural technology that is constrained by natural environments 
(Hayami and Ruttan   1985  ). For these reasons it is unlikely that even the econo-
mies most favorably endowed with agricultural resources can be immune to the 
disparity problem when they are able to achieve rapid industrialization based on 
the success in industrial technology borrowing, 

 Th ailand represents a good example in this regard. Within East Asia, Th ailand 
has been characterized by relative abundance in the endowment of land: fron-
tiers had been open until very recently, especially in the country’s Northeast. 
Nevertheless, Th ailand could not escape from the disparity problem when it joined 
the East Asian Miracle of rapid industrialization and economic growth, as 
explained in the previous section. Th e policy response of Th ailand to the disparity 
problem is also characteristic of land-abundant economies. As a means of sup-
porting farmers, Th ailand relied heavily on the reduction of the rice export tax, 
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unlike Japan, Korea, and Taiwan, which relied on border protection measures 
such as tariff s and quotas. As a major exporter of agricultural commodities, it was 
not a viable option for Th ailand to support farmers by raising domestic prices 
through a combination of border protection and domestic price support pro-
grams. If domestic prices had been raised above the international market prices, 
Th ailand’s exports of agricultural commodities should have stopped, resulting in 
the accumulation of surplus agricultural products in domestic markets to the 
point that the cost needed to reduce the surplus by such means as the govern-
ment’s stock holding and acreage control will exceed the nation’s fi scal capacity. 
For this reason, it was only natural for Th ailand to adopt reduction on agricultural 
export taxation as a major means of supporting farmers, much like many land-
abundant agricultural exporters in Latin America have done. 

 Needless to say, the basic cause of the disparity problem is the lag in the trans-
fer of labor from agriculture to nonagriculture relative to the speed of loss in agri-
culture’s comparative advantage in the process of industrialization. Th erefore, the 
problem can be less severe where the access of farmers to nonfarm employment is 
easier, which depends to a large extent on the geographical distribution of indus-
trial and commercial activities. Th is eff ect can be clearly observed in the compari-
son between Korea and Taiwan within East Asia. Taiwan is known for the success 
of rural-based industrialization characterized by the wide diff usion of small- and 
medium-scale enterprises over rural areas, while Korea’s industrialization has 
centered on urban-based large enterprises. Th e access of farmers and their family 
members to nonfarm employment has been much easier in Taiwan than in Korea, 
as refl ected in the data that more than one-half of farm-household income in 
Taiwan came from nonfarm sources in 1970, whereas in Korea it was only about 
one-quarter (Honma and Hayami   2006  ). 

 Correspondingly, government responses to the disparity problem were diff erent. 
Both Korea and Taiwan entered the middle-income stage from the 1960s, when 
border protection measures on the import of agricultural commodities were 
strengthened in both economies, refl ecting governments’ responses to the emer-
gence of the severe disparity problem. Th is aspect of agricultural protection 
growth was shared common by Korea and Taiwan, which recorded similar suc-
cesses in industrial growth under similar resource endowments and agrarian 
structures. Nevertheless, agricultural protection in Korea, as measured by the 
average nominal rate of protection for agricultural commodities, rose faster to 
much higher levels than in Taiwan for the same levels of per capita incomes 
throughout their middle-income stage, and further after they advanced to the 
high-income stage in the 1990s (Honma and Hayami   2006  ). Th is diff erence seems 
to refl ect the diff erence in the cost of intersectoral adjustments in labor 
allocation, corresponding to changes in comparative advantage, which farmers 
had to shoulder. In Korea the shift of labor from agriculture to nonagriculture 
necessarily involved the migration of workers from rural to urban areas, whereas 
in Taiwan much of the shift involved farmers’ increases in nonfarm activities 
while they continued living in their home villages. Correspondingly, both the 
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pecuniary and psychological costs of intersectoral labor reallocation should have 
been much higher for farmers in Korea. 

 Th e experience of Korea relative to Taiwan suggests the great diffi  culty that China 
will have to face. Th e miraculous growth of China in recent years has been character-
ized by concentration of industrial activities in the coastal areas, whereas western 
hinterlands have largely been bypassed. As the result, the disparity problem has 
been especially serious and is expected to become more so in China, since the rural-
urban income gap is augmented by the large interregional inequality in the process 
of rapid industrialization. It is feared that the disparity problem in China might 
escalate to the social and political crisis of the nature similar to that experienced by 
Japan between the two world wars if its present course of development continues.     

    6.    Conclusion   

 Th e growing imbalance in world agriculture today is epitomized in the increasing 
food defi cits in low-income economies, in contrast to increasing surpluses in high-
income economies. Th is has not simply been the result of diff erent demand and 
supply structures corresponding to diff erent income levels. Th e problem has been 
aggravated by policies under the dictate of the three agricultural problems in 
diff erent stages of economic development—the food problem in the low-income 
stage, the disparity problem in the middle-income stage, and the protection 
problem in the high-income stage. 

 Under the regime of the food problem, policy makers in low-income countries 
have been inclined to adopt policies geared toward securing low-priced food to 
urban consumers at the expense of farm producers. By contrast, under the regime 
of the protection problem, politicians in high-income countries have not been 
able to resist pressures from the farm lobby to institute policies to raise farmers’ 
incomes to the level of non-farmworkers. Great ineffi  ciency and inequity result-
ing from these contrasting policy distortions have already been amply docu-
mented (D. G. Johnson 1973: Schultz 1978; Anderson and Hayami   1986  ), and the 
need to reduce these distortions has been widely recognized. In fact, major inter-
national collaborative eff orts have progressed in that direction for the past two 
decades, through GATT/WTO multilateral trade negotiations. 

 In contrast, the disparity problem has received relatively little attention. Yet 
the growing income disparity between the farm and nonfarm population could be 
a major source of social and political instability for economies attempting to catch 
up with high-income economies through industrialization by means of rapid tech-
nology borrowing. Th is problem is now spreading over Asia, from ASEAN nations 
to China and Vietnam, and will eventually reach South Asia, especially India. 

 While the right approaches to the food and protection problems have already 
been established among economists, though actual implementation is often polit-
ically diffi  cult, the right design to cope with the disparity problem has not 
yet been identifi ed. Th e diffi  culty is how to balance out the confl icting goals of 
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supporting farmers’ incomes, on the one hand, and securing the supply of low-
cost food to a large number of workers in urban informal sectors, on the other, 
under the still-weak capacity of the government to raise suffi  cient revenue from 
nonagricultural sectors. Almost inevitably, agricultural policies tend to become 
tinkering exercises combining various, often mutually confl icting policy instru-
ments in ad hoc manners, as the experiences of Th ailand and Japan illustrate. 

 Greater research inputs in this area are called for in order to prevent the growth 
momentum of high-performing Asian economies from being disrupted, as experi-
enced by Japan between the two world wars. Given the weak fi scal capacity of 
developing economies at the middle-income stage, it is unrealistic to expect that 
they can solve the problem by means of increasing subsidies to farmers as 
attempted by high-income economies. Policy must be designed to strengthen 
their capacity to adjust to changes in comparative advantage resulting from the 
lag in the growth of agricultural productivity behind the industrial productivity 
growth. Greater investments in public research and development of agricultural 
technology will be needed, especially in the direction the adapting of advanced 
agricultural technology in developed economies to the environments of develop-
ing economies, and in the development of institutional infrastructure such as 
land registry systems for operating land market more effi  ciently. Th e education 
and training of rural people will be critically important for shifting rural labor 
smoothly from farm to nonfarm economic activities. Industrial development 
policy should consider the need to support rural-based industries to facilitate 
farmers’ access to nonfarm income sources. 

 Th ese policies must be supported by the accurate grasp of the nature and scope 
of disparity problem, for which the further accumulation of farm household 
income data based on micro household surveys is badly needed. Unless compari-
sons between farm and nonfarm households are made in terms of aggregates of 
farm and nonfarm incomes across regions and over time, the eff ective allocation of 
public resources to cope with the disparity problem by region cannot appropriately 
be designed. Th e sectoral value-added data from social accounts used for broad 
comparisons in Table   15.1   are grossly insuffi  cient for the purpose of such concrete 
policy design. Social engineering to cope with the disparity problem, which is by 
nature very complex and sensitive, must be based on careful fi eld-level research for 
diff erent socioeconomic and ecological environments, such as those presented in 
the papers compiled in the November 2006 special issue of  Agricultural Economics , 
titled “Th e Role of Nonfarm Income in Poverty Reduction: Evidence from Asia and 
East Asia” ( Agricultural Economics  35:393–478; see also Otsuka et al.   2009  ).   

    Note       

    Yujiro Hayami, Presidential Address to the Fifth Conference of the Asian Society of Agricultural 
Economists, Zahedan, Iran, August 29–31, 2005.                      
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 A central premise of this paper is that the demand for social science knowledge 
is derived from the demand for institutional change.   1    If this view is correct, then 
any claim by the social science disciplines and related professions for public 
support depends on a credible promise that advances in social science knowledge 
represent an effi  cient source of institutional innovation. 

 I fi rst review briefl y the theories of induced technical and institutional change. 
I then turn to a discussion of the sources of demand and the sources of supply of 
institutional change. I also discuss the concepts of incentive-compatible mecha-
nism and institutional design. I end the paper with a discussion of some of the 
elements of a “pattern” or “appreciative” model of the relationships among changes 
in resource and cultural endowments and technical and institutional change.     

    1.    Induced Technical Change   

 Modern interest in the eff ects of changes (and diff erences) in relative factor 
endowments and prices on the rate and direction of technical change was initially 
stimulated by an observation by Sir John Hicks (  1932  : 124–125): “Th e real reason 
for the predominance of labor saving innovation is surely that . . . a change in 
relative prices of factors of production is itself a spur to innovation and to innova-
tion of a particular kind—directed at economizing the use of a factor which has 
become relatively expensive.” Hicks’s suggestion lay fallow until it was challenged 
by Salter (  1960  : 16) in 1960: “At competitive equilibrium each factor is being paid 
its marginal value product; therefore all factors are equally expensive to all fi rms.” 
Salter (  1960  : 43–44) went on to argue that “the entrepreneur is interested in 
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reducing costs in total and not particular costs.” In retrospect it is diffi  cult to 
understand why Salter’s criticism generated so much attention except that 
students of economic growth were increasingly puzzled about why, in the pres-
ence of substantial capital deepening in the U.S. economy, factor shares to labor 
and capital had remained relatively stable. Th e diff erential growth rates were too 
large to be explained by simple factor substitution. 

 Th e debate about induced technical change centered on two alternative 
models—a growth theoretic model and a microeconomic version. Th e most for-
mally developed version was a growth theoretic model introduced by Kennedy 
(  1964 ,  1966  ) and elaborated by Samuelson (  1965  ). Kennedy cast his model in 
terms of changing relative factor shares because of the growth theory implica-
tions. By the early 1970s the growth theoretic approach to induced technical 
change was itself subject to severe criticism. Nordhaus (  1973 ,  2008  ) insisted that 
the model is “too defective to be used in serious economic analysis.” 

 Th e second approach to induced innovation, built directly on Hicksian micro-
economic foundations, was developed by Syed Ahmad (  1966 ,  1967a ,  1967b  ). In 
work published in the early and mid-1970s Yujiro Hayami, Hans Binswanger, 
Colin Th irtle, and I extended the microeconomic version of induced technical 
change and tested it against the history of agricultural development in the United 
States and Japan and in cross-country perspective (Hayami and Ruttan 1970, 
  1971  ; Binswanger   1974b  ; Binswanger and Ruttan   1978  ; Th irtle and Ruttan   1987  ). 
Rather than attempting a detailed review of the econometric results, I draw your 
attention to Figure   16.1  .  

