
i

China’s DileMMa



ii



iii

Asia Pacific Press
 

Brookings Institution Press

socIAl scIences AcAdemIc Press (chInA)

China’s DileMMa
economic growth, the environment and climate change

ligang Song and wing thye woo (eds)



iv

co-published by AnU e Press and Asia Pacific Press
The Australian national University
canberra AcT 0200 Australia
email: anuepress@anu.edu.au
This title available online at http://epress.anu.edu.au/china_dilemma_citation.html

© 2008 AnU e Press, Asia Pacific Press, Brookings Institution Press and  
social sciences Academic Press (china)

This work is copyright. Apart from those uses which may be permitted under the 
copyright Act 1968 as amended, no part may be reproduced by any process without 
written permission from the publisher.
 

national library of Australia cataloguing-in-Publication entry
  

Title:   china’s dilemma : economic growth, the environment and
  climate change / editors ligang song ; Wing Thye Woo.

IsBn:  9780731538195 (pbk.) 
  9781921536038 (pdf.)

notes:  Includes index.
  Bibliography.

subjects: economic development--environmental aspects--china.
  climatic changes--china.
  energy consumption--china.
  china--economic conditions.
  china--environmental conditions.

other Authors/contributors:
  song, ligang.
  Woo, Wing Thye.

dewey number: 338.900951

  

cover design: Teresa Prowse 
cover photo: Jason lyon. istockphoto, File number: 2831996 
Printed in Australia by University Printing service, The Australian national University, 
canberra

C h i n a  B o o k 
international

co-published with socIAl scIences AcAdemIc Press (chInA) 
under the china Book International scheme. This scheme supports 
co-publication of works with international publishers.



v

Contents

Tables v��
F�gures x
symbols x���
Abbrev�at�ons x�v
contr�butors xv�
Acknowledgments xv���

1 ch�na’s d�lemmas �n the 21st century 1
 Ligang Song and Wing Thye Woo

Part I Economic growth: determinants and prospects
2 W�ll ch�na fall �nto stagflat�on? 13
 Yiping Huang
3 Amer�can and european financ�al shocks: �mpl�cat�ons for  

ch�nese econom�c performance 30
 Rod Tyers and Iain Bain
4 Global product�on shar�ng and Us-ch�na trade relat�ons 59
 Prema-chandra Athukorala and Nobuaki Yamashita 
5 rebalanc�ng equ�ty and effic�ency for susta�ned growth 90
 Justin Yifu Lin
6 rural–urban m�grants: a dr�v�ng force for growth 110
 Xiaodong Gong, Sherry Tao Kong, Shi Li and Xin Meng
7 reth�nk�ng th�rty years of reform �n ch�na: �mpl�cat�ons for  

econom�c performance  153 
Xiaolu Wang 

Part II Impact of environment degradation and climate change
8 ch�na’s rap�d em�ss�ons growth and global cl�mate change pol�cy 170
 Ross Garnaut, Frank Jotzo and Stephen Howes
9 ch�na can grow and st�ll help prevent the tragedy of the  

co2 commons 190 
Warwick McKibbin, Peter J. Wilcoxen and Wing Thye Woo 

10 The pol�t�cal economy of em�ss�ons reduct�on �n ch�na: are  
�ncent�ves for low carbon growth compat�ble? 226

 Cai Fang and Du Yang



v�

11 The env�ronmental consequences of fore�gn d�rect  
�nvestment �n ch�na 243

 Qun Bao, Yuanyuan Chen, and Ligang Song 
12 The �mpact of global warm�ng on ch�nese wheat product�v�ty 265
  Liangzhi You, Mark W. Rosegrant, Cheng Fang and  

Stanley Wood
13 Understand�ng the water cr�s�s �n northern ch�na: how do  

farmers and the government respond? 276 
Jinxia Wang, Jikun Huang, Scott Rozelle, Qiuqiong Huang  
and Lijuan Zhang

14 The �mpact of a�r pollut�on on mortal�ty �n shangha� 297
 Health and Mortality Transition in Shanghai Project  

Research Team

Part III  Energy use, the environment and future trends
15 energy and env�ronment �n ch�na 310
 Kejun Jiang and Xiulian Hu
16 ch�nese urban household energy requ�rements and  

co2 em�ss�ons 334
 Jane Golley, Dominic Meagher and Xin Meng
17 can ch�na’s coal �ndustry be reconc�led w�th the env�ronment? 367
 Xunpeng Shi
18 em�ss�ons and econom�c development: must ch�na choose? 392
 Peter Sheehan and Fiona Sun

Index  415



v��

Tables

2.1  est�mat�on of ch�na’s cost d�stort�on  22
3.1 Growth of Us labour product�v�ty �n the non-farm bus�ness sector 34
3.2 reg�onal compos�t�on �n the global model 38
4.1 ch�na’s merchand�se exports: compos�t�on and world market  

share, 1992–93 to 2004–05 63
4.2 share of parts and components �n ch�na’s manufactur�ng trade, 

1992–93, 2000–01 and 2005–06 64
4.3 Geograph�c profile of Us trade  69
4.4 commod�ty compos�t�on of Us trade by partner country 70
4.5 share of parts and components �n Us mach�nery trade 74
4.6 determ�nants of Us manufactur�ng �mports and exports:  

regress�on results, 1992–2005 80
A4.1 data set used �n regress�on analys�s: defin�t�on of var�ables,  

source and var�able construct�on, and the country coverage 88
A4.2 country coverage 89
6.1 census: m�grant numbers by c�ty 121
6.2 Industry d�str�but�on of m�grant workers �n 15 c�t�es 122
6.3 Fam�ly and �nd�v�dual character�st�cs 124
6.4 Job character�st�cs  127
6.5 earn�ngs and work-related welfare 129
6.6 Income, expend�ture and hous�ng cond�t�ons 133
6.7 health and mental health 137
6.8 ch�ldren’s l�v�ng arrangements 138
6.9 Bas�c character�st�cs of m�grants’ ch�ldren 140
6.10 Parental-assessed ch�ldren’s health, educat�on and other 

development outcomes by l�v�ng arrangements 141
A6.1 d�fferent poverty l�nes 150
A6.2 d�fferent poverty l�nes 150
A6.3 deta�led and broad �ndustry categor�es 151
7.1 econom�c performance �n ch�na and russ�a dur�ng the  

reform per�od 155
7.2 Farm output and �ncome before and after agr�cultural  

reform �n ch�na 158
7.3 Proport�on of products subject to market pr�ces 161
7.4 Pr�ce reform �n the first decade: �nflat�on, unemployment and  

GdP growth 163
7.5 ownersh�p structure of the �ndustr�al sector (share �n gross  

output value)  164



v���

8.1 A compar�son of GdP, energy and carbon d�ox�de em�ss�ons  
growth rates and elast�c�t�es for the world and ch�na, 1971–2005 172

8.2 Growth-account�ng project�ons for ch�na, 2005–25 176
9.1 Global econom�c and demograph�c changes, 0–2003 191
9.2 ch�na’s share of global energy consumpt�on and carbon d�ox�de 

em�ss�ons, 1990–2030 197
9.3 Foss�l-fuel augmentat�on factors 217
A9.1 overv�ew of the G-cubed model (vers�on 80J) 225
10.1 summary stat�st�cs of var�ables 231
10.2 econom�c development and sulphur d�ox�de em�ss�ons:  

two-way fixed-effect model 236
11.1 selected l�terature on the relat�onsh�p between FdI and pollut�on 246
11.2 FdI and pollut�on em�ss�ons among d�fferent prov�nces 249
11.3 F�ve �nd�cators of pollut�on em�ss�ons �n ch�na 250
11.4 Bas�c stat�st�cal �nformat�on on pollut�on and FdI 253
11.5 Total sample est�mat�on results 253
11.6 The threshold effect of FdI for five pollutants 255
11.7 est�mat�on results of the three effects 257
11.8 est�mat�on results for coastal eastern reg�ons 257
11.9 est�mat�on results for �nland prov�nces 259
11.10 compar�sons of the FdI–pollut�on nexus among d�fferent reg�ons 260
12.1 est�mated wheat-y�eld funct�on �n ch�na, 1979–2000 269
12.2 compar�son: �mpact of 1ºc �ncrease �n grow�ng-season  

temperature 271
12.3 Account�ng for wheat-y�eld growth 272
13.1 Farmers’ judgements of water shortages �n v�llages �n  

northern ch�na 281
13.2 Water-supply rel�ab�l�ty �n v�llages �n northern ch�na 281
13.3 Adopt�on rate of water-sav�ng technolog�es over t�me �n northern 

ch�na’s v�llages 292
14.1 summary stat�st�cs of mortal�ty outcome, a�r pollut�on levels and 

meteorolog�cal measures by season 301
14.2 relat�ve r�sk (rr) and 95 per cent confidence �nterval (cI) of the  

best s�ngle lagged-day effects by l�near extrapolat�on for a tenth–
n�net�eth percent�le change �n pollutant concentrat�on, 2000–01 303

14.3 relat�ve r�sk (rr) and 95 per cent confidence �nterval (cI) of the  
best s�ngle lagged-day effects by l�near extrapolat�on for a tenth–
n�net�eth percent�le change �n pollutant concentrat�on, 2000–01 305

15.1 ch�nese energy output by fuel, 1990–2006 314



�x

15.2 Gross and structure of ch�nese energy product�on, 1978–2006 315
15.3 major pollut�on em�ss�ons �n ch�na, 1995–2006 318
15.4 energy-conservat�on projects approved by the ch�nese  

government �n 2005 325
15.5 Pr�mary energy demand �n basel�ne scenar�o, mtce 328
15.6 Pr�mary energy demand �n pol�cy scenar�o, mtce 328
15.7 F�nal energy demand �n basel�ne scenar�o 329
15.8 F�nal energy demand �n pol�cy scenar�o 329
15.9 Pol�cy opt�ons used �n the modell�ng study 330
16.1 ch�na’s d�rect energy consumpt�on �n 2005 340
16.2 shares of household consumpt�on expend�ture �n total output  341
16.3 Ind�rect energy requ�rements for rural and urban households  341
16.4 energy and carbon �ntens�t�es by sector �n 2005 343
16.5 carbon coeffic�ents by fuel 345
16.6 Average energy consumpt�on and carbon em�ss�ons by  

�ncome dec�le 347
16.7 Pr�ce per tonne of coal equ�valent 348
16.8 determ�nants of household per cap�ta energy consumpt�on 353
16.9 determ�nants of household per cap�ta carbon em�ss�ons 355
A16.1 Breakdown of per cap�ta expend�ture 364
A16.2 Aggregat�on of survey sectors �nto Table 16.4 sectors 365
A16.3 em�ss�on shares of consumpt�on goods by �ncome dec�le 365
17.1 summary stat�st�cs of the panel data 375
17.2 est�mated results of the fixed-effects sUr model 377
17.3 em�ss�on �ntens�ty and the appearance of the zero em�ss�ons po�nt 378
17.4 est�mated results of the prov�nc�al dummy of the sUr model 379
17.5 summary of factors that affect the changes �n sulphur d�ox�de,  

smoke and dust em�ss�ons, 1997–2006 381
17.6 coal-based power generat�on technology �n ch�na 386
18.1 energy consumpt�on and value added by �ndustry �n ch�na,  

2001–06 403
18.2 model parameters and assumpt�ons for alternat�ve energy runs: 

spec�ficat�ons for the base case and pol�cy opt�ons to 2030 407
18.3 summary of unchanged pol�cy and alternat�ve pol�cy project�ons 410



x

Figures
2.1 Growth of volumes of ch�nese exports and �mports,  

January 2005–may 2008  14
2.2 ch�na’s headl�ne cPI, food cPI and non-food cPI,  

January 1999–may 2008 14
2.3  shares of total exports and Un�ted states-bound exports �n  

ch�na’s GdP, 1993–2007 17
2.4  model s�mulat�on: �mpacts of a 1 per cent slow-down of the  

Us economy 18
2.5  nom�nal and real o�l pr�ces, January 1959–June 2008 18
2.6  share of o�l expend�ture �n GdP and o�l �ntens�ty of GdP, 1976–2007 20
2.7  Growth of land pr�ces and average wages �n ch�na, 2001–2008 22
2.8  central bank benchmark lend�ng rate and commerc�al bank base 

lend�ng rate, January 1991–may 2008 25
2.9  excess l�qu�d�ty and bank cred�t, January 1998–may 2008  26
2.10  monthly �ncrease �n fore�gn reserves, the trade surplus and ut�l�sed 

fore�gn d�rect �nvestment, January 2007–may 2008 26
2.11  The renm�nb�’s nom�nal effect�ve exchange rate and the b�lateral 

exchange rate aga�nst the Us dollar, october 2006–June 2008 27
2.12  shangha� A share stock-market: Pe rat�o and �ndex,  

January 2001–may 2008 27
3.1  Us short and long Treasury bond rates, december 1998–may 2009 32
3.2 The ma�nland ch�na–Us real exchange rate s�nce 1995 on  

producer pr�ces 34
3.3 rate of Us cPI �nflat�on, 1990–2008 35
3.4 The average traded pr�ce of crude petroleum, 1990–2008 35
3.5 other commod�ty pr�ce shocks, 1993–2009 36
3.6 s�mulated effects of the financ�al contract�on on real rates of  

return and �nvestment financ�ng rates, north Amer�ca, 2000–2035 41
3.7 s�mulated effects of the financ�al contract�on on real rates of  

return and �nvestment financ�ng rates, Western europe, 2000–2035 41
3.8 s�mulated effects of the financ�al contract�on on �nvestment,  

2000–2035 42
3.9 s�mulated effects of the financ�al contract�on on GdP, 2000–2035 43
3.10 s�mulated effects of the financ�al contract�on on reg�onal �mports, 

2000–2035 43
3.11 s�mulated effects of the financ�al contract�on on b�lateral real 

exchange rates relat�ve to north Amer�ca, 2000–2035 45
3.12 s�mulated effects of the financ�al contract�on on real effect�ve 

exchange rates, 2000–2035 45



x�

3.13 s�mulated effects of the financ�al contract�on w�th t�ghter �nward 
cap�tal controls on ch�nese GnP, GdP, �nvestment and �mports,  
2000–2035 48

3.14 s�mulated effects of the financ�al contract�on w�th t�ghter �nward 
cap�tal controls on ch�nese real exchange rates, 2000–2035  48

3.15 s�mulated effects of the financ�al contract�on w�th compensat�ng 
reserve accumulat�on (temporar�ly �ncreased sav�ng) on ch�nese  
GnP, GdP, �nvestment and �mports, 2000–2035 50

3.16 s�mulated effects of the financ�al contract�on w�th compensat�ng 
reserve accumulat�on (temporar�ly �ncreased sav�ng) on ch�nese  
real exchange rates, 2000–2035 50

4.1 Us–ch�na trade, 1990–2006 66
4.2 Us trade defic�t: ch�na’s share �n comparat�ve perspect�ve,  

1990–2006 66
4.3 ch�na’s b�lateral trade balance, 1992–2006 68
4.4 Us trade �n IcT goods d�saggregated �nto parts and components  

and final goods, 1990–2006 73
6.1 m�grat�on and econom�c structural changes, 1997–2005 112
6.2 m�grat�on and GdP per cap�ta growth, 1997–2005 112
6.3 Age d�str�but�on of m�grants from d�fferent samples 126
6.4 Years of school�ng by b�rth year, 1950–1990 126
6.5 earn�ngs growth, 1991–2007 (first job, first month) 131
6.6 Per cap�ta monthly �ncome and expend�ture 134
6.7 Age d�str�but�on of m�grant ch�ldren by current l�v�ng arrangements 140
6.8 ch�ldren’s parental-assessed health status by age and current  

l�v�ng arrangement 142
6.9 Parental-assessed excellent performance at school by age and  

current l�v�ng arrangement 143
6.10 Parents worr�ed about ch�ld’s school work by age and current  

l�v�ng arrangement 143
8.1 carbon d�ox�de em�ss�ons/GdP, energy/GdP and carbon d�ox�de 

em�ss�ons/energy for the world and ch�na, 1971–2005 173
8.2 energy consumpt�on �n ch�na, levels and growth, 1978–2006 174
8.3 energy �ntens�ty �n ch�na and other develop�ng countr�es,  

1971–2005 177
8.4 energy �ntens�ty �n ch�na, Japan, korea and Ta�wan, 1971–2005 180
8.5 h�stor�cal and projected carbon d�ox�de em�ss�ons levels, 1990–2030 181
8.6 ch�na’s future em�ss�ons or em�ss�on ent�tlements under d�fferent 

scenar�os, 2000–2030 184



x��

9.1 compar�son of project�ons of energy consumpt�on �n ch�na,  
1990–2030 195

9.2 energy consumpt�on �n ch�na by source, 1980–2005 198
9.3 ch�nese GdP growth �n purchas�ng power par�ty, 1980–2005 199
9.4 energy per un�t of GdP, 1980–2005 199
9.5 Project�ons of carbon d�ox�de em�ss�ons by fuel type �n ch�na,  

1990–2030 200
9.6 Global carbon d�ox�de em�ss�ons from foss�l fuels, 1990 and 2030 201
9.7 ch�na’s carbon d�ox�de em�ss�ons from energy, 2008–2050 213
9.8 ch�na’s GdP change from em�ss�ons reduct�on, 2008–2050 213
9.9 ch�na’s carbon d�ox�de em�ss�ons from energy under alternat�ve 

technology assumpt�ons, 2008–2050 217
10.1 em�ss�ons and removals per cap�ta of sulphur d�ox�de �n ch�na, 

1991–2006 232
10.2 reg�onal compos�t�on of sulphur d�ox�de em�ss�ons, 1991–2006 234
10.3 sulphur d�ox�de em�ss�ons aga�nst per cap�ta GdP by prov�nce, 

1991–2006 234
10.4 env�ronmental kuznets curve: 29 prov�nces 236
10.5 env�ronmental kuznets curve: coastal prov�nces 237
10.6 env�ronmental kuznets curve: central and western ch�na 
10.7 chang�ng trends of carbon d�ox�de and sulphur d�ox�de em�ss�ons 237
12.1 correlat�on between grow�ng-season temperatures and  

wheat-y�eld change due to cl�mate change 240
13.1 evolut�on of �rr�gat�on management �n n�ngx�a Prov�nce, 
 1990–2004 286
13.2 changes �n water management �nst�tut�ons, 1995–2004 286
13.3 d�fferences of per cap�ta cropp�ng �ncome and total �ncome  

between water-sell�ng households and water-buy�ng  
households, 2004 289

15.1 energy product�on and consumpt�on �n ch�na, 1960–2007 311
15.2 Pr�mary energy use �n ch�na by energy type, 1957–2006 311
15.3 Introduct�on of energy-effic�ency �mprovements �n steel mak�ng  

�n ch�na, 1970–2000 312
15.4 energy-effic�ency �mprovement �n ch�na, 1960–2006 312
15.5 carbon d�ox�de em�ss�ons �n ch�na, 1990–2006 318
16.1 Total energy, carbon em�ss�ons and energy effic�ency, by �ncome 349
16.2 Ind�rect energy, carbon em�ss�on and energy effic�ency, by �ncome 349
16.3a d�rect energy, carbon em�ss�on and energy effic�ency, by �ncome 350



x���

16.3b d�rect energy, carbon em�ss�on and energy effic�ency excl.  
coal, by �ncome 350

16.4 Yuan carbon em�ss�ons by �ncome percent�le 351
16.5 Pred�cted relat�onsh�p between household energy consumpt�on  

per cap�ta and �ncome 359
16.6 Pred�cted relat�onsh�p between household carbon em�ss�ons  

per cap�ta and �ncome 359
17.1 coal �ndustry development and a�r pollut�on em�ss�ons, 1997–2006 370
17.2 h�stor�cal changes �n the five factors �n the �ndex-decompos�t�on 

study, 1990–2006 376
17.3 decompos�t�on of sulphur d�ox�de em�ss�ons changes �n ch�na, 

1997–2006 382
17.4 decompos�t�on of smoke em�ss�ons changes �n ch�na, 1997–2006 382
17.5 decompos�t�on of dust em�ss�ons changes �n ch�na, 1997–2006 383
18.1 energy �ntens�ty and the energy elast�c�ty of GdP �n ch�na,  

1979–2006 395
18.2 carbon d�ox�de em�ss�ons from fuel combust�on �n ch�na,  

2005–30: the base case and alternat�ve pol�cy cases 411

Symbols used in tables
.. not ava�lable
n.a. not appl�cable
- zero
. �ns�gn�ficant         



x�v

Abbreviations

AdB As�an development Bank
APec As�a Pac�fic econom�c cooperat�on 
AseAn Assoc�at�on of southeast As�an nat�ons
BIs Bank for Internat�onal settlements
BP Br�t�sh Petroleum Global l�m�ted
BTU Br�t�sh thermal un�t
cAss ch�nese Academy of soc�al sc�ences
cGe computable general equ�l�br�um 
cPI consumer pr�ce �ndex
cWIm ch�na Water Inst�tut�ons and management
eIA energy Informat�on Adm�n�strat�on
ekc env�ronmental kuznets curve
FdI fore�gn d�rect �nvestment
FIe fore�gn-�nvested enterpr�ses
FTA Free Trade Agreement
gce grams of coal equ�valent
GdP gross domest�c product
GIoV value of gross �ndustr�al output
GTAP Global Trade Analys�s Project
hrs household reg�strat�on system (hukou)
hrs household respons�b�l�ty system
IcT �nformat�on and commun�cat�on technology
IeA Internat�onal energy Agency
IGcc �ntegrated gas�ficat�on comb�ned-cycle
ImF Internat�onal monetary Fund
Io �nput-output (analys�s)
IPcc Intergovernmental Panel on cl�mate change
mcl m�n�mum cost of l�v�ng
mFA mult�fibre Arrangement
mPc marg�nal propens�ty of consumpt�on
mtoe m�ll�on tonnes of o�l equ�valent
mWh mck�bb�n–W�lcoxen hybr�d approach
nBs nat�onal Bureau of stat�st�cs
nGo non-government organ�sat�on
nAFTA north Amer�can Free Trade Agreement



xv

ndrc nat�onal development and reform comm�ss�on
nerI nat�onal econom�c research Inst�tute
oecd organ�sat�on for econom�c co-operat�on and development
oeF oxford econom�c Forecast�ng model
PBc People’s Bank of ch�na
Phh pollut�on heaven hypothes�s
PPP purchas�ng power par�ty
Prc People’s republ�c of ch�na
reer real effect�ve exchange rates
rmB renm�nb�
sce standard coal equ�valent
sce state-controlled enterpr�se
sePA state env�ronmental protect�on adm�n�strat�on
sITc standard Internat�onal Trade class�ficat�on
sme small and med�um enterpr�se
soe state-owned enterpr�se
tcae  tonnes of carbon equ�valent
TFP total factor product�v�ty
TVe townsh�p and v�llage enterpr�se
WGe waste-gas em�ss�ons
Who World health organ�zat�on
WTo World Trade organ�zat�on
WUA water user assoc�at�ons



xv�

Contributors

Prema-chandra Athukorala — research school of Pac�fic and As�an stud�es, 
The Austral�an nat�onal Un�vers�ty, canberra
Iain Bain — school of econom�cs, college of Bus�ness and econom�cs, The 
Austral�an nat�onal Un�vers�ty, canberra
Bao Qun — school of econom�cs, nanka� Un�vers�ty, T�anj�n
Cai Fang — Inst�tute of Populat�on and labour econom�cs, ch�nese Academy 
of soc�al sc�ences, Be�j�ng
Cheng Fang — econom�c and soc�al development d�v�s�on, Food and 
Agr�culture organ�zat�on of the Un�ted nat�ons, rome
Yuanyuan Chen — school of econom�cs, nanka� Un�vers�ty, T�anj�n
Du Yang — Inst�tute of Populat�on and labour econom�cs, ch�nese Academy 
of soc�al sc�ences, Be�j�ng
Ross Garnaut — research school of Pac�fic and As�an stud�es, The Austral�an 
nat�onal Un�vers�ty, canberra.
Jane Golley — crawford school of econom�cs and Government, The Austral�an 
nat�onal Un�vers�ty, canberra
Xiaodong Gong — research school of Pac�f�c and As�an stud�es, The 
Austral�an nat�onal Un�vers�ty, canberra
Health and Mortality Transition in Shanghai Project Research Team 
—  Zhongwe� Zhao, X�zhe Peng, Yuan cheng, Xuehu� han, Gu�x�ang song, Feng 
Zhou, Yuhua sh� and r�chard sm�th
Stephen Howes — crawford school of econom�cs and Government, The 
Austral�an nat�onal Un�vers�ty, canberra
Xiulian Hu — energy research Inst�tute, Be�j�ng
Jikun Huang — center for ch�nese Agr�cultural Pol�cy of the ch�nese Academy 
of sc�ences, Be�j�ng
Yiping Huang — c�t�group Global markets As�a l�m�ted, hong kong and 
crawford school of econom�cs and Government, The Austral�an nat�onal 
Un�vers�ty, canberra
Qiuqiong Huang — department of Appl�ed econom�cs, Un�vers�ty of 
m�nnesota, Tw�n c�t�es 
Frank Jotzo — research school of Pac�fic and As�an stud�es, The Austral�an 
nat�onal Un�vers�ty, canberra
Kejun Jiang — energy research Inst�tute, Be�j�ng
Sherry Tao Kong — research school of soc�al sc�ences, The Austral�an 
nat�onal Un�vers�ty, canberra
Shi Li — department of econom�cs, Be�j�ng normal Un�vers�ty, Be�j�ng



xv��

Justin Yifu Lin — ch�na center for econom�c research, Pek�ng Un�vers�ty, 
Be�j�ng and World Bank, Wash�ngton, dc
Warwick McKibbin — school of econom�cs, college of Bus�ness and 
econom�cs, The Austral�an nat�onal Un�vers�ty, canberra
Dominic Meagher — crawford school of econom�cs and Government, The 
Austral�an nat�onal Un�vers�ty, canberra
Mark Rosegrant — env�ronment and Product�on Technology d�v�s�on, 
Internat�onal Food Pol�cy research Inst�tute, Wash�ngton, dc
Scott Rozelle — Freeman spogl� Inst�tute for Internat�onal stud�es, stanford 
Un�vers�ty, cal�forn�a
Peter Sheehan — centre for strateg�c econom�c stud�es, Faculty of Bus�ness 
and law, V�ctor�a Un�vers�ty, melbourne
Xunpeng Shi — crawford school of econom�cs and Government, The 
Austral�an nat�onal Un�vers�ty, canberra.
Ligang Song — crawford school of econom�cs and Government, The 
Austral�an nat�onal Un�vers�ty, canberra
Fiona Sun — centre for strateg�c econom�c stud�es, Faculty of Bus�ness and 
law, V�ctor�a Un�vers�ty, melbourne
Rod Tyers — school of econom�cs, college of Bus�ness and econom�cs, The 
Austral�an nat�onal Un�vers�ty, canberra
Jinxia Wang — centre for ch�nese Agr�cultural Pol�cy, Inst�tute of Geograph�cal 
sc�ences and natural resource research, ch�nese Academy of sc�ences, 
Be�j�ng
Xiaolu Wang — nat�onal economy research Inst�tute, ch�na reform 
Foundat�on, Be�j�ng
Peter J. Wilcoxen — The maxwell school, syracuse Un�vers�ty, new York
Wing Thye Woo — Brook�ngs Inst�tut�on, Wash�ngton, dc, Un�vers�ty of 
cal�forn�a–dav�s and central Un�vers�ty of F�nance and econom�cs, Be�j�ng 
Stanley Wood — env�ronment and Product�on Technology d�v�s�on, 
Internat�onal Food Pol�cy research Inst�tute, Wash�ngton, dc
Xin Meng — department of econom�cs, research school of soc�al sc�ences, 
The Austral�an nat�onal Un�vers�ty, canberra
Nobuaki Yamashita — department of econom�cs and F�nance, la Trobe 
Un�vers�ty, melbourne
Liangzhi You — env�ronment and Product�on Technology d�v�s�on, Internat�onal 
Food Pol�cy research Inst�tute, Wash�ngton, dc
Lijuan Zhang  — center for ch�nese Agr�cultural Pol�cy of the ch�nese Academy 
of sc�ences, Be�j�ng



xviii

Acknowledgments

The China Economy and Business Program gratefully acknowledges the 
financial support for China Update 2008 from the Australian government’s 
development agency, AusAID, and the assistance provided by Rio Tinto through 
the Rio Tinto-ANU China Partnership.



1

China’s dilemmas in the 21st Century

1

China’s dilemmas in the 21st Century

Ligang Song and Wing Thye Woo

Th�rty years of reform (1978–2008) have turned ch�na �nto one of the largest and 
most dynam�c econom�es �n the world. ch�na, however, faces three s�gn�ficant 
and profound challenges towards the end of the first decade of the twenty-
first century: F�rst, to ma�nta�n cont�nued h�gh growth am�d global financ�al 
turbulence, the slow-down of the major econom�es abroad, and some r�s�ng 
soc�ally destab�l�s�ng tens�ons such as grow�ng �ncome �nequal�ty; second, 
to br�ng �ts growth path �n l�ne w�th env�ronmental susta�nab�l�ty; and th�rd to 
manage the r�s�ng demand for energy to moderate o�l pr�ce �ncreases and to 
placate he�ghten�ng domest�c and �nternat�onal concerns about global warm�ng. 
Th�s book, �n three parts, offers some analyses as to how ch�na could confront 
these challenges and d�scusses some of the key �mpl�cat�ons for ch�na and 
the world. 