 By the late 1980s, in reaction to the Nordhaus criticisms and the emergence of 
new macroeconomic endogenous growth theories (Romer   1986  ; Lucas   1988  ), 
interest in induced technical change was beginning to wane. Interest was sus-
tained, however, by agricultural and resource economists who continued to fi nd 
the microeconomic version of induced technical change useful (Runge   1999  ). 
Recent work on the theoretical foundation of induced technical change theory 
and its implications by Acemoglu (  2002 ,  2007  ) suggest a possible revival of 
interest by development economists. 

 Th e demonstration that technical change can be treated as largely endogenous 
to the development process does not imply that the progress of either agricultural 
or industrial technology can be left to an “invisible hand” that drives technology 
along an “effi  cient” path determined by relative resource endowments. Th e capacity 
to advance knowledge in science and technology is itself a result of institutional 
innovation—“the great invention of the nineteenth century was the invention of 
the method of invention” (Whitehead   1925  : 96).     

    2.    Induced Institutional Innovation   

 Institutions are the rules of a society or of organizations that facilitate coordina-
tion among people by helping them form expectations, which each person can 
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      Figure 16.1    Global Agricultural Land and Labor Productivity, 1961–2003   .  Source: Pardey et. al. (  2007  ). 
 Notes: Workers are economically active in agriculture. Land is the sum of area harvested and permanently pastured. Output is value of production farmed by 
weighting a time series of commodity quantities for each country by a 1989–1991 average of commodity-specifi c average of international prices. All productivity 
trajectories start in 1961 on left/bottom and end in 2003 on right/top, unless indicated. Diagonal lines indicate constant factor (land to labor) ratios.     
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reasonably hold in dealing with others (Hayami and Ruttan   1985  : 94).   2    In the 
area of economic relations institutions play a crucial role in establishing expecta-
tions about the rights to use resources in economic activities and about the parti-
tioning of the income streams resulting from economic activity: “Institutions 
provide assurance respecting the actions of others, and give order and stability 
to expectations in the complex and uncertain world of economic relations” 
(Runge   1981b  : xv). 

 Anticipation of the latent gains to be realized by overcoming the disequilibria 
resulting from changes in factor endowments, cultural endowments, and technol-
ogy represent powerful sources of demand (inducements) to institutional innova-
tion (North and Th omas   1970  ; Schultz   1975  ). Th e growing disequilibria in resource 
allocation due to institutional constraints generated by economic growth create 
incentives for political entrepreneurs or leaders to organize collective action to 
bring about institutional change (Olson   1982  : 74). Th is perspective on the sources 
of demand for institutional change is similar, in some respects, to the traditional 
Marxian view.   3    

 Th ere are supply-side as well as demand-side sources of institutional change. 
Advances in knowledge in the social sciences (and in related professions such as 
law, administration, planning, and social service) can reduce the cost of institu-
tional change in a manner somewhat similar as advances in the natural sciences 
reduce the cost of technical change. Advances in game theory have, during the 
last several decades, enabled economists and political scientists to bring an 
increasingly powerful set of tools to bear on the understanding of the processes of 
institutional change (Hurwicz   1960 ,  1973  ; Schotter   1981  ; Ostrom   1990  ; Aoki 
  2001  ). In spite of the power of these new tools I continue to fi nd the application 
of standard neoclassical microeconomic theory to interpret the sources of the 
demand and supply of institutional change exceedingly useful. 

 Insistence that important advances in the understanding of the processes of 
institutional innovation and diff usion can be achieved by treating institutional 
change as endogenous to the economic system represents a clear departure from 
the tradition of modern analytical economics.   4    Th e scope of modern analytical 
economics is expanded by treating institutional change as endogenous. 

 Th ere is general agreement that institutional change has evolved and continues 
to evolve in response to long-term changes in resource endowments such as the 
pressure of population against land resources or a rise in the price of labor relative 
to capital. But there has been substantial disagreement within the social sciences 
about the role of purposeful or rational design in institutional innovation.   5    Th ose 
holding an “organic” or “spontaneous order” perspective argue that the fact 
that the institutions of civilization have been created by human action “does not 
mean that man must also be able to alter them at will” (Hayek   1978  : 3).   6    Th is 
organic view of the sources of institutional change is reinforced by a theory of 
the “unintended consequences” of institutional innovation that runs through the 
work of Adam Smith, Carl Menger, Max Weber, and Friedrich Hayek (D. Lal   1998  ). 
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By contrast, the constructivist or design perspective holds that advances in social 
science knowledge can play an important role in the rational design of institu-
tional reform and institutional innovation. 

 Much of my work with Yujiro Hayami on induced institutional innovation 
refl ects an organic perspective. In other work, on the development of agricultural 
research institutions, for example, I have employed both organic and constructivist 
perspectives (Ruttan   1982a ,  2001  ). I reject any demand to choose between the 
organic and constructivist perspectives. Th ey should be viewed as complements 
rather than as alternatives. I also reject the ideological implication, advanced by 
some proponents of the organic approach, that the unintended consequences of 
institutional change preclude the possibility of a rational or analytical approach to 
institutional reform and design.     

    3.    Demand for Institutional Innovation   

 In some cases the demand for institutional innovation can be satisfi ed by the 
development of new forms of property rights, more effi  cient market institutions, 
or even by evolutionary changes arising out of direct contracting by individuals at 
the level of the community or the fi rm. In other cases, where externalities are 
involved, substantial political resources may have to be brought to bear to orga-
nize nonmarket institutions in order to provide for the supply of public goods. In 
this section I draw from agricultural history to illustrate how changes in factor 
endowments, technical change, and growth in product demand have induced 
organic change in property rights and contractual arrangements. 

 Th e agricultural revolution that occurred in England between the fi fteenth 
and the nineteenth centuries involved a substantial increase in the productivity 
of land and labor. It was accompanied by the enclosure of open fi elds and the 
replacement of small peasant cultivators, who held their land from manorial 
lords, by a system in which large farmers used hired labor to farm the land they 
leased from the landlords. Th e First Enclosure Movement, in the fi fteenth and 
sixteenth centuries, resulted in the conversion of open arable fi elds and com-
mons to private pasture in areas suitable for grazing. It was induced by expan-
sion in the export demand for wool. Th e Second Enclosure Movement, in the 
eighteenth century, involved conversion of communally managed arable land 
into privately operated units. It is now generally agreed that demand for changes 
in land tenure arrangements was largely induced by the growing disequilibrium 
between the fi xed institutional rent that landlords received under copyhold ten-
ures (with lifetime contracts) and the higher economic rents expected from 
adoption of new technology which became more profi table as a consequence of 
higher grain prices and lower wages. When the land was enclosed, there was a 
redistribution of income from tenants to landowners, and the disequilibrium 
was reduced or eliminated.   7    
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 In nineteenth-century Th ailand, the opening of the nation to international 
trade and the reduction in shipping rates to Europe following the completion of 
the Suez Canal resulted in a sharp increase in the demand for rice. Th e land 
available for rice production, which had been abundant, became more scarce. 
Investment in land development for wet rice production for export became 
profi table. Th e rise in the profi tability of rice production for export induced a 
demand for the reform of property rights in both land and man. Traditional rights 
in human property (corvée and slavery) were replaced by more precise private 
property rights in land (fee-simple titles) (Feeny   1982  ).    

   L AND T ENURE IN A PHILIPPINE VILL AGE   

 Research conducted in the Philippines during the late 1970s by Hayami and 
Kikuchi has enabled us to examine a contemporary example of the interrelated 
eff ects of changes in resource endowments and technical change on the demand 
for institutional change in land tenure and labor relations (Kikuchi and Hayami 
  1980  ; Hayami and Kikuchi   1981  ; Hayami and Kikuchi   2000  ). Th e case is particu-
larly interesting because the institutional innovations occurred as a result of pri-
vate contracting among individuals—what Hayek termed “spontaneous order” 
and in more recent literature has been referred to as “Coasian bargains” (Hayek 
  1978  ; Olson   2000  ). Th e study is based on a rigorous analysis of microeconomic 
data from a single village over a period of about twenty years. 

 Between 1956 and 1976, rice production per hectare in “Laguna Village” rose 
dramatically, from 2.5 to 6.7 metric tons per hectare per year. Th is was due to two 
changes in both resource endowments and technology. In 1958, the national 
irrigation system was extended to the village. Th is permitted double-cropping to 
replace single-cropping. Th e major technical change was the introduction of 
modern high-yielding rice varieties. Th e diff usion of modern varieties was accom-
panied by increased use of fertilizer and pesticides and by the adoption of improved 
cultural practices such as straight-row planting and intensive weeding. 

 Population growth in the village was rapid. Between 1966 and 1976 the number 
of households rose from 66 to 109 and the population rose from 383 to 464, 
while cultivated area remained virtually constant. Th e number of landless laborer 
households increased from 20 to 54. In 1976, half of the households in the 
village had no land to cultivate. Th e average farm size declined from 2.3 hectares 
to 2.0 hectares. 

 Th e land was farmed primarily by tenants. In 1976, only 1.7 hectares of the 
108 hectares of cropland in the village were owned by village residents. 
Traditionally, share tenancy was the most common form of tenure. In both 1956 
and 1966, 70 percent of the land was farmed under share tenure arrangements. 
In 1963, a new national agricultural land reform code was passed which was 
designed to break the political power of the traditional landed elite and to provide 
greater incentives to peasant producers of basic food crops. A major feature of the 
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new legislation was an arrangement that permitted tenants to initiate a shift 
from share tenure to leasehold, with rent under the leasehold set at 25 percent of 
the average yield for the previous three years. Implementation of the code between 
the mid-1960s and the mid-1970s resulted in a decline in the percentage of land 
farmed under share tenure to 30 percent. 

 Th e shift from share tenure to lease tenure was not, however, the only change 
in tenure relationships that occurred between 1966 and 1976. Th ere was a sharp 
increase in the number of plots farmed under subtenancy arrangements. 
Th e number increased from one in 1956 to fi ve in 1966 and sixteen in 1976. 
Subtenancy is illegal under the land reform code. Th e subtenancy arrangements 
were usually made without the consent of the landowner. All cases of subtenancy 
were on land farmed under a leasehold arrangement. Th e most common subten-
ancy arrangement was 50-50 sharing of costs and output. 

 It was hypothesized that an incentive for the emergence of the subtenancy 
institution was that the rent paid to landlords under the leasehold arrangement 
was below the equilibrium rent—the level which would refl ect both the higher 
yields of rice obtained with the new technology and the lower wage rates implied 
by the increase in population pressure against the land. 

 To test this hypothesis, market prices were used to compute the value of the 
unpaid factor inputs (family labor and capital) for diff erent tenure arrangements 
during the 1976 wet season. Th e results indicate that the share-to-land was lowest 
and the operators’ surplus was highest for the land under leasehold tenancy. In 
contrast, the share-to-land was highest and no surplus was left for the operator 
who cultivated the land under the subtenancy arrangement (Table   16.1  ). Indeed, 
the share-to-land when the land was farmed under subtenancy was very close to 
the sum of the share-to-land plus the operators’ surplus under the other tenure 
arrangement.  

 Th e results are consistent with the hypothesis. A substantial portion of the 
economic rent was captured by the leasehold tenants in the form of operators’ 
surplus. On the land farmed under a subtenancy arrangement, the rent was 
shared between the leaseholder and the landlord. 

 Th e subtenancy contract was an institutional innovation arrived at by volun-
tary agreements among farm operators, tenants, and laborers. Th e land reform 
laws gave leasehold tenants strong protection of their tenancy rights. It gave them 
the right to continue tilling the soil at an institutional rent that was lower then 
the economic rent. But the laws prohibited tenants from renting their land to 
someone else who might utilize it more effi  ciently (e.g., when they became elderly 
or found more profi table off -farm employment). Subtenancy reduced such ineffi  -
ciency due to the institutional rigidity in the land rental market resulting from 
the land reform programs. Th e induced institutional innovation process leading 
toward the establishment of equilibrium in land rental markets occurred very rap-
idly even though the transactions between landlords and tenants were less than 
fully monetized. Informal contractual arrangements or agreements were utilized. 
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      Table 16.1  Factor Shares of Rice Output per Hectare, 1976 Wet Season  

  Factor shares   a     

 Number  
 of plots 

 Area  
 (ha) 

 Rice  
 output 

 Current  
 inputs 

 Landowner  Subleasor  Land total  Labor  Captial   b     Operators’  
 surplus  

 

 Share tenancy land  30  29.7  2,749 
 (100.0) 

 697 
 (25.3) 

 698 
 (25.4) 

 0 (0)  698 
 (25.4) 

 850 
 (30.9) 

 288 
 (10.5) 

 216 
 (7.9)  

 Leasehold land  44  67.6  2,889 
 (100.0) 

 657 
 (22.7) 

 567 
 (19.6) 

 0 (0)  567 
 (19.6) 

 918 
 (31.8) 

 337 
 (11.7) 

 410 
 (14.2)  

 Subtenancy land  16  9.1  3,447 
 (100.0) 

 801 
 (23.2) 

 504 
 (14.6) 

 801   c    
 (23.2) 

 1,305 
 (37.8) 

 1,008 
 (29.3) 

 346 
 (10.1) 

 –13 
 (–0.4)  

   Source : Hayami and Kikuchi (  1981  : 111–3).  

   a  Percentage shares are shown in parentheses.  
   b  Sum of irrigation fee and paid and/or imputed rentals of carabao, tractor, and other machines.  
   c  Rents to subleasors in the case of pledged plots are imputed by applying the interest rate of 40 percent crop season (a mode in the interest rate distribution in the     village).  
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Th e subleasing contract evolved without the mobilization of substantial political 
activity or bureaucratic eff ort. Indeed, the subleasing arrangement evolved in 
spite of legal prohibition. Where substantial political and bureaucratic resources 
must be mobilized to bring about technical or institutional change, the changes 
occur much more slowly, as in the cases of the English enclosure movements and 
the Th ai property rights cases referred to at the beginning of this section.      

    4.    Th e Supply of Institutional Innovation   

 Th e disequilibria in economic relationships associated with economic growth, 
such as technical change leading to the generation of new income streams and 
changes in relative factor endowments, have been identifi ed as important sources 
of demand for institutional change. But the sources of supply of institutional 
innovation are less well understood (Olson   1968  ; Ostrom   1990  ). Th e factors that 
reduce the cost of institutional innovation have received only limited attention by 
economists or by other social scientists. 

 In the Philippines village case discussed earlier, land tenure innovation in 
Laguna Village was supplied, in response to the changes in demand generated by 
changing factor endowments and new income streams, through the individual 
and joint decisions of owner-cultivators, tenants, and laborers. But even at this 
level it was necessary for gains to the innovators to be large enough to off set the 
risk of ignoring the land reform prohibitions against subleasing.   8    

 Th e supply of major institutional innovations typically involves the mobiliza-
tion of substantial resources by political entrepreneurs and innovators. It is useful 
to think in terms of a supply schedule of institutional innovation that is deter-
mined by the marginal cost schedule facing political entrepreneurs as they attempt 
to design new institutions and resolve the confl icts among interest groups (or 
suppression of opposition when necessary). 

 To the extent that the private return to political entrepreneurs is diff erent 
from the social return, the institutional innovation will not be supplied at all or at 
a socially optimum level. If the institutional innovation is expected to result in a 
loss to a dominant political bloc, the innovation may not be forthcoming even if it 
is expected to produce a large net gain to society as a whole. And socially undesir-
able institutional innovations may occur not only from the unintended conse-
quences of institutional innovation but as a result of innovations that are designed 
to generate economic or political benefi ts to the entrepreneur or the interest 
group that may impose costs that exceed the gains to society (Tullock   1967  ; 
Krueger   1974  ; Tollison   1982  ).   9    

 Th e failure of many developing countries to institutionalize the agricultural 
research capacity needed to take advantage of the large gains from relatively 
modest investments in technical change may be due, in part, to the divergence 
between social returns and the private returns to political entrepreneurs. In the 
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mid-1920s, for example, agricultural development in Argentina appeared to be 
proceeding along a path roughly comparable to that of the United States. 
Mechanization of crop production lagged slightly behind that in the United States. 
Grain yields per hectare averaged slightly higher than in the United States. In 
contrast to the United States, however, output and yields in Argentina remained 
relatively stagnant between the mid-1920s and the mid-1970s. It was not until 
the late 1970s that Argentina began to realize signifi cant gains in agricultural 
productivity. Part of this lag in Argentine agricultural development was due to the 
disruption of export markets in the 1930s and 1940s. Students of Argentine 
development have also pointed to the political dominance of a landed aristocracy 
and to the rising tensions between urban and rural interests, that resulted in 
inappropriate domestic policies toward agriculture (de Janvry   1973  ; P. H. Smith 
  1969 ,  1974  ; Cavallo and Mundlak   1982  ). Th e Argentine case would seem to be one 
where the bias in the distribution of political and economic resources imposed 
exceptionally strong constraints on the institutional innovations needed to take 
advantage of the relatively inexpensive sources of growth that technical change in 
agriculture could have made available. 

 Cultural endowments, including religion and ideology, may exert a strong infl u-
ence on the supply of institutional innovation. Th ey make some forms of institu-
tional change less costly to establish and impose severe costs on others (E. L. Jones 
  1995  ; Tan   2005  ). For example, the traditional moral obligation in the Japanese 
village community to cooperate in joint communal infrastructure maintenance 
made it less costly to implement modernizing rural development programs than 
in societies where such traditions do not prevail. Th ese activities had their origin 
in the feudal organization of rural communities in the pre-Meiji period. But prac-
tices such as maintenance of village and agricultural roads and of irrigation and 
drainage ditches through joint activities in which all families contribute labor were 
still practiced in well over half of the hamlets in Japan as recently as 1970 (Ishikawa 
  1981  ). Th e traditional patterns of cooperation have represented an important 
form of social capital on which to erect modern forms of cooperative marketing 
and joint farming activities. Similar cultural resources were not available in many 
South Asian villages where, for example, the caste structure inhibits cooperation 
and encourages specialization (D. Lal 1998; Ruttan   2003  : 232–35). 

 Advances in social sciences that improve knowledge relevant to the design of 
institutional innovations that are capable of generating new income streams or 
that reduce the cost of confl ict resolution act to shift the supply of institutional 
change to the right. Th e research that led to advances in our understanding of 
the production and consumption behavior of rural households in less developed 
countries represents an important example of the contribution of advances in 
social science knowledge to the design of more effi  cient institutions (Schultz 
1964; Nerlove   1974  ; Binswanger et al.   1981  ). In a number of countries this 
research has led to the abandonment of policies that viewed peasant households 
as unresponsive to economic incentives. And it has led to the design of more 
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incentive-compatible factor and product markets and to institutions to make 
more productive technologies available to peasant producers.   10       

   COLLECT IVE ACT ION   

 Modest advances were made, beginning in the late 1950s, by students of what 
became variously known as the “new political economy” or the “new institutional 
economics” to explore the economic and political basis of collective action (Downs 
  1957  ; Olson   1965  ; Hardin   1968  ). Th e penetration of the political economy per-
spective into the traditional territory of political science was initially welcomed 
(or at least not actively opposed) by many political scientists who found the new 
analytical tools drawn primarily from economics useful (Almond   1993  ). 

 Th e major implications drawn by the early practitioners of the new institu-
tional economics were profoundly conservative: “Unless the number of individu-
als in the group is quite small, or unless there is coercion or some other device to 
make individuals act in their common interests, rational self-interested individu-
als will not act to achieve their common or group interests” (Olson   1965  : 2). Th e 
initial positive reception of this “zero contribution” inference was followed by a 
large critical literature. Elinor Ostrom (  2000  : 137–38) has insisted: “Many people 
do vote, not cheat on their taxes, and contribute to voluntary organizations. . . . 
Individuals in all parts of the world voluntarily organize themselves to gain the 
benefi ts of trade, to provide material protection against risk, and to create and 
enforce rules that protect natural resources.” 

 Over several decades Ostrom and colleagues at the University of Indiana’s 
Workshop on Political Th eory and Policy Analysis have brought together the 
results of a massive body of fi eld observations, extensive laboratory evidence, and 
careful theoretical analysis to distill a set of principles that provide fundamental 
insight into the evolution of institutional change and the design of institutional 
innovations (Table   16.2  ). Th e principles articulated in Table   16.2   are drawn, in 
large part, from examples of “spontaneous order” arising out of individual and 
small group behavior. But the lessons drawn from this experience by social science 
research represents the foundation for a set of principles or rules for the design of 
incentive-compatible institutions to enhance economic development at the com-
munity and regional level (Ostrom   1992  ; Boettke and Coyne   2005  ).      

   CON STRUCT ED M ARKE T S   

 In this section I present a case study of the contribution of advances in social sci-
ence knowledge to the design of a contemporary institutional innovation at the 
national level. Th e case involves the design and implementation of an emissions 
trading system to reduce the transaction costs of controlling sulfur dioxide (SO 2 ) 
emissions—an important industrial pollutant. Advances in economic knowledge 
led to an understanding of the very large cost reductions that could be achieved by 
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designing a “constructed market” to replace the “command and control” approach 
to the management of SO 2  emissions.   11    

 Th e concept behind the design of a constructed market for the control of SO 2  
pollutants is fairly simple. It is based on the realization that the behavioral sources 
of the pollution problem can often be traced to poorly defi ned property rights in 

      Table 16.2  Institutional Design Principles  

  Elinor Ostrom and colleagues at the Workshop in Political Th eory and Policy 
Analysis at Indiana University have articulated eight design principles drawn from 
their research on self-organized resource management regimes.  

 Th e  fi rst  design principle is that the presence of clear boundaries and rules . . . 
enables participants to know who is in and who is outside of a defi ned set of 
relationships and thus with whom to cooperate.  

 Th e  second  design principle is that the local rules-in-use defi ne the amount, timing, 
timing and technology of harvesting the resource: allocate the benefi ts proportional 
to required inputs; and are drafted to take local conditions into account.  

 Th e  third  design principle is that most of the individuals aff ected by the resource 
regime can participate in making and modifying the rules. Resource regimes that 
that use this principle are both able to tailor better rules to local circumstances and 
to devise rules that are considered fair by participants.  

 Th e  fourth  design principle is that . . . resource regimes select their own monitors, 
who are accountable to the users or are users themselves and who keep an eye on 
resource conditions as well as on their use.  

 Th e  fi fth  design principle is that the resource regimes use  graduated sanctions  that 
depend on the seriousness and context of the off ense. By creating offi  cial positions 
for local monitors a resource regime does not have to depend only on willing 
punishers to impose personal costs on those who break a rule.  

 Th e  sixth  design principle is the importance of access to rapid, low cost, local arenas 
to resolve confl ict among users or between users and offi  cials. By devising simple, 
local mechanisms to get confl icts aired immediately the number of confl icts that 
reduce trust can be reduced.  

 Th e  seventh  design principle is that the capability of local users to deliver an 
evermore eff ective regime over time is aff ected by whether they have minimal 
recognition of the right to organize by a local, regional or national government unit.  