Part I of the book deals w�th the first challenge of ma�nta�n�ng rap�d and 
susta�nable growth. It covers �ssues such as whether �t �s l�kely that ch�na w�ll 
fall �nto stagflat�on am�d the slow-down of the Us economy and r�s�ng costs of 
product�on. What are the l�kely �mpl�cat�ons of Amer�can and european financ�al 
shocks for ch�nese econom�c performance? Why �s �t �mportant to look at 
the Us–ch�na b�lateral trade �mbalances �n the context of global product�on 
fragmentat�on? What are the cond�t�ons for ach�ev�ng equ�table and susta�nable 
growth �n ch�na; and what are the key lessons that can be learned from ch�na’s 
exper�ence of 30 years of reform?
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Accord�ng to Y�p�ng huang �n chapter 2, ch�na faces an enormous challenge 
�n susta�n�ng �ts rap�d growth and ma�nta�n�ng macroeconom�c stab�l�ty; but 
stagflat�on �s not l�kely to mater�al�se �n ch�na any t�me soon. he attr�butes th�s 
precar�ous future s�tuat�on to three factors: decelerat�on of the Us economy, 
elevated �nternat�onal o�l pr�ces and gradual cost normal�sat�on �n ch�na. h�s 
model does not support the recent cla�m of some ch�na experts that the As�an 
econom�es, and ch�na �n part�cular, have decoupled themselves from the Us 
economy. huang’s model est�mates that a 1 percentage-po�nt slow-down �n the 
Us economy could lower As�an econom�c growth by 1.1 percentage po�nts and 
ch�nese growth by 1.3 percentage po�nts. 

huang emphas�ses that, apart from the �ncrease �n demand for energy 
and r�s�ng marg�nal costs of o�l product�on, financ�al �nvestment demand 
(wh�ch outwe�ghs phys�cal �nvestment demand by a large marg�n) could have 
contr�buted s�gn�ficantly to the o�l-pr�ce jump that slowed growth and ra�sed 
�nflat�on. subs�d�es for fuel are not adv�sable because they cause d�stort�on 
and �neffic�ency w�thout rel�ev�ng demand pressure. ch�na already suffers 
from too many pr�ce d�stort�ons—notably those �n the factor markets (that 
�s, �n the labour, cap�tal and land markets)—that reduce product�on costs 
and ensure h�gh profits, and hence susta�n h�gh �nvestment growth. Because 
the reduct�on of these d�stort�ons through cost normal�sat�on �s an �nev�table 
structural adjustment, ch�na from now on w�ll face stronger than ever �nflat�on 
pressure.

s�nce exports make up more than 40 per cent of ch�na’s gross domest�c 
product (GdP) and most of �ts exports are d�rected to european and north 
Amer�can markets, negat�ve f�nanc�al shocks �n those reg�ons m�ght be 
expected to hamper ch�na’s econom�c growth. rod Tyers and Ia�n Ba�n �n 
chapter 3 use a dynam�c model of the global economy to analyse th�s �ssue. 
They find that a r�se �n north Amer�can and european financ�al �ntermed�at�on 
costs retards ne�ther ch�na’s GdP nor �ts �mport growth �n the short run because 
these shocks set �n tra�n some m�t�gat�ng factors. spec�fically, the temporary 
fl�ght of sav�ngs from organ�sat�on for econom�c cooperat�on and development 
(oecd) countr�es �nto �nvestments �n ch�na ra�ses ch�na’s domest�c aggregate 
demand to offset export decl�ne, therefore ma�nta�n�ng output level. Th�s cap�tal 
�nflow also forces ch�na’s central bank to choose between apprec�at�ng the 
renm�nb� (rmB) more qu�ckly and allow�ng faster �nflat�on: the cho�ce so far 
has been rmB apprec�at�on, wh�ch has boosted �mports. 

The w�den�ng b�lateral trade �mbalances between the Un�ted states and 
ch�na have become a content�ous pol�t�cal �ssue �n the Un�ted states. Prema-
chandra Athukorala and nobuak� Yamash�ta argue �n chapter 4 that the 
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pol�cy debate about Us–ch�na trade relat�ons has been based wrongly on the 
convent�onal not�on of hor�zontal spec�al�sat�on, �n wh�ch trade takes place �n the 
form of final goods. Th�s assumpt�on �gnores the cont�nu�ng process of global 
product�on shar�ng �n wh�ch both countr�es are �ncreas�ngly engaged. The share 
of parts and components �n Us exports to the other east As�an countr�es �s much 
h�gher than Us exports to ch�na; and the�r share �n Us �mports from ch�na are 
remarkably low compared w�th the figures for the other east As�an econom�es, 
as well as the global average. When components are netted out, �t becomes 
ev�dent that ch�na �s spec�al�s�ng �n labour-�ntens�ve n�ches w�th�n otherw�se 
sk�ll-�ntens�ve sectors. Furthermore, the cont�nu�ng process of product�on 
fragmentat�on has �ncreas�ngly blurred the d�fference between merchand�se 
trade and serv�ces trade. Athukorala and Yamash�ta’s conclus�on �s that any 
analys�s that overlooks the exports of new product�on-related serv�ces relat�ng 
to the process of global product�on shar�ng could overstate the magn�tude of 
the Us–ch�na trade �mbalance by a w�de marg�n. Therefore, the w�dely held 
v�ew that ch�na’s rap�d market penetrat�on of the Us economy �s dr�ven by 
unfa�r trade pract�ces needs to be re-exam�ned �n the l�ght of the fact that the 
two econom�es are deeply �nterconnected and �nterdependent w�th�n global 
product�on networks.

Increas�ngly excess�ve �ncome �nequal�ty �s one of the most undes�red 
outcomes of ch�na’s 30-year-long reform. The key quest�on one could ask �s 
whether ch�na should let effic�ency be the focus of pr�mary d�str�but�on, and 
then red�str�bute �ncome through the fiscal system and other government 
measures. Just�n l�n �n chapter 5 argues that th�s course of act�on would be 
unproduct�ve, �f not counterproduct�ve. In h�s op�n�on, equal�ty and effic�ency 
can be ach�eved s�multaneously by adopt�ng a strategy for development that 
follows underly�ng comparat�ve advantage. Th�s strategy leads to a h�gh rate 
of cap�tal accumulat�on, wh�ch, �n turn, automat�cally upgrades product�on 
technolog�es. The outcome �s a spontaneous sh�ft from labour-�ntens�ve 
�ndustr�es to relat�vely cap�tal and technology-�ntens�ve �ndustr�es. l�n bel�eves 
that th�s product�on sh�ft w�ll always move �ncome d�str�but�on �n favour of 
labour. Because th�s strategy requ�res a compet�t�ve market system to work, 
ch�na must deepen the reform of �ts financ�al sector, unw�nd the d�stort�on of 
resource pr�ces, reduce state monopol�es, emphas�se educat�on, �mprove the 
qual�ty of ch�nese �nst�tut�ons and ma�nta�n macroeconom�c stab�l�ty.

ch�na exper�enced a h�stor�cally unprecedented scale of rural-to-urban 
m�grat�on �n the past 30 years. more than 126 m�ll�on rural workers have moved 
from the low-product�v�ty agr�cultural sector to h�gh-product�v�ty urban sectors, 
contr�but�ng s�gn�ficantly to ch�na’s product�v�ty �mprovement and �ncreases �n 
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total output. current knowledge about ch�na’s m�grat�on �s, however, grossly 
�nadequate pr�mar�ly because of a lack of comprehens�ve data for how the 
cond�t�ons of the m�grants and the�r fam�l�es have changed over t�me. In chapter 
6, X�aodong Gong, sherry Tao kong, sh� l� and X�n meng make an �mportant 
attempt to fill th�s knowledge gap by us�ng the data from the first comprehens�ve 
survey of rural–urban m�grat�on �n ch�na collected �n 2007. The study results 
prov�de �nformat�on on the �nd�v�dual and fam�ly character�st�cs of m�grants, the�r 
jobs and job-related welfare, �ncome and poverty dynam�cs, l�v�ng cond�t�ons and 
the broader well-be�ng measures of m�grants such as phys�cal and mental health 
cond�t�ons, and the health and educat�on of m�grants’ ch�ldren. 

X�aolu Wang �n chapter 7 undertakes a reth�nk�ng of ch�nese econom�c trans- 
format�on �n the past 30 years. he looks at the reform approaches �n russ�a and 
ch�na, and quest�ons whether the cond�t�ons of reform could lead to a process 
of Pareto �mprovement—namely, to make one person better off w�thout mak�ng 
someone else worse off. Wang argues that most of the reforms �n ch�na have 
led to �mprovement �n all soc�al groups—at least for the major�ty of people—
and therefore ch�nese reforms have generally ach�eved a process of Pareto 
�mprovement. In h�s op�n�on, a key factor �n determ�n�ng th�s outcome �s that 
the reform pol�cy must take the publ�c �nterest �nto cons�derat�on, wh�ch can be 
accompl�shed through pol�cy debates and pract�cal exper�ments. Agr�cultural 
reform, pr�ce-system reform and ownersh�p reform are c�ted as examples to 
showcase why the ch�nese approach has been successful. 

It �s �mportant, however, to be cogn�sant of the fact that the structural cond�-
t�ons �n ch�na �n 1978 were vastly d�fferent from those �n eastern europe and the 
former sov�et Un�on, and hence that most of the Pareto-�mprovement outcomes 
�n ch�na that Wang �dent�fied were not repl�cable �n trans�t�onal econom�es 
that were h�ghly urban�sed and over-�ndustr�al�sed. In ch�na, market�sat�on of 
�ts economy enabled the movement of underemployed rural labour �nto more 
product�ve �ndustr�al jobs �n the new non-state sector. In russ�a, however, 
market�sat�on by russ�a’s fiscally strapped government meant substant�al 
reduct�on �n subs�d�es to heavy �ndustry and the movement of workers from 
these �nto l�ght �ndustr�es and serv�ces �n the newly legal�sed pr�vate sector. 
In short, econom�c reform �n ch�na meant unleash�ng the econom�c develop-
ment process and, �n russ�a, �t meant �mplement�ng econom�c restructur�ng; 
the former process �s much more l�kely to produce more Pareto-�mprovement 
outcomes than the latter process. 

Just as Prem�er Zhou enla� famously sa�d that �t was st�ll too early to judge 
the success of the French revolut�on of 1789, �t would certa�nly be premature 
to trumpet the super�or�ty of ch�na’s reform pol�c�es. After all, as Wang notes, 
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the task of reform �s not yet accompl�shed. The success of future reform for 
ch�na’s long-run growth and development w�ll depend cruc�ally on whether 
ch�na �s capable of bu�ld�ng governmental �nst�tut�ons that are transparent, 
effic�ent and accountable, and supported by an effect�ve legal system.

Part II of th�s book seeks to address the follow�ng key quest�ons: how much 
does ch�na’s econom�c growth contr�bute to global greenhouse gas em�ss�ons? 
how can ch�na escape from the d�lemma of ach�ev�ng h�gh growth and env�-
ronmental protect�on? What �s the pol�t�cal economy of em�ss�ons reduct�on �n 
ch�na? What are the env�ronmental consequences of fore�gn d�rect �nvestment 
�n ch�na? What are the �mpacts of cl�mate change on the ch�nese economy, 
part�cularly on sectors such as agr�culture? W�ll water shortages �mpose con-
stra�nts on econom�c growth �n ch�na? how much does a�r pollut�on �ncrease 
mortal�ty �n ch�na?

The world has entered a per�od of except�onally fast econom�c growth—
w�th rap�d econom�c development espec�ally �n ch�na, followed by Ind�a and 
many other low-�ncome countr�es—wh�ch could be called the ‘Plat�num Age’ 
(Garnaut and huang 2007). ‘There are reasonable prospects for growth rates �n 
the v�c�n�ty of 10 per cent per annum—or even h�gher for a wh�le—to cont�nue 
for a cons�derable per�od and for growth rates to rema�n h�gh unt�l average 
ch�nese product�v�ty levels and l�v�ng standards are approach�ng the range of 
�ndustr�al�sed countr�es �n the late 2020s’ (Garnaut 2008:3). Th�s rap�d econom�c 
growth goes hand �n hand w�th �ncreas�ng resource use and pressure on the 
env�ronment, �nclud�ng the bu�ld-up of greenhouse gases and the result�ng 
cl�mate change. The comb�nat�on of ch�na’s large, rap�dly grow�ng economy 
and �ts carbon �ntens�ty means that �n the com�ng years ch�na w�ll have an 
�nfluence on greenhouse gas em�ss�ons unmatched by any other country.

ross Garnaut, stephen howes and Frank Jotzo �n chapter 8 prov�de ‘bus�-
ness-as-usual’ project�ons for ch�na’s and the world’s carbon d�ox�de em�s-
s�ons to 2030, by wh�ch t�me ch�na w�ll be respons�ble for 37 per cent of global 
em�ss�ons. Fortunately, ch�na has recently announced goals of reduc�ng the 
energy �ntens�ty of the economy and �ncreas�ng the share of low-em�ss�ons 
energy, and �s start�ng to put a range of amb�t�ous cl�mate change pol�c�es �n 
place. If �mplemented, these pol�c�es w�ll l�m�t em�ss�ons growth to well below 
the bus�ness-as-usual trajectory. ch�na’s goal of l�m�t�ng the growth �n energy 
use to half the growth rate of the economy could become the bas�s for a near-
term em�ss�ons target that w�ll allow �t to play a lead�ng role �n �nternat�onal 
d�scuss�ons. The authors argue, however, that strong domest�c pol�cy act�on �n 
ch�na �s l�kely to happen only �f there �s strong act�on �n other major countr�es, 
espec�ally the Un�ted states. They also bel�eve that a global mechan�sm that 
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ensures comprehens�ve em�ss�ons pr�c�ng (through a carbon tax or an em�ss�ons 
trad�ng scheme) would be the most econom�cally effic�ent way of ach�ev�ng 
the projected em�ss�ons growth targets.

Warw�ck mck�bb�n, Peter W�lcoxen and W�ng Thye Woo po�nt out that under 
‘Plat�num Age’ growth rates, GdP per cap�ta �n ch�na could catch up w�th that 
�n Western europe, Japan and the Un�ted states by 2100. Th�s outcome could 
be underm�ned, however, by a poss�ble fallacy of compos�t�on created by env�-
ronmental constra�nts. The present atmospher�c carbon d�ox�de concentrat�on 
level �s 380 parts per m�ll�on (ppm), and �t �s �ncreas�ng by 2 ppm annually. If, as 
commonly bel�eved, s�gn�ficant �rrevers�ble env�ronmental damage occurs w�th 
carbon d�ox�de concentrat�ons above 560 ppm, there �s the terr�ble poss�b�l�ty 
that e�ther ch�na w�ll not catch up or �t w�ll catch up w�th the r�ch countr�es 
�n 2100 only because of env�ronmentally �nduced �ncome decl�nes occurr�ng 
�n these countr�es. For the world, the challenge �s how to slow carbon d�ox�de 
em�ss�ons adequately to prov�de the breath�ng space requ�red �n wh�ch to de-
velop alternat�ve fuels that are greenhouse gas-free. For ch�na, a key challenge 
�s how to m�n�m�se the negat�ve growth �mpact from l�m�t�ng greenhouse gas 
em�ss�ons. 

mck�bb�n, W�lcoxen and Woo use the G-cubed model to compare the mer�ts 
of three market-based carbon d�ox�de reduct�on mechan�sms: a domest�c 
carbon tax, an �nternat�onal cap-and-trade scheme and the mck�bb�n–W�lcoxen 
hybr�d (mWh) approach. They find the mWh approach to lower GdP growth 
the least  �n the short and m�ddle term; however, as the only long-term solut�on 
�s l�kely to be sh�ft�ng to non-foss�l fuel energy, the authors stress that the 
market-based carbon d�ox�de reduct�on mechan�sm must be comb�ned w�th 
an amb�t�ous program to accelerate the development of green technology. In 
the�r op�n�on, such a program would probably have a h�gher chance of success 
�f some �mportant parts of �t were based on �nternat�onal collaborat�on. 

ca� Fang and du Yang �n chapter 10 attr�bute ch�na’s env�ronmental prob-
lems to �ts growth pattern, wh�ch �s character�sed by: 1) a rel�ance on large 
amounts of factor �nputs (for example, cap�tal) rather than on product�v�ty; 
2) a concentrat�on on those heavy �ndustr�es (for example, steel) that are en-
ergy and pollut�on �ntens�ve; and 3) rap�d econom�c growth dr�ven by strong 
pro-growth central and local governments. Tak�ng these character�st�cs �nto 
account, ca� and du make two po�nts about effect�ve ways to reduce pollu-
t�on. F�rst, �f fore�gn pressure �s the sole factor press�ng ch�na to deal w�th 
�ts env�ronmental problems, em�ss�ons reduct�ons w�ll be small because of 
the lack of �ncent�ves to carry out em�ss�ons reduct�on pol�c�es. second, the 
pol�t�cal economy of em�ss�ons reduct�on relates to the d�fferent react�ons of 
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the affected part�es, �nclud�ng the central government, local governments, 
enterpr�ses and households. The key �s to make relevant regulat�ons �ncent�ve 
compat�ble among all stakeholders. For example, d�fferent pol�cy packages for 
d�fferent reg�ons �n terms of em�ss�ons reduct�on would be needed g�ven the 
ex�stence of a cons�derable heterogene�ty of sulphur d�ox�de em�ss�ons among 
d�fferent reg�ons.

ca� and du bel�eve that the effect�veness of any em�ss�ons reduct�on pol�cy 
l�es eventually �n the endogenous demands for change �n growth patterns and 
for a cleaner env�ronment because ‘there �s now a great deal of ev�dence sup-
port�ng the v�ew that r�s�ng �ncomes affect env�ronmental qual�ty �n a pos�t�ve 
way’ (copeland and Taylor 2004:66). They th�nk that ant�-em�ss�ons pol�cy pack-
ages could be �ncent�ve compat�ble w�th the mot�vat�on of local governments 
for development and the behav�our of enterpr�ses only after ch�na has moved 
to the stage at wh�ch econom�c growth �s generated ma�nly by product�v�ty 
growth.

ch�na has been the largest dest�nat�on for fore�gn d�rect �nvestment (FdI) �n 
the world and the env�ronmental consequences of FdI �n ch�na have attracted 
�ncreas�ng attent�on, w�th grow�ng concerns about the deter�orat�on of ch�na’s 
env�ronment. Qun Bao, Yuanyuan chen and l�gang song �n chapter 11 find that 
there �s an �nverted-U curve relat�onsh�p between FdI and pollut�on, suggest-
�ng that the cont�nued flow of FdI w�ll eventually reduce pollut�on em�ss�ons. 
It also �mpl�es, however, that FdI �nflows �nto the r�cher reg�ons w�ll reduce 
pollut�on wh�le FdI flows �nto the poorer (mostly �nland) reg�ons w�ll worsen 
the�r env�ronment. Bao, chen and song propose that the poorer prov�nces 
should be treated �n the same manner as develop�ng countr�es �n fulfill�ng the�r 
global obl�gat�ons to reduce em�ss�ons. These poorer prov�nces can be g�ven 
financ�al means and technolog�cal support to enable them to comply w�th the 
toughened governmental em�ss�ons regulat�ons. The authors conclude that �t �s 
also �n the �nterest of �nland reg�ons to reduce em�ss�ons even though pollut�on 
abatement efforts w�ll �nvolve add�t�onal costs because much env�ronmental 
damage �s �rrevers�ble.

ch�na �s grow�ng food to feed 1.3 b�ll�on people and there �s �ncreas�ng concern  
about whether cl�mate change w�ll attenuate ch�nese food secur�ty. Th�s �ssue 
�s part�cularly acute because the amount of arable land has been decl�n�ng due 
to rap�d urban�sat�on and �ndustr�al�sat�on. l�angzh� You, mark W. rosegrant, 
cheng Fang and stanley Wood �n chapter 12 �nvest�gate the cl�mate’s contr�- 
but�on to ch�nese wheat-y�eld growth (after controll�ng for phys�cal �nputs). 
They find that the gradual �ncrease �n grow�ng-season temperatures �n the past 
few decades has had a measurable effect on wheat product�v�ty. A 1 per cent 
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�ncrease �n wheat grow�ng-season temperature reduces y�eld by about 0.3 per 
cent. overall, the r�s�ng temperatures from 1979 to 2000 cut wheat-y�eld growth 
by 2.4 per cent. They conclude that th�s negat�ve �mpact w�ll probably become 
worse w�th accelerat�ng cl�mate change �n the future.

Water shortages appear to pose an �mmed�ate env�ronmental threat to 
ch�na’s cont�nued h�gh econom�c growth. The present water s�tuat�on �s already 
fa�rly cr�t�cal because of the uneven d�str�but�on of water and lower than normal 
ra�nfall �n the past 15 years. r�ght now, about ‘400 of ch�na’s 660 c�t�es face 
water shortages, w�th 110 of them severely short’ (The stra�ts T�mes 2004). 
J�nx�a Wang, J�kun huang, scott rozelle, Q�uq�ong huang and l�juan Zhang 
�n chapter 13 report that there �s a water cr�s�s �n northern ch�na because 70 
per cent of the v�llages they surveyed are fac�ng �ncreas�ng water shortages. 
Agr�cultural product�on �n 16 per cent of these v�llages �s severely constra�ned 
by a shortage of water. The�r survey also shows that 10 per cent of the v�llages 
us�ng ground water �n the past decade have seen the�r water tables fall�ng at an 
alarm�ng rate of about 1.5 metres annually. The chapter �dent�fies two problems 
�n responses to the loom�ng water cr�s�s. F�rst, the measures adopted by the 
government, such as better water management, are not be�ng �mplemented 
effect�vely. second, farmers do not always respond �n ways �n wh�ch they save 
water. The common cause of the two problems �s that governments have not 
created the �ncent�ves for farmers to save water. The authors bel�eve that the 
�nst�tut�onal�sat�on of water pr�c�ng and water-use r�ghts pol�c�es would be more 
effect�ve and much cheaper than the south to north Water Transfer Project 
be�ng undertaken by the government.

rap�d econom�c growth and expans�on of urban areas have led to cons�der-
able changes �n the l�v�ng env�ronment for an �ncreas�ng proport�on of the popu-
lat�on �n ch�na, wh�ch �n turn could greatly �nfluence �mprovements �n publ�c 
health and soc�oeconom�c development. The health and mortal�ty Trans�t�on 
�n shangha� Project research Team has conducted a deta�led study of health 
and mortal�ty trans�t�on �n shangha� from the late 1950s to the beg�nn�ng of 
the twenty-first century. The�r find�ngs �n chapter 14 show that a�r pollut�on �n 
shangha� has had a notably negat�ve �mpact on populat�on health and mortal�ty, 
part�cularly �n the case of sulphur d�ox�de em�ss�ons. The study also finds that 
the health �mpacts of a�r pollut�on are more observable �n cold months when 
the level of pollut�on concentrat�on �s markedly h�gher than �n warm months. 
The encourag�ng s�gn �s that the shangha� mun�c�pal government has made 
some progress �n controll�ng a�r pollut�on �n recent years. The concentrat�on of 
part�culate matter reached �ts peak �n 2003 and has been decl�n�ng s�nce. The 
level of n�trogen d�ox�de has also d�splayed a trend of slow decrease desp�te a 
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rap�d �ncrease �n the number of motor veh�cles �n the c�ty. The level of sulphur 
d�ox�de has, however, �ncreased sl�ghtly �n recent years. 

Part III of the book focuses on energy use and the env�ronment. It addresses 
�ssues such as: what �s the relat�onsh�p between ch�na’s energy consumpt�on 
and the env�ronment? how much does household energy consumpt�on 
contr�bute to carbon d�ox�de em�ss�ons? can ch�na’s coal �ndustry be reconc�led 
w�th env�ronmental protect�on? must ch�na choose between rap�d growth and 
acceptable env�ronmental outcomes?

kejun J�ang and X�ul�an hu �n chapter 15 deta�l ch�na’s pos�t�on and pol�c�es 
for deal�ng w�th env�ronmental challenges. In the short run, em�ss�on-m�t�gat�on 
pol�c�es w�ll be �mplemented, ma�nly �ncreas�ng energy effic�ency through 
technolog�cal progress and the development of renewable and nuclear energy. 
In the long run, ch�na’s pol�c�es w�ll focus �ncreas�ngly on reduc�ng greenhouse 
gas em�ss�ons (through measures such as a carbon tax) and adapt�ng to cl�mate 
change. G�ven ch�na’s heavy dependence on the use of coal, �t w�ll work closely 
w�th other countr�es to develop a new generat�on of clean-coal technolog�es. 
ch�na w�ll also readjust �ts econom�c structure towards produc�ng goods that 
are less energy and resource �ntens�ve.

much of the ch�nese l�terature on energy consumpt�on focuses on the �ndus-
tr�al sector, w�th household energy consumpt�on a less researched area. Us�ng 
urban household survey data, Jane Golley, dom�n�c meagher and X�n meng �n 
chapter 16 find that the total energy requ�rements of households �n ch�na are 
substant�ally h�gher when the�r �nd�rect energy requ�rements are added to the�r 
d�rect energy consumpt�on. Poor households are more em�ss�ons �ntens�ve 
than better-off households because of the�r heavy dependence on coal, sug-
gest�ng that pol�c�es a�med at ra�s�ng the �ncome growth of poor households 
would also reduce em�ss�ons of greenhouse gases. The study �dent�fies a l�near 
relat�onsh�p between per cap�ta �ncome and energy demand, h�ghl�ght�ng the 
need for the government to promote ways to reduce the em�ss�ons �ntens�t�es 
of the goods consumed by households.

coal prov�des nearly 70 per cent of ch�na’s pr�mary energy consumpt�on 
and �s the s�ngle most �mportant source of pollut�on �n ch�na. Xunpeng sh� �n 
chapter 17 reports that �t �s est�mated that 85 per cent of the sulphur d�ox�de 
and 60 per cent of the n�trogen ox�des em�tted �nto the atmosphere �n ch�na 
come from the combust�on of coal. The expectat�on �s that the share of coal 
�n ch�na’s pr�mary energy consumpt�on w�ll rema�n unchanged �n the next 20 
years. sh� prov�des some pos�t�ve answers to the quest�on of whether ch�na’s 
coal �ndustry can be reconc�led w�th env�ronmental protect�on. There �s a decl�n-
�ng trend �n waste-gas em�ss�ons because of the fall of the overall em�ss�ons 



10

China’s Dilemma

�ntens�ty, wh�ch has been helped by the appl�cat�on of clean-coal technolog�es 
such as coal wash�ng and dust prec�p�tat�on. Furthermore, �ncreases �n energy 
and carbon pr�ces w�ll accelerate the pace of adopt�ng clean-coal technolog�es, 
mak�ng �t poss�ble for the coal �ndustry to develop together w�th �mprovements 
�n the env�ronment.

desp�te �ts low per cap�ta em�ss�ons, ch�na has now passed the Un�ted 
states as the largest em�tter of carbon d�ox�de, and these em�ss�ons cont�nue 
to r�se rap�dly (Internat�onal herald Tr�bune 2008). Peter sheehan and F�ona sun 
�n chapter 18 exam�ne two quest�ons: 1) whether ch�na has to choose between 
rap�d econom�c growth and stab�l�s�ng em�ss�ons; and 2) whether there are �m-
plementat�on paths w�th�n the current approach by the government that could 
enable ch�na to real�se the tw�n object�ves of ma�nta�n�ng econom�c growth 
and stab�l�s�ng em�ss�ons w�th�n 25–30 years. The�r model s�mulat�ons show 
that there could be some real�st�c opt�ons �n wh�ch ch�na can reduce energy 
use and em�ss�ons w�th cont�nued rap�d development. success �n ach�ev�ng 
th�s object�ve depends on whether ch�na can effect�vely sh�ft the pattern of 
econom�c act�v�ty from energy-�ntens�ve areas (for example, spec�fic forms of 
heavy �ndustry) to �ndustry and serv�ce sectors that are knowledge �ntens�ve 
and rely less on energy and other resource �nputs; and st�mulate the adopt�on 
of advanced technolog�es, processes and pract�ces that are energy effic�ent 
and more env�ronmentally ben�gn. Ach�ev�ng such an outcome �s �n the �nter-
ests of ch�na and the �nternat�onal commun�ty, and �t �s therefore �mportant 
for �ndustr�al�sed countr�es to adopt strong measures to support th�s pol�cy 
�mplementat�on process �n ch�na. 

It �s therefore encourag�ng to learn that ‘pr�ces have already reached levels at 
wh�ch �nvestments �n many alternat�ve energy sources are profitable’ (Garnaut 
and song 2006:393). ‘seek�ng new sources of energy through technolog�cal 
�nnovat�ons and �nternat�onal econom�c and technolog�cal cooperat�on 
would…be an �mportant long-term solut�on to the d�lemma of ma�nta�n�ng the 
susta�nab�l�ty of econom�c growth wh�le protect�ng the env�ronment’ (song 
and sheng 2007:245).

It �s too early, however, to be confident that such opt�m�sm �s just�fied. The 
uncomfortable real�ty rema�ns for ch�na that unless ecolog�cal balance �s 
restored w�th�n the med�um term, env�ronmental l�m�tat�ons could choke off 
further econom�c growth.1 The uncomfortable real�ty for the rest of the world �s 
that the negat�ve consequences of large-scale env�ronmental damage w�th�n a 
geograph�cally large country are seldom confined w�th�n that country’s borders. 
The cont�nued march of ch�na’s desert�ficat�on �n�t�ally brought more frequent 
sand storms to Be�j�ng and then, beg�nn�ng �n Apr�l 2001, sent yellow dust clouds 
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not only across the sea to Japan and korea but across the ocean to the Un�ted 
states. ch�na’s env�ronmental management �s a concern not only for ch�na’s 
welfare, but for global welfare.

Proper management of the env�ronment has now become cr�t�cal �f ch�na �s 
to cont�nue �ts �ndustr�al�sat�on process. The expurgated vers�on of a 2007 World 
Bank report sa�d that ‘about 750,000 people d�e prematurely �n ch�na each year, 
ma�nly from a�r pollut�on �n large c�t�es’ (F�nanc�al T�mes 2007a);2 and a 2007 
oecd study est�mated that ‘ch�na’s a�r pollut�on w�ll cause 20 m�ll�on people 
a year to fall �ll w�th resp�ratory d�seases’ (F�nanc�al T�mes 2007b). Pan Yue, the 
deputy head of ch�na’s state env�ronmental Protect�on Agency, summed up 
the present s�tuat�on �n ch�na very well.

If we cont�nue on th�s path of trad�t�onal �ndustr�al c�v�l�zat�on, there �s no 
chance that we w�ll have susta�nable development. ch�na’s populat�on, 
resources [and] env�ronment have already reached the l�m�ts of the�r capac�ty 
to cope. susta�nable development and new sources of energy are the only 
road that we can take (kynge 2004).

The env�ronment �s an �mportant area �n wh�ch ch�na could help to bu�ld a 
harmon�ous global system. spec�fically, ch�na should be mob�l�s�ng �nternat�onal 
consensus to form an �nternat�onal research consort�um to develop ways to 
burn coal cleanly because ch�na �s now bu�ld�ng a power stat�on a week and 
�s hence able to fac�l�tate extens�ve exper�mentat�on on such prototype plants. 
If successful, th�s global cooperat�on on clean-energy research w�ll unleash 
susta�nable development �n ch�na as well as �n the rest of the world.

Notes

1 The env�ronment �s of course not the only ser�ous obstacle to cont�nued h�gh growth �n 
ch�na. Two other ser�ous obstacles that have a h�gh probab�l�ty of appear�ng are �ts outmoded 
governance structure, wh�ch exacerbates soc�al tens�ons, and �ts trade fr�ct�on w�th the 
Un�ted states and the european Un�on, wh�ch threaten a breakdown of the post-World War 
II mult�lateral free-trade system. see Woo (2007) for a d�scuss�on of these two challenges to 
ch�na’s growth.

2 some 350,000 to 400,000 people d�ed prematurely from a�r pollut�on �n ch�nese c�t�es—300,000 
from poor a�r qual�ty �ndoors and 60,000 (mostly �n the countrys�de) from poor-qual�ty 
water.
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Will China fall into stagflation?

Yiping Huang

The new policy challenge

The grow�ng r�sk of stagflat�on has perhaps been one of the most �mportant 
macroeconom�c surpr�ses around the world s�nce the beg�nn�ng of the year. 
ch�na �s not excluded from the r�sk. Accord�ng to the nat�onal Bureau of 
stat�st�cs (nBs), real gross domest�c product (GdP) growth moderated from 
11.9 per cent �n the fourth quarter of 2007 to 10.6 per cent �n the first quarter of 
2008. Between m�d 2006 and late 2007, the growth of export volumes fluctuated 
largely w�th�n the 20–30 per cent range. After that, however, export growth 
tanked (F�gure 2.1). The growth of �ndustr�al product�on showed a s�m�lar trend, 
espec�ally when adjustments were made for changed producer pr�ces.

meanwh�le, �nflat�on rates cont�nued to reach new h�ghs. dur�ng much of 
2005 and 2006, the headl�ne consumer pr�ce �ndex (cPI) stayed well below 2 
per cent. From the beg�nn�ng of 2007, however, �t began to r�se stead�ly (F�gure 
2.2). In February 2008, the cPI reached a new 11-year h�gh of 8.7 per cent. r�s�ng 
�nflat�on was a result �n�t�ally of sp�kes �n pork pr�ces, but soon �t spread to 
other food markets, w�th the overall food cPI exceed�ng the 20 per cent level 
�n early 2008. The non-food cPI has been largely stable so far; however, non-
food cPI could be underest�mated as the government controls domest�c fuel 
pr�ces. Producer pr�ces accelerated to 8.2 per cent �n may 2008 from below 3 
per cent a year ago.
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F�gure 2.1 Growth of volumes of Chinese exports and imports,  
January 2005–May 2008 (per cent per year/year)
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Note: In draw�ng the chart, I have averaged year-on-year growth rates for January, February 
and march and smoothed out the effect of the ch�nese new Year hol�day. 
Sources: ceIc data company and c�t�.
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F�gure 2.2 China’s headline CPI, food CPI and non-food CPI,  
January 1999–May 2008 (per cent per year/year)
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The comb�nat�on of slow�ng growth and r�s�ng �nflat�on poses ser�ous chall-
enges for ch�nese macroeconom�c pol�cymak�ng. deter�orat�on of the Us econ-
omy, the cont�nu�ng surge of o�l pr�ces, l�beral�sat�on of domest�c factor markets, 
the upcom�ng olymp�c Games and unexpected events such as the recent snow-
storm and earthquake further compl�cate pol�cymakers’ dec�s�ons. 

In fact, the ch�nese government’s macroeconom�c pol�cy stance has already 
swung notably dur�ng the past months. At the beg�nn�ng of december 2007, the 
central econom�c Work conference �dent�fied two top pol�cy pr�or�t�es for 2008: 
fight�ng overheat�ng and controll�ng �nflat�on. As the econom�c cond�t�ons �n 
the Un�ted states deter�orated sharply �n early 2008, however, the state counc�l 
added an add�t�onal goal for �ts macroeconom�c pol�c�es: prevent�ng a sl�de of 
the economy. From may 2008, the env�ronment sh�fted aga�n. The near-term 
outlook for the Un�ted states �mproved stead�ly, w�th many �nvestors bel�ev-
�ng that the worst m�ght be over. In the meant�me, �nflat�on rates cont�nued to 
ratchet up. The ch�nese author�t�es aga�n toughened the�r stance for battl�ng 
�nflat�on problems. 

The heated pol�cy debate has not ended. The ‘hawks’ advocate aggress�ve 
pol�cy t�ghten�ng, �nclud�ng sharp apprec�at�on of the currency. They argue that 
�nflat�on, regardless of �ts compos�t�on, �s a monetary phenomenon; therefore, 
only aggress�ve monetary t�ghten�ng can tame �nflat�on. The ‘doves’, on the 
other hand, warn about the downs�de r�sks to the economy and call for some 
tolerance of h�gher �nflat�on. They po�nt, �n part�cular, to already decl�n�ng 
corporate profits and collapsed equ�ty pr�ces. It follows, then, that cont�nuous 
aggress�ve t�ghten�ng w�ll not only k�ll the growth eng�ne, �t could escalate 
soc�al and financ�al r�sks.

In th�s chapter, I argue that the scenar�o of stagflat�on �s unl�kely to mat-
er�al�se �n ch�na any t�me soon. development �n three areas could, however, 
re�nforce the challenge of slow�ng growth and r�s�ng �nflat�on �n the com�ng year: 
decelerat�on of the Us economy, elevated �nternat�onal o�l pr�ces and gradual 
cost normal�sat�on �n ch�na. We are l�kely to see growth sh�ft�ng to a sl�ghtly 
slower gear—about 10 per cent—wh�le �nflat�on w�ll ratchet up to h�gher levels, 
of about 5–7 per cent, �n the com�ng year or two. 

In th�s env�ronment, pol�cy dec�s�ons w�ll l�kely cont�nue to be d�fficult. W�th 
elevated �nflat�on pressure, however, the central bank w�ll probably ma�nta�n 
�ts t�ghten�ng b�as, w�th a focus on d�rect l�qu�d�ty management. steady 
apprec�at�on of the renm�nb� should also cont�nue. In the meant�me, fiscal pol�cy 
could turn more expans�onary to support post-d�saster reconstruct�on and to 
fac�l�tate �ndustr�al upgrad�ng. If an expans�onary fiscal pol�cy successfully 
boosts domest�c demand and reduces the external surplus, �t could �n the end 
help ease pressures on the currency and �nflat�on.
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US growth and the decoupling thesis

s�nce the outbreak of the sub-pr�me cr�s�s, Us econom�c act�v�ty has slowed 
stead�ly. The annual�sed quarter-on-quarter real GdP growth rate fell from close 
to 5 per cent dur�ng the th�rd quarter of 2007 to below 1 per cent �n the next 
two quarters. econom�sts are st�ll d�v�ded about whether the Us economy w�ll 
fall �nto deep recess�on, but most agree that Us econom�c growth �s l�kely to 
stay well below the trend level for at least several quarters. Th�s should have 
�mportant �mpl�cat�ons for the outlook for the ch�nese economy �n the com�ng 
year.

To some econom�sts, slow�ng growth �n the Un�ted states but steady 
expans�on of the ch�nese economy �n 2007 prov�ded conv�nc�ng ev�dence of 
the decoupl�ng thes�s. The decoupl�ng propos�t�on suggests that as As�an 
econom�es grow and econom�c �nteract�ons between them deepen, the relat�ve 
�mportance of the Us economy for As�a w�ll decl�ne.

The decoupl�ng thes�s �s an exaggerat�on of real econom�c relat�ons, to 
say the least. If anyth�ng, As�a and ch�na’s econom�c l�nkages w�th the Un�ted 
states strengthened, rather than weakened, dur�ng the past 10 years. ch�na, 
�n part�cular, became a much more open economy. The export share of GdP 
rose from 18.6 per cent �n 1997 to 36.1 per cent �n 2007, wh�le the share of Un�ted 
states-bound GdP �ncreased from 3.3 per cent to 6.9 per cent �n the same 
per�od (F�gure 2.3).

The fact that ch�nese growth d�d not soften alongs�de slow�ng Us growth 
�n 2007 was probably more of a spec�al s�tuat�on than a general rule. F�rst, 
the slow-down �n the Un�ted states �n 2007 was concentrated �n the hous�ng 
sector; non-hous�ng act�v�t�es cont�nued to grow at 2.5 per cent. The s�tuat�on 
has now changed and the growth slow-down �n the Un�ted states �n 2008 �s 
occurr�ng ma�nly �n the non-hous�ng sector, espec�ally �n consumer spend�ng 
and bus�ness �nvestment. second, soften�ng of Un�ted states-bound exports 
was offset by european Un�on-bound exports, when the euro strengthened 
s�gn�ficantly. Th�s w�ll, however, be d�fficult to repeat; the european economy 
already shows �ncreas�ng weakness and the euro �s under pressure to weaken, 
at least �n the com�ng quarters.

It �s probably also premature to count on grow�ng �ntra-reg�onal trade 
to support As�an econom�c growth. Although �ntra-reg�onal trade grew 
exponent�ally after ch�na jo�ned the World Trade organ�zat�on (WTo) �n 2001, 
the major�ty of th�s—at least 70 per cent—was trade �n �ntermed�ate goods. 
The key dest�nat�ons for As�a’s fin�shed-goods exports are the G3 econom�es 
(the Un�ted states, the european Un�on and Japan, 61 per cent), As�a (21 per 
cent) and the rest of the world (18 per cent). Th�s �mpl�es that As�an domest�c 
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demand �s st�ll not s�gn�ficant enough to support reg�onal econom�c growth, 
should the Us economy slow sharply. As�a and ch�na could become decoupled 
from the Un�ted states and other �ndustr�al econom�es when reg�onal domest�c 
demand �s large enough, but that �s at least 10 years away.

I exam�ne the l�kely �mpacts of a Us slow-down on As�an econom�es through 
model s�mulat�ons apply�ng the oxford econom�c Forecast�ng (oeF) model. 
The results suggest that a 1 percentage-po�nt slow-down �n the Us economy 
could lower As�an econom�c growth on average by 1.1 percentage po�nts and 
reduce ch�nese growth by 1.3 percentage po�nts (F�gure 2.4). The real changes 
are l�kely to be smaller as the model cannot endogenously generate a pol�cy 
response to support growth. In ch�na, for �nstance, the government w�ll most 
l�kely employ fiscal st�mul� �f external demand weakens s�gn�ficantly.

Another mechan�sm that could offset growth moderat�on �n ch�na �s the 
l�kely change �n cap�tal flows. In a world faced w�th slow�ng Us growth and 
r�s�ng Us financ�al r�sk, cap�tal �nflows to ch�na could accelerate, as ev�denced 
by changes dur�ng the first two quarters of 2008. Unfortunately, however, ch�na’s 
econom�c constra�nt �s not a lack of cap�tal; rather, too much cap�tal �nflow 
could further �ncrease domest�c l�qu�d�ty and therefore add further pressure 
to domest�c �nflat�on. 

F�gure 2.3  Shares of total exports and United States-bound exports in 
China’s GDP, 1993–2007 (per cent)
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F�gure 2.4  Model simulation: impacts of a 1 per cent slow-down of the 
US economy (per cent)
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Source: s�mulat�on results apply�ng the oxford econom�c Forecast�ng model.

F�gure 2.5  Nominal and real oil prices, January 1959 – June 2008  
(Us$/barrel)
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The new oil price shock

one of the b�ggest macroeconom�c surpr�ses dur�ng the past year was the 
comb�nat�on of moderat�ng global econom�c growth and r�s�ng o�l pr�ces. The 
West Texas Intermed�ate (WTI) o�l pr�ce rose from less than Us$67.50 per 
barrel �n June 2007 to Us$135/barrel �n June 2008 (F�gure 2.5). even �n real 
terms, the current WTI pr�ce already exceeded the prev�ous peak dur�ng the 
1980 o�l cr�s�s. 

There are a number of hypotheses for why o�l pr�ces �ncreased rap�dly 
although the global economy showed softness. The first hypothes�s h�ghl�ghts 
the grow�ng �mportance of the emerg�ng market econom�es �n �nternat�onal 
o�l markets. In 2008, for �nstance, the emerg�ng market econom�es are l�kely 
to account for all net �ncreases �n global o�l demand. The second hypothes�s 
po�nts to r�s�ng marg�nal costs of o�l product�on. As �t becomes more costly 
to produce o�l, pr�ces have to go up regardless of the cond�t�ons of demand. A 
th�rd hypothes�s reveals a new contr�but�on from financ�al �nvestment demand, 
compared w�th real econom�c demand, �n an env�ronment w�th a deprec�at�ng 
Us dollar. F�nanc�al �nvestment usually accounted for about 16 per cent of 
global o�l demand; today, th�s share �s already 60 per cent.

The first two hypotheses expla�n why o�l pr�ces have been on a long-term 
upward trend, but they fa�l to account for the doubl�ng of o�l pr�ces dur�ng 
the past year. The th�rd hypothes�s—that �s, financ�al demand outwe�gh�ng 
phys�cal demand—probably plays a dom�nant role �n the latest ep�sode of 
o�l pr�ce �ncreases. If that �s the case, however, o�l pr�ces could correct �n the 
com�ng year, espec�ally �f the Us dollar rebounds stead�ly. even �f correct�ons 
do happen, pr�ces could stay at elevated levels. The good old days of o�l pr�ces 
of $20/barrel are probably long gone. o�l pr�ces averaged $72/barrel �n 2007 
and $110/barrel dur�ng the first s�x months of 2008.

h�gh o�l pr�ces could have s�gn�ficant �mpacts on the ch�nese economy. 
Accord�ng to s�mulat�on results apply�ng the oeF model, a $10/barrel �ncrease 
�n the o�l pr�ce could lower ch�na’s real GdP growth by 0.4 percentage po�nts 
and l�ft �ts cPI by 0.2 percentage po�nts. The real observed effects, espec�ally 
the growth effect, were, however, smaller than the model’s pred�ct�ons.

one �mportant reason for the smaller than pred�cted o�l pr�ce �mpacts �s the 
decl�n�ng share of o�l �n product�on over t�me. Fall�ng o�l �ntens�ty of GdP �s a 
global trend as technolog�es �mprove. In ch�na, effic�ency ga�n through reform 
efforts further re�nforces th�s trend. dur�ng the 30 years of econom�c reform, 
ch�na’s o�l �ntens�ty �mproved by about 70 per cent (F�gure 2.6). As a result, 
current o�l expend�ture’s share of nom�nal GdP �s st�ll s�gn�ficantly lower than 
the peak �n 1980, desp�te the recent surge �n o�l pr�ces. Th�s means that GdP 
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growth elast�c�ty of o�l pr�ces changes over t�me, wh�le model pred�ct�ons are 
based on h�stor�cal correlat�ons.

Another �mportant reason for the smaller than expected o�l pr�ce �mpacts 
�s the domest�c fuel pr�ce subs�dy; therefore, changes �n �nternat�onal o�l 
pr�ces do not necessar�ly affect domest�c pr�ces for end users. Th�s effect�vely 
lessens �mpacts on GdP and �nflat�on. The domest�c economy �s not, however, 
ent�rely �nsulated. o�l and electr�c�ty shortages are a common and grow�ng 
phenomenon. In 2007, when �nternat�onal o�l pr�ces averaged Us$72/barrel, 
ch�na’s fiscal subs�dy to o�l pr�ces was about Us$8.2 b�ll�on, or equ�valent to 
0.2 per cent of that year’s GdP. The uncompensated losses of o�l refiners could 
be even greater. 

ch�na �s not the only economy �n As�a that subs�d�ses domest�c fuel pr�ces. 
In Ind�a, Indones�a and malays�a, fiscal subs�dy to o�l pr�ces accounted for 1–1.5 
per cent of GdP �n 2007. All these countr�es adjusted domest�c pr�ces �n may 
or June �n order to reduce the fiscal burden and to �mprove energy effic�ency. 
The r�s�ng o�l pr�ces already generated ser�ous consequences for the ch�nese 
economy. F�scal burdens grew s�gn�ficantly. If o�l pr�ces are susta�ned at the 

F�gure 2.6  Share of oil expenditure in GDP and oil intensity of GDP,  
1976–2007
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Us$130/barrel level, the expl�c�t and �mpl�c�t subs�d�es could amount to 1-2 per 
cent of GdP. The government �s, however, already stretch�ng �ts expend�ture 
on d�saster rel�ef and reconstruct�on. more �mportantly, pr�ce controls also 
cause ser�ous �neffic�ency problems and d�stort�ons to econom�c structure. 
lower energy costs already attract lots of energy-�ntens�ve �ndustr�es to ch�na, 
such as steel m�lls and alum�n�um smelters—�ndustr�es �n wh�ch ch�na does 
not have a comparat�ve advantage. ch�na �s therefore really subs�d�s�ng the 
global �ndustry. lack of demand response �n ch�na, �n turn, added further 
pressures to �nternat�onal o�l markets, espec�ally as ch�na was already a key 
player. Between 2003 and 2007, ch�na accounted for about one-th�rd of the net 
�ncrease �n global o�l demand.

In m�d June, the government finally announced to l�ft gasol�ne pr�ces by 16.8 
per cent, d�esel pr�ces by 18.1 per cent and electr�c�ty tar�ff by 4.5 per cent. The 
upward adjustment of domest�c fuel pr�ces w�ll probably add 0.3 percentage 
po�nt to �nflat�on �n the com�ng months.

These moves were relat�vely modest compared w�th the doubl�ng of the 
�nternat�onal pr�ces dur�ng the past months. In part�cular, as the pol�cy change 
does not establ�sh new mechan�sm l�nk�ng domest�c pr�ces to �nternat�onal 
pr�ces, d�stort�ons rema�n and l�kely w�ll grow aga�n �f �nternat�onal o�l pr�ces 
cont�nue to r�se. But they were �mportant first steps �n reduc�ng domest�c 
d�stort�ons. It’s poss�ble that the author�t�es may adjust domest�c o�l pr�ces �n 
the com�ng year.

The process of cost normalisation

Fuel pr�ce �ncreases are only a small part of the broad cost adjustment currently 
under way �n ch�na. The average wage, for �nstance, has been grow�ng at close 
to 20 per cent year on year dur�ng the past year (F�gure 2.7). Average land 
pr�ces also rose by more than 15 per cent. The base lend�ng rate �s at 7.47 per 
cent—nearly 1 percentage po�nt h�gher than a year ago. The real average bank 
lend�ng rate �s already above 9 per cent. many compan�es are already feel�ng 
the r�s�ng cost pressures and some have been forced to close.

cost d�stort�on has been one �mportant feature of ch�nese econom�c 
�nst�tut�ons dur�ng the reform per�od. After 1978, the author�t�es proceeded to 
rap�dly l�beral�se the goods market. The factor markets, however, rema�n h�ghly 
d�storted. For �nstance, pol�c�es on labour mob�l�ty are st�ll h�ghly restr�ct�ve. 
land belongs to the publ�c and the government controls �ts allocat�on. state-
owned ent�t�es dom�nate the allocat�on of cap�tal. In other words, there are not 
yet well-developed free markets for product�on factors. As a result, pr�ces for 
labour, cap�tal and land are st�ll s�gn�ficantly depressed. Accord�ng to my rough 
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Table 2.1  Estimation of China’s cost distortion (rmB b�ll�on)

Item cost key assumpt�on
1. labour 203 Assum�ng the new labour law �s fully enforced
2. land 154 Assum�ng 20 per cent of land sales revenue �n 2006
3. energy 1,632 rmB1,572 b�ll�on pr�ce d�fference; rmB60 b�ll�on �n 
  resource taxes
4. cap�tal 337 Assum�ng a 2 percentage-po�nt h�ke �n pol�cy rates after  
  financ�al l�beral�sat�on
5. env�ronment 1,080 W�thout cons�der�ng the rmB287.4 b�ll�on per annum   
  ma�ntenance fee
6. others 429 equ�valent to the amount of export tax rebates �n 2006
Total 3,835 15.5 per cent of 2007 GdP

Source: c�t�.

F�gure 2.7  Growth of land prices and average wages in China,  
2001–2008 (per cent per year/year)
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est�mat�on, cost d�stort�ons probably totalled rmB3,835 b�ll�on �n 2007—or 15.5 
per cent of GdP (Table 2.1).

Wh�le cost d�stort�ons were not all the result of del�berate pol�cy dec�s�ons, 
they were cons�stent w�th the pol�cymakers’ clear object�ve of promot�ng 
product�on and econom�c growth. By depress�ng opportun�ty costs for most 
factors, d�stort�ons �n factor markets reduce product�on costs and ensure h�gh 
profits �n product�on. Th�s supports cont�nuat�on of unusual �nvestment growth. 
d�stort�ons �n factor markets, therefore, are l�ke subs�d�es to producers and 
�nvestors, wh�ch fuel extraord�nary growth of the ch�nese economy.

The broad product�on subs�dy reg�me also caused a few problems and r�sks. 
F�rst, econom�c growth becomes �ncreas�ngly �nvestment dependent because 
of h�gh profits from product�on and strong �ncent�ves for �nvestment. second, 
depressed product�on costs boost exports and attract fore�gn d�rect �nvestment. 
Th�rd, �ncome d�str�but�on deter�orates qu�ckly. owners of enterpr�ses capture 
vast product�on profits. In fact, these have developed �nto ser�ous r�sks �n ch�na, 
threaten�ng the susta�nab�l�ty of �ts rap�d growth. Th�s suggests that such a 
reg�me of cost d�stort�on cannot cont�nue forever. 

In fact, �mportant changes have already begun to take place. The recently 
�ntroduced labour contract law prov�des better protect�on of workers’ r�ghts, 
�nclud�ng the�r job secur�ty and soc�al welfare benefits. labour costs could r�se 
sharply once the new law �s r�gorously �mplemented. energy pr�ces are st�ll 
controlled by the state, but the government now �ntends to grant greater roles 
for the market mechan�sms. cap�tal costs have also started to r�se, as a result 
of the t�ghten�ng of domest�c l�qu�d�ty and apprec�at�on of the currency. F�nally, 
the author�t�es have stepped up efforts to protect the env�ronment, respond�ng 
to the recent sharp deter�orat�on of water, land and a�r qual�ty.

Th�s �s what I descr�be as cost normal�sat�on. The whole process could take 
decades to complete, but r�ses �n product�on costs could aga�n add pressure 
to growth and �nflat�on. 

Policy considerations

Pol�cy outlooks could be very uncerta�n �n an econom�c env�ronment �n wh�ch 
growth slows but �nflat�on r�ses. Pol�cymakers m�ght become more hawk�sh when 
�nflat�on becomes a prom�nent r�sk but m�ght turn more dov�sh when there �s 
s�gn�ficant pressure on growth. We need to have a good understand�ng of several 
cr�t�cal quest�ons �n order to gauge the l�kely pol�cy trend �n the com�ng year.

F�rst, �s ch�na’s �nflat�on a temporary pr�ce adjustment or more structural 
�n nature? Pol�cy act�ons should be more restra�ned �f �t’s the former but can 
be more aggress�ve �f �t’s the latter. The offic�al documents so far st�ll use the 
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phrase ‘structural pr�ce �ncreases’. I am sympathet�c to the v�ew that th�s round 
of �nflat�on was tr�ggered �n�t�ally by food pr�ces, but almost every major ep�sode 
of h�gh �nflat�on dur�ng the reform per�od began w�th r�s�ng food pr�ces. W�th 
loose monetary cond�t�ons, the effects of �ncreases �n food pr�ces could spread 
qu�ckly to other sectors. T�ghten�ng of monetary pol�cy should therefore cont�nue 
�n order to control �nflat�on.

second, �s the ch�nese economy overheat�ng? many econom�sts attr�bute 
r�s�ng �nflat�on to such a problem. real GdP growth averaged more than 10 per 
cent dur�ng the past five years and reached 11.9 per cent �n 2007. h�gh growth 
does not, however, necessar�ly equate w�th overheat�ng. overheat�ng occurs 
only when the economy grows at a pace faster than domest�c resources can 
support. ch�na recorded current account surpluses for 14 consecut�ve years. 
In 2007, the current account surplus reached 10.8 per cent of GdP. Th�s means 
that ch�na saved domest�c resources for �nvestment overseas; therefore, ch�na’s 
�nflat�on r�sk probably stems ma�nly from the l�qu�d�ty cond�t�on �nstead of the 
overheat�ng problem.

Th�rd, w�ll the Us slow-down drag down the ch�nese economy s�gn�ficantly? 
In the case of a deep and protracted Us recess�on, ch�na’s exports could 
suffer badly. Th�s m�ght not only slow econom�c growth, �t could create ser�ous 
overcapac�ty problems �n ch�na, wh�ch would, �n turn, ease ch�na’s �nflat�onary 
pressure. Although the Us economy st�ll faces s�gn�ficant uncerta�nty, �ts near-
term outlook has �mproved compared w�th two months ago. Th�s should help 
l�m�t the downs�de r�sks for the ch�nese economy.

F�nally, w�ll the olymp�c Games be an obstacle to the t�ghten�ng pol�cy? 
econom�sts have come to agree that the boom and bust cycle assoc�ated w�th 
the olymp�c Games, often observed �n many countr�es, m�ght not mater�al�se �n 
ch�na. The games could, however, st�ll serve as an �mportant psycholog�cal factor 
for �nvestors and pol�cymakers. Wh�le �t �s unl�kely to stop the t�ghten�ng pol�c�es 
�f �nflat�on rema�ns a major macroeconom�c r�sk, pol�cymakers w�ll probably be 
caut�ous �n determ�n�ng the t�m�ng of such pol�c�es. dec�s�ve pol�c�es are therefore 
more l�kely to be �mplemented after the games than before them.

ch�na began �ts current round of t�ghten�ng pol�cy �n early 2007, when the 
People’s Bank of ch�na (PBc) first ra�sed �ts base pol�cy rates by 27 bas�s 
po�nts. In subsequent months, the PBc h�ked �ts pol�cy rates another five t�mes  
(F�gure 2.8). meanwh�le, the central bank also adopted a ser�es of measures to 
d�rectly manage the l�qu�d�ty cond�t�ons, �nclud�ng reserve requ�rements, open 
market operat�ons and cred�t control. 

The focus of the t�ghten�ng pol�c�es probably sh�fted recently. The PBc has 
not h�ked �ts pol�cy rate s�nce the beg�nn�ng of 2008; �t has, however, stepped 
up efforts to control l�qu�d�ty. By the end of June 2008, the commerc�al banks’ 
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reserve requ�rement had reached 17.5 per cent. d�rect cred�t control also began 
to affect commerc�al banks’ loan growth (F�gure 2.9). Accord�ng to the PBc, the 
real average lend�ng rate rose to more than 9 per cent �n the second quarter 
of 2008, compared w�th about 8 per cent at the end of the year and the base 
lend�ng rate of 7.47 per cent.

The effects of the t�ghten�ng measures on broad l�qu�d�ty cond�t�ons have 
been less than clear. The s�mple excess l�qu�d�ty �nd�cator—subtract�ng the 
growth of �ndustr�al product�on from the growth of broad money (m2)—suggests 
that the l�qu�d�ty cond�t�ons probably loosened aga�n from the beg�nn�ng of 
2008 (F�gure 2.9). Th�s probably confirms that the central bank �s st�ll lagg�ng 
beh�nd the market. more �mportantly, �t l�kely reflects the burdens created by 
mass�ve cap�tal �nflows. 

Unfortunately, no one can sat�sfactor�ly expla�n the nature and compos�t�on 
of cap�tal �nflows. Between January and Apr�l 2008, fore�gn exchange reserves 
rose by Us$228 b�ll�on, wh�le the sum of the trade surplus and ut�l�sed fore�gn 
d�rect �nvestment expla�ned only Us$93 b�ll�on (F�gure 2.10). some econom�sts 
attr�bute the gap between the two to ‘hot money’. hot money �s, however, 
probably not the proper term to descr�be recent �ncreases �n cap�tal �nflow, 

F�gure 2.8  Central bank benchmark lending rate and commercial bank 
base lending rate, January 1991–May 2008 (per cent)
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F�gure 2.10  Monthly increase in foreign reserves, the trade surplus and 
utilised foreign direct investment, January 2007–May 2008 
(Us$ b�ll�on)
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F�gure 2.9  Excess liquidity and bank credit, January 1998–May 2008 
(per cent per year/year)
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F�gure 2.11  The renminbi’s nominal effective exchange rate and bilateral 
exchange rate against the US dollar, October 2006–June 2008
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F�gure 2.12  Shanghai A share stock-market: PE ratio and index,  
January 2001 – May 2008
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as much of �t w�ll l�kely stay w�th�n ch�na for relat�vely long per�ods. There �s, 
however, no deny�ng that cap�tal �nflows surged �n recent months.

There were probably many reasons why cap�tal �nflows �ncreased dram-
at�cally dur�ng the past months. one reason could be the financ�al cr�s�s �n 
the Un�ted states. In a volat�le �nternat�onal cap�tal market, ch�na becomes a 
safe heaven. Another reason m�ght be the rap�d apprec�at�on of the renm�nb�, 
wh�ch encouraged expectat�ons of more currency ga�ns �n the near future. 
dur�ng the first quarter of 2008, the annual�sed monthly pace of the renm�nb�’s 
apprec�at�on aga�nst the Us dollar averaged 15–20 per cent—the fastest pace 
s�nce the exchange rate pol�cy reform �n July 2005 (F�gure 2.11). In Apr�l, th�s 
pace decelerated sharply to about zero, before p�ck�ng up aga�n to about 10 
per cent �n early June.

Concluding remarks

l�ke most other econom�es �n the world, ch�na currently faces the extraord�nary 
challenge of slow�ng growth and r�s�ng �nflat�on. some cont�nu�ng changes, 
espec�ally the slow-down of the Us economy, elevated o�l pr�ces and the 
normal�sat�on of domest�c costs, are l�kely to re�nforce th�s challenge �n the 
com�ng months. The probab�l�ty of stagflat�on, however, rema�ns extremely 
remote. real GdP growth w�ll l�kely moderate sl�ghtly; however, barr�ng major 
surpr�ses, ch�na should be able to comfortably ma�nta�n growth of about 10 
per cent �n the next five years. The earthquake �n early may �n s�chuan was a 
human tragedy, but �ts d�rect econom�c cost should be l�m�ted.

Inflat�on rates, however, could move up, although the food-dr�ven cPI 
should moderate further �n the com�ng months. The low-�nflat�on phase of the 
past 10 years, supported by relocat�on of factor�es and labour and assoc�ated 
product�v�ty ga�n, �s probably over. The ant�c�pated broad-based �ncreases �n 
costs of factors �nclud�ng labour, land, cap�tal, energy and the env�ronment 
�mply that the economy should face �nflat�onary pressures that are stronger 
than ever. more and more pol�cymakers w�ll also adopt the �dea of the need 
to tolerate h�gh �nflat�on. G�ven that ch�na �s st�ll a develop�ng country and a 
trans�t�onal economy, �t �s reasonable to expect �t to ma�nta�n 5 per cent �nflat�on. 
Th�s could open the door to major �nflat�on problems, as the central bank �s 
always beh�nd the curve.

T�ght monetary pol�cy �s l�kely to cont�nue, as long as �nflat�on rema�ns a 
key r�sk. The central bank w�ll, however, probably cont�nue to focus on l�qu�d�ty 
management. It stopped h�k�ng �ts pol�cy rates for fear of attract�ng more cap�tal 
�nflows. currency apprec�at�on w�ll probably ma�nta�n an annual pace of 5–10 
per cent �n the com�ng year or two, desp�te recent dramat�c fluctuat�ons �n 



29

Will China fall into stagflation?

market expectat�ons. At the end of the day, pol�cymakers w�ll have to str�ke a 
balance between the need to rebalance the economy and the need for smooth 
structural adjustments. Job losses rema�n the top concern for the government. 
For the same reason, the probab�l�ty of one-off revaluat�on or devaluat�on looks 
extremely low. If, however, the global financ�al r�sks recede qu�ckly �n the com�ng 
months, the reform of the exchange rate pol�cy and l�beral�sat�on of the cap�tal 
account could accelerate s�gn�ficantly.

currently, the ch�nese author�t�es employ a comb�nat�on of t�ght monetary 
pol�cy and neutral fiscal pol�cy. Wh�le the purpose of t�ght monetary pol�cy �s 
to control �nflat�on, the �ntent�on of neutral fiscal pol�cy �s to prevent downs�de 
r�sks to the economy. F�scal pol�c�es could turn more expans�onary �n the 
second half of 2008 or �n 2009. F�rst, the government w�ll probably need to spend 
at least rmB250 b�ll�on—or 1 per cent of GdP—every year �n the next three 
years for post-earthquake reconstruct�on. second, the government needs to 
play a more act�ve role �n fac�l�tat�ng structural adjustment, �nclud�ng help�ng 
technolog�cal upgrad�ng and re-employment. F�nally, act�ve fiscal spend�ng 
could boost domest�c demand, lower the external account surplus, reduce 
cap�tal �nflow and ease �nflat�onary pressure.