 Th e  eighth  design principle that characterizes systems when common pool resources 
are somewhat larger is the presence of government activities organized in multiple 
layers of nested enterprises. Among long enduring self-organized regimes, smaller 
scale organizations tend to be nested in ever-larger organizations.  

  Th is table is adapted from the institutional deign principles articulated in Ostrum (  2000  ). Th e institutional 
design rules developed by Ostrom drew heavily on her research on the design and management of irriga-
tion systems. See Ostrom (  1992  ). Th e design principles were most fully articulated in Ostrom (  1990  ).  
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open access natural resources such as air and water. A system of property rights 
and tradable permits for the management of pollution was fi rst proposed in the 
late 1960s by Crocker (  1966  ) and Dales (  1968a ,  1968b  ). Th e suggested institu-
tional innovation did not emerge from its inventors in a fully operational form. 
Th eir proposals were followed by a large theoretical and empirical literature by 
resource and environmental economists (Bohm   1985  ). Design and implementa-
tion involved an extended process of “learning by doing” and “learning by using.” 

 Proposals to replace the command-and-control approach by Presidents 
Johnson and Nixon by effl  uent fees or taxes on pollutants were dismissed as 
impractical and characterized by environmental activists as a “license to pollute.” 
Beginning in the mid-1980s, however, a series of events conspired to make a more 
market-oriented approach to reducing SO 2  emissions politically feasible (Taylor 
  1989  : 28–34; Hahn and Stavins   1991  ; Stavins   1998  ). One was the predilection of 
President George H. W. Bush toward a market-oriented approach to environmen-
tal policy. Another was the enthusiasm of Environmental Protection Agency 
administrator William Reilly and a number of key staff  members in the president’s 
Executive Offi  ce for validating Bush’s desire to be known as “the environmental 
president.” Th ere was also bipartisan support in key congressional committees for 
a variety of market-based approaches to environmental policy. 

 Within the environmental community the Environmental Defense Fund 
(EDF) began to diff erentiate itself from the rest of the environmental community 
by advocating market-based approaches as early as the mid-1980s. In 1989 EDF 
staff  began to work closely with the White House staff  in drafting an early version 
of proposed legislation. Th e credibility of the eff ort was enhanced by the fact that 
EPA Administrator Reilly, formerly president of the Conservation Foundation, 
was a “card-carrying” environmentalist. Executives of several major corporations, 
infl uenced by subtle lobbying by the EDF, commented favorably on the emissions 
trading proposals. 

 Th e design of the SO 2  emissions trading system advanced in the Clean Air Act of 
1990 drew on earlier EPA experience. Th e EPA began experimenting with emissions 
trading permits in 1974. Th e early programs included the elimination of lead in 
gasoline, the phaseout of chlorofl uoro-carbons and halons in refrigeration, and the 
reduction of water pollution from nonpoint sources. Th e early programs had a mixed 
record. Th ey were typically grafted onto existing command-and-control programs. 
Th e diffi  culty of converting from command-and-control programs encountered 
substantial transaction costs. Th ese experiences did, however, provide important 
lessons for the design of more market-oriented trading programs in the 1990s. 

 Th e Clean Air Act created a national market for SO 2  allowances for coal-burning 
electrical utilities. Th e commodity exchanged in the SO 2  emissions trading pro-
gram is a property right to emit SO 2  that was created by the EPA and allocated to 
individual fi rms. A fi rm can make allowances that had been issued to it available 
to be traded to other fi rms by reducing its own emissions of the pollutant below 
its own baseline level. In 1995, the program’s fi rst year, 110 of the nation’s dirtiest 
coal-burning plants were included in the program. Th e aff ected plants were 
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allowed to emit 2.5 pounds of SO 2  for each million British thermal units (Btu) of 
energy that they generated. During Phase II, initially projected to begin in 2000, 
almost all coal-burning plants were scheduled to be included, and allowances 
for each plant were to be reduced to 1.2 pounds per million Btu. Utilities that 
“overcomply” by reducing their emissions more than required may sell their excess 
allowances. Utilities that fi nd it more diffi  cult, or expensive, to meet the require-
ments may purchase allowances from other utilities. 

 Emissions trading has been even more cost eff ective than originally antici-
pated. Prior to initiation of the program the utility industry had complained 
that reducing SO 2  in amounts suffi  cient to meet the projected target (down from 
about 19 million tons in 1980 to 8.95 million tons in 2000) might cost as much as 
$1,500 per ton. By the late 1990s allowances were being sold in the $100–150 
range. Th e decline in the cost of abatement has been due in part to technical 
changes in coal mining and deregulation of rail transport that have lowered the 
cost of low-sulfur coal to midwestern power producers. It has also been due to 
technical changes in fuel blending and SO 2  scrubbing that were induced by the 
introduction of performance-based allowance trading. As a result, benefi ts sub-
stantially exceeded early estimates (Joskow, Smalensee, and Bailey   1998  ). 

 Th e successful experience with SO 2  emissions trading illustrates a very important 
principle in inventing new property rights institutions to manage formerly open 
access resources. In a now classic paper Coase (  1960  ) argued that when only a few 
decision makers are involved in the generation of externalities, the two parties, if 
left to themselves, will voluntarily negotiate new institutional mechanisms—rules 
and payments—that result in a reduction of the externalities to an acceptable level. 
However important the Coase theorem might be for understanding the small insti-
tutional innovations in the Philippine village case presented earlier in this paper, it 
has little relevance to most contemporary large-scale externality problems. 

 Th e important externality problems that concern society today—such as SO 2  
pollution, ozone pollution, or the greenhouse gases responsible for global climate 
change—typically involve large numbers of polluters and even larger numbers of 
persons aff ected by the externalities. In contrast to the evolution of a “natural 
market,” government must establish the conditions necessary for a “constructed” 
market to function. In the SO 2  case it was necessary for an outside principal, the 
U.S. Congress, to defi ne the size (or the boundaries) of the resource, in this case 
the maximum tons of SO 2  emissions, and to establish the trading rules. Th e social 
science eff ort involved in the design and implementation of the institutional 
arrangements and mechanisms to confront such problems requires the mobiliza-
tion of large economic and political resources.      

    5.    Mechanism Design   

 Th e case studies presented in the previous two sections represent important early 
examples of incentive-compatible institutional design. Th ey did not draw on the 
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emerging mechanism design literature. Beginning in the late 1950s Leonid 
Hurwicz and several colleagues began to direct their attention to the design of 
mechanisms and institutions.   12    Th e results of this eff ort have been truly revolu-
tionary! In 2007 the Nobel Prize Committee awarded Hurwicz and two colleagues, 
Roger P. Myerson and Eric Maskin, the Nobel Prize in economics. Th e award com-
mittee noted that mechanism design theory began with the work of Leonid 
Hurwicz in 1960. However, the theory became relevant to a wide variety of appli-
cations only after Hurwicz introduced the key notion of incentive compatibility in 
1972 (Nobel Prize Committee   2007  : 2). 

 As noted above, the orthodox view in economics, articulated by Paul Samuelson 
(  1948  : 321–22), 1970 Nobel awardee, held: “Th e auxiliary (institutional) con-
straints imposed on the variables are not themselves the proper subject of welfare 
economics but must be taken as given.” Friedrich Hayek (  1978  : 3), 1974 Nobel 
awardee, held that institutional change emerged out of organic processes, which 
he termed “spontaneous order.” Th e concept of incentive-compatible mechanism 
design removed the ideological, disciplinary, and ethical blinders that had limited 
the scope of a more analytical and institutional economics. Hayek had feared 
the unintended consequences of eff orts by the market socialists to substitute 
planning for markets. Samuelson viewed the normative judgments involved 
in institutional reform as outside the scope of the discipline of economics. 
Hurwicz, by contrast, insisted that the design of institutional arrangements was 
a central issue for economics. He laid the foundations for what the economist 
termed the “intelligent design” of incentive-compatible institutional arrangements 
(Hurwicz   2007  ).       

 In later work Hurwicz has addressed the question of the feasibility of achieving 
Pareto optimality in both classical and nonclassical environments.   13    It has long 
been recognized that in nonclassical environments economists are confronted, in 
attempting to design mechanisms and institutions, with problems of incomplete 
information, economies of scale, technical change, missing markets, nonmarket 
resource allocation, and other sources of imperfection. As noted above, in such 
environments government or some other authority must often be called in to 
design and enforce reasonably “incentive effi  cient” mechanisms (Sandeep and 
Maskin   2003  ). 

 In a remarkable paper published in 1981, “Incentive Problems in the Design 
of Non-wasteful Resource Allocation,” Hurwicz developed the proof of an 
“impossibility theorem” (fi rst conjectured by Samuelson), that even in an infor-
mationally decentralized classical economy it is impossible to design mechanisms 
or institutions capable of achieving Pareto optimality.   14    One constraint is the 
presence of private information. A second reason is that the operation of the 
mechanisms themselves employ scarce resources. Th us a fi rst, best Pareto opti-
mality is generally not achievable. Th is negative result is extremely important 
because it focuses the attention on the comparative costs of the operation of 
the mechanisms and institutions. It also opens up the issue of the implications of 
new mechanism and institutions designed to improve welfare by generating new 
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income streams (by reducing transaction costs, for example) and by introducing 
new mechanisms that improve the distribution of income (Hurwicz   1972b  : 43). 

 Hurwicz and his colleagues have established a foundation for a new and more 
powerful institutional economics. Th eir work challenges the conservative under-
pinning of Hayek’s concept of spontaneous order, breaks through the disciplinary 
constraints of neoclassical theory, and challenges the relevance of Pareto optimality 
in normative economics.     

    6.    Toward a More Complete Model   

 In Figure   16.2  , I present in graphical form the elements of a pattern model that 
maps the relationships among changes in resource endowments and cultural 
endowments, and changes in technology and institutions.   15    Th e model goes 
beyond the conventional general equilibrium model in which resource endow-
ments, technologies, institutions, and culture (conventionally designated as 
“tastes” in the economics literature) are given.   16    In the study of long-term social 
and economic change the relationships among the variables must be treated as 
recursive and dynamic (Harsanyi   1960  ).  

 An important advantage of the pattern model outlined in Figure   16.2   is that it 
avoids the necessity of choosing between a materialist conception of human 
action, in which agents mechanically respond to changes in resource endowments, 
and an idealist conception of human action, in which agents respond only to sub-
jective changes in cultural endowments (such as religion or ideology). A second 
advantage is that it helps us to identify our areas of ignorance. 
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     Figure 16.2    Interrelationships between Changes in Resource Endowments, Cultural 
Endowments, Technology, and Institutions.     (From Hayami and Ruttan (  1985  : 111)).    
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 Our capacity to model and test the relationships between resource endow-
ments and technical change is relatively strong. In spite of recent advances 
in induced innovation theory and in mechanism and institutional design, our 
capacity to model and test the relationships between cultural endowments and 
either technical or institutional change is relatively weak. 

 Th e model is also useful in identifying model components that have entered 
into attempts by other scholars to account for secular economic and social change. 
I illustrate below with several examples.   17    

 Historians working within the Marxist tradition often tend to view technical 
change as dominating both institutional and cultural change. In his classic book, 
 Oriental Despotism , Wittfogel (mistakenly) viewed the irrigation technology used 
in wet rice cultivation in East Asia as determining political organization (Wittfogel 
  1957  ). In terms of Figure   16.1   his primary emphasis was on the impact of changes 
in resources and technology on institutions (C) and (B). A serious misunderstand-
ing can also be observed in the neo-Marxian critiques of the Green Revolution in 
rice production in Asia (Cleaver   1972  ; Hayami and Ruttan   1985  : 336–45). Th ese 
criticisms focused attention almost entirely on the impact of technical change on 
labor and land tenure relations. Both the radical and populist critics emphasized 
relation (B). But they tended to neglect the eff ects of rising population pressure 
against land (relations [A] and [C]). 