There �s a m�sunderstand�ng among many econom�sts and pol�cymakers that 
ch�na needs to reduce �nvestment. one �mportant reason for th�s �s the r�sk of 
over capac�ty. Wh�le overcapac�ty r�sks ex�sted �n certa�n �ndustr�es at certa�n 
t�mes, there �s no ev�dence of an economy-w�de overcapac�ty problem. There 
�s st�ll huge �nvestment potent�al �n areas of urban development, the resources 
sector and env�ronmental protect�on. In fact, a large current account surplus 
means ch�na needs to expand �ts domest�c demand �n order to rebalance the 
economy. ch�na needs less but better qual�ty �nvestment.

F�nally, 2008 could be the first year s�nce 2001 �n wh�ch the ch�nese economy 
sees a major downturn �n growth. Th�s could po�nt to s�gn�ficant �ncreases �n 
financ�al r�sks. The stock �ndex has already decl�ned by 50 per cent from �ts 
peak �n late 2007. hous�ng pr�ces are also becom�ng less stable. The bank�ng 
sector has already exper�enced major reform steps dur�ng the past s�x years, 
but the new �nst�tut�ons have not had any stress tests. A 1998 east As�an-type 
financ�al cr�s�s �s unl�kely; however, any s�gn�ficant �ncreases �n financ�al r�sks 
could st�ll lead to losses of large amounts of financ�al assets.
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American and European  
financial shocks
Impl�cat�ons for ch�nese econom�c performance

Rod Tyers and Iain Bain

ch�na’s exports amount to almost half of �ts gross domest�c product (GdP), w�th 
most of these d�rected to europe and north Amer�ca, so ch�na can expect that 
negat�ve financ�al shocks �n these reg�ons m�ght retard �ts growth. m�t�gat�ng 
factors, however, �nclude the temporary fl�ght of north Amer�can and european 
sav�ngs �nto ch�nese �nvestment and some assoc�ated real exchange rate 
real�gnments. These �ssues are explored us�ng a dynam�c model of the global 
economy. A r�se �n north Amer�can and european financ�al �ntermed�at�on 
costs �s shown to retard ne�ther ch�na’s GdP nor �ts �mport growth �n the 
short term. should the ch�nese government act to prevent the effects of the 
�nvestment surge, through t�ghter �nward cap�tal controls or �ncreased reserve 
accumulat�on, the assoc�ated losses would be compensated for by a trade 
advantage s�nce �ts real exchange rate would apprec�ate less aga�nst north 
Amer�ca than aga�nst the rates of other trad�ng partners. The results therefore 
suggest that, as long as the financ�al shocks are restr�cted to north Amer�ca and 
Western europe, ch�na’s growth and the �mports on wh�ch �ts trad�ng partners 
rely are unl�kely to be h�ndered s�gn�ficantly.

dur�ng the past decade, reference to ch�na �n the financ�al and academ�c 
press has lauded �ts growth performance but tended to emphas�se �ts exchange 
rate reg�me and �ts controvers�al current account surpluses w�th the Un�ted 
states and the european Un�on (see, for example, Tung and Baker 2004; 
Bernanke 2006; lardy 2006; mck�nnon 2006; X�ao 2006; callan 2007; Woo and 
X�ao 2007; Tyers et al. 2008). After the downturn �n the Us hous�ng market �n 2007, 
however, and the assoc�ated cred�t squeeze �n the Un�ted states and europe, 
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attent�on sh�fted to the ‘decoupl�ng’ �ssue: whether ch�na’s comparat�vely 
rap�d expans�on could be susta�ned �n the face of slow-downs �n organ�sat�on 
for econom�c cooperat�on and development (oecd) countr�es.1 It appeared 
that the cred�t squeeze would br�ng the oft-ant�c�pated ‘hard correct�on’ to the 
�mbalance const�tuted by the extraord�nar�ly large Us current account defic�t 
and that the Us dollar would s�nk, even relat�ve to the renm�nb� (rmB) (edwards 
2005; obstfeld and rogoff 2005; roub�n� and setser 2005; e�chengreen 2006; 
krugman 2007). how would th�s affect ch�na’s econom�c performance?

W�th exports amount�ng to almost half of �ts GdP and most of these 
d�rected to europe and north Amer�ca, ch�na can expect that negat�ve financ�al 
shocks �n those reg�ons m�ght retard �ts growth.2 s�nce ch�na assembles 
manufactured components from elsewhere �n As�a and the Pac�f�c,3 the 
extent of �ts ‘decoupl�ng’ �s the key to w�der reg�onal performance. In the short 
term, one m�t�gat�ng factor �s the trans�tory fl�ght of �ncreased amounts of the 
world’s sav�ngs �nto ch�nese �nvestment (mck�bb�n and stoeckel 2007b). The 
ch�nese government m�ght, however, oppose th�s on volat�l�ty grounds, v�a the 
strengthen�ng of �nward cap�tal controls; yet even �f the add�t�onal financ�al 
cap�tal �s kept out of ch�na, m�t�gat�on rema�ns poss�ble s�nce substant�al real 
exchange rate real�gnments are l�kely and these could advantage ch�na �n 
the short term. In the long run, a r�s�ng consumpt�on share (lardy 2006; ku�js 
2006; ku�js and he 2007; Azz�z and cu� 2007) and the red�rect�on of �nvestment 
w�th�n ch�na to �ts serv�ces sector, where cons�derable potent�al rema�ns for a 
product�v�ty catch-up (ma 2006), w�ll underp�n ch�na’s growth.

In th�s chapter, these �ssues are explored collect�vely us�ng a dynam�c model 
of the global economy. The model s�mulates the real effects of shocks that take 
the form of trans�tory r�ses �n reg�on-spec�fic �nterest prem�ums �n north Amer�ca 
and Western europe, comb�ned w�th �ncreases �n �nvestment financ�ng costs �n 
both reg�ons. The key effects of these shocks are for the real net rates of return 
on north Amer�can and Western european �nvestment to fall wh�le the y�elds 
demanded by financ�ers �ncrease. Investment falls �n those reg�ons and real wage 
r�g�d�ty ensure that unemployment r�ses, GdP growth slows and �mport demand 
falls �n both reg�ons—at least temporar�ly. The focus of the analys�s �s, then, on 
factors �nfluenc�ng ch�na’s growth performance �n the face of these shocks. 

The genesis of the North American and European slow-down

The story of the slow-down �s frequently told w�th a focus on Us monetary pol�cy, 
start�ng w�th the success�on of monetary expans�ons by the Us Federal reserve 
after the stock-market correct�ons of 2000 and the demand contract�on of late 
2001 (F�gure 3.1).4 The federal funds rate fell 5 percentage po�nts by 2002 and a 
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further percentage po�nt by 2003–04 (Federal reserve Board of Governors). so 
the story goes, th�s un�lateral eas�ng �nsp�red a hous�ng bubble, wh�ch burst �n 
2007, unravell�ng packaged mortgage �nvestments that had, apparently, been 
pr�ced �n a manner that rel�ed on cont�nued hous�ng pr�ce �nflat�on (BIs 2007). 
l�nked w�th th�s story �s the extraord�nary blow-out of the Us current account 
defic�t s�nce 2000, v�a the effects of the hous�ng bubble on the Us pr�vate 
sav�ng rate. The growth of pr�vate wealth, comb�ned w�th low borrow�ng rates, 
tended to boost consumpt�on dur�ng th�s per�od, requ�r�ng that Us �nvestment 
be financed from fore�gn, rather than Us, sav�ngs (edwards 2005; e�chengreen 
2006). It stands to reason, then, that the ra�s�ng of short-term rates by the 
Federal reserve dur�ng 2004–06 by at least 4 percentage po�nts (F�gure 3.1) 
would eventually pr�ck the hous�ng bubble and that the Us economy would 
have a hard or soft land�ng, w�th e�ther outcome redress�ng the current account 
�mbalance (krugman 2007).

F�gure 3.1 US short and long Treasury bond rates,  
December 1998 – May 2009
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Note: market y�eld �n per cent per annum on Us Treasury secur�t�es, quoted on an �nvestment 
bas�s. 
Source: Federal reserve Board of Governors. Federal reserve Board of Governors, 
Wash�ngton dc. Ava�lable from wwwfederalreserve.gov..
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These l�nked stor�es �gnore, however, the cons�derable role of the surge 
�n the growth of the ‘emerg�ng econom�es’, and part�cularly ch�na, s�nce the 
late 1990s, and the s�multaneous yet �ndependent �nformat�on technology (IT) 
related boom �n Us product�v�ty. The growth surge �n emerg�ng econom�es 
�mproved the Us terms of trade �n th�s per�od, ra�s�ng Us �mports and �ncreas�ng 
domest�c pr�ce compet�t�on.5 Its effect on the Us pr�ce level can be �nferred 
from the decl�ne �n the ch�nese b�lateral real exchange rate w�th the Un�ted 
states, shown �n F�gure 3.2. Wh�le Us producer pr�ces showed a r�s�ng trend 
dur�ng 2000–05, the Us dollar pr�ces of an ever-expand�ng supply of ch�nese 
goods were fall�ng. The deflat�onary force y�elded was bolstered by the IT-
related Us product�v�ty boom, wh�ch began �n the early 1990s and cont�nued 
through to 2006 (Table 3.1).6 Along w�th the negat�ve shocks assoc�ated w�th 
the Us stock-market correct�on and the 11 september 2001 terror�st attacks, 
the collect�ve deflat�onary force was cons�derable, just�fy�ng the observed 
monetary eas�ng on �nflat�on target�ng grounds alone. even w�th th�s monetary 
expans�on, a temporary deflat�onary effect �s seen clearly �n F�gure 3.2 from 
the decl�ne �n the Us producer pr�ce dur�ng 2001. of course, the co�nc�dence 
of Us asset pr�ce �nflat�on w�th product pr�ce deflat�on was bound to create a 
cr�s�s of pr�or�ty �n 2000–03. W�th asset pr�ce target�ng always controvers�al, �t 
�s not surpr�s�ng that the Federal reserve gave pr�or�ty to the control of product 
pr�ce deflat�on, thus keep�ng annual consumer pr�ce �ndex (cPI) changes �n 
the pos�t�ve range (F�gure 3.3).

later �n the per�od, the trans�t�onal econom�es’ growth surge caused a 
global commod�ty pr�ce boom, w�th o�l pr�ces reach�ng unprecedented h�ghs 
(F�gure 3.4), followed not long after by pr�ce sp�kes �n other commod�t�es 
(F�gure 3.5).7 Th�s tended to reverse the product pr�ce deflat�onary pressure 
�n the Un�ted states and to just�fy the restorat�on of the Us federal fund rate 
to more normal levels dur�ng 2004–06 (F�gure 3.1). At the same t�me, however, 
�t exacerbated Us asset pr�ce �nflat�on as o�l-export�ng countr�es jo�ned the 
other trans�t�onal econom�es �n bu�ld�ng up Us dollar-denom�nated reserve 
assets.8 The financ�al contract�on �n 2007 was therefore a consequence of more 
complex forces to wh�ch the relat�ve expans�on of the ch�nese economy was 
a contr�butor. nonetheless, the contract�on or�g�nated �n the Un�ted states 
and spread to vary�ng degrees to other oecd countr�es and, part�cularly, to 
Western europe. Wh�le F�gure 3.1 shows that the eas�ng by the Federal reserve 
dur�ng 2007–08, �n response to the cred�t contract�on, reduced long and short 
government borrow�ng rates, anecdotal ev�dence confirms that refinanc�ng 
rates for pr�vate firms �ncreased substant�ally as r�sk was repr�ced (see, for 
example, Brown�ng and s�lver 2008). our purpose �s to exam�ne the d�rect and 
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Table 3.1 Growth of US labour productivity in the non-farm  
business sector

Per�od Per cent per annum
1973–95 1.47
1995–2000 2.51
2000–06 2.86

Source: ol�ner, s.d., s�chel, d.e. and st�roh, k.J., 2008. Explaining a productive decade, staff 
Work�ng Paper 2008-01, F�nance and econom�cs d�scuss�on ser�es, Federal reserve Board, 
Wash�ngton, dc.

F�gure 3.2  The Mainland China–US real exchange rate since 1995 on 
producer prices
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F�gure 3.4 The average traded price of crude petroleum, 1990–2008
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F�gure 3.3 Rate of US CPI inflation, 1990–2008
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�nd�rect effects of th�s contract�on on ch�na, and thereby on those countr�es 
dependent on trade w�th ch�na. To do th�s, a dynam�c numer�cal model of the 
global economy �s requ�red.

The model

We use a mult�-reg�on, mult�-product dynam�c s�mulat�on model of the world 
economy, wh�ch �s an adaptat�on of the model constructed by Tyers and sh� 
(2007) and extended for macroeconom�c appl�cat�ons by Tyers and Ba�n (2007) 
and Tyers and Golley (2008a, 2008b).9 only real shocks and the�r effects are 
represented.10 In the vers�on used, the world �s subd�v�ded �nto 14 reg�ons 
(Table 3.2). Industr�es are aggregated �nto three sectors: agr�culture (�nclud�ng 
processed foods), �ndustry (m�n�ng, energy and manufactur�ng) and serv�ces 
(�nclud�ng construct�on)—the last be�ng l�ttle traded �n compar�son w�th the 
other two. Fa�lures of the law of one pr�ce for traded goods are represented 

Iron ore price index Wheat price index

F�gure 3.5 Other commodity price shocks, 1993–2009
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by product d�fferent�at�on, so that consumers subst�tute �mperfectly between 
products from d�fferent reg�ons. There are two endogenous sources of 
s�mulated econom�c growth—namely, phys�cal cap�tal accumulat�on and 
the transformat�on of labour from unsk�lled to sk�lled. Techn�cal change �s 
�ntroduced �n the form of exogenous product�v�ty growth that �s sector and 
factor spec�fic, allow�ng product�v�ty performance to d�ffer between factors 
and between tradable and non-tradable sectors.11

reg�onal cap�tal accounts are open so that reg�onal households hold 
portfol�os of assets that are cla�ms over home and fore�gn cap�tal. Investors 
�n reg�on i have adapt�ve expectat�ons about real net rates of return, ri

c, the 
determ�nants of wh�ch m�ght be summar�sed s�mply as

Table 3.2 Regional composition in the global model

reg�on compos�t�on of aggregates
Austral�a 
north Amer�ca canada, mex�co and the Un�ted states
Western europe european Un�on, �nclud�ng sw�tzerland and scand�nav�a but  
 exclud�ng the czech republ�c, hungary and Poland
central europe and
the former sov�et Un�on central europe �ncludes the czech republ�c, hungary and  
 Poland
Japan 
ch�na Includes hong kong and Ta�wan
Indones�a 
other east As�a republ�c of korea, malays�a, the Ph�l�pp�nes, s�ngapore, 
 Tha�land and V�etnam
Ind�a 
other south As�a Bangladesh, Bhutan, mald�ves, nepal, Pak�stan and sr� lanka
south Amer�ca Argent�na, Bol�v�a, Braz�l, ch�le, colomb�a, ecuador, Peru,  
 Venezuela and Uruguay
m�ddle east and north Afr�ca Includes morocco through to the Islam�c republ�c of Iran
sub-saharan Afr�ca The rest of Afr�ca
rest of World Includes the rest of central Amer�ca, the rest of Indo-ch�na,  
 the small �sland states of the Pac�fic, Atlant�c and Ind�an  
 oceans and the med�terranean sea, myanmar and mongol�a,  
 new Zealand and the former Yugoslav�a

Source: The GTAP 5 Global Database; d�maranan, B.V. and mcdougall, r.A., 2002. Global 
Trade, Assistance and Production: the GTAP 5 Database, may, center for Global Trade Analys�s, 
Purdue Un�vers�ty, lafayette.
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Y K
c i i

i iK
i

P MP
r

P
δ= − (1)

�n wh�ch Pi
Y �s the reg�on’s GdP pr�ce,  Pi

K �s the pr�ce of cap�tal goods (a separate 
�ndustry defined �n the model) and δi �s the deprec�at�on rate. G�ven th�s rate of 
return, the determ�nat�on of �nvestment �n each reg�on �s complex, but for our 
purpose �t can be character�sed s�mply as follows.12 It �s dr�ven pos�t�vely by 
the real net rate of return, ri

c, and negat�vely by the rate that must be returned 
to savers, or the financ�ng cost, ri . Therefore

( ),c
i i iI I r r=   (2)

To arr�ve at ri , a global �nterest rate, rw, �s first defined such that ri=rw + πi, 
�n wh�ch πi �s a usually exogenous reg�onal �nterest prem�um, wh�ch captures 
the effects of cap�tal controls on the one hand (market segmentat�on) and 
d�fferent�al reg�onal r�sk on the other. The global rate, rw, and �nd�rectly ri , �s 
then der�ved to clear the global cap�tal market.

( ) ( ), ,c
i i i i i i

i i

S Y r I r r=∑ ∑  (3)

�n wh�ch Yi �s reg�onal �ncome.
lagged adjustment processes embedded �n the I(ri

c, ri) ensure that financ�al 
cap�tal �s not suffic�ently mob�le �nternat�onally to equate ri

c and ri  �n the short 
term, but that the�r paths converge �n the long term unless exogenous shocks 
prevent th�s. General financ�al reform �s represented by a d�m�nut�on of the 
�nterest prem�um, πi , wh�ch �n ch�na’s case tends to ra�se �ts share of global 
funds for �nvestment through t�me.13 ch�na’s average sav�ng rate �s h�gh �n�t�ally, 
decl�n�ng through t�me as �ts populat�on ages. The basel�ne s�mulat�on therefore 
ma�nta�ns a ch�nese current account surplus that d�m�n�shes after 2010.

A demograph�c component of the model tracks populat�ons �n four age 
groups, both genders and two sk�ll categor�es: a total of 16 populat�on groups 
�n each of the 14 reg�ons. The sk�ll subd�v�s�on �s between product�on labour 
(unsk�lled) and profess�onal labour (sk�lled).14 each age–gender–sk�ll group 
�s represented as a homogeneous sub-populat�on w�th a group-spec�fic b�rth 
and death rate, labour force part�c�pat�on rate and rates of �mm�grat�on and 
em�grat�on. Because the non-traded serv�ces sector �s relat�vely sk�ll �ntens�ve 
�n all reg�ons, trends �n sk�ll compos�t�on prove to be part�cularly �mportant for 
the al�gnment of real exchange rates. These depend on the rate at wh�ch each 

δiδi
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reg�on’s educat�on and soc�al development �nst�tut�ons transform unsk�lled 
(product�on-worker) fam�l�es �nto sk�lled (profess�onal-worker) fam�l�es. 
each year, a part�cular proport�on of the populat�on �n product�on-worker 
age–gender groups �s transferred to profess�onal status. The �n�t�al values of 
these proport�ons depend on the reg�ons’ levels of development, the assoc�ated 
capac�t�es of the�r educat�on systems and the relat�ve s�zes of the�r product�on 
and profess�onal labour forces. rates of transformat�on change through t�me 
�n response to correspond�ng changes �n real per cap�ta �ncome and the sk�lled 
wage prem�um.15

The 16 age–gender–sk�ll groups d�ffer �n the�r shares of reg�onal d�sposable 
�ncome, consumpt�on preferences, sav�ng rates and labour force part�c�pat�on 
behav�our. Wh�le the consumpt�on–sav�ngs cho�ce �s parameter�sed d�fferently 
between groups, �t �s dependent for all on group-spec�fic real per cap�ta 
d�sposable �ncome and the reg�onal real lend�ng rate. Governments are assumed 
to balance the�r budgets wh�le sav�ng and borrow�ng are undertaken by the 
pr�vate sector. The basel�ne scenar�o �s a ‘bus�ness-as-usual’ project�on of the 
global economy to 2030, w�th 1997 as the base year. For val�dat�on exper�ments 
through 1997–2006, see Tyers and Golley (2008a).

Simulating the North American and Western European slow-down

We compare a basel�ne bus�ness-as-usual s�mulat�on to 2030, �n wh�ch the 
ch�nese economy cont�nues to grow strongly,16 w�th one �n wh�ch a financ�al 
contract�on retards performance �n north Amer�ca and the european Un�on. 
We focus �n th�s sect�on on the character�sat�on of the downturn �n those 
reg�ons. The analys�s �s �n no way a forecast�ng exerc�se; rather, �t �s to 
establ�sh a representat�ve pathway for the �nternat�onal economy on wh�ch we 
can super�mpose some alternat�ve ch�nese pol�cy responses. recall�ng that 
�nvestors �n our model are represented as hav�ng adapt�ve expectat�ons, we have 
not attempted to use �t to construct a prec�se repet�t�on of the events lead�ng 
up to the Us hous�ng bubble and the bubble �tself, s�nce the latter arose from 
�ll-formed expectat�ons about future market performance, at least by some 
�nvestors. rather, we �mpose exogenous shocks that comb�ne to represent the 
real effects of the result�ng cred�t squeeze.

The shocks we use are all trans�tory, peak�ng �n 2008 w�th a recovery �n 
the subsequent five years. They apply to the two reg�ons, ‘north Amer�ca’ 
and ‘Western europe’, and are weaker �n the latter. The first �s a r�se �n the 
�nvestment �nterest prem�ums, πi , over other reg�ons of the world. Th�s reflects 
the recent �ncrease �n gross returns requ�red by �nvestors �n these reg�ons to 
compensate for perce�ved �ncreases �n r�sk. The effect of th�s shock �s to ra�se 
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the financ�ng cost of �nvestment �n north Amer�ca and Western europe. second, 
the product�v�ty of �nvestment �n these reg�ons �s reduced through shocks to 
the technolog�es used �n the�r cap�tal-goods sectors. Th�s �s an �nd�rect means 
of reflect�ng the recent decl�nes �n rates of return on �nstalled cap�tal, ri

c, �n 
both reg�ons.17 In effect, th�s serves to w�den the �ntermed�at�on wedge between 
marg�nal �nvestor earn�ngs and financ�ng costs.

s�nce the pathway to be s�mulated has only to be ‘representat�ve’, and 
s�nce clear data on oecd �nvestment cred�t costs through 2007 are not yet 
ava�lable, the scale of these shocks �s arb�trary. For north Amer�ca, we ra�se 
the �nvestment �nterest prem�um by 2 percentage po�nts and cap�tal-goods 
product�v�ty �s reduced by 5 per cent. The correspond�ng shocks for Western 
europe are half the s�ze of those for north Amer�ca. All shocked var�ables 
then return to basel�ne benchmarks l�nearly dur�ng a recovery per�od of five 
years. The effects these shocks have on �nvestment financ�ng rates on the 
one hand and real rates of return on the other are �llustrated �n F�gures 3.6 
and 3.7, wh�ch show percentage departures from a basel�ne s�mulat�on �n 
wh�ch all reg�ons grow smoothly. note that the global cap�tal market clear�ng 
�nterest rate, rw, reduces by 0.9 percentage po�nts because of the contract�on 
�n �nvestment demand �n north Amer�ca and europe. The short-run effect 
on the domest�c financ�ng rate �n north Amer�ca �s therefore a r�se of 1.1 
percentage po�nts, wh�le the correspond�ng net r�se �n Western europe �s 
just 0.1 percentage po�nts.

The wedge between financ�ng costs and the real rate of return �s clear 
from the figures, wh�ch also show that the model’s �nvestment dynam�cs 
lead to some overshoot�ng of rates late �n the recovery per�od for north 
Amer�ca and Western europe.18 Th�s occurs because the shocks curta�l north 
Amer�can and european �nvestment sharply �n 2008 but ra�se �nvestment 
�n other reg�ons, as shown �n F�gure 3.8. dur�ng the recovery, however, 
�nvestment �n north Amer�ca and Western europe expands qu�ckly towards 
the�r benchmark levels. The 2008 collapse �n north Amer�can and european 
�nvestment, however, leaves these reg�ons w�th cap�tal stocks below basel�ne 
levels for many years, the pace of the�r recover�es notw�thstand�ng. For th�s 
reason, real rates of return �n these reg�ons r�se above basel�ne levels on 
the po�nt of recovery and for some years beyond. For Western europe, the 
�n�t�al shocks are smaller and the�r effects are muted by the larger north 
Amer�can shocks, wh�ch tend to lower financ�ng costs for the rest of the 
world, �nclud�ng Western europe.
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F�gure 3.6 Simulated effects of the financial contraction on real rates 
of return and investment financing rates, North America, 
2000–2035
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F�gure 3.7 Simulated effects of the financial contraction on real rates 
of return and investment financing rates, Western Europe, 
2000–2035
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Effects on economic performance

The effects on econom�c act�v�ty �n north Amer�ca, Western europe and ch�na 
are �nd�cated �n F�gure 3.9, wh�ch shows percentage departures from basel�ne 
GdP levels. The loss of output �n north Amer�ca and Western europe �s qu�te 
s�gn�ficant, though �t must be clear that the chart measures the extent of the�r 
fall�ng beh�nd the basel�ne. There �s no full year of negat�ve growth �n e�ther 
north Amer�ca or Western europe, just a slow-down �n both.19 The extent of the�r 
fall�ng beh�nd �s made larger by the adopt�on of labour market closures �n both 
shocked reg�ons that ma�nta�n the path of real product�on wages at the basel�ne 
level and so cause unemployment. At �ts peak, 6 per cent of north Amer�ca’s and 
2 per cent of europe’s product�on labour force are rendered unemployed.20 due 
to the fl�ght of �nvestment from north Amer�ca and Western europe, �nd�cated �n 
F�gure 3.8, there �s a surge �n �nvestment �n ch�na, lead�ng to yet h�gher growth 
there �n the short run. s�nce ch�na already �nvests almost half of �ts GdP, �ts 
capac�ty to absorb these add�t�onal funds could be quest�oned. For th�s reason, 
we explore alternat�ve ch�nese scenar�os �n the next sect�on.

Turn�ng to effects on balances of payment, the north Amer�can current 
account defic�t �s large by �ndustr�al-country standards, although the basel�ne 

F�gure 3.8 Simulated effects of the financial contraction on investment, 
2000–2035
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F�gure 3.9 Simulated effects of the financial contraction on GDP,  
2000–2035
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F�gure 3.10 Simulated effects of the financial contraction on regional 
imports, 2000–2035
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scenar�o has �t follow�ng a decl�n�ng trend.21 Western europe as a whole 
exh�b�ts a current account surplus that �s smaller �n magn�tude than the north 
Amer�can defic�t, wh�le ch�na’s current account surplus �s of extraord�nary 
magn�tude, exceed�ng one-tenth of �ts GdP, dr�ven by �ts very h�gh sav�ng rate 
and the result�ng surplus of sav�ng over �nvestment.22 In the basel�ne project�on, 
th�s surplus �s projected to decl�ne as ch�na’s average sav�ng rate falls due to 
the age�ng of �ts populat�on. After the financ�al shocks �n north Amer�ca and 
Western europe and the result�ng fl�ght of �nvestment from those reg�ons, 
there are very large changes �n the balances of payment �n these reg�ons. As 
s�mulated at least, the Us current account defic�t �s temporar�ly reversed.

The surge �n ch�na’s �nvestment after the fl�ght from north Amer�ca and 
Western europe greatly d�m�n�shes �ts current account surplus—however, 
aga�n temporar�ly. Th�s change �n financ�al cap�tal movements cush�ons the 
effects on ch�na of decl�n�ng �mports �n north Amer�ca and Western europe. 
Wh�le ch�na’s exports take a h�t, the clos�ng financ�al cap�tal �mbalance and 
the assoc�ated boost �n ch�na’s GdP (F�gure 3.9) ensures that �mport growth �s 
more than susta�ned (F�gure 3.10). For ch�na’s other trad�ng partners, therefore, 
and part�cularly for those supply�ng �t w�th raw mater�als and manufactur�ng 
components, the loss of markets �n north Amer�ca and europe �s cush�oned 
by a ch�nese market that �s expand�ng rather than contract�ng.23

The short-run subst�tut�on of �nvestment for exports �n contr�but�ng to ch�na’s 
GdP requ�res some d�fficult structural adjustment �n response to relat�ve pr�ce 
changes. The �nvestment generates a surge �n domest�c demand that ra�ses 
the pr�ces of ch�nese products and serv�ces relat�ve to those �n north Amer�ca. 
It therefore apprec�ates ch�na’s real exchange rate relat�ve to north Amer�ca.24 
The s�mulated extent of th�s �s shown �n F�gure 3.11 to be 10 per cent dur�ng 
2008. If monetary pol�cy �s to emphas�se the control of �nflat�on �n ch�na, th�s 
foreshadows a further 10 per cent apprec�at�on of the renm�nb� relat�ve to the 
Us dollar �n just one year.25 otherw�se, the rate of �nflat�on must be allowed to 
accelerate. After four years, however, the path of ch�na’s real exchange rate 
aga�nst north Amer�ca falls below the basel�ne path. Th�s �s because cap�tal 
accumulat�on accelerates �n ch�na �n the early years after the shock and 
decelerates �n north Amer�ca. cap�tal costs, and therefore pr�ces, are lower �n 
ch�na �n the long run relat�ve to north Amer�ca. The same pattern �s followed 
by ch�na’s real effect�ve exchange rate, except that �n the short run ch�na 
deprec�ates aga�nst some of �ts other trad�ng partners, so that �ts short-run 
real effect�ve apprec�at�on �s only small, as shown �n F�gure 3.12.
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F�gure 3.11 Simulated effects of the financial contraction on bilateral 
real exchange rates relative to North America, 2000–2035
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F�gure 3.12 Simulated effects of the financial contraction on real 
effective exchange rates, 2000–2035
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Alternative Chinese policy scenarios

our standard financ�al shock scenar�o m�ght be thought to be opt�m�st�c from 
the perspect�ve of the ch�nese economy and �ts reg�onal trad�ng partners. Th�s 
�s for two reasons. F�rst, �t assumes that ch�na �s ava�lable to absorb add�t�onal 
�nvestment, when �t �s already �nvest�ng 45 per cent of �ts GdP annually and �t 
�s arguably already cap�tal heavy.26 moreover, the ch�nese government m�ght 
regard the surge of financ�al �nflows as footloose and therefore r�sky. second, 
as seen �n the prev�ous sect�on, the surge of funds leav�ng north Amer�ca and 
Western europe must �nev�tably dr�ve up ch�na’s real exchange rate, caus�ng 
e�ther faster �nflat�on or more rap�d nom�nal apprec�at�on. ne�ther of these 
developments w�ll be palatable to the ch�nese government. It m�ght therefore 
choose a pol�cy response that e�ther retards the �nflow of new �nvestment 
(t�ghter controls on �ncom�ng financ�al cap�tal) or matches the �nflow w�th 
�ncreased outflows �n the form of reserve accumulat�on, for wh�ch the sav�ng 
rate would need to be, albe�t temporar�ly, further �ncreased. These alternat�ve 
pol�cy responses foreshadow two new scenar�os to be modelled.

T�ghter cap�tal controls that prevent the �nvestment surge

ch�na already ma�nta�ns effect�ve controls over the �nflow and the outflow of 
financ�al cap�tal (see ma and mccauley 2007). legal �nflows are pr�mar�ly fore�gn 
d�rect �nvestment (FdI), but they �nclude some purchases of domest�c assets, 
�nclud�ng ‘B’ shares on the shangha� and shenzhen exchanges. Illegal �nflows 
have ev�dently �ncreased �n recent years as y�elds have r�sen �n ch�na relat�ve to 
the Un�ted states and as the renm�nb� has been allowed to apprec�ate aga�nst 
the Us dollar.27 Illegal �nflows notw�thstand�ng, outflows of financ�al cap�tal are 
substant�ally larger �n ch�na than �nflows and they have ma�nly taken the form 
of offic�al fore�gn reserve accumulat�on. The surplus of ch�na’s sav�ng over �ts 
�nvestment �s, by defin�t�on, equ�valent to the surplus of �ts exports, generally 
defined, over �ts �mports. denom�nated �n fore�gn currenc�es, th�s surplus ends 
up �n the hands of the People’s Bank of ch�na (PBc), s�nce outward cap�tal 
controls do not perm�t substant�al fore�gn asset hold�ngs by pr�vate �nd�v�duals. 
In recent years, there has been some relaxat�on of controls �n both d�rect�ons 
but the PBc st�ll finds �t necessary to acqu�re fore�gn reserves �n very large 
volumes each year. The recent surge of �llegal �nflows has, however, tended to 
restra�n the magn�tude of ch�na’s net cap�tal account pos�t�on, apprec�at�ng the 
real exchange rate. The result has been both accelerated �nflat�on and upward 
flex�b�l�ty of the renm�nb� dur�ng 2006–07 (Tyers and Ba�n 2007).
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here we assume that the ch�nese government opposes the �nflow of 
add�t�onal financ�al cap�tal on the grounds that �t �s volat�le and therefore r�sky 
and that �t accelerates �nflat�on.28 The pol�cy response �s to t�ghten �ts �nward 
cap�tal controls so as to prevent any surge—ma�nta�n�ng the basel�ne path of 
ch�na’s cap�tal account flows. compared w�th the or�g�nal (reference) financ�al 
shock scenar�o, th�s causes the domest�c real �nterest rate to r�se by almost 1 
percentage po�nt, though �t eventually rejo�ns the basel�ne path. The s�mulated 
consequences of th�s are summar�sed for ch�na �n F�gure 3.13; most �mportant 
among them are the absence of a s�gn�ficant surge �n ch�nese �nvestment (5 
per cent compared w�th the 27 per cent �nd�cated �n F�gure 3.8) and hence 
a much reduced �ncrease �n ch�na’s GdP (wh�ch peaks at about 1 per cent, 
compared w�th the 4 per cent �n F�gure 3.9) and �mports (wh�ch peak at 1 per 
cent but fall below the basel�ne path thereafter, compared w�th the peak of 10 
per cent �n F�gure 3.10).

Gross nat�onal product falls temporar�ly, mostly because ch�na holds 
a substant�al stock of fore�gn assets, the rate of return on wh�ch falls, as 
�nd�cated �n F�gures 3.6 and 3.7.29 Th�s fall as�de, �n th�s exper�ment, we 
deny the ch�nese economy the pos�t�ve aspect of the shock: the �ncreased 
�nvestment. The preva�l�ng log�c would suggest that there would therefore be 
no compensat�on for the loss of exports to north Amer�ca and Western europe 
and hence that ch�na’s growth rate would fall measurably. The s�mulat�on 
shows, however, l�ttle �mpa�rment of ch�na’s econom�c performance. nor �s 
there any s�gn�ficant reduct�on �n ch�na’s �mports, wh�ch support many of �ts 
ne�ghbour�ng econom�es. The resolut�on of th�s puzzle requ�res a return to 
the effects on the global cap�tal market. There �s a fl�ght of sav�ng from north 
Amer�ca and Western europe. In th�s exper�ment, �t cannot go to ch�na, so �t 
ra�ses �nvestment �n other (mostly develop�ng) reg�ons. In the short run, these 
�nvestment surges cause real apprec�at�ons relat�ve to north Amer�ca and 
Western europe,30 and, s�gn�ficantly, s�nce ch�na does not part�c�pate, real 
apprec�at�ons aga�nst ch�na.

Austral�a, for example—a key suppl�er of raw mater�als to ch�na—suffers 
a short-run real apprec�at�on of 15 per cent aga�nst north Amer�ca and 9 per 
cent aga�nst ch�na. As shown �n F�gure 3.14, even though ch�na has a real 
apprec�at�on aga�nst north Amer�ca �n the short run, �ts real effect�ve exchange 
rate deprec�ates. Th�s means that ch�na becomes more compet�t�ve �n other 
markets as a consequence of the financ�al shocks and that th�s �s suffic�ent to 
allow �t to weather the contract�on �n north Amer�can and Western european 
�mports.
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F�gure 3.13 Simulated effects of the financial contraction with tighter 
inward capital controls on Chinese GNP, GDP, investment 
and imports, 2000–2035
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F�gure 3.14 Simulated effects of the financial contraction with tighter 
inward capital controls on Chinese real exchange rates,  
2000–2035
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overall, then, apart from a d�p �n fore�gn-sourced �ncome, th�s scenar�o �s 
neutral from ch�na’s standpo�nt. It ma�nta�ns ch�na’s basel�ne growth path wh�le 
�nsulat�ng aga�nst any volat�l�ty that would stem from the temporary �nflux of 
global sav�ng. Also, from the v�ewpo�nt of ch�na’s ne�ghbours supply�ng �t w�th 
raw mater�als and components, th�s scenar�o �s neutral, w�th no d�sturbance to 
the path of ch�na’s �mports. Its downs�de r�sk l�es �n the comparat�ve t�ghtness 
that �s requ�red �n �ts domest�c cap�tal market. As�de from the problems of 
overcom�ng the result�ng �ncreased �ncent�ve for �llegal financ�al �nflows, 
th�s could place at �ncreased r�sk debt-financed �nvestments w�th�n ch�na 
and therefore ra�se the potent�al for the global financ�al meltdown to m�grate 
there.

Accelerated reserve accumulat�on (�ncreased sav�ng)

In th�s scenar�o, the ch�nese government’s �nward cap�tal controls are assumed 
to be �neffect�ve �n prevent�ng the �nvestment surge. The government �s, 
however, able to ra�se the overall sav�ng rate suffic�ently to offset any net effect 
on the balance of payments. one poss�ble mechan�sm could be through t�ghter 
fiscal pol�cy, y�eld�ng �ncreased fiscal surpluses that supplement gross sav�ng. 
As �n the past, the thus-expanded surplus of sav�ng over �nvestment would be 
mopped up by the PBc through the sale of ‘ster�l�sat�on bonds’. The �ncreased 
stock of these l�ab�l�t�es would then balance the add�t�onal fore�gn reserves that 
stem from the correspond�ng surplus of broadly defined export earn�ngs over 
�mport costs, denom�nated �n fore�gn currency.31 The part�cular assumpt�on 
we make �s that the path of ch�na’s cap�tal account balance rema�ns exactly 
as �n the basel�ne scenar�o. The �nvestment shock �s balanced prec�sely by 
an �ncrease �n total ch�nese sav�ng, so that external flows �ncrease �n both 
d�rect�ons dur�ng 2008, nett�ng out at basel�ne levels.

The results tell us, first, that th�s scenar�o would be �mposs�ble to ach�eve 
�n pract�ce �f the financ�al shock �s as large as that s�mulated, s�nce a sudden 
and prod�g�ous �ncrease �n the gross nat�onal sav�ng rate—from 50 per cent to 
72 per cent—would be requ�red to completely neutral�se the �nvestment surge. 
nonetheless, some blend of th�s scenar�o w�th the prev�ous one �s poss�ble, 
so we pers�st w�th our descr�pt�on of �ts consequences. The key effects on the 
ch�nese economy, measured as departures from the or�g�nal basel�ne scenar�o, 
are �nd�cated �n F�gure 3.15. The �ncreases �n �nvestment and �n sav�ng �n th�s 
scenar�o make the econom�c �mpl�cat�ons larger than the cap�tal controls 
scenar�o cons�dered prev�ously, �n wh�ch the pr�nc�pal effects were external, due 
to real exchange rate real�gnments. Because the r�se �n the sav�ng rate robs the 
economy of consumpt�on expend�ture, however, the add�t�onal �nvestment does 
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F�gure 3.15 Simulated effects of the financial contraction with compen-
sating reserve accumulation (temporarily increased saving) 
on Chinese GNP, GDP, investment and imports, 2000–2035
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F�gure 3.16 Simulated effects of the financial contraction with 
compensating reserve accumulation (temporarily increased 
saving) on Chinese real exchange rates, 2000 – 2035
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not ra�se GdP any further. The short-run fall �n GnP, due to reduced returns on 
fore�gn assets, �s also of a s�m�lar order. What �s d�fferent about th�s scenar�o 
�s that ch�na’s exports r�se temporar�ly (by one-fifth, compared w�th no change 
under t�ghter cap�tal controls) and �ts �mports fall, by about one-tenth (aga�n, 
compared w�th no change under t�ghter cap�tal controls).32

Aga�n, real exchange rate real�gnments are dec�s�ve here, as suggested 
by F�gure 3.16. compar�ng th�s figure w�th F�gure 3.14, the short-run real 
apprec�at�on aga�nst north Amer�ca �s a mere 2 per cent (compared w�th almost 
7 per cent �n the cap�tal controls scenar�o) and the real effect�ve deprec�at�on 
�s much larger (6 per cent compared w�th 2 per cent). Imports are very much 
more expens�ve �n ch�na under th�s scenar�o and so decl�ne �n the short run. 
As before, other reg�ons absorb new �nvestment after the fl�ght of sav�ng from 
the oecd countr�es and th�s apprec�ates the�r real exchange rates relat�ve 
to north Amer�ca. In ch�na’s case, however, wh�le the new �nvestment �s 
also accommodated, the real exchange rate apprec�ates much less because 
domest�c aggregate demand �s sapped by the temporary �ncrease �n sav�ng 
and the accelerated accumulat�on of fore�gn reserves. overall, a temporary 
d�p �n fore�gn-sourced �ncome and a substant�al contract�on �n consumpt�on 
should make th�s scenar�o unpalatable to the ch�nese government. As for the 
ma�nly As�an and Pac�fic suppl�ers of ch�na’s raw mater�als and manufactured 
components, a temporary fall �n the s�ze of ch�na’s market �s offset by �ncreased 
�nvestment.

Conclusion

cons�der�ng that exports make up almost half of ch�na’s GdP and most of 
these are d�rected to europe and north Amer�ca, negat�ve financ�al shocks 
�n those reg�ons m�ght be expected to retard ch�na’s growth. To confirm th�s 
quant�tat�vely, shocks that w�den the financ�al �ntermed�at�on wedge are appl�ed 
to north Amer�ca and Western europe �n the context of a dynam�c model of 
the global economy. contrary to expectat�on, m�t�gat�ng factors are also set �n 
tra�n by these shocks that lead to compensat�ng benefits for ch�na that �nsulate 
�ts economy, preserv�ng �ts comparat�vely rap�d growth path. These m�t�gat�ng 
factors take the form of the temporary fl�ght of sav�ngs from oecd countr�es 
�nto ch�nese �nvestment and real exchange rate real�gnments.

The m�t�gat�ng factors are so strong that, as long as ch�na rece�ves a fa�r 
share of �ncremental �nvestment due to the fl�ght of oecd sav�ng, �t w�ll be a 
net benefic�ary of financ�al shocks �n north Amer�ca and Western europe—at 
least as measured by �ts GdP. There are, however, good reasons why the 
ch�nese government m�ght seek to moderate the effects of th�s �nvestment 
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surge, through t�ghter �nward cap�tal controls, or offset them w�th �ncreased 
reserve accumulat�on. It m�ght, for example, v�ew these add�t�onal funds as 
footloose portfol�o cap�tal that could be w�thdrawn suddenly �n the future and 
therefore �ncrease financ�al r�sk at the nat�onal level. And whatever form the 
�nflow were to take, �t would ra�se ch�na’s domest�c aggregate demand and 
therefore apprec�ate �ts real exchange rate, plac�ng pressure on �ts central bank 
to e�ther apprec�ate the renm�nb� more qu�ckly or allow faster �nflat�on.

The results show that t�ghter cap�tal controls could el�m�nate the �nvestment 
surge but that th�s would cause other reg�ons’ real exchange rates to apprec�ate 
relat�ve to ch�na, mak�ng exports more compet�t�ve and trade d�vers�ficat�on 
eas�er. If the ch�nese government were, �nstead, to allow the �nvestment 
boom to take place but to ra�se the home sav�ng rate so as to offset �t w�th yet 
faster reserve accumulat�on, the real deprec�at�on of ch�na relat�ve to �ts other 
trad�ng partners would be even larger. Although �ts �mport growth would slow 
temporar�ly, �ts GdP would ma�nta�n �ts or�g�nal growth path, and, wh�le �ts 
suppl�ers of raw mater�als and manufactur�ng components would temporar�ly 
export less to ch�na, they would also enjoy �ncreased �nvestment suffic�ent to 
ma�nta�n the�r own levels of econom�c act�v�ty. The results therefore suggest 
that, as long as the financ�al shocks are restr�cted to north Amer�ca and Western 
europe, ch�na’s growth and the �mports on wh�ch �ts trad�ng partners rely are 
unl�kely to be h�ndered s�gn�ficantly.

A key prov�so �s that the financ�al shocks do not spread beyond north 
Amer�ca and Western europe. We regard such a spread as unl�kely, so do 
not cons�der �t here. clearly, �f the cr�s�s of financ�al confidence goes global, 
financ�al wealth w�ll d�m�n�sh �n all reg�ons, lead�ng to decl�nes �n consumpt�on 
and employment that could take many years to resolve. The potent�al for 
global growth rema�ns cons�derable, however, and �t �s d�fficult to bel�eve that 
pess�m�sm about the future could become so w�despread as to permanently 
under-pr�ce assets essent�al to that growth.

F�nally, wh�le we show that ch�na’s cont�nued growth m�ght not depend 
as closely as had prev�ously been thought on markets for exports �n north 
Amer�ca and Western europe, we would do well to rem�nd ourselves on what 
that growth must depend. The key �s cont�nued accumulat�on and renewal of 
phys�cal cap�tal. of course, the transformat�on of the labour force �nto sk�lled 
workers and profess�onals �s also essent�al but th�s occurs �n response to wage 
�ncent�ves that depend on cap�tal accumulat�on. Product�v�ty growth �s also 
�mportant, but th�s depends on cap�tal accumulat�on and renewal. so what are 
the threats to cap�tal accumulat�on and renewal �n ch�na? The ma�n one �s a r�se 
�n pol�t�cal r�sk. should the ch�nese government be destab�l�sed, FdI would be 
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repelled and there would be �llegal cap�tal fl�ght. output growth and �mports 
from other reg�ons would slow. The lesson �s that cont�nued ch�nese growth 
�s not pr�mar�ly about export markets. It requ�res that ch�na’s government �s 
stable and charts a steady and sens�ble pol�cy course.

Notes

1 The short-term financ�al l�terature on th�s po�nt �s vast: see, for example, Wolf (2007), mck�bb�n 
and stoekel (2007a, 2007b).

2 more so s�nce �t appears that these financ�al shocks have caused a speculat�ve retreat to 
commod�t�es, wh�ch has, at least temporar�ly, sh�fted the �nternat�onal terms of trade aga�nst 
ch�na.

3 For ev�dence support�ng the prom�nence of the components trade �n other As�an econom�es, 
see Athukorala (2005).

4 It m�ght well be cons�dered to have begun w�th the Us tech boom of the 1990s, however, 
and �ts subsequent bust, nonetheless leav�ng �n �ts wake cont�nued strong Us product�v�ty 
growth, wh�ch retarded domest�c �nflat�on and made the monetary expans�ons poss�ble; see 
Penn�ngs and Tyers (forthcom�ng) and ol�ner et al. (2008).

5 The �mport surge d�d not ra�se Us unemployment, although low-sk�lled workers were less 
favourably affected (Woo and X�ao 2007).

6 see ol�ner et al. (2008). s�gn�ficantly, they conclude that IT �nnovat�ons were the strongest 
contr�butor to Us product�v�ty growth �n both per�ods, but mostly before 2000, when the IT 
product�on sectors played key roles. Thereafter, however, wh�le IT cont�nued to be �mportant, 
the ga�ns came largely from serv�ces and were bolstered by one-off �ndustry restructur�ng, 
wh�ch was unl�kely to offer susta�ned product�v�ty growth �n the future.

7 The pr�ces of wheat and �ron ore showed extreme behav�our �n 2007. Although the growth 
�n demand �n the econom�es �n trans�t�on was support�ng the r�s�ng trend �n both, the 
extreme sp�kes were most l�kely caused by speculat�on after falls �n oecd equ�ty pr�ces. The 
consequence was to exacerbate the adverse sh�ft �n ch�na’s terms of trade.

8 ch�na’s current account surplus �n that per�od, and �ts assoc�ated accumulat�on of Us assets, 
has been the subject of an already large range of l�terature. The authors’ perspect�ves on th�s 
are deta�led �n Tyers and Ba�n (2007).

9 The model has �ts or�g�ns �n GTAP-Dynamic, the standard vers�on of wh�ch �s a der�vat�ve of 
�ts comparat�ve stat�c progen�tor, GTAP (hertel 1997). The dynam�cs embod�ed �n the or�g�nal 
are descr�bed �n Ianchov�ch�na and mcdougall (2000). Tyers et al. (2008) descr�be extens�ons 
to these dynam�cs, wh�ch emphas�se endogenous sk�ll levels.

10 money �s not represented expl�c�tly, necess�tat�ng our focus on real effects. Although no focus 
on ch�na �s offered, a s�m�lar appl�cat�on us�ng a more complete representat�on of the global 
macro-economy �s prov�ded by mck�bb�n and stoekel (2007).

11 Basel�ne product�v�ty �n the agr�cultural sectors of develop�ng reg�ons grows more rap�dly 
than that �n serv�ces. Th�s allows cont�nued shedd�ng of labour by agr�culture. In the case of 
ch�na, Wang and d�ng (2006) est�mated that there were 40 m�ll�on surplus workers �n ch�na’s 
agr�cultural sector. Wh�le underemployment �s not expl�c�t �n our model, the assumpt�on of 
h�gh labour product�v�ty growth �n agr�culture �mpl�es that agr�culture �s capable of shedd�ng 
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labour w�thout consequences for �ts output, as workers are drawn away by urban cap�tal 
accumulat�on.

12 see Ianchov�ch�na and mcdougall (2000) for deta�ls.
13 For further deta�ls on the �mplementat�on and cal�brat�on of the �nvestment �nterest prem�um, 

see Tyers and Golley (2008b).
14 The subd�v�s�on between product�on workers and profess�onals and para-profess�onals 

accords w�th the Internat�onal labour organ�sat�on’s occupat�on-based class�ficat�on and �s 
cons�stent w�th the labour d�v�s�on adopted �n the GTAP Database; see l�u et al. (1998).

15 ch�na’s sk�ll share �s projected to r�se through t�me wh�le that �n north Amer�ca rema�ns stat�c. 
The contrast �s due to north Amer�ca’s h�gher �n�t�al sk�ll share, �ts h�gh rate of unsk�lled 
�mm�grat�on and the h�gher fert�l�ty rate of �ts low-sk�lled fam�l�es.

16 It grows at a rate that �s decl�n�ng through t�me, ma�nly because low fert�l�ty causes ch�na’s 
labour force to fall after about a decade; see Tyers and Golley (2008b).

17 It acts to ra�se the reg�on-spec�fic pr�ce of cap�tal goods, K
iP , �n equat�on 1. Both shocks 

offer �nd�rect means of represent�ng events �n financ�al markets �n the past year. The r�ses 
�n �nterest prem�ums and the decl�nes �n expected (and ult�mately real) returns are due to 
weaken�ng opt�m�sm about the future, most part�cularly �n the Un�ted states, and therefore 
decl�n�ng asset pr�ces.

18 consumpt�on/sav�ngs cho�ces by reg�onal collect�ve households are adapt�ve, respond�ng 
to changes �n real per cap�ta �ncomes and real returns on sav�ng. We exper�mented w�th 
alternat�ve behav�oural assumpt�ons for north Amer�ca, �n one case forc�ng all the �ncome 
adjustment on sav�ng and �n the other on consumpt�on �n that reg�on. The effects of these 
d�fferences on the global economy were small, so for s�mpl�c�ty we d�scuss results only from 
the model’s standard spec�ficat�on.

19 Th�s �s not the case for gross nat�onal product (GnP), wh�ch does fall �n the short run due to the 
loss of returns from home and fore�gn-sourced cap�tal �ncome �n north Amer�ca and Western 
europe. In ch�na, �n contrast w�th �ts GdP, GnP slows (though does not fall absolutely), aga�n 
due to the loss of fore�gn-sourced �ncome.

20 The correspond�ng �ncrements to unemployment rates �n both reg�ons are much smaller g�ven 
the�r large shares of profess�onal labour, the wages of wh�ch rema�n flex�ble.

21 The model �s not constra�ned to approach any part�cular steady state, although all global cap�tal 
market �mbalances do tend to moderate over three decades �n the basel�ne project�on.

22 The role of ch�na’s very h�gh sav�ng rate �n �ts broad econom�c behav�our �s d�scussed by ku�js 
(2006).

23 Th�s po�nt has already been made by mck�bb�n and stoeckel (2007b) and more forcefully by 
mck�bb�n (2008).

24 see Tyers et al. (2008) and Tyers and Golley (2008b) for a d�scuss�on of ch�na’s real exchange 
rate, �ts measurement and �ts determ�nants.

25 Th�s �s a crude �nterpretat�on of the results s�nce the s�mulated apprec�at�on �s relat�ve to 
north Amer�ca as a whole.

26 That ch�na �s arguably already cap�tal-heavy emerges from the d�scuss�ons �n ku�js and he 
(2007), Azz�z and cu� (2007) and rosen and hauser (2007).

27 Illegal �nflows enter through legal loopholes, acqu�s�t�ons �n hong kong and macau and v�a 
transfer pr�c�ng; see Walter and how�e (2006).



55

American and European financial shocks: implications for Chinese economic performance

28 or, alternat�vely, �f �nflat�on �s to be controlled �t requ�res a pol�t�cally �nexped�ent apprec�at�on 
of the renm�nb�.

29 As modelled, these assets are held �n a global trust that del�vers an average global rate of 
return. B�lateral hold�ngs are not �dent�fied. nonetheless, g�ven the s�ze of the north Amer�can 
and Western european econom�es, the financ�al shocks cause a substant�al reduct�on �n the 
rate of return earned.

30 These real apprec�at�ons stem from the assoc�ated r�se �n aggregate demand, wh�ch tends to 
ra�se the pr�ces of home goods more than comparat�vely elast�cally suppl�ed fore�gn goods; 
see Tyers et al. (2008).

31 dur�ng 2007, a port�on of the PBc’s fore�gn assets was swapped for renm�nb�-denom�nated 
government debt and placed w�th ch�na’s sovere�gn wealth fund, the cIc. Th�s was to reduce 
the currency m�smatch on the PBc’s balance sheet, a problem that would be exacerbated by 
a sudden and substant�al fiscal surplus; see Tyers and Ba�n (2007).

32 Imports recover, however, to be larger than the basel�ne �n the long run, once the sav�ng rate 
�s restored to �ts or�g�nal decl�n�ng path.
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In the past decade, the w�den�ng b�lateral trade defic�t has been the focal 
po�nt of Us–ch�na econom�c relat�ons. Th�s �s often portrayed as a cause of 
the overall Us current account �mbalance. real publ�c concerns �n the Un�ted 
states surround�ng the debate about the ‘ch�na defic�t’ are, however, rooted �n 
the perce�ved econom�c threat of �mport compet�t�on. In the late 1990s, when 
�mports from ch�na were dom�nated by trad�t�onal labour-�ntens�ve manufactures 
such as cloth�ng and footwear, unsk�lled workers’ employment losses and wage 
suppress�on were the pr�me focus of the debate. more recently, the apparent 
r�s�ng soph�st�cat�on of �mports from ch�na—�n part�cular, the sharp r�se �n 
�mports of computers and electron�c products—has fuelled concerns that the 
r�se of ch�na poses a d�rect threat to the Un�ted states’ pos�t�on as a technology 
superpower, a concern rem�n�scent of the econom�c fears about Japan that 
pervaded the Us pol�cy scene �n the 1970s and 1980s.

‘Unfa�r’ ch�nese �mport compet�t�on �s perce�ved to take a number of forms, 
�nclud�ng �llegal export subs�d�es, lax enforcement of �ntellectual property 
r�ghts, restr�ct�ons on �mports to and fore�gn �nvestment �n ch�na, and the 
nat�onal currency be�ng kept undervalued through mass�ve �ntervent�on �n 
the fore�gn exchange market (hufbauer et al. 2006; mank�w and swagel 2005; 
We�sman 2007). These concerns have fuelled calls for new leg�slat�on to prevent 
unfa�r pract�ces. In February 2005, the Us senate passed the Byrd Amendment, 
a prov�s�on that encouraged Amer�can compan�es to file ant�-dump�ng lawsu�ts 
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by award�ng revenue collected from the resultant tar�ffs to l�t�gat�ng compan�es. 
other ch�na-spec�fic leg�slat�on has been proposed �n the past two years, 
�nclud�ng a b�ll that st�pulates declar�ng exchange rate protect�on as a form of 
�llegal subs�d�sat�on for wh�ch Us firms can seek compensat�on. The econom�c 
s�nophob�a has also begun to sp�ll over to other arenas of Us–ch�na relat�ons, 
�nclud�ng �nternat�onal food-safety standards and Us pol�cy postures relat�ng 
to the entry of ch�nese firms �n the corporate arena (sh�rk 2007:267). The ch�na 
threat—�n part�cular, the loss of Amer�can jobs to ch�na—was a hot �ssue �n 
the 2000 and 2004 pres�dent�al elect�ons, and �nd�cat�ons are that �t �s l�kely to 
figure even more prom�nently �n the upcom�ng (2008) pres�dent�al campa�gn 
(easton 2008; ste�nbock 2008).

The pol�cy debate about Us–ch�na trade relat�ons has so far been based 
on the convent�onal not�on of hor�zontal spec�al�sat�on, �n wh�ch trade takes 
place �n the form of final goods (goods that are produced from start to fin�sh 
�n a g�ven country). It has largely �gnored the cont�nu�ng process of global 
product�on shar�ng—the break-up of the product�on process �nto geograph�cally 
separated stages1—and the result�ng trade complementar�t�es between the two 
countr�es as dom�nant players of th�s new form of �nternat�onal exchange. Global 
product�on shar�ng opens up opportun�t�es for countr�es to spec�al�se �n d�fferent 
sl�ces (d�fferent tasks) of the product�on process depend�ng on the�r relat�ve 
cost advantage and other relevant econom�c fundamentals. consequently, parts 
and components are now exchanged across borders at a faster rate than final 
goods. In th�s context, dec�s�ons about how much to produce and for wh�ch 
market have to be comb�ned w�th dec�s�ons about whether to produce and 
w�th what degree of �ntra-product spec�al�sat�on. The upshot �s that trade-flow 
analys�s based on data com�ng from a report�ng system des�gned at a t�me when 
countr�es were trad�ng only �n final goods naturally d�storts values of exports 
and �mports, lead�ng to a fals�ficat�on of the current account �mbalances. The 
degree of fals�ficat�on �s l�kely to �ncrease over t�me as more complex product�on 
networks are created w�th an ever-�ncreas�ng number of �nteract�ng countr�es 
(Jones and k�erzkowsk� 2001a, 2001b). The spread of �nternat�onal product�on 
shar�ng can also d�m�n�sh the efficacy of exchange rate and tar�ff pol�c�es �n 
�nfluenc�ng trade flows by open�ng up opportun�t�es for firms to acqu�re �nputs 
from, and relocate final assembly to, d�fferent countr�es w�th�n global product�on 
networks, w�th a v�ew to cush�on�ng the�r profit marg�ns �n the face of such 
pol�cy changes (Ghosh and rajan 2007).  

G�ven the current state of data, �t �s not poss�ble to quant�fy the effect of 
�nternat�onal product�on shar�ng on b�lateral trade �mbalances: th�s would 
requ�re a major overhaul of the �nternat�onal system of collect�ng trade data 
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to record domest�c value-added content at d�fferent stages of product�on. The 
comTrAde database of the Un�ted nat�ons (Un var�ous years) does, however, 
now prov�de d�saggregated data that perm�t the separat�on of parts and 
components from final goods w�th a sat�sfactory coverage of trade �n mach�nery 
and transport equ�pment, a commod�ty class �n wh�ch most of the global 
product�on shar�ng �s concentrated. data extracted from th�s source, when 
comb�ned w�th the ava�lable case study-based ev�dence of global operat�ons of 
mult�nat�onal enterpr�ses, perm�t us to pa�nt a broad-bush p�cture of the nature 
of the cont�nu�ng process of global product�on shar�ng and �ts �mpl�cat�ons for 
Us–ch�na trade relat�ons �n order to better �nform the current pol�cy debate. 
That �s what we a�m to do �n th�s chapter. A number of recent stud�es have 
alluded to the �mportance of pay�ng attent�on to global product�on shar�ng �n 
analys�ng the dr�vers of the Us–ch�na trade defic�t (Bergsten et al. 2006; lardy 
2005; Fung et al. 2006; krugman 2008). To our knowledge, however, th�s �s the 
first attempt to exam�ne th�s �ssue systemat�cally to the extent perm�tted by 
the ava�lable data. 

The rema�nder of th�s chapter �s presented �n four parts. The next sect�on 
offers an overv�ew of trends and patterns of ch�nese trade �n order to set the 
stage for the ensu�ng analys�s. The th�rd sect�on surveys Us–ch�na trade 
patterns w�th emphas�s on emerg�ng patterns �n the two countr�es’ �nvolvement 
�n global product�on networks and the�r �mpl�cat�ons for the b�lateral trade flows 
us�ng some fresh datum tabulat�ons separat�ng trade �n parts and components 
and final goods �n mach�nery trade. Th�s �s followed by an econometr�c analys�s 
of the determ�nants of trade flows. The final sect�on presents conclud�ng 
remarks. 