 Economists such as Coase (  1960  ) and Alchian and Demsetz (  1973  ) identify a 
primary function of property rights as guiding incentives to achieve greater inter-
nalization of externalities. North and Th omas, building on the Alchian-Demsetz 
paradigm, attempted to explain the economic growth of Western Europe between 
900 and 1700 primarily in terms of changes in property rights institutions 
(North and Th omas   1970  : 1–17; Field   1981  ). Th e population decline in the four-
teenth and fi fteenth centuries was viewed as a primary factor leading to the 
demise of feudalism and the rise of the national state (line C). 

 Mancur Olson (  1968 ,  1982  ), in an attempt to explain the more rapid growth of 
Germany and Japan relative to the United States and Britain in the fi rst several 
decades after World War II, emphasized the proliferation and rigidity of institu-
tions as a source of economic decline. He also regarded broad-based encompassing 
organizations as having incentives to generate growth and redistribute incomes 
to their members with little excess burden. Th ese distributional coalitions make 
political life more divisive. Th ey slow down the adoption of new technologies 
(line b) and limit the capacity to reallocate resources (line c). Th e eff ect is to slow 
down economic growth or in some cases initiate a period of economic decline. 
In a more recent work Greif (  1994  ) has emphasized the diff erential impact of 
the collectivist cultural endowments of Maghrebi traders and the individualistic 
cultural endowments of Genoese traders on the development of commercial 
institutions in the Mediterranean region in the eleventh and twelfth centuries. 

 Th e impact of diff erences in resource endowments on the international diff u-
sion of institutions has recently been explored in a series of important papers 
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(Engerman and Sokoloff    2002  ; Acemoglu, Johnson, and Robinson   2001  ; Levine 
  2005  ). A common conclusion is that where the disease environment was not 
favorable to settlement, European states established extractive colonies (such as 
the Spanish in Mexico and Peru, Britain in the Gold Coast, and Belgium in the 
Congo). Where the disease environment was favorable, they established settler 
colonies. Where extractive colonies were established, legal institutions were 
adopted that favored the extraction and transfer of resources to the metropolitan 
country and, after independence, to the new ruling elites. In settler colonies, by 
contrast, legal institutions that favored the rule of law and encouraged invest-
ment were established. Th ese diff erences in legal culture and institutions continue 
to explain substantial diff erences in per capita income and income distribution 
(lines F, D, and C). 

 A potential criticism of the pattern model approach depicted in Figure   16.2   is 
that it does not stipulate the mechanisms through which changes in resource 
endowments, for example, induce changes in technology or institutions. However, 
it is not too diffi  cult to visualize some of the most important mechanisms that 
mediate the relationships among changes in resource endowments, technical 
change, and institutional change. Th e market represents a “master mechanism” 
for translating the uncoordinated behavior of individuals into system-level 
coordination (Headstrom and Swedberg   1998  : 3).     

    7.    Perspective   

 What are the implications of the theory of induced institutional change for 
research on the contribution of social science knowledge to economic develop-
ment? In my research with Hayami and Binswanger on the direction and rate of 
technical change we were able to signifi cantly advance our knowledge by treating 
technical change as largely endogenous—as induced primarily by changes in rela-
tive resource endowments and the growth of demand. We were also able to inter-
pret the advances in knowledge about the role of changes in the economic 
environment on the rate and direction of technical change for the design of 
research systems and the allocation of research resources (Ruttan   1982a  , 2001). 

 In this paper I have presented a theory of induced institutional change. I argue 
that the theory has advanced our understanding of the process of institutional 
change. It suggests that substantial new insights have been obtained by treating 
institutional change as a response to changes or diff erences in resource endow-
ments, technical change, and cultural endowments. But, as in the case of technical 
change, my concern goes beyond advancing our understanding of the process of 
institutional innovation. It is essential for the social sciences to advance our 
understanding of the historical processes of social and economic development. 
But that is not suffi  cient! If social science knowledge is to be valued by society, 
it must also advance the knowledge to successfully intervene in the process of 
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development—to reduce the cost of the “trial and error”—that has been the 
constant companion of the historic “organic” processes of institutional innovation. 
A functional goal of the social sciences (including economics) is not just to under-
stand human behavior but to evaluate proposals for institutional reform and to 
design new and better mechanisms and institutions (Myerson   1999  : 1069). 

 Beginning in the mid-1980s I initiated a program of research and writing 
designed to explore in greater depth what development economists should learn 
from scholars in the other nomothetic social sciences—anthropology, sociology, 
and political science—working in the fi eld of development. My book  Social 
Science Knowledge and Economic Development  (Ruttan   2003  ) grew out of that 
eff ort. A consistent theme in that book and in this paper is that advances in social 
science knowledge represent a powerful source of economic growth and more 
broadly of economic development. Advances in social science knowledge repre-
sent a high-payoff  input into economic development. Th is position falls squarely 
into the tradition of Enlightenment political philosophy. Th e U.S. Constitution 
was an early, and magnifi cent, example of this design perspective. 

 Th e design perspective stands in sharp contrast to the organic or evolutionary 
perspective. Hayek, for example, has argued that improvements in institutional 
performance are the result of a process of collective learning that has passed the 
slow test of time and are embodied in a people’s language, culture, and institu-
tions. Th is accumulated knowledge is built into ways of learning and has a power-
ful impact on both the present and the future. Since collective learning occurs at 
the level of the community rather than the individual, there are severe constraints 
on the rational design of policies and institutions. But there can be no presump-
tion that the institutions that emerge out of the process of social evolution, 
unguided by advances in social science knowledge, will result in effi  cient trajecto-
ries of cultural, social, or economic development (Hayek   1967 ,  1978  ; North   1994  ). 
Spontaneous order is not enough! 

 In closing, I would like to emphasize again that the work on incentive-compatible 
mechanism and institutional design initiated by Hurwicz has widened the scope 
for social scientists to contribute to institutional analysis, design, and implemen-
tation. It challenges the adequacy of concepts of spontaneous order and organic 
and evolutionary approaches to the analysis, design, and implementation of insti-
tutional change. It breaks through the disciplinary constraints of neoclassical 
theory and erodes the relevance of Pareto optimality in normative economics. It 
has not yet provided us with an application “tool kit” for mechanism and an insti-
tutional design, but the concept of incentive compatibility is an exceedingly pow-
erful intellectual concept. It may be even more powerful as a metaphor than as an 
analytical concept. 

 Th e pattern model outlined in this paper is built on recursive relationships 
among changes in resource endowments, technology, institutions, and culture. 
Successful institutional innovation will almost always be culture specifi c. It 
involves more than simply institutional (or technology) transfer. Advances in 
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social science knowledge can open up new and productive opportunities for 
institutional innovation and design that enhance development. In the induced 
institutional innovation model there is no role for simple resource, technologi-
cal, institutional, or cultural determinism. Th e dialectical relationships among 
changes in resource and cultural endowments and technical and institutional 
change infl uence the rate and direction of social, political, and economic develop-
ment. And the feedback from these changes becomes the sources of change in 
resource and cultural endowments. 

 Finally, I would like to emphasize the complementary relationship between 
mechanism design theory and the theory of induced institutional innovation. 
Designers are not free to ignore the long-term secular shifts in resource and 
cultural endowments. Nor can they ignore contemporary changes in technical 
and institutional environments.   

    Notes      

       Vernon W. Ruttan, paper prepared for presentation at the Tenth International Workshop on 
Institutional Economics, “Institutions, Technology and Th eir Roles in Economic Growth,” 
University of Hertfordshire, June 17–18, 2008.   

   1.   Th is paper is a revised and extended version of Ruttan   2006  . I also draw on Ruttan and Hayami 
1984 and Ruttan   2001  , 2003.   

   2.   For a review of the role of institutions, and of institutional changes in economic development, 
see Lin and Nugent   1995  . Th ere is considerable disagreement regarding the use of the term 
“institution.” A distinction is often made between the concepts of institution as an organization 
and institutional arrangements. In my own work I have found it useful to employ a defi nition 
that includes both concepts. Th is is consistent with the view expressed by both Commons (  1950  : 
24) and Knight (  1952  : 51). Th is inclusive defi nition was also employed by Davis and North 
(  1971  : 8–9). In his more recent work North excludes organization and confl ates the concepts of 
institution and culture. Th e distinction that I make between institutions and cultural endow-
ments is that institutions are the formal rules and arrangements that govern behavior among 
and within organizations, while cultural endowments are the informal codes of behavior that 
have evolved to infl uence individual and group behavior. Drawing on game theoretic concepts, 
Hurwicz distinguishes between institutions and mechanisms. Institutions are defi ned as fami-
lies of “game forms” or mechanisms. For example, share tenure is defi ned as an institution. It 
includes the entire set of mechanisms (i.e., game forms) in which the rental share ranges between 
0 and 1. Institutions can be represented as a correspondence between game forms (mechanisms) 
and economic environments (Hurwicz   1996  ).   

   3.   “At a certain stage of their development, the material forces of production in society come in 
confl ict with existing relations of production, or—what is but a legal expression for the same 
thing—with the property relations within which they had been at work before. From forms of 
development of the forces of production these relations turn into their fetters. Th en comes the 
period of social revolution. With the change of the economic foundation the entire immense 
superstructure is more or less rapidly transformed” (Marx   1913  : 11–12). For a discussion of the 
role of technology in Marxian thought see Rosenberg   1982  : 34–54.   

   4.   Th e orthodox view was expressed by Samuelson (  1948  : 221–22): “Th e auxiliary [institutional] 
constraints imposed upon the variables are not themselves the proper subject of welfare 
economics but must be taken as given.” Contrast this with the statement by Schotter (  1981  : 61): 
“We view welfare economics as a study . . . that ranks the system of rules which dictate social 
behavior.”   
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    5.   Schotter (  1981  : 3–4) notes that in economics there have been, historically, two distinct inter-
pretations of the sources of institutional change—“organic” and “collectivist.” He identifi es the 
organic view with the work of Hayek and the collectivist view with the work of Commons. 
Hayek (  1978  : 3–22) uses the term “constructivist” rather than “collectivist.”   

    6.   Hayek was apparently referring to a statement by Karl Marx (1936: 15): “Men make their own 
history, but they do not make it as they please; they do not make it under circumstances chosen 
by themselves, but under circumstances directly formed, given and transmitted from the past.” 
Hayek (  1967  : 96–105) regarded the explanation of the unintended patterns and regularities 
as what he termed “constructivism” because of the inability of social theory to anticipate 
unintended consequences.   

    7.   Th ere has been a continuing debate among students of English agricultural history about 
whether the higher rents that landowners received after enclosure was (a) because enclosed 
farming was more effi  cient than open fi eld farming, or (b) because enclosures redistributed 
income from farmers to landowners (Dahlman   1980  ; Allen   1982  ).   

    8.   Demsetz (  1964  ) has pointed out that the relative costs of using market and political institu-
tions is rarely given explicit consideration in the literature on market failure. An appropriate 
way of interpreting the “public goods vs. private goods” issue is to ask whether the costs of 
providing a market are too high relative to the cost of nonmarket alternatives. A similar point 
is made by Hurwicz (  1972b  ).   

    9.   A referee for an earlier draft of this paper raised the question of whether it might be possible 
that errors in social science research might result in institutional innovations that make soci-
ety worse off . Th e reviewer also raised the question of what mechanisms exist to discipline 
political entrepreneurs comparable to the market mechanism in economics. Th ese important 
questions are dealt with in a vast literature in the fi eld of public choice and political economy 
(Acemoglu   2005  ; Dalrymple   2006  ). I return to this issue later in this paper.   