China’s trade performance: an overview

The r�se of ch�na as a major trad�ng nat�on was one of the most momentous 
developments of the post-World War II era, surpass�ng even the stunn�ng r�se 
of Germany and Japan. Total merchand�se exports from ch�na �ncreased from 
Us$8 b�ll�on (about 1 per cent of global exports) �n 1978–79, when the process of 
l�beral�sat�on reforms started, to Us$1,442 b�ll�on (13.4 per cent) �n 2005–06.2 In 
2006, ch�na was the second largest export�ng nat�on �n the world after Germany 
and, assum�ng the current growth rates cont�nue, �t w�ll become the largest 
�n about 10 years. dur�ng the reform era, unt�l about the m�d 1980s, �mports 
followed exports closely w�th per�od�c m�nor trade surpluses or defic�ts. From 
then on, exports have pers�stently outpaced �mports, y�eld�ng a m�ld annual 
surplus averag�ng about 2 per cent of gross domest�c product (GdP), and 
exceed�ng 3 per cent only br�efly, �n 1997–98.
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ch�na’s phenomenal export expans�on has been underp�nned by a sh�ft 
�n the commod�ty compos�t�on of exports away from pr�mary products and 
towards manufactur�ng (Table 4.1). The share of manufactures �n ch�na’s total 
merchand�se exports �ncreased from less than 40 per cent �n the late 1970s 
to nearly 80 per cent �n the early 1990s, and to 92 per cent �n 2005–06. Unt�l 
about the late 1990s, trad�t�onal labour-�ntens�ve manufactures—�n part�cular, 
apparel, footwear, toys and sport�ng goods—were the pr�me movers of export 
expans�on. s�nce then, there has been a notable sh�ft �n the export compos�t�on 
away from convent�onal labour-�ntens�ve product l�nes and towards more 
soph�st�cated product l�nes—�n part�cular, those w�th�n the broader standard 
Internat�onal Trade class�ficat�on (sITc) category of mach�nery and transport 
equ�pment (sITc 7; henceforth referred to as ‘mach�nery’). Between 1992–93 
and 2005–06, the share of m�scellaneous manufactures (sITc 8)—a catch-
all commod�ty group encompass�ng most of the trad�t�onal labour-�ntens�ve 
products—decl�ned from 49 per cent to 31 per cent and the share of mach�nery 
�ncreased from 17 per cent to 44 per cent.

The expans�on of mach�nery exports has been brought about by ch�na’s 
h�ghly publ�c�sed export success �n a w�de range of ‘�nformat�on and 
commun�cat�on technology’ (IcT) products (wh�ch fall under sITc categor�es 
75, 76 and 77). ch�na’s world market share of IcT products recorded a fivefold 
�ncrease from 5 per cent �n 1992–93 to 24.1 per cent �n 2005–06. Among them, 
the share of office mach�nes �ncreased from less than 2 per cent �n 1992–93 
to more than 28 per cent �n 2005–06. Today, ch�na �s the world’s largest global 
producer as well as the s�ngle largest exporter of personal computers fall�ng �n 
th�s commod�ty group. ch�na’s world market share of telecommun�cat�ons and 
sound-record�ng equ�pment (dom�nated by mob�le phones, dVd players and 
cd players) was 26.2 per cent �n 2005–06—up from 7.9 per cent �n 1992–93.

Trade data show�ng th�s phenomenal structural sh�ft have been used 
w�dely—not only �n the popular press and pol�cy reports of agenc�es �nvolved 
�n promot�ng research and development act�v�t�es, but �n some scholarly 
wr�t�ng—to argue that ch�na �s rap�dly becom�ng an advanced-technology 
superpower and the soph�st�cat�on of �ts export basket �s rap�dly approach�ng 
the levels of those of most advanced �ndustr�al nat�ons (for example, rodr�k 
2006; Yusuf et al. 2007). A closer exam�nat�on of the data, however, suggests 
that such an �nference �s fundamentally flawed. In real�ty, what we observe �s 
the rap�d consol�dat�on �n ch�na of the final-assembly stages of east As�an-
centred global product�on networks for these products. Ample suppl�es of 
relat�vely cheap and tra�nable labour and the scales of economy ar�s�ng from 
ch�na’s vast domest�c market (wh�ch enables firms to ach�eve low un�t costs) 
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are contr�but�ng factors to ch�na’s attract�veness as a global assembly centre. 
As already noted, ch�na’s so-called ‘h�gh-tech’ exports are concentrated heav�ly 
�n a s�ngle product category: IcT products. The bulk of these products (such as 
notebook computers, d�splay un�ts, mob�le phones and dVd and cd players) 
are s�mply ‘mass-market commod�t�es’ produced �n huge quant�t�es and at 
relat�vely low un�t costs us�ng �mported h�gh-tech parts and components; they 
are not lead�ng-edge technology products. 

The share of components �n total mach�nery �mports to ch�na �ncreased 
from 32.5 per cent �n 1992–93 to 63.4 per cent �n 2004–05, w�th the �mport shares 
of the three IcT products (sITc 75, 76 and 77) record�ng much faster growth 
(Table 4.2). In contrast, final goods (total exports m�nus components) have 
cont�nued to dom�nate the export compos�t�on. In the past decade, the share 
of final goods �n total mach�nery exports has rema�ned about 75 per cent, w�th 
only m�nor year-to-year changes. G�ven the fact that the product�on of parts 
and components �s generally more cap�tal and technology �ntens�ve than final 
assembly, these figures clearly suggest that ch�na’s export success has so 
far been underp�nned largely by �ts comparat�ve advantage �n �nternat�onal 
product�on ar�s�ng from �ts labour abundance. When components are netted 
out, more than 80 per cent of total ch�nese manufactur�ng exports can st�ll be 
treated as labour-�ntens�ve products.

The bulk of assembly act�v�t�es �n ch�na are carr�ed out by affil�ates of 
mult�nat�onal enterpr�ses (‘fore�gn-�nvested enterpr�ses’, FIes) from �mported 
components w�th�n the�r global product�on networks (dean and Tam 2005; 
naughton 2007; sung 2007). The share of FIes �n total exports from ch�na 

Table 4.2 Share of parts and components in China’s manufacturing 
trade, 1992–93, 2000–01 and 2005–06 

Product exports Imports
 1992–93 2000–01 2005–06 1992–93 2000–01 2005–06
Total manufactur�ng 17.93 32.56 40.77 6.86 14.98 18.39
mach�nery and transport 36.51 58.98 67.65 33.95 38.50 36.32
 equ�pment (7) 
IcT products (75, 76, 77) 59.90 72.70 79.20 32.53 37.91 34.83
m�scellaneous manufactur�ng (8) 20.66 15.49 10.89 1.47 1.69 2.35

Note: standard Internat�onal Trade class�ficat�on (sITc) codes are g�ven �n parentheses. 
Source: comp�led from Un�ted nat�ons (Un), var�ous years. Commodity Trade Statistics 
Database (COMTRADE), stat�st�cs d�v�s�on, Un�ted nat�ons, new York. Ava�lable from http://
comtrade.un.org/bd.
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�ncreased from less than 2 per cent �n 1980 to more than 58 per cent by 2005. 
They accounted for 88 per cent of total �nformat�on-technology products 
exported from ch�na �n 2005. The FIes are mostly wholly fore�gn owned, and 
the�r act�v�t�es �n ch�na are concentrated overwhelm�ngly �n the final-assembly 
stage of product�on, wh�ch �s the most labour-�ntens�ve layer of a product�on 
process spread across many countr�es. Bas�c research and product des�gn 
and cap�tal and human cap�tal-�ntens�ve stages of the product�on process are 
carr�ed out �n the home countr�es of the mult�nat�onal enterpr�ses or �n other 
As�an countr�es that are �n a more advanced stage of �ndustr�al development 
than ch�na. Affil�ates of Us mult�nat�onals account d�rectly for only a small 
share of total exports by FIes (about 10 per cent),4 w�th affil�ated Ta�wanese, 
hong kong and korean firms account�ng for the l�on’s share (of more than 
80 per cent). Us mult�nat�onals seem, however, to play a major role �n parts 
and components suppl�es for all export-or�ented assembly firms from the�r 
product�on bases �n ch�na and other countr�es—�n part�cular, those located 
�n southeast As�a.5 

US–China trade patterns

B�lateral trade between the Un�ted states and ch�na has grown pers�stently 
s�nce the early 1980s, w�th the rate of growth accelerat�ng from about the m�d 
1990s and aga�n after ch�na’s access�on to the World Trade organ�zat�on (WTo) 
�n 2001 (F�gure 4.1). The value of Us �mports from ch�na rose from Us$16 b�ll�on 
�n 1990 to Us$307 b�ll�on �n 2006. s�nce 2003, ch�na has been the second largest 
source of Us �mports, after canada but ahead of mex�co and Japan. Us exports 
to ch�na have also grown pers�stently dur�ng th�s per�od, but from a low base 
and at a slower rate. Total exports �n 2006 amounted to a mere Us$55 b�ll�on, 
up from Us$5 b�ll�on �n 1990. B�lateral econom�c t�es between the two countr�es 
have therefore been character�sed by a stead�ly grow�ng trade �mbalance: the 
trade defic�t �ncreased from Us$11 b�ll�on to Us$205 b�ll�on �n 2006—the largest 
defic�t the Un�ted states has ever had w�th any country. The b�lateral trade defic�t 
as a percentage of Us GdP �ncreased from 0.2 per cent �n 1990 to 0.9 per cent 
�n 2000, and then to 1.9 per cent �n 2007. The defic�t w�th ch�na has been the 
Un�ted states’ s�ngle largest b�lateral trade defic�t s�nce 1999. As part of �ts WTo 
access�on, ch�na substant�ally reduced barr�ers to �mport trade, becom�ng the 
fastest grow�ng market for Us exports. ch�na’s WTo access�on also gave fore�gn 
compan�es confidence to move the�r assembly plants w�th�n global product�on 
networks to ch�na. As a result, ch�na’s exports kept grow�ng. 

F�gure 4.2 �llustrates the Us–ch�na trade defic�t �n the context of the Un�ted 
states’ grow�ng overall trade defic�t. At the same t�me that the Us defic�t w�th 
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F�gure 4.1 US–China trade, 1990–2006
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F�gure 4.2 US trade deficit: China’s share in comparative perspective, 
1990–2006
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ch�na �ncreased, the overall Us defic�t w�th all other countr�es has expanded. 
In 2006, the Us–ch�na b�lateral defic�t amounted to 28 per cent of the total Us 
trade defic�t—�n other words, almost three-quarters of the total Us trade defic�t 
w�th the rest of the world. Th�s compar�son suggests that current Us pol�cy 
concerns about ch�nese trade have been dr�ven pr�mar�ly by the perce�ved 
threat of �mport compet�t�on from ch�na rather than by the broader econom�c 
�ssue of a w�den�ng overall trade �mbalance. 

F�gure 4.2 also shows that, from about 1999, the w�den�ng Us–ch�na defic�t 
has been s�gn�ficantly counterbalanced by a sharp decl�ne �n the relat�ve 
�mportance of Us b�lateral trade defic�ts w�th Japan and other east As�an 
countr�es. Between 1999 and 2006, the �ncrease �n ch�na’s share �n the total Us 
trade defic�t from 20.4 per cent to 28.4 per cent was accompan�ed by a decl�ne 
�n the respect�ve figure for Japan—from 21.1 per cent to 10.5 per cent. The 
share of the other east As�an countr�es also decl�ned—from 16 per cent to 10.3 
per cent—between these two years. These contrast�ng patterns po�nt to the 
frag�l�ty of any analys�s of trade �mbalances based only on ‘reported’ b�lateral 
trade figures �n an era of global product�on shar�ng—a po�nt to be �nvest�gated 
us�ng d�saggregated trade data �n the next sect�on. 

F�gure 4.3 tells the ch�nese s�de of the story.6 The w�den�ng ch�na–Us trade 
surplus �n the past 10 years has been accompan�ed by w�den�ng b�lateral defic�ts 
w�th Japan and the other east As�an countr�es. From 2004 to 2006, the comb�ned 
defic�t w�th Japan and the other east As�an countr�es amounted to 85 per cent 
of the ch�na–Us trade surplus. In fact, ch�na has had an overall trade defic�t 
w�th the world, exclud�ng the Un�ted states, for several years now. There �s 
ev�dence that ch�na’s w�den�ng trade defic�ts w�th �ts reg�onal trad�ng partners 
are closely assoc�ated w�th ch�na’s �ncreas�ngly �mportant role as the ma�n 
centre of final assembly w�th�n reg�onal product�on networks. At the beg�nn�ng 
of the reform era, export-or�ented firms �n hong kong, Ta�wan and korea that 
were �nvolved �n the product�on of convent�onal labour-�ntens�ve products 
such as cloth�ng, footwear, toys and travel goods relocated the�r product�on 
to ch�na. Th�s was followed, from about the early 1990s, by rap�d relocat�on to 
ch�na of the final-assembly stages of ‘h�gh-tech’ �ndustr�es—�n part�cular, IcT 
�ndustr�es from these countr�es and also from Japan, the Un�ted states and 
other �ndustr�al countr�es. dur�ng th�s per�od, the major member countr�es of 
the Assoc�at�on of southeast As�an nat�ons (AseAn; s�ngapore, Tha�land, 
malays�a and the Ph�l�pp�nes) also began to part�c�pate �n the product�on 
networks �n a b�g way as suppl�ers of parts and components for final-assembly 
act�v�t�es �n ch�na (Athukorala 2008). Th�s mass�ve restructur�ng of product�on 
processes w�th�n global product�on networks naturally set the stage for a sh�ft 
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�n ch�na’s grow�ng b�lateral trade surplus w�th the Un�ted states (and some 
other �ndustr�al countr�es), wh�ch prov�ded markets for final (assembled) goods 
�n �ts reg�onal trad�ng partners �n the form of narrow�ng trade defic�ts and/or 
grow�ng trade surpluses. 

The d�scuss�on so far �n th�s sect�on suggests that the Us–ch�na trade 
�mbalance could be largely a structural phenomenon, qu�te d�st�nct from 
the overall trade �mbalance of the Un�ted states, and related largely to the 
cont�nu�ng process of global product�on shar�ng and the p�votal role played by 
ch�na �n th�s new form of �nternat�onal exchange. We now turn to d�saggregated 
analys�s of Us–ch�na trade flows �n order to broaden our understand�ng of the 
phenomenon. 

In the reform era, unt�l about the early 1990s, trad�t�onal convent�onal 
labour-�ntens�ve manufactured goods (m�scellaneous manufactures) dom�nated 
ch�nese exports to the Us, reflect�ng ch�na’s general pattern of export 
spec�al�sat�on at the t�me. s�nce then there has been a palpable sh�ft �n the 
commod�ty compos�t�on of �mports away from these products and towards 
mach�nery and transport equ�pment—�n part�cular, IcT products. Between 
1995–96 and 2005–06, the share of m�scellaneous manufactures �n total �mports 
from ch�na decl�ned from 58.8 per cent to 38.5 per cent, accompan�ed by an 
�ncrease �n the share of mach�nery from 26.3 per cent to 44.1 per cent (Table 
4.3). The share of IcT products �ncreased from 22.4 per cent to 37.6 per cent, 
and th�s commod�ty group contr�buted to more than 40 per cent of the total 

F�gure 4.3 China’s bilateral trade balance, 1992–2006 (Us$ b�ll�on)
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�ncrement �n �mports from ch�na between these two per�ods. ch�na’s share �n 
total Us IcT-product �mports �ncreased from 6.5 per cent �n 1995–96 to 33 per 
cent �n 2005–06 (Table 4.4). Th�s was underp�nned by a sharp decl�ne �n the 
comb�ned share of the other east As�an countr�es—from 63.5 per cent to 36.6 
per cent. ch�na’s share �n Us IcT �mports �n 2005–06 was almost two t�mes 
that of mex�co (15.7 per cent). 

To ga�n further �ns�ghts �nto the grow�ng �mportance of overseas assembly 
as a source of �mports for the Un�ted states and the p�votal role played by ch�na 
�n th�s �nternat�onal d�v�s�on of labour, we d�saggregated data for mach�nery 
trade �nto parts and components and final goods (reported trade: parts and 
components). The results of th�s exerc�se are presented �n F�gure 4.4 and 
Table 4.5. Table 4.5 g�ves data for the share of parts and components �n total 
Us �mports and exports of mach�nery and the subcategory of IcT products 
there�n. data for IcT products d�saggregated �nto final goods and parts and 
components are plotted �n F�gure 4.4.

The share of components �n Us mach�nery exports �s generally much h�gher 
across all partner countr�es compared w�th that of �mports (Table 4.5). moreover, 
on the �mport s�de, the shares have recorded a notable decl�ne across all �mport-
trad�ng partners. Th�s decl�ne �s much sharper for the IcT products subcategory 
w�th�n the broader category of mach�nery and transport equ�pment. These 
patterns are generally cons�stent w�th the Un�ted states’ comparat�ve advantage 
�n sk�ll and cap�tal-�ntens�ve act�v�t�es �n product�on processes w�th�n global 
product�on networks �n vert�cally �ntegrated �ndustr�es. W�th�n th�s broader 
context, one can observe two pecul�ar�t�es relat�ng to ch�na’s role �n �nternat�onal 
product�on shar�ng �n relat�on to �ts trade w�th the Un�ted states. 

F�rst, the share of parts and components �n Us exports to other east As�an 
countr�es (�n part�cular, to the countr�es �n AseAn) �s much h�gher compared 
w�th that of exports to ch�na. Th�s pattern �s cons�stent w�th the case study-
based find�ngs that Us firms located �n east As�an countr�es undertake further 
process�ng/assembly of parts and components or�g�nally des�gned and/or 
produced �n the Un�ted states as part of the�r engagement �n ch�na-centred 
reg�onal product�on networks. Un�ted states-based mult�nat�onal enterpr�ses 
have a long h�story of engagement �n parts and components assembly and 
test�ng �n southeast As�a, dat�ng back to the sett�ng up of process�ng plants by 
nat�onal sem�conductors and hewlett Packard �n s�ngapore �n the early 1970s. 
many more Us firms entered th�s arena and the�r product�on locat�ons expanded 
to Tha�land, malays�a and the Ph�l�pp�nes �n subsequent years and, more 
recently, to V�etnam. At the format�ve stage, the act�v�t�es of Us mult�nat�onal 
enterpr�se affil�ates �nvolved assembly/test�ng of s�mple components and the re-
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F�gure 4.4 US trade in ICT goods disaggregated into parts and 
components and final goods, 1990-2006 (per cent)

Imports Exports
F�gure 4.4a  Final Goods F�gure 4.4b  Final Goods

0

5

10

15

20

25

30

35

40

19
90

19
93

19
96

19
99

20
02

20
05

Im
p

o
rt

 s
h

ar
e 

(%
)

0

5

10

15

20

25

30

35

40

19
90

19
93

19
96

19
99

20
02

20
05

E
xp

o
rt

 s
h

ar
e 

(%
)

F�gure 4.4c  Parts and components F�gure 4.4d  Parts and components
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F�gure 4.4e  Total (reported) imports F�gure 4.4f  Total (reported) exports
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�mport�ng of the assembled components to the Un�ted states to be �ncorporated 
�n the final products. over t�me, more and more soph�st�cated stages of the 
product�on process were relocated �n southeast As�a, result�ng �n mult�ple 
border cross�ngs of parts and components before they were �ncorporated �n 
final product�on not only �n the Un�ted states, but �n other countr�es covered 

Table 4.5 Share of parts and components in US machinery trade 
(per cent)

 Imports exports 
 share   
 1995–96 2005–06 1995–96 2005–06
(a) mach�nery and transport equ�pment*    
ch�na and hong kong 32.1 24.4 45.6 56.0
ch�na 25.0 24.2 36.1 50.8
east As�a 45.6 36.8 57.5 62.1

Japan 42.2 33.3 51.1 49.4
korea 60.3 31.0 51.2 58.2
Ta�wan 54.9 52.6 55.4 58.4
AseAn 43.6 40.9 67.7 73.2

nAFTA 35.7 34.6 58.8 52.7
mex�co 42.7 37.7 68.9 61.9

european Un�on 15  43.7 38.9 54.3 52.4
World 42.1 34.9 54.4 52.4
    
IcT products    
ch�na and hong kong 31.9 20.9 59.2 72.7
ch�na 23.5 20.7 51.2 72.8
east As�a 51.8 44.6 71.3 77.4

Japan 51.8 51.3 60.7 53.6
korea 70.4 38.6 64.4 78.3
Ta�wan 57.6 52.9 78.6 81.1
AseAn 43.5 40.4 79.8 85.7

nAFTA 55.6 39.0 63.2 57.3
mex�co 50.5 36.2 70.4 65.9

european Un�on 15  54.9 48.9 54.9 51.1
World 51.2 36.1 60.9 61.0

* �nclud�ng IcT products 
Source: comp�led from Un�ted nat�ons (Un), var�ous years. Commodity Trade Statistics 
Database (COMTRADE), stat�st�cs d�v�s�on, Un�ted nat�ons. Ava�lable from http://comtrade.
un.org/bd/
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by the Us mult�nat�onals’ networks (through the�r own affil�ated firms and 
arm’s-length trade relat�ons) (l�psey 1998; Athukorala 2007). Us mult�nat�onal 
affil�ates �n southeast As�a have, �n fact, expanded assembly act�v�t�es �n the 
reg�on s�nce the emergence of ch�na as the global assembly centre for IcT 
products and other mach�nery, and these firms supply parts and components 
to the�r own affil�ates and other firms �nvolved �n assembly operat�ons �n ch�na 
(Athukorala 2007). 

second, the share of parts and components �n Us �mports from ch�na �s 
remarkably low compared w�th the figures for the other east As�an countr�es, 
as well as w�th the global average. In years for wh�ch data are reported, parts 
and components account for about 20 per cent of total IcT �mports to the 
Un�ted states—that �s, final goods accounted for nearly four-fifths of total 
�mports. consequently, the �ncreas�ng trend of ch�na’s penetrat�on �n the Us 
IcT markets �s much sharper (F�gure 4.4) �n terms of data for final goods than 
for figures based on the standard (gross) trade data. Th�rd—and related to 
the two prev�ous po�nts—two-way trade �n parts and components seems to 
account for a much larger share of trade between the Un�ted states and other 
east As�an countr�es (�n part�cular, AseAn countr�es) compared w�th trade 
w�th ch�na. It seems that ch�na’s comparat�ve advantage �n global product�on 
shar�ng �s st�ll concentrated d�sproport�onately �n final assembly.

Determinants of trade flows 

It �s clear from the d�scuss�on so far that cha�n’s emergence as an �mportant 
player �n global product�on networks �s an �mportant structural factor beh�nd 
the w�den�ng trade defic�t between the Un�ted states and ch�na. We now turn 
to a more formal exam�nat�on of the determ�nants of Us trade, d�st�ngu�sh�ng 
between �mports and exports, and focus�ng on the behav�our of the trade 
flows of final goods and parts and components w�th�n mach�nery exports. 
The purpose �s to exam�ne whether trade w�th ch�na has a spec�fic effect on 
the overall �nternat�onal trade patterns of the Un�ted states beyond what can 
be expected �n terms of the standard determ�nants of b�lateral trade flows. 
The analyt�cal tool used for th�s purpose �s the grav�ty equat�on, wh�ch has 
become a standard tool for analys�ng b�lateral trade flows. For the purpose of 
our analys�s, we augmented the bas�c grav�ty model �n a number of ways to 
y�eld the follow�ng spec�ficat�on 

Ln TRDi,j = α + β1lnGDPi + β2 lnGDPj + β3 lnPGDPi +β4 lnPGDPj   
+ β5lnDSTi,j  + β6 ADJi,j +β7 lnRULCi,j + β8 lnRERi,j + β9 DCH 
+ β10 DJP + β11 DTW + β12 DAS + γT + εij (1)
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�n wh�ch i and j refer to the report�ng country (the Un�ted states) and the partner 
country, and Ln denotes natural logar�thms. The var�ables are l�sted and defined 
below, w�th the postulated s�gn of the regress�on coeffic�ent for the explanatory 
var�ables �n brackets.

TRD trade (�mports [MP] or exports [EX]) between i and j
GDP real GdP (+)

PGDP real GdP per cap�ta (+)
DST the d�stance between the econom�c centres of i and j (–)

ADJ a b�nary var�able assum�ng the value of 1 �f i and j share a  
  common land border and 0 otherw�se (+)

RULC relat�ve un�t labour costs of manufactur�ng between j and i  
 (EX +; MP –)

RER an �ndex of b�lateral real exchange rates, wh�ch measure the  
 �nternat�onal compet�t�veness between j and i (EX +; MP –)

DCH �ntercept dummy var�able for ch�na (+ or –)

DJP  �ntercept dummy var�able for Japan (+ or –)

DTW �ntercept dummy var�able for Ta�wan and korea (+ or –)

DAS �ntercept dummy var�able for the five major member countr�es  
 of AseAn (Indones�a, malays�a, Ph�l�pp�nes, s�ngapore and  
 Tha�land) 

T  a set of t�me dummy var�ables to capture year-spec�fic ‘fixed’  
 effects

α  a constant term

ε  a stochast�c error term, represent�ng the om�tted other �nfluences  
 on b�lateral trade.

The first four explanatory var�ables (GDP, GDPP, DST and ADJ) are the 
standard grav�ty-model arguments that do not requ�re further d�scuss�on. 
Among the rema�n�ng var�ables, the relat�ve un�t labour cost (RULC, relat�ve 
manufactur�ng wages adjusted for labour product�v�ty) �s presumably a major 
factor �mpact�ng on the global spread of fragmentat�on-based spec�al�sat�on 
(Jones and k�erzkowsk� 2001a, 2001b). In a context �n wh�ch cap�tal and 
components have become �ncreas�ngly mob�le, the relat�ve cost of product�on 
naturally becomes an �mportant cons�derat�on �n cross-border product�on. 
The �nclus�on of the real exchange rate, RER, wh�ch captures the �nternat�onal 
compet�t�veness of traded-goods product�on, �s based on a s�m�lar reason�ng. 
Another �mportant determ�nant of trade flows suggested by the theory of 
product�on fragmentat�on �s the cost of ‘serv�ce l�nks’ connect�ng ‘product�on 
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blocks’ �n d�fferent countr�es. There �s no un�que measure of the cost of serv�ce 
l�nks; however, �n our model, d�stance (DST), adjacency (ADJ) and per cap�ta 
�ncome (PGDP) capture certa�n aspects such as costs. Technolog�cal advances 
dur�ng the post-World War II era have certa�nly contr�buted to a remarkable 
reduct�on �n �nternat�onal commun�cat�on costs. There �s, however, ev�dence 
that geograph�cal ‘d�stance’ �s st�ll a key factor �n determ�n�ng �nternat�onal 
transport costs—�n part�cular, sh�pp�ng costs—and del�very t�me (evans and 
harr�gan 2003). T�mely del�very can �n fact be a more �mportant �nfluence on 
vert�cal trade than final trade because of mult�ple border cross�ngs �nvolved �n 
the value-add�ng cha�n. The common border dummy (ADJ) captures poss�ble 
add�t�onal advantages of prox�m�ty that are not captured by the standard 
d�stance measure (the greater cycle d�stance between cap�tal c�t�es). The 
�nclus�on of PGDP as an explanatory var�able allows for the fact that more 
�ndustr�al�sed countr�es have better ports and commun�cat�on systems and 
other trade-related �nfrastructure than develop�ng countr�es as well as better 
�nst�tut�onal arrangements for contract enforcement that fac�l�tate trade by 
reduc�ng the cost of ma�nta�n�ng ‘serv�ce l�nks’. 

The ch�na dummy (DCH) �s expected to capture the ‘ch�na effect’ over 
and above the other var�ables. dummy var�ables are also �ncluded for Japan 
(DJP), Ta�wan and korea (DTW), AseAn (ASN) and mex�co (DMX), gu�ded by 
the emp�r�cal regular�t�es �n trade patterns observed �n the prev�ous sect�on. 
We observed that ch�na’s rap�d export expans�on �n standard labour-�ntens�ve 
manufactures and IcT products has been �n d�rect compet�t�on w�th these 
countr�es. It �s therefore �mportant to control for any unobserved fixed effects 
relat�ng to these countr�es for prec�se est�mat�on of the ‘ch�na effect’. F�nally, the 
t�me-spec�fic fixed effects (T) are �ncluded to control for general technolog�cal 
change and other t�me-vary�ng factors.

The model was est�mated us�ng annual data for mach�nery trade �n the 
per�od 1992–2005 for all countr�es, each of wh�ch accounted for 0.1 per cent or 
more of total manufactur�ng trade �n 2000–01. There were 41 Us trad�ng partner 
countr�es, wh�ch sat�sfied th�s cr�ter�on. of these, hong kong was comb�ned 
w�th ch�na because of �ts pecul�ar trade l�nks w�th the latter.8 our data set 
therefore relates to 40 countr�es. data for b�lateral exports are comp�led from 
the �mporters’ records (cIF) of the Un comTrAde database (Un var�ous years). 
The data were d�saggregated �nto components and final products follow�ng the 
procedures deta�led �n Athukorala (2006). The data sources for other var�ables 
and methods of var�able construct�on are expla�ned �n the append�x.

We use the random-effect est�mator as our preferred est�mat�on techn�que. 
The alternat�ve fixed-effect est�mator �s not appropr�ate because our model 
conta�ns a number of t�me-�nvar�ant var�ables. note that our panel data set 
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relates to b�lateral trade (�mports and exports) for the Un�ted states (not 
b�lateral trade flows of all countr�es under study). Th�s means that the report�ng 
country’s (the Un�ted states) GdP and PGdP have only ‘w�th�n var�at�on’ �n the 
data panel. It �s not poss�ble therefore to reta�n one or both of these var�ables 
and t�me dumm�es �n the same regress�on because of mult�ple co-l�near�ty. 
After undertak�ng exper�mental est�mat�ons to see the sen�l�ty of the results 
to alternat�ve spec�ficat�ons (w�th �ncome var�ables only and t�me dumm�es 
only wh�le keep�ng all other var�ables the same), we opted for the vers�on w�th 
t�me dumm�es. It turned out to be super�or to the alternat�ve �n terms of the 
overall fit, and �n the econom�c plaus�b�l�ty and stat�st�cal s�gn�ficance of the 
coeffic�ent est�mates of the other var�ables. Th�s spec�ficat�on cho�ce means 
that the est�mated coeffic�ents of t�me dumm�es capture the report�ng country’s 
(the Un�ted states) �ncome effect and other t�me-spec�fic factors �mpact�ng 
on trade flows. relat�ng to the latter, the most noteworthy developments are 
ch�na’s access�on to the WTo �n 2001 and the subsequent tar�ff reduct�ons, 
and the abol�t�on of mult�fibre Arrangement (mFA) w�th effect from 2005. The 
common border dummy (BRD) could not be reta�ned �n the final est�mat�on 
because of �ts h�gh correlat�on w�th the d�stance var�able. Th�s �s not surpr�s�ng 
g�ven the Un�ted states’ h�gh �ntens�ty of trade w�th �ts two ne�ghbours, 
mex�co and canada. We also tested add�t�onal dummy var�ables for canada 
and north Amer�can Free Trade Agreement (nAFTA) membersh�p (�n place 
of the mex�co dummy) �n exper�mental runs. Both var�ables turned out to be 
stat�st�cally �ns�gn�ficant over and above the other var�ables, and they had no 
s�gn�ficant effect on the s�ze/stat�st�cal s�gn�ficance of the other coeffic�ents �n 
the regress�ons. The regress�on results are reported �n Table 4.6. 

The results for the d�stance var�able (DST) prov�de strong support for the 
hypothes�s that transportat�on and other d�stance-related costs are �mportant 
determ�nants of trade flows. For total manufactur�ng, there �s ev�dence of a 
symmetr�cal effect of d�stance on trade: the d�stance coeffic�ent of �mport and 
export equat�ons �s remarkably s�m�lar �n magn�tude (1.18 and 1.12, respect�vely). 
Interest�ngly, at the d�saggregated level, the d�stance coeffic�ent for components 
and final goods of mach�nery �mports are much larger than the coeffic�ents of 
other manufactur�ng and total manufactur�ng.9 Th�s d�fference �s cons�stent w�th 
the hypothes�s that vert�cal spec�al�sat�on, g�ven the mult�ple border cross�ngs 
�nvolved �n the product�on process, �s much more sens�t�ve to transport costs. 
The d�stance coeffic�ents on exports of parts and components and final 
goods are smaller �n magn�tude than the respect�ve coeffic�ents on the �mport 
s�de. Th�s asymmetry �n the d�stance effect �s cons�stent w�th the �ncreased 
concentrat�on over t�me of Us mach�nery exports, �n part�cular IcT exports, 
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�n ‘h�gh value-to-we�ght’ segments of the product�on process w�th�n global 
product�on networks—a process that seems to have helped Us export�ng firms 
to overcome trade barr�ers assoc�ated w�th d�stance. The d�stance coeffic�ent 
of mach�nery parts and components exports �s, however, much larger (1.26) 
than that of final mach�nery (0.91), presumably because speedy del�very �s 
a relat�vely more �mportant determ�nant of success �n components exports 
trade than �n trade �n final goods. Th�s �nference �s cons�stent w�th the recent 
tendency (observed �n the prev�ous sect�on) of Us mult�nat�onals to expand 
components assembly and test�ng �n southeast As�a for supply to the final 
assembler �n ch�na (and other countr�es �n the reg�on). The coeffic�ent of per 
cap�ta GdP �s h�ghly s�gn�ficant and s�m�lar �n magn�tude (about 0.3) �n the 
four export equat�ons. Th�s perhaps reflects the heavy �ndustr�al-country b�as 
�n the geograph�c patterns of Us exports. on the �mport s�de, the coeffic�ent 
�s s�gn�ficant only �n the two mach�nery equat�ons. moreover, the coeffic�ent 
of the final goods equat�on �s almost tw�ce that of parts and components. It 
seems that �nter-country d�fferences �n the stage of econom�c development are 
�mportant to �mports to the Un�ted states tak�ng place w�th�n global product�on 
networks, �n part�cular final goods. 

The coeffic�ent of the relat�ve un�t labour cost var�able (RULC) �s stat�st�cally 
s�gn�ficant w�th the expected (negat�ve) s�gn only �n the equat�on for final 
mach�nery �mports. It suggests that, other th�ngs be�ng equal, a 1 percentage-
po�nt d�fference among export�ng countr�es �s assoc�ated w�th 0.35 per cent 
d�fference �n growth of exports of th�s product category to the Us market. Th�s 
un�que result �s cons�stent w�th the �mportant role played by relat�vely low un�t 
labour costs �n the rap�d penetrat�on of IcT products and other assembled 
goods from ch�na �n the Us market.

Turn�ng to results for the real exchange rate (RER), on the �mport s�de, 
�ts coeffic�ent �s barely s�gn�ficant w�th the unexpected (pos�t�ve) s�gn �n the 
equat�on for final mach�nery and �s not d�fferent from zero �n the other three 
equat�ons. on the export s�de, the coeffic�ent carr�es the expected (pos�t�ve) s�gn 
�n all four equat�ons and �t fa�ls to ach�eve s�gn�ficance only �n the mach�nery 
parts and components equat�on. The coeffic�ents are, however, rather small—
less than 0.1 �n all cases. overall, there �s no ev�dence here to suggest that the 
exchange rate plays a s�gn�ficant role �n determ�n�ng the Un�ted states’ w�den�ng 
trade gap.10 These results are generally cons�stent w�th the ava�lable ev�dence 
that global product�on shar�ng cons�derably weakens the l�nk between the 
degree of exchange and trade performance, part�cularly when �t comes to the 
components trade (Gron and swenson 1996; swenson 2000).
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The coeffic�ent of the ch�na dummy (DCH) �s pos�t�ve and stat�st�cally 
s�gn�ficant �n all equat�ons.11 It �s much larger �n the �mport equat�ons, �nd�cat�ng 
that, after controll�ng for the standard determ�nants of trade flows, exports from 
ch�na have penetrated the Un�ted states at a rate much h�gher rate (on average, 
16 t�mes) than those from other countr�es. The coeffic�ent of DCH �n the final 
mach�nery export equat�on �s str�k�ngly large (4.25) and �s almost tw�ce that �n 
the equat�on for parts and components (and total manufactur�ng). Th�s result 
�s cons�stent w�th the dom�nant ‘assembly b�as’ �n the emerg�ng patterns of 
ch�na’s export spec�al�sat�on, wh�ch we observed �n the prev�ous sect�on. The 
d�fferences �n magn�tude among the coeffic�ents of DCH, DAS, DKT and DMX 
�n each of the four �mport equat�ons are also cons�stent w�th the observed 
d�fferences �n relat�ve export performance. The much larger coeffic�ent of the 
AseAn dummy �n the component equat�on (3.61) �s part�cularly noteworthy. As 
d�scussed, the explanat�on seems to l�e �n econom�c h�story: the early cho�ce of 
the reg�on by mult�nat�onal compan�es as a locat�on for components assembly 
and test�ng �n the�r global product�on networks. 

on the export s�de, there �s no ev�dence to suggest that Us firms perform 
relat�vely poorly �n export�ng to ch�na compared w�th exports to other countr�es. 
The coeffic�ent of DCH �s greater than un�ty and �s stat�st�cally s�gn�ficant 
�n all cases, suggest�ng that, once other determ�nants are controlled for, on 
average, exports to ch�na have grown almost three t�mes faster than exports 
to other dest�nat�ons. The results for the dummy var�ables also do not reveal 
any notable d�fference �n the rates of expans�on of exports to the Un�ted states 
from ch�na and mex�co when other relevant var�ables are controlled for—�n 
part�cular, the spec�fic adjacency/d�stance advantage of mex�co. A compar�son 
of the results for ch�na and AseAn corroborate our earl�er observat�on of the 
grow�ng complementar�ty among these countr�es �n the�r trade l�nks w�th the 
Un�ted states w�th�n global product�on networks. 

Concluding remarks

The ev�dence harnessed �n th�s chapter supports the v�ew that, �n a context �n 
wh�ch �nternat�onal fragmentat�on of product�on �s becom�ng the symbol of 
econom�c global�sat�on, the standard trade-flow analys�s leads to m�slead�ng 
�nferences about the soph�st�cat�on of ch�na’s emerg�ng export patterns. 
Although ch�na has d�splayed a rap�d �ncrease �n exports of h�gh-tech products 
�n recent years, the real value added �n ch�na �s generally not �n h�gh-tech 
act�v�t�es. When components are netted out, �t becomes clear that ch�na 
�s spec�al�s�ng �n labour-�ntens�ve n�ches w�th�n otherw�se sk�ll-�ntens�ve 
sectors. ch�na’s general patterns of trade are much �n l�ne w�th �ts underly�ng 
comparat�ve advantage �n labour-�ntens�ve product�on.
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In the contemporary �nternat�onal economy, �n wh�ch global product�on 
shar�ng �s expand�ng rap�dly, the real story beh�nd the Us–ch�na trade gap 
�s much more compl�cated than what �s revealed by the standard trade-flow 
analys�s undertaken w�th data com�ng from a data-report�ng system developed 
at a t�me when countr�es were trad�ng predom�nantly (�f not solely) �n final goods. 
The w�dely held v�ew that ch�na’s rap�d market penetrat�on of the Us economy �s 
dr�ven by unfa�r trade pract�ces needs to be re-exam�ned �n l�ght of the fact that 
the two econom�es are deeply �nterconnected and �nterdependent w�th�n global 
product�on networks. The grow�ng trade defic�t between the two countr�es has 
been underp�nned by ch�na’s emergence as the ma�n po�nt of final assembly �n 
As�an product�on networks based on �ts ample supply of labour and moves by 
Us firms to supply h�gh-end parts and components from the�r As�an bases. In 
sum, the defic�t �s to a large extent a structural defic�t dr�ven by the process of 
global product�on shar�ng. It �s ak�n to the substant�al structural surplus �n the 
o�l-export�ng countr�es (based on the�r spec�fic resource endowment), wh�ch 
the rest of the world has become accustomed to l�v�ng w�th. 

G�ven the current state of ch�na’s factor-market cond�t�ons (as surveyed 
�n a number of recent stud�es, �nclud�ng cooper 2006; meng and Ba� 2007; 
naughton 2007), one can speculate that ch�na’s trade patterns are unl�kely to 
change dramat�cally �n the short to med�um term. ch�na st�ll has about half of 
�ts labour force employed �n agr�culture, where �ts product�v�ty �s, on average, 
barely one-e�ghth of that �n �ndustry and about one-quarter that �n the serv�ce 
sector. Agr�culture st�ll accounts for more than 45 per cent of total employment 
�n the country even though agr�culture’s share �n GdP �s only 13 per cent. GdP 
per worker �n the economy as a whole �s three t�mes the value added per worker 
�n agr�culture. The country st�ll rema�ns very rural, w�th an urban�sat�on rate of 
about 40 per cent of the total populat�on—much lower than the ‘normal’ level 
of 60 per cent cons�stent w�th ch�na’s �ncome level. These features, coupled 
w�th the h�gh sk�lled–unsk�lled wage d�fferent�al (wh�ch, accord�ng to some 
est�mates, has r�sen from 1.3 to 2.1 �n the past decade), suggest that ch�na 
st�ll has much potent�al for mov�ng unsk�lled workers out of agr�culture and 
�nto manufactur�ng and other product�ve urban-sector act�v�t�es. For th�s to 
happen, the global trad�ng env�ronment needs to rema�n accommodat�ve and 
ch�nese pol�c�es need to be recept�ve to ga�ns from spec�al�sat�on on the bas�s 
of comparat�ve advantage.

G�ven the current state of data, �n th�s chapter, we have focused solely on 
Us–ch�na trade �n goods. The �nferences therefore need to be qual�fied for 
the fact that the d�fference between merchand�se trade and serv�ces trade has 
become �ncreas�ngly blurred because of the cont�nu�ng process of product�on 
fragmentat�on. Us firms that have sh�fted components product�on/assembly 
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and final assembly act�v�t�es and that manage ‘serv�ce l�nks’ �nvolved �n the 
global product�on networks from the�r home bases undertake knowledge-based 
or �nformat�on technology-enabled serv�ces (Brown and l�nden 2005). In other 
words, as part of the cont�nu�ng process of global product�on shar�ng, the related 
serv�ces—part�cularly knowledge-based or �nformat�on technology-enabled 
serv�ces that are beyond the trad�t�onal not�on of �nternat�onally traded serv�ces, 
such as transportat�on, travel and tour�sm—have become �ncreas�ngly tradable. 
There �s ev�dence that exports of these new product�on-related serv�ces (and the 
related employment opportun�t�es) have s�gn�ficantly expanded �n recent years 
(mann 2006). The surplus �n Us serv�ces trade (wh�ch has pers�sted s�nce the late 
1970s) has expanded rap�dly �n recent years, reach�ng Us$75 b�ll�on �n 2006. The 
largest subcategory—the export growth of wh�ch has far outpaced growth �n all 
other serv�ces—�n the serv�ces account �s ‘other pr�vate serv�ces’ trade, wh�ch 
captures many of the �nformat�on technology-related serv�ces, management 
and consultancy serv�ces and bus�ness, profess�onal and techn�cal serv�ces, all 
of wh�ch are central to the process of global product�on shar�ng.12 An analys�s 
that overlooks these exports could overstate the magn�tude of the Us–ch�na 
trade �mbalance, presumably by a w�de marg�n.

Notes

1  In the recent l�terature on �nternat�onal trade, an array of alternat�ve terms has been used 
to descr�be th�s phenomenon, �nclud�ng ‘�nternat�onal product�on fragmentat�on’, ‘vert�cal 
spec�al�sat�on’, ‘sl�c�ng the value cha�n’ and ‘outsourc�ng’. 

2 The data reported �n th�s chapter, unless otherw�se stated, come from the Un comTrAde 
database. Throughout the chapter, �nter-temporal compar�son calculat�ons are made for the 
two-year averages relat�ng to the end po�nts of the per�od under study so as to reduce the 
�mpact of year-to-year fluctuat�ons of trade flows.

3 Accord�ng to ava�lable est�mates, 70 per cent or more of assembled products are sold 
domest�cally (Bergsten et al. 2006:90).

4 exports by Us mult�nat�onal affil�ates �n ch�na to the Un�ted states accounted for only 6 per 
cent of total Us �mports from ch�na �n 2004 (Bosworth and coll�ns 2008:Table 5) 

5 For �nstance, the typ�cal notebook computer made �n a Ta�wanese-owned factory �n ch�na 
has process�ng ch�ps made by Intel �n malays�a, an operat�ng system made by m�crosoft, a 
cd d�splay screen sourced from Ta�wan or korea and hard-d�sk dr�ves sourced from Japan. 
domest�c value added (the cost of labour, components sourced w�th�n ch�na and the profit 
earned by fore�gn-owned compan�es �n ch�na) �s only one-th�rd of the value of output (dean 
and Tam 2005).

6 It �s �mportant to note that ch�nese est�mates of the Us trade defic�t have always been lower 
than the Un�ted states’ own figures because of the d�fferent ways the Un�ted states treats 
products traded to and from ch�na that pass through hong kong. Accord�ng to est�mates by 
Fung et al. (2006), the offic�al Us data tend to overstate the real defic�t by about 17 per cent, 
wh�le the degree of underest�mat�on �nvolved �n the ch�nese offic�al est�mate �s as h�gh as 33 
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per cent. Th�s d�screpancy does not, however, seem to create a ser�ous problem �n exam�n�ng 
overall trends �n the trade gap. 

7 For deta�ls on th�s decompos�t�on procedure, see Athukorala (2006).
8 We also treated hong kong as a separate country �n exper�mental runs and found that results 

were �nsens�t�ve to th�s alternat�ve spec�ficat�on.
9 The d�fferences are stat�st�cally s�gn�ficant at the 1 per cent level or better.
10 In exper�mental regress�on runs, we also �nteracted RER w�th CHD and fa�led to detect any 

spec�fic ch�nese effect on the l�nk between RER and trade flows.
11 note that, as the model was est�mated �n natural logar�thms, the percentage equ�valent for 

any dummy coeffic�ent �s [(dummy coeffic�ent) – 1]* 100).
12 From 1995 to 2005, Us exports of ‘other serv�ces’ grew 143 per cent, compared w�th 44 per 

cent growth �n all other serv�ces, and accounted for 90 per cent of the overall Us serv�ces 
trade surplus �n 2005—up from 38 per cent �n 1995 (ceA 2007).
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Table A4.1 Data set used in regression analysis: definition of variables, 
source and variable construction, and the country coverage

Variable  Definition  Data source/variable construction
EXP Value of Us b�lateral trade �n Us$  Trade data (�n current Us$) comp�led
 measured at constant (2000) pr�ce  from �mporter records of Un   
  (var�ous years) 
  (http://www.bls.gov/pp�/home.htm),  
  deflated by the manufactur�ng sub- 
  �ndex of the Us producer pr�ce �ndex 
GDP, real GdP and real per cap�ta GdP World Bank (var�ous years)

PGDP (at 1995 pr�ce)
DIST We�ghted d�stance measure of the  cePII (var�ous years)
 French Inst�tute for research on the 
 Internat�onal economy (cePII), wh�ch 
 measures the b�lateral great-c�rcle 
 d�stance between major c�t�es of 
 each country 
ADJ A b�nary dummy var�able, wh�ch takes  cePII (var�ous years)
 the value of 1 for countr�es that share
 a common land border and 0 otherw�se  
RULC The rat�o of un�t labour costs (Ulc) �n  Annual manufactur�ng wages
 country j and country i, where Ulc �s  data for the Un�ted states 
 measured as the rat�o of the average  (Usdc var�ous years [a])
 manufactur�ng wage to manufactur�ng 
 value added per worker—both measured  All other countr�es: 
 �n Us$. In construct, an �ncrease (a  (Usdc var�ous years [b])
 decrease) �n rUlc �nd�cates a 
 deter�orat�on (an �mprovement) �n 
 country  j’s cost compet�t�veness relat�ve 
 to i (the Un�ted states, �n th�s case)   
RER  real exchange rate:  constructed us�ng data obta�ned
 equat�on A1 from World Bank (var�ous years)

 RERij = NER* PJ
W

 
  Pi

D

 �n wh�ch ner �s the nom�nal b�lateral  Follow�ng soloaga and W�nters
 exchange rate �ndex (Us$ pr�ce of fore�gn  (2001), mean-adjusted rer �s
 currency), PW �s the pr�ce level of country  used �n the model. Th�s var�able
  j measured by the producer pr�ce �ndex  spec�ficat�on assumes that
 and Pd �s the domest�c pr�ce �ndex of  countr�es are �n exchange-rate
 country i measured by the GdP deflator.  equ�l�br�um at the mean.
 By construct, an �ncrease (decrease) �n  
 reri j �nd�cates a deter�orat�on (an 
 �mprovement) �n country  j’s compet�t�ve-
 ness �n traded-goods product�on v�s-à-v�s 
 i (the Un�ted states, �n th�s case) 
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Table A4.2 Country coverage

Argent�na F�nland malays�a slovak�a
Austral�a France mex�co sloven�a
Austr�a Germany netherlands south Afr�ca
Belg�um hungary norway spa�n
Braz�l Ind�a Ph�l�pp�nes sweden
canada Indones�a Poland sw�tzerland
ch�na and hong kong  Ireland Portugal Ta�wan
costa r�ca Israel republ�c of korea Tha�land
czech republ�c Italy russ�an Federat�on Turkey
denmark Japan s�ngapore Un�ted k�ngdom
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5

Rebalancing equity and efficiency for 
sustained growth

Justin Yifu Lin

Income d�str�but�on �s currently one of the most consp�cuous problems �n ch�na. 
s�nce the reforms of 1978, ch�na has ma�nta�ned rap�d econom�c growth, w�th 
an average gross domest�c product (GdP) growth rate of 9.7 per cent per annum 
and a yearly fore�gn trade growth rate of 17.4 per cent. Growth was part�cularly 
strong between 2003 and 2007, dur�ng wh�ch t�me ch�na ma�nta�ned a h�gh 
GdP growth rate of more than 10 per cent and a fore�gn trade growth rate of 
28.5 per cent per annum. As a country �n rap�d trans�t�on, however, many soc�al 
and econom�c problems have developed as the reform deepens. For example, 
through the end of the 1980s and �nto the early 1990s, the reform of state-owned 
enterpr�ses (soes) was one of the key talk�ng po�nts �n the ch�nese economy. It 
was acknowledged publ�cly that one-th�rd of soes were �n defic�t, another one-
th�rd were known to be �n defic�t (but th�s fact was not acknowledged), wh�le only 
the rema�n�ng th�rd were turn�ng a profit. The profitab�l�ty of soes �s no longer 
the ma�n problem �n ch�na, as many of the small soes have been pr�vat�sed 
and the larger soes are earn�ng healthy profits. The key �ssue now �s how to 
�mprove the compet�t�veness of soes �n the global market. A further example 
of the trans�t�on �n ch�na’s economy �s �ts financ�al system, wh�ch was once 
very frag�le, and wh�ch carr�ed a h�gh rat�o of non-perform�ng loans. Th�s �ssue 
was part�cularly ser�ous �n the four state-owned banks. After several years of 
reform, however, the rat�o of non-perform�ng loans has decreased s�gn�ficantly 
�n the four state-owned banks, and three of them have �ntroduced strateg�c 
�nvestors and are l�sted publ�cly. moreover, the stock-market has exper�enced 
a full cycle, w�th a bull market emerg�ng �n 2006 and 2007.
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Wh�le the old problems were solved, new ones have emerged. W�th the 
d�sappearance of the or�g�nal ch�ef concerns about the ch�nese economy, 
those concerns that were trad�t�onally of only secondary �mportance are now 
centre stage. F�rst, �nvestment �s grow�ng too qu�ckly, lead�ng to �nsuffic�ent 
consumpt�on. The growth rate of �nvestment �n fixed assets was 27.7 per cent �n 
2003, 26.6 per cent �n 2004, 25.7 per cent �n 2005 and 24 per cent �n 2006. more 
�mportantly, such h�gh �nvestment growth rates were reached w�th a very low 
�nflat�on rate. In the nat�onal �ncome account, too much �nvestment leads to a 
level of consumpt�on that �s �nsuffic�ent to susta�n econom�c growth. In the past 
five years, ch�na’s �nvestment grew faster than �ts comparat�vely h�gh �ncreases 
�n consumpt�on of 10 per cent per annum, lead�ng to a sharp accumulat�on of 
product�on capac�ty. In th�s case, consumpt�on becomes �nsuffic�ent when 
matched w�th th�s �ncrease �n product�ve capac�ty. ch�na needs to export more 
�n order to deal w�th �ts excess�ve product�on capac�ty. Th�s �s why ch�na has 
exper�enced a h�gh growth rate �n exports and a rap�d accumulat�on �n �ts fore�gn 
trade surplus dur�ng recent years. Th�s �s a new problem for ch�na.

second, too many cap�tal and resource-�ntens�ve �ndustr�es have been 
developed. ch�na’s growth �s h�ghly dependent on resources. Accord�ng to 
ma ka� (2007), cha�r of the nat�onal development and reform comm�ss�on 
of ch�na, �n 2006, ch�na contr�buted 5.5 per cent of global GdP, but �t used 15 
per cent of the world’s energy, 30 per cent of the world’s steel and 54 per cent 
of the world’s concrete. Unemployment �s another problem for develop�ng 
cap�tal-�ntens�ve �ndustr�es. s�nce 1980, although the ch�nese growth rate has 
been very h�gh, the ab�l�ty of the ch�nese economy to create employment has 
been cont�nually decreas�ng. The ma�n reason �s that ch�na has developed too 
much cap�tal-�ntens�ve �ndustry rather than bu�ld�ng up those �ndustr�es that 
are labour �ntens�ve.

Th�rd, �nvestment has been concentrated ma�nly �n just a few �ndustr�es. 
Th�s s�tuat�on was espec�ally ser�ous �n 2003 and 2004. I call th�s the ‘wave 
phenomena’ (l�n 2007a), h�ghl�ght�ng that �nvestment tends to wash �nto certa�n 
�ndustr�es l�ke waves, often leav�ng the �ndustry w�th an excess capac�ty to 
produce. Take the ch�nese steel �ndustry as an example: �n 2007, the country’s 
product�ve ab�l�ty reached 450 m�ll�on tonnes, whereas �t was only 190 m�ll�on 
tonnes �n 2002. Wh�le ch�na needed to �mport a great deal of steel �n the past, 
now �t �s essent�al for ch�na to export �t.

moreover, there �s excess l�qu�d�ty �n the ch�nese economy. large banks 
usually hold excess reserves. Th�s reduces the effect�veness of monetary pol�cy. 
ch�nese experts usually argue about whether �nterest management or gross 
management should be the monetary tool. In some cases, �nterest management 
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�s not as effect�ve as gross management—for �nstance, when chang�ng the 
reserve rat�o. Because of the ex�stence of excess reserves, ra�s�ng the reserve 
rat�o somet�mes has l�ttle �nfluence on cred�ts.

Furthermore, a bubble plagues the real estate market. It �s reasonable pol�cy 
to make real estate the p�llar of �ndustry �n ch�na. on one hand, surplus labour 
�n rural areas w�ll move �nto urban areas as a cont�nuat�on of urban�sat�on, 
wh�ch w�ll l�ft the demand for hous�ng; on the other hand, as �ncome levels grow, 
larger, more expens�ve houses are demanded by those already l�v�ng �n c�t�es. 
The demand for real estate �s therefore, and w�ll cont�nue to be, h�gh. Property 
developers �n ch�na tend, however, to contrad�ct the normal exper�ence of house 
construct�on patterns �n �ndustr�al�sed econom�es. Accord�ng to th�s exper�ence, 
small houses are generally �n demand at the first stage of development. When 
�ncome levels r�se, people beg�n to upgrade the s�ze of the�r houses and, as a 
result, there �s h�gher demand for larger propert�es. The current trend �n the 
ch�nese real estate market, however, �s for the w�despread construct�on of 
large houses w�th �nsuffic�ent numbers of smaller abodes under construct�on. 
Th�s trend must be reversed.

Apart from these, many new soc�al problems have emerged. Among them, 
�ncome d�spar�ty �s one of the most notable (l�n and chen 2007a, 2007b, 2008; 
l�n 1999, 2005; l�n and l�u 2003). In 1978, the rat�o of urban d�sposable �ncome 
to rural net �ncome was 2.6:1; th�s rat�o grew to 3.3:1 �n 2006. ch�na now has 
one of the b�ggest �ncome gaps between urban and rural areas �n the world. 
s�multaneously, a large group of low �ncome-earn�ng c�t�zens has emerged �n 
the larger c�t�es because of w�despread unemployment (l�n and l�u 2003). At 
present, ch�na’s G�n� coeffic�ent exceeds 0.45, wh�ch means �t has passed the 
‘safe l�ne’ for soc�al stab�l�ty, accord�ng to many experts. There are, however, 
many other problems emerg�ng �n ch�na, such as �ncomplete serv�ces �n health 
care and the educat�onal system, the pr�ces of wh�ch are too h�gh compared 
w�th �ncome levels.

l�v�ng cond�t�ons have �mproved greatly thanks to the h�gh econom�c growth 
rate dur�ng the past years. Bas�c shortages of food and cloth�ng have been 
solved, even �n prov�nc�al areas. soc�al d�scontent �s, however, spread�ng, largely 
because of the soc�al problems ment�oned above. As the old adage suggests, 
‘shortage �s not a problem, but �nequal�ty really matters’. When the �ncome gap 
becomes more s�gn�ficant, many k�nds of problems and contrad�ct�ons ar�se. 
many people even th�nk that cond�t�ons �n the past were better than those today. 
In the past, although they were very poor, people felt content because �ncomes 
were more equal; now, however, even though people are generally r�cher than 
prev�ously, �nequal�ty �s caus�ng w�despread d�scontent.
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There have been many appeals to cure the problem of �ncome d�spar�ty, and 
red�str�but�on �s usually suggested as the tool. In a d�scuss�on about personal 
�ncome tax �n 2005 and 2006, for example, many people suggested that ch�na 
should ra�se �ts tax rate for the r�ch as a way of subs�d�s�ng low-�ncome groups 
�n the form of transfer payments. The h�ghest personal �ncome tax rate �n ch�na 
has, however, already reached 45 per cent—one of the h�ghest tax rates �n the 
world. cons�der�ng th�s, I would suggest that the ma�n problem w�th ch�na’s tax 
system �s w�th enforcement, not the rate �tself. cr�t�cs of th�s v�ewpo�nt express 
an �mportant soc�al sent�ment—that �s, many people are unhappy because they 
bel�eve that some people �n ch�na are too r�ch. Th�s �s not, however, the case. 
compared w�th other countr�es, the r�ch �n ch�na are not r�ch at all; therefore, 
we st�ll need to act�vate the r�ch to create more soc�al wealth—at least �n the 
present. It �s our task to ensure that �n the course of development, the �ncome 
of the poor grows faster than that of the r�ch, but �t should not be accompl�shed 
by red�str�but�on.

Under these cond�t�ons, �t �s very d�fficult to bu�ld a harmon�ous soc�ety. 
Based on the character�st�cs of the current stage of econom�c and soc�al 
development, the commun�st Party of ch�na formulated a pol�cy of ‘advanc�ng 
w�th the t�mes’, and put forward a ‘sc�ent�fic concept of development’ at �ts 
s�xteenth nat�onal congress, the contents of wh�ch �ncluded two key po�nts. on 
one hand, development should be the ult�mate pol�cy goal; on the other hand, �n 
the course of development, we must try to ach�eve ‘five areas of coord�nat�on’: 
coord�nat�on between urban and rural areas, between reg�ons, between soc�ety 
and the economy, between humans and nature, and between domest�c and 
�nternat�onal markets. At the seventeenth nat�onal congress �n 2007, the party 
put forward a pol�cy of bu�ld�ng a harmon�ous soc�ety (hu 2007), �n order to 
resolve l�vel�hood �ssues, �nclud�ng educat�on and health-care d�fficult�es, the 
gap between urban and rural areas, soc�al secur�ty and so on. The government’s 
work�ng reports from 2007 and 2008 have put forward many concrete pol�cy 
measures to solve these l�vel�hood �ssues.

Comparative advantage: realising equality and efficiency 
simultaneously

how does one carry out the sc�ent�fic concept of development and s�multan-
eously construct a harmon�ous soc�ety �n ch�na? The current gu�del�nes for 
pol�cymak�ng d�ctate that pr�mary d�str�but�on emphas�ses effic�ency, and 
red�str�but�on solves equal�ty. Th�s statement suggests that s�nce ch�na a�ms to 
emphas�se �nd�v�dual l�vel�hoods and soc�al harmony, the ch�nese government 
should play a more act�ve role �n real�s�ng equal�ty through d�str�but�on. 
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however, th�s course of act�on w�ll be unproduct�ve, �f not counterproduct�ve, �f 
we fa�l to real�se equal�ty and effic�ency s�multaneously �n pr�mary d�str�but�on 
and, �nstead, resort only to red�str�but�on. equal�ty and effic�ency should be 
real�sed s�multaneously �n pr�mary d�str�but�on, and red�str�but�on, act�ng 
as a complementary tool, should solve the res�dual problems left by pr�mary 
d�str�but�on. It �s worth emphas�s�ng that �n certa�n c�rcumstances, red�str�but�on 
can be helpful. In the current system, however, pr�mary d�str�but�on emphas�ses 
effic�ency and red�str�but�on solves equal�ty, wh�ch means s�mply that we should 
not take the equal�ty problem �nto cons�derat�on �n the process of pr�mary 
d�str�but�on. Th�s, �t seems, �s counterproduct�ve.

can ch�na really ach�eve �ts a�m of real�s�ng equal�ty and effic�ency s�multan-
eously �n pr�mary d�str�but�on?

such a pol�cy has at least two mean�ngs. F�rst and foremost, ch�na must 
ma�nta�n a h�gh econom�c growth rate �n order to ensure susta�nable growth 
of average personal �ncomes. After 29 years of rap�d growth, the average 
personal �ncome �n ch�na reached Us$2,400 �n 2006. Th�s �s st�ll very low, 
reflect�ng 4–5 per cent of the average personal �ncome �n the Un�ted states. 
Th�s suggests that ch�na should cont�nue to emphas�se effic�ency to speed up 
econom�c growth. The second mean�ng of ch�na’s pol�cy �s that the country 
must ensure that �ncomes for the poor grow faster than those for the r�ch �n 
the course of econom�c development, �n order to real�se equal�ty and effic�ency 
s�multaneously.