   10.   Th e international agricultural research system organized under the auspices of the Consultative 
Group on International Agricultural Research (CGIAR) represents a particularly impressive 
example of an institutional innovation that became an exceedingly powerful source of improve-
ment in crop technology for developing countries in the tropics (Evenson and Gollin   2003b  ).   

   11.   Th is section draws heavily on Ruttan   2001  : 511–16. For a retrospective perspective on the use 
of tradable permits see Tietenberg   2002  .   

   12.   Hurwicz distinguished between two types of normative analysis. One is to take the organiza-
tional structure as given while considering alternative policies within such a structure. Th e 
other is to take organizational structure itself as the variable. “It is this latter type of choice 
that we have called the designers’ point of view” (Hurwicz   1972b  : 37).   

     13.   “Classical environments are characterized by absence of external economies or diseconomies 
of scale, imperfect divisibility of goods, and convexity or the relevant sets and functions 
describing preferences and technology” (Hurwicz   1972b  : 38).   

   14.   For a more formal treatment see Mass-Corell   1995  : 858–69.   
   15.   Fusfeld used the terms “pattern” or “Gestalt” model to describe a form of analysis that links the 

elements of a general pattern together by logical connections. Th e recursive multicausal relation-
ships of the pattern model imply that the model is always “open”—“it can never include all of the 
relevant variables and relationships necessary for a full understanding of the phenomenon under 
investigation” (Fusfeld   1980  : 33). Ostrom uses the term “framework” rather than “pattern model”. 
“Th e framework for analyzing problems of institutional choice illustrates the complex confi gura-
tion of variables when individuals . . . attempt to fashion rules to improve their individual and 
joint outcomes. Th e reason for presenting this complex array of variables as a framework rather 
than a model is precisely because one cannot encompass the degree of complexity within a single 
model” (Ostrom   1990  : 214). Richard Nelson (  2005  : 195–212) views economic growth as driven 
by the coevolution of physical technologies and social technologies (or institutions).   

   16.   In economics the concept of cultural endowments has traditionally been subsumed under the 
concept of “tastes,” which are regarded as “given”—that is, not subject to economic analysis 
(Stigler and Becker   1977  ; E. L. Jones   1995  ; Ruttan   2003  : 33–67). I use the term “cultural 
endowments” to capture those dimensions of culture that have been transmitted from 
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the past. Contemporary changes in institutions, for example, can be expected to “harden” into 
the next generation’s cultural endowments.   

   17.   Induced innovation theory should be viewed as a diagnostic tool. Accurate prediction is not an 
appropriate test of the theory. If, for example, an increase in population pressure against land 
resources fails to induce the expected innovation in property rights institutions, the appropri-
ate response is to augment the model. Th us in my own work I employ induced innovation 
theory not to predict the eff ects of changes in resource endowments, technology, institutions, 
and culture but rather as a guide to a “dialogue with data” and as a guide to mechanism and 
institutional design.                
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       A few days before his death in August 2008, Vernon Ruttan, Regents Professor at 
the University of Minnesota, came down the hall to my offi  ce, as he often did, for 
a conversation. Vern enjoyed conversation and was very good at it because he was 
a better listener than a talker. We had known each other for thirty years. When 
I was a graduate student in the early 1980s, Vern invited me to come to Minnesota 
to present several seminars on the theory of institutional change, thus seeding 
the possibility that I might be hired as permanent faculty. When I arrived as an 
assistant professor in 1983, he asked for help writing about an ongoing seminar 
he led with Leonid Hurwicz, Minnesota’s 2007 Nobel Prize Winner in Economics, 
on “institutional design” (Runge   1983  ). 

 Twenty-fi ve years later, Leo Hurwicz was dead at age ninety. Vern and I had 
drafted a manuscript, prior to Hurwicz’s death but after the Nobel ceremony, that 
attempted to capture the concrete social and economic implications of Leo’s often 
highly abstract work on institutional design. I proposed that we broaden its scope 
to include Ruttan’s theory of induced innovation, developed with Yujiro Hayami 
at Tokyo Metropolitan University. Based on work by Sir John Hicks and others, 
and explaining technical and institutional choices as responses to relative scarcity, 
this theory is the central idea animating this volume. As the previous chapters 
show, it off ers a rich background for the tapestry of their arguments. 

 Yale’s James Tobin once remarked that he won his economics Nobel by elabo-
rating mathematically that one shouldn’t put all of one’s eggs in a single basket. 
Ruttan and Hayami argued empirically that necessity is the mother of invention. 
Th ey illustrated their argument by comparing the development of agricultural 
technology in Japan with that in the United States. Japan sought to use what it 
had in abundance—labor—in rice cultivation, substituting labor for the land it 
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did not have. By contrast, American agricultural labor was chronically short, while 
land was abundant. Th e history of technical and institutional change in the United 
States portrays a narrative of land-using mechanical technology substituting for 
scarce labor: the Deere plow, McCormick reaper and Case tractor. As Vern used to 
say, when he went away to war and Yale and left his father’s Michigan farm, the 
old man fi nally abandoned horse plowing and bought a tractor. 

 Coupled to this theory of technical change was a complementary theory of 
institutional change: institutional change occurs when social constraints create 
incentives for institutional entrepreneurs to off er a new path, or reorganization, 
of the rules that defi ne societal obligations. An example of such a new path was 
the creation of a system of public education in the United States in the nineteenth 
century that off ered the prospect of literacy and numeracy to those who in the 
Old World would never have contemplated going to school. In 1862, President 
Lincoln signed into law the Morrill Act, allowing funds from the sale of public 
lands to be used to erect universities in states such as Wisconsin and Minnesota, 
universities that emerged in the twentieth century as engines of research in the 
physical and biological sciences as well as in their original areas of focus: agricul-
ture and engineering. Th e Morrill Act was based on the success of the initial land 
grant university, Michigan State University (1855), even then accessible to poor 
students like Vern Ruttan, who attended MSU for one year before entering the 
U.S. armed forces during World War II. Th e Morrill Act set in motion a social pro-
cess of establishing new institutions that encouraged the substitution of  skilled  
labor for  scarce  labor, supporting and reinforcing the technological changes 
unfolding in agricultural machine shops across the Midwest. 

 I once proposed to Vern that his theory of change be linked to the more abstract 
ideas of Hurwicz, who had developed a deep argument concerning the possibility 
of designing institutions that worked. “Worked” is loaded with precise economic 
reasoning, but the idea is basic: from Plato to Montesquieu to Benjamin Franklin 
and James Madison, intelligent designers of institutions have asked whether or 
not certain principles (rules) should govern human conduct. Th ese principles 
include the will of the majority, the rights of minorities, and the fairness of how 
goods are allocated. 

 Hurwicz showed how these and other criteria could be mapped into the design 
of institutions so that people voluntarily opted in favor of the best design, as 
opposed to having it (or other designs) forced upon them. If these principles and 
practices refl ected the felt needs of a group of individuals, then they were net 
improvements over the status quo. Th e tension in the design of new “mecha-
nisms” (rules) was that if everyone’s preferences are to “count,” then no one should 
have an incentive to express them inaccurately. But since incentives for strategic 
misrepresentation of preferences are rife (such as the proverbial free rider prob-
lem), effi  ciency may require the imposition of rules from above, resulting in a 
trade-off  between effi  ciency and free preference revelation. And if a “guardian” is 
chosen to impose rules, then who, Hurwicz (  2008  ) asked, will guard the guardian? 
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As Hayami and Ruttan’s work also showed, factors such as local norms and larger 
cultural preferences could sometimes account for reluctance to rely on seemingly 
desirable technological and institutional innovations. Th is insight was instru-
mental in their interactive four-factor pattern model. 

 A challenge for the next generation of economists is to take the theory of 
choosing a  given  rule (Hurwicz) and relate it to the theory of how these choices 
evolve in response to changing external constraints, such as labor scarcity, over 
time (Ruttan). Longitudinal case studies that look at how those choices are made 
based on norms, social structures, and institutions of collective action, such as 
those completed by Hayami (  1978  ) and Hayami and Kikuchi (  1981 ,  2000  ) in the 
Philippines over a close to forty-year period, contributed to deepening this analy-
sis. Th is larger, more unifi ed theory would then explain the  process  by which new 
rules are chosen and the challenges to their successful implementation. Th e con-
versation with Vern that last afternoon was wide-ranging, but the main idea was 
that economists could do more to help build new and better institutions that 
would, to paraphrase Jeremy Bentham, do more good for more people, and that 
this program of social improvement could and should be part of the agenda of any 
economic research institution. Doing “good” for more people and fi nding new 
ways to do so was part of Ruttan’s agenda to the end, as it was for Hayami. Keijiro 
Otsuka reports, based on his last conversations with Hayami, that Yujiro was con-
cerned with the importance of education; he was active in mentoring students 
and planned to write further regarding the role of education in the economic 
development of Asia, both past and future; he also intended to complete a revi-
sion of his widely used textbook (translated into Chinese in 2003) on develop-
ment education. Otsuka is now continuing these eff orts. 

 In this afterword, I propose to briefl y explicate this line of reasoning. First, 
I focus on the stream of ideas surrounding Hicks’s concept of induced innovation, 
and its widening at the hands of Hayami and Ruttan and others to a more general 
theory of technological and institutional change. I then consider the pivotal envi-
ronmental technology and policy changes advanced beginning in the late 1960s 
and early 1970s, at a point when this stream became a river. Th ird, I off er an inter-
pretation of these concepts’ infl uence on the current debate over international 
climate issues. A stream that became a river is now a widening delta of analysis 
and debate, generating a set of important, if as yet largely untested, issues for 
future research.     

     I.     Induced Innovation Th eory   

 A central insight off ered by John Hicks (  1932  ) in  Th e Th eory of Wages  was that 
technological choice is induced by the relative abundance of factors of production. 
Hayami and Ruttan described this process by using a broader comparison of the 
paths of technological change pursued by the agricultural sectors of the United 
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States and Japan during the nineteenth and twentieth centuries (chapter 10; 
Hayami and Ruttan,   1985  ). Th eir analysis was less strictly based in microeconomics 
than Hicks’s, but was not a fully macroeconomic explanation either, employing 
the device of a “metaproduction function.” In Japan, the relative abundance of 
labor and scarcity of land led to labor-using and land-saving technologies, such as 
intensive irrigated rice-farming systems. In eff ect, the high price of land and 
low price of labor combined to move the path of technological change in this 
direction. In the United States, by contrast, scarce labor and abundant land led to 
labor-saving and land-using technologies, especially large mechanical harvesters 
and chemicals that substitute for labor in production. 

 Early criticisms concerned the lack of a microeconomic mechanism triggering 
this sequence (chapters 2 and 12). In response, Hans Binswanger developed an 
induced innovation model in which research and development, stimulated by 
increases in product demand, shifted the “innovation possibilities frontier” 
(Binswanger and Ruttan   1978  ). Th e choice of a specifi c technique was then guided 
by relative factor scarcity. Th is conception was developed as a theory of fi rm 
behavior, but its application required generalization to a broader set of public and 
private choices, in which inputs and outputs are broadly conceived. It was this 
generalization that allowed the extension beyond simple fi rm behavior to include 
a set of social choices. 

 Th is led induced innovation theory beyond technological development to a 
complementary concept of “induced institutional innovation.” Institutions “are 
the rules of society or of organizations that facilitate coordination among people 
by helping them form expectations which each person can reasonably hold in 
dealing with others” (Hayami and Ruttan   1985  : 94). Th e demand for this coordi-
nation arises from the need for assured benefi ts streams, now and in the future, 
in the form of rules of exclusion and inclusion which institutions supply (Runge 
  1984a ,  1984b  ). Th is may mean developing new property rights in connection with 
factors of production including land, water, and energy, or new institutions to 
guide the allocation of funds, as in public education or agricultural research. While 
some institutional innovations occur only in the private sector (such as the appli-
cation of scientifi c principles to mass production, or “Fordism”), many involve 
collective action by nonmarket institutions in which substantial political costs are 
incurred to enact new taxes, subsidies, or other rules and regulations. 

 In the late twentieth century, induced innovation theory was also heavily infl u-
enced by the probabilistic search process, modeled by Nelson and Winter (  1982  ), 
in which entrepreneurs are described as searching in a distribution, hoping for 
“strikes” in a form of scientifi c prospecting (Ruttan   1997  ). While a search model 
off ers a revealing picture of the groping progress of entrepreneurial explorations 
for new techniques, it does not explicitly account for how the probability of a suc-
cessful search may be aff ected by social choices over technology and institutions. 
Evenson and Kislev (  1975  : 143), for example, working in the Nelson-Winter tradi-
tion, fi rst suggested a model of applied economic research in which the scientist “is 
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assumed to be presented with a given distribution of outcomes whose parameters 
he cannot directly aff ect.” While a reasonable assumption for an individual scientist 
or team, it is important to note that the aggregate consequence of many such eff orts 
may actually be to shift the parameters of the distribution in ways that make new 
discoveries more probable. Th is enrichment of the probability of new discoveries, or 
what Bob Evenson (  1998  ) calls “recharge,” results from a commitment to scientifi c 
and social scientifi c research expenditures, in which social and/or private capital is 
invested at the frontiers of change or progress. Th e more such investments are 
made, the more malleable technology and institutions are likely to be. If such a 
milieu is more conducive to innovation overall, it alters the probability of success-
ful entrepreneurial activities, drawing entrepreneurs to the process and increasing 
the probability that, literally or intellectually, they will “strike it rich.” 

 In addition to the literature on technological innovation, the induced innova-
tion hypothesis is linked to a burgeoning literature on institutional change and 
collective action (see Ostrom et al.   1994  ; Sandler   1997  ), for which Elinor Ostrom 
was recognized by the Nobel Committee in 2009. Both Ruttan (  2003  ) and Hayami 
(  2005  ) wrote about the opportunities and challenges to implementing and 
inducing the adoption of these processes in cases where they are not already in 
place, and often where bureaucratic or other social structural factors have to be 
addressed including the use of incentives. Institutional innovation is clearly 
driven by incentives that require an understanding of the strategic behavior of 
interdependent actors and rules of social choice in the face of social dilemmas. 
Th is is especially true of global or transboundary issues such as climate change, in 
which national governments, acting individually, are unlikely to resolve them. 

 Induced innovation theory has been criticized as excessively neoclassical by 
those who claim that it depends too much on market signals (e.g., factor prices). 
Koppel (  1995  : 58), for example, argued that “the robustness of the inducement 
metaphor is seriously stressed by social and political contexts that simply do not 
correspond to the market (and  ceteris paribus ) assumptions the metaphor carries.” 
More fundamentally, Daniel W. Bromley (  1989  : 23) argued that whatever streams 
of value pertain to induced choices are themselves the result of logically and/or 
historically prior entitlements defi ned by property rights and the institutional 
setup within which choices occur. 

 With respect to market price signals, Hicks and especially Samuelson (  1965  ) 
appear to have interpreted “prices” as shadow (rather than market) price signals 
resulting from constraints imposed by the relative scarcity of factors of produc-
tion. Only in a fi rst-best world would shadow prices and market prices coincide. 
Yet the explanatory power of the theory,  as theory , loses no generality if the con-
straint imposed by physical scarcity is incompletely captured in prices. Th is 
observation is critical in considering environmental scarcity, in which markets 
often fail. Bromley’s objection is that induced innovation theory, especially respect-
ing institutions, is driven by what it seeks to explain, and is in this sense underi-
dentifi ed if not tautological. Th e logical implication is either that institutions 
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(and technology) should always be treated as given, a view that Bromley does not 
support, or that everything is endogenous and mutually causative: there really are 
not any independent variables. 

 Th ere is another approach, reminiscent of debates over capital as “putty-clay” 
(Phelps   1963  ) in which some (perhaps a great deal) of technology and institutions 
are “given” to a particular group by the previous period but in which at least some 
choices of technique, and/or institutions, are more fl exible. Th e determinism 
associated with the prior setup defi nes how much of the choice of current genera-
tions is “clay,” and how much is received as malleable “putty.” Th e putty/clay ratio 
thus determines the scope of both the technical and institutional opportunity 
set. Th e more restricted is this opportunity set, the more “path dependency” in 
technology or institutions is likely to be observed (see David   1985  ). Another 
implication is that the putty-clay ratio, in both technical and institutional choices, 
will defi ne the capacity of individuals and groups to adapt to changes in their 
physical, social, or intellectual environment, based on the degree to which they 
are “set in their ways.” If societies make investment choices that augment their 
putty relative to their clay, they improve their capacity to respond and adapt to 
change, both technologically and institutionally. Whether and when such choices 
are made will be discussed in greater detail below. 

 In summary, the induced innovation hypothesis is often criticized for depend-
ing too much on market prices and not enough on the nonmarket institutions 
aff ecting economic change. Yet relative factor scarcities (not prices) are the funda-
mental basis of the theory, which has enriched the analysis of both technical and 
institutional choice and the factors that lead to particular paths of technological 
or institutional change. Market prices may not refl ect this scarcity due to exter-
nalities or other market failures. Even when prices are distorted or do not accu-
rately refl ect environmental or other values, society may still fi nd that these values 
carry increasing weight. In these circumstances, nonmarket valuations of things 
increasingly perceived as scarce (e.g., biological diversity) can induce a search for 
both technological and/or institutional innovations that allow this relative scar-
city to be better refl ected. Th e probability that this search will be successful will be 
determined largely by investments in appropriate new technology and institu-
tions, and the scientifi c and social scientifi c research that guides this innovation 
process. A fundamental issue is why and when some societies invest in new tech-
nological and institutional possibilities, while others do not. We turn now to the 
idea that certain ecological issues are defi ned by the perception of increasing scar-
city of environmental goods—and the social response that has resulted and con-
tinues to result from this perception.     

     II.     Induced Environmental Change   

 In 1971, the same year in which Hayami and Ruttan’s  Agricultural Development  
was fi rst published, Ruttan delivered his presidential address, “Technology and 
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the Environment,” to the American Agricultural Economics Association (AAEA) 
(Ruttan   1971  , which was further elaborated and extended in his last paper, 
chapter 16 of this volume), Given that the 1971 paper came out only a year after 
the fi rst declaration of Earth Day, it came at a time of great ferment and attention 
to environmental policy innovation in the United States. In a comprehensive 
historical treatment of U.S. environmental policy, Andrews (  1999  ) argued that 
the fi rst two centuries of American history were dominated by natural resource 
extraction, followed in the late nineteenth and twentieth centuries by govern-
ment struggles to manage extraction by balancing it against conservation and, 
occasionally, preservation. Yet only in the 1960s did the American public, awak-
ened by books such as Rachel Carson’s  Silent Spring  (  1962  ), begin widely to appre-
ciate the value of protecting its natural resource heritage. And despite government 
attention to the strategic value of managing these resources for the future (the 
result of the 1952 Paley Commission Report), the public increasingly questioned 
whether existing laws and policies were suffi  cient to do so. At the same time, 
growing per capita incomes meant that leisure could be spent acquiring environ-
mental amenities in the nation’s National Parks and Forests. 

 While struggles continued between those seeking continued extraction of 
resources and those seeking to protect and preserve them, the balance slowly 
shifted in public opinion in favor of advocates of the latter. Led by legal strategies 
developed by groups such as the Environmental Defense Fund and Natural 
Resources Defense Council, court actions and legislative initiatives blossomed. 
By 1970, Lynton Caldwell had for a decade called on government to use environ-
ment as a central focus for public policy (Caldwell   1963  ). Led by Senators Gaylord 
Nelson of Wisconsin, Edmund Muskie of Maine, and Henry Jackson of Washington, 
and acknowledged and signed by President Nixon, the National Environmental 
Policy Act (NEPA) was passed in an extraordinary show of bipartisanship. Richard 
Nixon declared the 1970s the “decade of the environment” and sent Congress a 
blueprint that created the Environmental Protection Agency in December 1970 
(Andrews   1999  : 229). While the political pendulum has swung several times since 
(notably early in the Reagan administration and in the George W. Bush adminis-
tration, when an antiregulatory agenda bloomed) environmental protection 
became a consensus part of the OECD countries’ idea of what governments can 
and should do. 

 At a theoretical level, Ruttan recognized explicitly that induced innovation did 
not require fully functioning markets and that changes in individual and social 
choice could be induced precisely by the fact that such markets were perceived to 
be missing. Ruttan and Hayami wrote in a   1995   retrospective: “In spite of missing 
markets, the rising demand for environmental amenities has induced a response 
in the political marketplace” (Ruttan and Hayami   1995  : 183). Th ey gave emphasis, 
however, to another economic explanation for this process: the role of income 
growth. In eff ect, Hayami and Ruttan argued that only in countries where some 
threshold of affl  uence had been achieved would suffi  cient value be attached 
to environmental amenities to trigger social, including regulatory, responses. 
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Th e exact level of this threshold would become a central point in later debates over 
the environmental “Kuznets Curve.” A corollary claim was that income growth 
had the opposite eff ect on the relative value conferred on commodities, especially 
agricultural goods. Hence, income growth should simultaneously raise the value 
of environmental services while lowering the value of agricultural goods and other 
raw materials and commodities. 

 Th e power of this argument was derived in part from its simplicity. Th e second 
part is really a social projection to all commodities of Engels’ Law: the income 
expansion path for food plotted against other goods is such that total expendi-
tures for food  fall  relative to these other goods with increases in income. Th e 
fi rst part, dubbed “Ruttan’s Principle,” was that the income expansion path for 
environmental amenities plotted against other goods is such that total expendi-
tures for these amenities  rise  relative to other goods with increases in income 
(Runge   1987  : 254). 

 Two important implications follow from this argument. First, Engels’ Law 
(demand for food falls, relative to other goods, with higher incomes), implies that 
as income rises, commodity producers may have a smaller claim on social rents 
than producers of other goods and services. By contrast, Ruttan’s Principle 
(demand for environmental quality rises strongly at higher incomes) implies that 
income growth will lead societal resources to be shifted toward the supply of envi-
ronmental quality and technologies that promote it (see Dunlap   1975  ). Th is is 
reinforced if environmental quality reductions are perceived as irreversible (Smith 
  1975  ). If income eff ects work in this way, they should apply both across countries 
and within them. In the United States, for example, higher-income groups should 
demand environmental quality more strongly than lower-income groups. Recent 
increases in commodity prices and the demand for food, combined with anti-
regulatory hostility to environmental rulemaking, call these observations into 
question, but also suggest that the dialectical struggle is ongoing. 

 Th e dialectical interplay of Ruttan’s Principle and Engels’ Law helps explain 
trends in the environmental regulation of agriculture, as well as relative trends in 
the value attached to environmental amenities versus raw commodities. Ruttan’s 
Principle predicts that if equilibrium between willingness to pay and the implicit 
value of environmental quality is not achieved by markets, higher-income groups 
and countries will have greater reason than poor ones to correct this market 
failure through environmental regulation. Th is suggests, fi rst, that debates over 
environmental quality characteristics, and remedies for missing markets, will be 
most intense in high-income circles. Second, these debates can be expected to 
revolve around what—not whether—something should be done to protect envi-
ronmental quality. Some may favor market or quasi-market solutions while others 
prefer regulation, but environmental quality will increasingly be a consensus 
objective. Correspondingly, international debates over issues such as climate 
change will occur primarily between high-income countries such as Canada, the 
EU, and the United States, countries which expect to contribute to the solutions. 
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Low-income countries, even if they share substantial responsibility for problems 
such as climate change, will plead that more immediate needs, such as food secu-
rity, reduce their obligations to sacrifi ce in the name of the global environment. 

 Looking backward, these arguments anticipated the tensions over climate 
change that would defi ne future fault lines between North and South. 

 [I]n relatively high-income economies the income elasticity of demand 
for commodities and services related to sustenance is low and declines as 
income continues to rise, while the income elasticity of demand for more 
eff ective disposal of residuals and for environmental amenities is high 
and continues to rise. Th is is in sharp contrast to the situation in poor 
countries where the income elasticity of demand is high for sustenance 
and low for environmental amenities. (Ruttan   1971  : 707–8)   

 Th e simple power of the argument that income eff ects are of such primary 
importance has been questioned. Some have also questioned the idea that envi-
ronmental amenities’ value rises with income. It may also be that the comparative 
value of agricultural commodities, or at least the capacity of their producers to 
extract social rents, remains high even at high incomes in countries with strong 
rural traditions and a collective memory of food insecurity, as in much of Europe 
or Japan. Th e idea that income growth, especially growth due to increased trade 
openness, leads to demands for environmental protection, has now become 
central to debates over climate change.     

     III.     Delta: Th e Climate Commons   

 Th e idea that income expansion leads to reductions in environmental damages 
is most famously captured in an inverted Kuznets Curve, in which a pollutant 
such as SO 2  is shown to follow a quadratic or cubic path in relation to increases 
in income (Kuznets   1955  ). Grossman and Kreuger (  1995  ) suggested that data 
from the World Health Organization (WHO) of environmental pollutants 
in forty-four cities across the world showed such a relationship, with the down-
ward slope in pollution beginning at about $5,000 in constant income. 
Unfortunately, some advocates of trade liberalization used this fi nding to advo-
cate trade reform by asserting a kind of automaticity to pollution reductions, as 
if economic growth off ered its own antidote to climate change. Grossman and 
Kreuger made no such claim, instead suggesting that the impacts of income 
growth be decomposed into the impacts on the scale of economic (and pollut-
ing) activity, the techniques of production (more or less pollution intensive) and 
the composition of output (dirtier or cleaner). Th ese arguments were formal-
ized and further advanced by Copeland and Taylor (  1994 ,  1995  ), Selden and 
Song (  1994  ), and Hauer (  1997  ). 
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 We still do not understand the essential mechanisms by which income growth 
leads to reductions in pollution, or whether such reductions even occur in most 
cases, especially given cultural dynamics, with China as the outstanding test 
(Osnos,   2009  ). While recent evidence continues to support the fact that cleaner 
technologies can reduce pollution from the scale of production, such choices of 
techniques generally result from regulatory constraints that raise the private 
costs of polluting behavior (Antweiller et al.   1998  ). In other words, the Kuznets 
function is  itself  subject to diff erent paths depending on technological and insti-
tutional choices, refl ecting the relative value of environmental amenities attached 
to them by diff erent societies. Th e problem of the “climate commons” is one of 
induced innovation in the face of market failure coupled with a global negotiation 
over individual country contributions (Runge   2009  ). Th e question is whether the 
social resources necessary to agree on global solutions will be directed to climate 
change at the rapid rate that will be required. 

 Th is question was at the heart of the struggle in Copenhagen in December, 
2009 over a global climate agreement. Th e political process at both the national 
and the international level was only beginning to respond—and grudgingly—to 
the negative climate impacts of economic growth. Notwithstanding some of the 
examples noted above, agriculture has until recently escaped this oversight rela-
tive to industrial manufacturing in most OECD countries, despite growing evi-
dence that agricultural practices are central to understanding global carbon 
balances (Fargione et al.   2008  ; Searchinger et al.   2008  ). Moreover, the data 
suggest that such responses are much less likely at lower levels of income. In 
the United States and Western Europe, environmental responsibility and even 
corporate environmental activism are very much in favor with the public and a 
large part of the private sector. But in most developing countries (and in the com-
panies that operate there), environmental regulation is regarded as at best an 
aff ectation of the rich, and at worst an excuse to deny market access to Th ird 
World exporters as a form of “green protectionism.” A central conundrum facing 
global climate policy is how to connect incentives for upward harmonization of 
environmental standards to the dynamic process of trade liberalization, while 
avoiding the use of “environmental conditionality” as an excuse for closing off  
market access (Runge   2009  ). 

 Critics of naive interpretations of the Kuznets Curve (including this author) 
have emphasized the role of national and international policy choices in reducing 
greenhouse gas emissions as income grows. Lopez (  1994  ), for example, showed 
that when growth is determined exogenously from environmental quality, if pol-
luters do not internalize the costs of pollution, environmental degradation will 
continue to rise with economic growth. Ezzati et al. (  1998  ) demonstrated that the 
inverted Kuznets Curve can be obtained only in very specifi c circumstances in 
which multiple factors (not just income) interact. Antweiler et al. (  1998  ), in the 
same spirit, noted that it is only when income growth and factor abundance are 
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jointly allowed to determine trade and pollution patterns that meaningful empirical 
estimates are possible. 

 None of this is inconsistent with the earlier work of Ruttan and Hayami and 
with Ruttan’s Principle; it only broadens and deepens the delta of work that it has 
generated. But it remains striking how diff erently the role of global economic 
growth and its impacts on the environment are perceived today from a quarter-
century ago. Th e inverted Kuznets Curve, even if its mechanisms are ill-
understood, suggests an optimistic view of both technological and institutional 
adaptation to climate challenges. Some, however, continue pessimistically to see 
trade, and growth, as engines of destruction (see Runge   1998  ). 

 Th e question of innovation possibilities in the context of climate change is 
also addressed by Otsuka in chapter 1. Th e capital-theoretic idea of a putty-clay 
model, in which output is composed of malleable production goods (putty) that 
are baked into machines (clay) that cannot be turned back into putty remains of 
relevance. In putty-clay models as developed by Salter (  1960  ), Phelps (  1963  ), and 
Solow (  1966  ), the process of transformation is costless and occurs instantaneously 
even if it is irreversible (Nuti   1970  ). Yet if it is recognized that both technologies 
and institutions are given in the short run, and that converting one into the other 
is neither costless nor instantaneous, a theory emerges in which output is appor-
tioned between them in a way that defi nes the range of technical and institutional 
choice. Th e degrees of freedom accorded to these choices depend on the social 
putty-clay ratio, which is in turn a function of investments in research that 
increases the social fl exibility with which new technologies and institutions are 
developed. 

 I conjecture that if we could measure the putty-clay ratio in terms of both the 
technological and institutional opportunities open to individuals in diff erent 
social settings, we would fi nd that societies that invest, both publicly and pri-
vately, in R&D face wider innovation possibilities—again, something stressed by 
Hayami and Ruttan. From this perspective, even if all societies are assumed to 
have an equal proportion of agents that we call (generally ex post facto) “entrepre-
neurs,” the capacity of entrepreneurs to solve technical and institutional prob-
lems will depend on the putty they can mold, versus the clay they are given, as well 
as the costs and time required to remold putty into new technical and institu-
tional forms. Th ese costs and time are in turn a refl ection of prior investments in 
research and development. 

 Where there is little putty and only fi xed methods to deal with, innovation pos-
sibilities are narrowed, making innovation less likely and encouraging a pessimis-
tic view of technological and institutional progress. Where entrepreneurial agents 
are mobile, they will move to lands of putty and abandon traditional lands of clay, 
reinforcing centers of optimism and innovation while leaving vintage clay to 
slowly erode and become obsolete. Over time, therefore, these centers of innova-
tion will become technological and institutional oases where technological and 



336 Can Economic Growth Be Sustained?

institutional optimism is both widely held and widely reinforced not just by inno-
vation possibility, but by its actuality. Cities of clay, by contrast, will become 
centers of technological and institutional pessimism. Silicon Valley, in this sense, 
is a fi gurative oasis of putty; much of the Eastern Europe may be made of elegant 
but eroding clay. How and whether these optimists and pessimists can interact 
successfully in global climate negotiations remains to be seen.     

     IV.     Other Vistas: Institutional Innovation 
in Asian Villages   

 While Ruttan applied institutional innovation theories to environmental issues, 
Hayami did so through his intensive village studies in Asia. Particularly relevant 
to the induced innovation thesis was the pioneering village study of Hayami and 
Kikuchi (  1981  ). Th is study demonstrated that village institutions, including labor, 
employment, and land tenancy systems, are induced to change in order to achieve 
greater effi  ciency in resource allocation and risk sharing as a response to popula-
tion pressure and technological changes in agriculture. Furthering this discussion 
was Hayami and Kikuchi   1981   and   2000  , concerned primarily with institutional 
changes in the Philippine villages; Hayami and Otsuka   1993  , which addresses the 
issue of effi  ciency of land tenancy in Asia; and Hayami and Kawagoe   1993  , which 
explores the development of rural commerce and industries. Th rough these 
studies, Hayami and his colleagues have proved that institutional innovation 
theories are relevant for a proper understanding of changes and diff erences in vil-
lage institutions, which many people may think are rigid and determined by 
customs and traditions. At Ruttan’s suggestion, these village studies added to the 
discussion presented in the second edition of Hayami and Ruttan   1985  . Th us, a 
major diff erence between the fi rst edition of Hayami and Ruttan   1971   and the 
second one lies in the intensive discussions of institutional changes in Asian 
villages. In this way, the second edition was successfully enriched by the village 
studies. Similarly, continuing work is needed on case studies in both the ongoing 
adoption of agricultural innovations in a variety of contexts, including Africa, and 
the adoption of new institutional responses to climate change.     

   Conclusion   

 Hayami and Ruttan’s theory of induced innovation provides a way of looking at 
the history of an idea: that the natural environment has value and that choices 
made in the last four decades have been induced by increases in its perceived 
value. A stream of thought began in Hicks’s insight that fi rms adopt techniques 
according to the relative abundance of factor inputs. Th is stream widened to 
a river of research when Hayami and Ruttan generalized the argument to the 
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technological and institutional choices of diff erentially endowed societies such 
as the United States and Japan. At the same time, Ruttan applied this argument 
to the environment and its value, which together with changes in income could 
be expected to induce choices in favor of environmental protection, especially 
relative to goods such as food, even where (or, indeed, because) markets failed. 
While his primary focus remained the expansion of the theory of induced innova-
tion, Hayami also stressed the importance of this issue in recent articles written 
with Douangneune and Godo (2005) and Dikishit and Mishra (2006). 

 Th e river has now become a delta, based especially in the widening debate over 
income growth and climate change—whether economic progress can create 
the wherewithal to confront climate challenges or is instead an engine of global 
environmental destruction. Fundamentally, this is a debate over whether growth 
in market demand, combined with recognized market failure, leads to induced 
innovations that off er environmental protection through new technologies 
and institutions. It is of particular relevance as income growth occurs in the 
developing world, where optimists believe that environmental protection can 
occur too. Finally, I have observed that how rapidly societies can adapt to change, 
justifying such optimism, ultimately depends on their endowments of technical 
and institutional innovation potential, the amount of putty relative to the amount 
of clay, but that the putty-clay ratio itself may be a result of investments in 
research in both the natural and social sciences.       
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