The quest�on rema�ns, �s there a path to the real�sat�on of equal�ty and 
effic�ency through �n�t�al d�str�but�on? The answer �s yes. The �mperat�ve �s 
to develop accord�ng to ch�na’s comparat�ve advantage. If ch�na can choose 
the �ndustr�es, products and technolog�es that are su�table to �ts comparat�ve 
advantage, �t w�ll be able to �mprove the d�str�but�on cond�t�ons and real�se the 
‘five areas of coord�nat�on’ put forward �n �ts sc�ent�fic development concept, 
wh�le at the same t�me ma�nta�n�ng a h�gh econom�c growth rate (l�n et al. 
1999; l�n 2004a, 2004b, 2004c, 2007b).

The d�scuss�on about comparat�ve advantage has lasted for more than 20 
years, w�th some argu�ng that ch�na should adopt a competitive advantage 
as opposed to the trad�t�onal comparative advantage. Th�s �s a m�staken v�ew 
of the concepts. In fact, compet�t�ve advantage �s based on the not�on of 
comparat�ve advantage. Fa�l�ng to follow comparat�ve advantage means that 
compet�t�ve advantage cannot be ach�eved. m�ke Porter (1990), a professor at 
the kennedy school at harvard Un�vers�ty �n the Un�ted states, first put forward 
the concept of compet�t�ve advantage. he argued that four factors determ�ned 
compet�t�ve advantage: first, whether the country had relat�vely lower pr�ces of 
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a type of resource compared w�th the �nternat�onal pr�ce—that �s, the country 
had a resource pr�ce advantage. In th�s case, the country should ut�l�se �ts pr�ce 
advantage and develop �ndustr�es �ntens�vely us�ng the compet�t�ve resource 
�nstead of other resources. second, d�d the develop�ng �ndustry have a large 
enough domest�c market? Where a new �ndustry can rely on h�gh domest�c 
demand, �t w�ll have a much better chance of be�ng �nternat�onally compet�t�ve. 
Th�rd, does the new �ndustry enjoy a good cluster�ng effect �n the home 
country, wh�ch can �mprove �ts effic�ency? F�nally, can the new �ndustry enjoy 
a compet�t�ve domest�c market, �nstead of one that �s monopol�st�c?

Among the four determ�n�ng factors ment�oned by Porter (1990), there are 
really only two �ndependent factors: the scale of domest�c markets and factor 
pr�ces. The scale of the domest�c market �s largely fixed, be�ng determ�ned by 
populat�on s�ze and �ncome levels. In the doma�n of factor pr�ces, Porter (1990) 
argues that we must take full advantage of the resources w�th pr�ce advantage,  
where the pr�ce advantage really equates to comparat�ve advantage. The 
rema�n�ng two factors are determ�ned �nherently by the pr�ce advantage. F�rst, 
the �ndustr�al cluster�ng effect cannot be ach�eved unless the �ndustry has a 
comparat�ve advantage. For example, the electron�c-process�ng �ndustry cannot 
be clustered �n the Un�ted states as �t �s �n dong Wan, ch�na, because th�s 
�ndustry �s h�ghly labour �ntens�ve and wages �n the Un�ted states are very h�gh. 
s�m�larly, cap�tal-�ntens�ve �ndustr�es cannot be clustered �n these countr�es, 
because �nterest rates �n develop�ng countr�es are h�gh due to the shortage 
of cap�tal. second, only �ndustr�es w�th comparat�ve advantage can form a 
compet�t�ve domest�c market. W�thout comparat�ve advantage, government 
protect�on and subs�d�es are needed �n order to bu�ld the �ndustry—therefore, 
compet�t�ve markets cannot develop. All th�s leads to the conclus�on that 
the compet�t�ve advantage theory, �n nature, refers only to two bas�c factors: 
comparat�ve advantage and the scale of the domest�c market. 

Th�s leads to the quest�on of wh�ch of the two factors �s more �mportant? 
doubtless, �t �s good to have a large domest�c market; however, �f a country 
follows �ts comparat�ve advantage, �ts products can be sold on the �nternat�onal 
market. In th�s case, the scale of the domest�c market matters l�ttle. For example, 
F�nland, whose populat�on �s only a l�ttle more than five m�ll�on, has compan�es 
that sell predom�nantly to the �nternat�onal market �nstead of to the relat�vely 
small domest�c market (examples �nclude nok�a). Therefore, we can see that 
compet�t�ve advantage �s based on comparat�ve advantage, and econom�es w�th 
a compet�t�ve advantage can grow rap�dly and ach�eve ‘h�gh effic�ency’.

Generally speak�ng, ch�na’s market advantage rema�ns �ts abundance of low-
pa�d workers. Accord�ngly, many labour-�ntens�ve �ndustr�es can be developed 
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eas�ly, �nclud�ng manufactur�ng, serv�ces and the segments of cap�tal-�ntens�ve 
�ndustr�es that are relat�vely labour �ntens�ve. Further job opportun�t�es can 
therefore st�ll be created. on the other hand, compet�t�ve power and market share 
can be �ncreased �f ch�na develops accord�ng to �ts comparat�ve advantage, and 
more profits can be real�sed. W�th a surplus, the country can speed up cap�tal 
accumulat�on and the cap�tal can be deepened rap�dly because the growth of 
the labour force �s relat�vely steady because of ch�na’s restr�ct�ons on populat�on 
growth. The country w�ll change �ts factor endowment gradually from be�ng a 
labour-abundant country to one that �s cap�tal abundant. Th�s trans�t�onal process 
�s also typ�cal �n the development h�story of �ndustr�al�sed countr�es. When cap�tal 
becomes abundant and labour becomes relat�vely scarce, the pr�ce system 
beg�ns to funct�on and wages grow, wh�le �nterest rates decl�ne. Th�s results �n 
deprec�at�on of the assets of the r�ch (those w�th cap�tal) and apprec�at�on of the 
assets of the poor (low wage earners). As a result, �ncome d�str�but�on beg�ns 
to even out. For example, after World War II, some countr�es, �nclud�ng Japan, 
Ta�wan, korea and s�ngapore, cont�nually �mproved the�r �ncome d�str�but�on 
through rap�d econom�c development (and they have s�nce been dubbed the 
‘east As�an m�racles’). many emp�r�cal stud�es that demonstrate th�s effect (see, 
for example, l�n, ca� and Z� 1999b).

In the d�scuss�on about comparat�ve advantage, some commentators worry 
that ch�na m�ght have d�fficulty develop�ng �f �ts focus rema�ns on labour-
�ntens�ve �ndustr�es whereas �ndustr�al�sed countr�es develop cap�tal-�ntens�ve 
�ndustr�es. Th�s �s, however, a m�sunderstand�ng of the s�tuat�on. development 
�s ach�eved �n stages. leap-frogg�ng a stage of development could result �n a 
complete fa�lure to develop; �n contrast, mov�ng step by step can lead to rap�d 
development. Industr�es �n �ndustr�al�sed countr�es are mostly cap�tal and 
technology �ntens�ve, wh�le �ndustr�es �n develop�ng countr�es are mostly labour 
and resource �ntens�ve. d�fferent �ndustr�al structures are, however, the result 
of natural endowments, not the causes. Industr�al�sed countr�es are relat�vely 
r�ch �n cap�tal but short of labour, so the pr�ce of cap�tal �s low but the pr�ce of 
labour �s h�gh. In order to ma�nta�n compet�t�ve power, �ndustr�al�sed countr�es 
have no cho�ce but to subst�tute labour for cap�tal by develop�ng cap�tal and 
technolog�cally �ntens�ve �ndustr�es. The Un�ted states has protected �ts labour-
�ntens�ve �ndustr�es such as text�les. If, however, ch�na exports more �n these 
�ndustr�es, �t w�ll hurt the �ndustr�al-country markets. Why? Because wages 
�n the Un�ted states are much h�gher than �n ch�na, wh�ch leads to relat�vely 
h�gh product�on costs �n labour-�ntens�ve �ndustr�es �n the Un�ted states. In 
contrast, wages �n ch�na are relat�vely low and the �ndustr�es w�th compet�t�ve 
power are therefore the labour-�ntens�ve ones. It �s sa�d that ch�nese �ndustr�es 
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currently lack compet�t�ve power; th�s �s not the case. If ch�nese �ndustr�es 
lack compet�t�ve power, why do other countr�es always ra�se ‘dump�ng’ 
compla�nts aga�nst ch�na? The �ndustr�es w�th comparat�ve advantage are 
always compet�t�ve.

s�nce compet�t�ve advantage �s based on comparat�ve advantage, for ch�na 
to catch up, �t �s �mportant that �t upgrades �ts endowment structure more 
qu�ckly than �ts compet�tors. Generally, there are three components of factor 
endowment: cap�tal, labour and natural resources. Because natural resources 
are relat�vely fixed, upgrad�ng the factor endowment structure means that 
ch�na must �ncrease per cap�ta cap�tal rap�dly. ch�na can catch up w�th the 
�ndustr�al�sed countr�es over t�me �f �ts per cap�ta cap�tal �ncreases faster 
than �n �ndustr�al�sed countr�es. If develop�ng countr�es cont�nue to grow 
accord�ng to the�r comparat�ve advantage, the�r factor endowment structure 
can be upgraded rap�dly and they w�ll, as a result, reach the same level of 
development as �ndustr�al�sed countr�es. The log�c employed here �s s�mple, but 
powerful. output can be used for e�ther current consumpt�on or accumulat�on 
of cap�tal. The rat�o of output used for accumulat�on �s determ�ned largely by 
the rate of return on cap�tal. h�gh rates of return on cap�tal lead to h�gh rat�os 
of accumulat�on. At the early stage of development, the rate of return on cap�tal 
�s very h�gh �n develop�ng countr�es because of the general shortage of cap�tal, 
lead�ng to a h�gh cap�tal accumulat�on rate.

A further advantage spec�fic to develop�ng countr�es �s that they are less 
technolog�cally advanced than �ndustr�al�sed countr�es (l�n 2003). on the surface, 
th�s seems to be a clear d�sadvantage; however, several ga�ns are afforded from 
not be�ng at the forefront of technolog�cal advancement. Us�ng th�s advantage, 
develop�ng countr�es can upgrade the�r �ndustr�es cont�nuously and the return 
rate on cap�tal does not therefore decrease (or decreases only very slowly). 
Under these cond�t�ons, the cap�tal accumulat�on rate �n develop�ng countr�es 
can rema�n cont�nually h�gher than the rate �n �ndustr�al�sed countr�es. The 
�ndustr�es w�th the b�ggest potent�al for technolog�cal ‘catch-up’ are those that 
use ex�st�ng technolog�es and produce products w�th establ�shed demand, and 
th�s means that develop�ng count�es can �ntroduce new technolog�es, absorb 
them and re-�nnovate at very low cost. As a result, technology can be updated 
frequently, lead�ng to a slow decrease or even stable rate of return on cap�tal. 
The cap�tal accumulat�on rate w�ll also rema�n h�gh �n develop�ng countr�es. 
In contrast, technology �n �ndustr�al�sed countr�es �s pos�t�oned at the front�er 
of the global technology cha�n, so �nvent�on and �nnovat�on dr�ve development 
w�th h�gh costs and h�gh probab�l�ty of fa�lure. Although �ndustr�al�sed countr�es 
hold most of the world’s patents, the�r �ndustr�es and technolog�es update more 
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slowly than �n develop�ng countr�es because the latter are less technolog�cally 
advanced and can take advantage of the �ndustr�al�sed world’s technology. 
Th�s �s why �ndustr�al�sed countr�es typ�cally have a lower rate of return on 
cap�tal and a lower propens�ty to �nvest compared w�th develop�ng countr�es. 
After 10–20 years, or at most two generat�ons, the average levels of cap�tal 
per cap�ta �n develop�ng countr�es can catch up w�th those �n �ndustr�al�sed 
countr�es. By mak�ng full use of comparat�ve advantage and the technolog�cal 
gap, for example, east As�an countr�es successfully shortened the gap or even 
caught up w�th �ndustr�al�sed countr�es w�th�n only one generat�on dur�ng the 
1960s and 1970s.

several years ago, I put forward a concept I called ‘run fast w�th small 
steps’. Th�s means that a develop�ng country needs to keep each step of �ts 
�ndustr�al and technolog�cal upgrad�ng fa�rly small, but �t must also ensure 
that the frequency of upgrades �s h�gh. The goal, �n ch�na at least, should 
be to catch up w�th �ndustr�al�sed countr�es w�th�n two to three decades, or 
even w�th�n one generat�on. most people see h�gh-technology �ndustr�es only 
�n �ndustr�al�sed countr�es and low-technology �ndustr�es only �n develop�ng 
countr�es. The level of �ndustry and technology certa�nly �nfluences nat�onal 
power and the �ncome levels of a country and, as a result, th�s leaves some 
hop�ng that the process of development can be ach�eved through shortcuts. 
Th�s catch-up strategy, however, wh�ch a�ms to develop �ndustr�es and 
technology as qu�ckly as poss�ble, cuts across the gra�n of comparat�ve 
advantage. 

Industr�al�sed and develop�ng countr�es have d�st�nct comparat�ve advantages 
and therefore �ndustr�es w�th comparat�ve advantage �n �ndustr�al�sed countr�es 
m�ght not be su�table for develop�ng countr�es, such as ch�na. If develop�ng 
countr�es adopt a catch-up strategy—that �s, they set up cap�tal-�ntens�ve 
�ndustr�es across the board—these �ndustr�es w�ll lack compet�t�ve power �n 
the �nternat�onal market. Th�s leads to �neffic�ent resource allocat�on across the 
whole economy, wh�ch �n turn leads to low effic�ency �n econom�c development 
and a range of other problems, �nclud�ng over-concentrat�on of cap�tal and 
reduct�ons �n levels of employment. moreover, a large number of low-�ncome 
wage earners are shut out of the labour market and cannot share the fru�ts 
of econom�c development, wh�ch leads to an �ncrease �n expl�c�t and �mpl�c�t 
unemployment. Worse st�ll, s�nce �ndustr�es under comparat�ve advantage-
defy�ng strateg�es have no compet�t�ve power �n an open and compet�t�ve 
market, they can surv�ve only �f protect�on and subs�d�es sh�eld the �ndustr�es 
from compet�t�on. Governments �nvest �n cap�tal-�ntens�ve �ndustr�es �n centrally 
planned econom�es, but �n market econom�es, only the r�ch can do th�s. 
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Th�s begs the quest�on, where are the subs�d�es com�ng from? They w�ll 
come, d�rectly or �nd�rectly (through taxes, subs�dy pol�c�es and so on), only from 
people who do not �nvest �n the cap�tal-�ntens�ve �ndustr�es—namely, the poor. 
Prov�d�ng subs�d�es to the r�ch by extract�ng from the poor w�ll lead to a worsen�ng 
of �ncome and wealth d�str�but�on. W�thout the adopt�on of a permanent-res�dency 
reg�strat�on pol�cy, as used �n some countr�es, the rural unemployed swarm �nto 
b�g c�t�es and form slums because they cannot enter the formal employment 
market. of course, develop�ng countr�es can set up several h�gh-level �ndustr�es, 
large compan�es and brands, as can be found �n �ndustr�al�sed countr�es, but the 
profits of these �ndustr�es, by and large, come from government protect�on and 
subs�d�sat�on, wh�ch �s a k�nd of wealth transfer rather than real value creat�on 
by the firms. The labour force would be better served by work�ng �n labour-
�ntens�ve �ndustr�es that have comparat�ve advantage, but they cannot do th�s 
because there �s not enough cap�tal to work w�th. s�nce wealth transfer and the 
uncompet�t�ve cap�tal-�ntens�ve �ndustr�es create noth�ng, the rema�n�ng cap�tal 
that can be funnelled �nto labour-�ntens�ve �ndustr�es �s meagre. Iron�cally, �t �s 
these �ndustr�es that have the potent�al to create the h�ghest levels of wealth 
for the develop�ng country’s economy. Furthermore, th�s slows �ncreases �n the 
factor endowment as well as econom�c growth.

develop�ng countr�es that adopt th�s �nappropr�ate catch-up strategy 
share the follow�ng common econom�c path: �n the beg�nn�ng, the economy 
grows rap�dly through �nvestment, wh�ch �s protected and subs�d�sed by the 
government. As t�me passes and �nvestment slows, econom�c growth slows 
and the country beg�ns to seek fore�gn cap�tal, wh�ch �s followed by a short 
per�od of rap�d growth. The result �s that the country �s left w�th �ndustr�es that 
cannot create wealth but wh�ch have drawn on large fore�gn loans that must be 
repa�d. If they fa�l to repay these debts, financ�al and soc�al cr�ses are �nev�table. 
moreover, the potent�al ex�sts for the so-called ‘bad market economy’ to rear �ts 
ugly head. Industr�es developed under th�s catch-up strategy need protect�on 
and subs�d�sat�on from the government; �n market econom�es, however, people 
who �nvest �n these �ndustr�es prefer to seek more protect�on and subs�d�sat�on 
from the government rather than enhanc�ng product�ve effic�ency. Th�s leads 
to a large number of rent-seek�ng act�v�t�es �n these econom�es.

After World War II, lat�n Amer�ca adopted the  ‘�mport subst�tut�on’ strategy, 
develop�ng var�ous cap�tal-�ntens�ve �ndustr�es, wh�ch amounted essent�ally 
to a catch-up strategy. Th�s approach to development resulted �n a lack of 
employment, unequal d�str�but�on of publ�c finance and the emergence of 
slums �n b�g c�t�es. Under the result�ng cond�t�ons of soc�al d�sharmony and 
mass unemployment, lat�n Amer�can governments moved towards ‘democrat�c 
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pol�t�cs’, �n wh�ch they put forward appeal�ng, popul�st soc�al welfare pol�c�es. 
Th�s led to large fiscal defic�ts and financ�al cr�ses. These �ssues have cont�nued 
to plague the development of lat�n Amer�can countr�es to th�s day. 

The current d�str�but�on system �n ch�na emphas�ses effic�ency �n pr�mary 
d�str�but�on; however, ch�na does not define effic�ency by compet�t�ve market 
power w�thout government protect�on and subs�d�sat�on. F�rms that benefit 
from protect�on and subs�d�sat�on enjoy h�gh profit levels. essent�ally, however, 
these profits are a k�nd of wealth transfer that w�ll �nev�tably lead to soc�al 
�nstab�l�ty. If ch�na seeks to solve �ts equ�ty problem through red�str�but�on, �t 
w�ll r�sk slump�ng l�ke lat�n Amer�ca. Therefore, I do not agree w�th the theory 
that ‘pr�mary d�str�but�on emphas�ses effic�ency, and red�str�but�on solves 
equal�ty’. rather, I bel�eve that equ�ty and effic�ency problems should be solved 
through the pr�mary d�str�but�on of wealth and that red�str�but�on should only 
complement th�s.

equ�ty and eff�c�ency can be real�sed s�multaneously by adopt�ng a 
comparat�ve advantage-follow�ng strategy for development. ‘comparat�ve 
advantage’ �s a term used by econom�sts, but wh�ch of ch�na’s �ndustr�es are 
really �n accordance w�th �ts comparat�ve advantage? ch�na’s factor endowment 
structure �s chang�ng and �mprov�ng. labour-�ntens�ve and cap�tal-�ntens�ve 
�ndustr�es are relat�ve concepts and there are large factor d�fferences between 
the reg�ons of ch�na: coastal reg�ons such as shangha� and shenzhen; �nland 
reg�ons such as Anhu�, J�angx�, hunan and hube�; and western reg�ons such 
as X�nj�ang, n�ngx�a and Gansu. how can development best ut�l�se comparat�ve 
advantage, tak�ng these vastly d�ffer�ng exper�ences �nto account? From the 
v�ewpo�nt of an entrepreneur, profits are more �mportant than the concept 
of comparat�ve advantage. Profits are determ�ned by the pr�ces of products 
and factors. develop�ng accord�ng to comparat�ve advantage requ�res a 
perfect pr�ce system rather than the development of �ndustr�es accord�ng 
to comparat�ve advantage. The pr�ce system must suffic�ently and flex�bly 
reflect the relat�ve scarc�ty of every factor �n the factor endowment structure. 
If a factor �s relat�vely r�ch, �ts pr�ce �s relat�vely low and v�ce versa. If the 
veloc�ty of a factor’s accumulat�on �s relat�vely large, �mply�ng that �t changes 
from be�ng relat�vely scarce to relat�vely abundant, �ts pr�ce w�ll decrease 
from relat�vely h�gh to relat�vely low, and v�ce versa. If such a pr�ce system 
�s establ�shed, entrepreneurs w�ll use relat�vely cheap factors to m�n�m�se 
costs and max�m�se profits �n compet�t�ve markets. consequently, sett�ng 
up a suffic�ently compet�t�ve market system �s v�tal. development follow�ng 
comparat�ve advantage leads to a h�gh veloc�ty of cap�tal accumulat�on. Through 
th�s, an upgrade of products and technolog�es leads to an upgrade of �ndustr�es 



101

Rebalancing equity and efficiency for sustained growth

from labour �ntens�ve to relat�vely cap�tal and technology �ntens�ve. In th�s 
development process, �ncome d�str�but�on w�ll be �n labour’s favour.

The a�m of the reforms �n ch�na �s to set up a perfect soc�al�st market 
economy. Because ch�na has developed accord�ng to comparat�ve advantage, 
�t has been ma�nta�n�ng fast growth for more than two decades s�nce the 
beg�nn�ng of the reforms and the era of openness. In the era of the planned 
economy, the ch�nese government �gnored comparat�ve advantage and 
developed var�ous cap�tal and technology-�ntens�ve �ndustr�es. To set up these 
�ndustr�es, the government depressed factor pr�ces art�fic�ally, wh�ch led to a 
shortfall of cap�tal. The government then allocated scarce cap�tal to favoured 
�ndustr�es through adm�n�strat�ve measures. ch�na adopted a gradual process 
of reform from 1978 onwards. The government now prov�des some protect�on 
and subs�d�sat�on for �ndustr�es that have no comparat�ve advantage wh�le, 
at the same t�me, �t places some constra�nts on those �ndustr�es that have 
comparat�ve advantage and that enjoyed preferent�al pr�c�ng �n the past. 
consequently, econom�c stab�l�ty �s obta�ned wh�le the economy secures 
rap�d growth. At present, ch�na �s the world’s th�rd-largest trad�ng country 
and exports predom�nantly labour-�ntens�ve goods; however, as the economy 
grows and cap�tal accumulates, the cap�tal and technolog�cal compos�t�on of 
export products �s �ncreas�ng. Th�s �s the necessary stage of development that 
follows on from comparat�ve advantage.

The gradual process of reform also creates some �ssues. Thus far, ch�na �s yet 
to set up a suffic�ently compet�t�ve market system. The government cont�nues 
to �ntervene �n the allocat�on of certa�n resources. Th�s �s a hangover from the 
era of protect�on and subs�d�sat�on prov�ded to �ndustr�es w�thout comparat�ve 
advantage. The d�stort�ons lead�ng to these �ssues are d�scussed below.

d�stort�ons of financ�al structures 

Before the reform per�od began, there were no banks or stock-markets �n ch�na. 
After the reform, the government began to develop and perfect the financ�al 
system; however, the ma�n task of the financ�al system dur�ng that per�od was 
to serve large firms. The process of appropr�at�ng funds from government was 
replaced by bank loans �n 1983, mean�ng that firms could no longer appropr�ate 
nat�onal publ�c finance but �nstead had to secure loans from banks at low �nterest 
rates. The low-�nterest loans played the role of subs�d�sat�on. To meet the large 
firms’ needs, the government kept depress�ng �nterest rates. meanwh�le, the 
government set up large state-owned banks to prov�de subs�d�es for the large 
soes. The current financ�al system �n ch�na, wh�ch has �nher�ted aspects of 
the prev�ous system, compr�ses ma�nly the four large state-owned banks. The 
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amount of rmB held by these four banks as a proport�on of total rmB used 
�n the financ�al system �s 75 per cent. These four banks prov�de loans to the 
large firms. In add�t�on, the stock-market has begun to develop. of course, the 
firms that had the capac�ty to enter the stock-market were the larger firms �n 
the market. labour-�ntens�ve firms ut�l�s�ng comparat�ve advantage are ma�nly 
small and m�ddle-s�zed. Under th�s h�ghly concentrated financ�al system, small 
firms cannot access finance from banks through loans, wh�ch restr�cts the�r 
development, and th�s �n turn reduces employment opportun�t�es. All of these 
factors lead to the follow�ng four wage problems.

F�rst, a large number of m�ddle-s�zed and small firms �n labour-�ntens�ve 
�ndustr�es, such as manufactur�ng and serv�ces, cannot rece�ve financ�al 
support. Accord�ng to the results of an �ndustry survey �n 2004, there were 39.2 
m�ll�on �nd�v�dual firms �n ch�na. Today, however, the number has fallen to 25.8 
m�ll�on. The drop �s due partly to the fact that some small and med�um-s�zed 
firms exper�ence normal closures, mergers and transfers. A large proport�on 
of these f�rms, however, d�sappear because they cannot access enough 
finance. second, almost all rural households cannot obta�n financ�al support. 
As a result, the problem h�ghl�ghted above �s equally prevalent �n rural areas. 
develop�ng modern agr�culture requ�res financ�al support. sett�ng up a plast�c 
canopy costs 10–20,000 yuan and a modern henhouse costs more than 100,000 
yuan. Peasants do not have these sums of money and have great d�fficulty 
obta�n�ng loans from banks. Therefore, �ndustr�es that should be able to profit 
from comparat�ve advantage cannot access the necessary financ�al support. 
meanwh�le, cap�tal �s over-abundant, wh�ch means that the allocat�on of cap�tal 
�s �neffic�ent. Th�rd, employment creat�on �s relat�vely �nsuffic�ent. on one 
hand, there are h�gh rates of unemployment �n rural areas; on the other, a large 
number of excess rural labourers cannot transfer out. Th�s �s the ma�n reason 
for the growth �n �ncome �nequal�ty w�th�n c�t�es, and between c�t�es and rural 
areas. Fourth, cap�tal �s over-�ntens�ve. The firms able to borrow money from 
banks are generally the larger, former state-owned enterpr�ses and large pr�vate 
bus�nesses that emerged after the reforms began. These firms can borrow 
money at a fa�rly low cost (the current �nterest rate for loans �n ch�na �s 6 per 
cent, wh�ch �s lower than �n �ndustr�al�sed countr�es). These firms w�ll naturally 
�nvest cap�tal �nto cap�tal-�ntens�ve �ndustr�es, wh�ch �s also the ma�n cause 
of the over-�ntens�ficat�on of cap�tal. s�nce suffic�ent employment cannot be 
real�sed and those w�th excess cap�tal (the r�ch) �nvest w�th subs�d�es, �ncome 
d�str�but�on suffers. G�ven th�s, s�nce the marg�nal propens�ty of consumpt�on 
(mPc) of the r�ch �s low wh�le the mPc of the poor �s h�gh, the economy w�ll 
suffer from �nsuffic�ent consumpt�on due to poor �ncome d�str�but�on.
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many soc�al phenomena are related to �ncome d�str�but�on �nequal�ty. If 
the banks’ cap�tal �s over-concentrated, �t �s easy to see a ‘wave phenomenon’ 
�n �nvestment because �n �ndustr�al econom�es, �t �s not easy to judge wh�ch 
�ndustr�es w�ll be profitable. As w�th the case of the Internet �n the 1990s, 
everyone bel�eved �t would be profitable and cap�tal flowed �nto all types of 
Internet bus�nesses. Th�s led to overblown pr�ces and the bubble finally burst, 
w�th dramat�c effects. Th�s phenomenon occurs every one or two decades by 
acc�dent �n �ndustr�al�sed countr�es. develop�ng countr�es can, however, avo�d 
these shocks to the system by learn�ng from the exper�ences of �ndustr�al�sed 
econom�es, and us�ng them as a gu�de. Th�s means that large amounts of money 
are �njected �nto part�cular �ndustr�es and �nvestment tends to concentrate �n 
that �ndustry. Th�s cont�nu�ng �nvestment bu�lds on �tself w�th�n the �ndustry, 
thus form�ng the wave phenomenon. d�stort�ons �n the financ�al structure can 
be a b�g problem and, �f not adjusted, the problems of �ncome d�str�but�on 
m�ght also rema�n unresolved.

d�stort�on of pr�ces of resources

In ch�na’s formerly planned economy, the pr�ces of cap�tal and resources were 
depressed art�fic�ally. once the reform process began, ch�na set about adjust�ng 
these pr�ce d�stort�ons; however, only some d�stort�ons have been dealt w�th. 
dur�ng the 1990s, fees and taxes on resources, when taken together, accounted 
for 1.8 per cent of resource pr�ces. Th�s has led to two problems. F�rst, the 
deregulat�on of resource pr�ces, part�cularly for coal, petroleum, copper and 
�ron ore, resulted �n convergence w�th �nternat�onal pr�ce levels. These pr�ces are 
therefore much h�gher than before. As the resource sector �ncreased �n value, the 
fees and taxes as a proport�on of resource pr�ces fell to 0.5 per cent. The second 
�ssue �t that wh�le m�n�ng firms were once state-owned, �n the m�d 1980s the 
sector was opened up to pr�vate and fore�gn-owned compan�es. As a result of 
h�gh resource pr�ces and relat�vely low taxes, the resource sector has become 
h�ghly profitable. Wh�le the value of the explo�tat�on of a resource can be upwards 
of 10 b�ll�on yuan, the cost of secur�ng these r�ghts from ch�nese author�t�es �s 
only tens of m�ll�on yuan, wh�ch equates to about 1 per cent. consequently, those 
who rece�ve these r�ghts can reap substant�al profits. several concerns ar�se from 
the d�spar�ty between the h�gh pr�vate earn�ngs of resource compan�es and the 
low �ncomes der�ved from them. F�rst, �ncome d�str�but�on �s further skewed �n 
the d�rect�on of �nequal�ty. second, as local governments dec�de on resource 
explo�tat�on r�ghts, soc�al values are damaged and adverse rent-seek�ng act�v�t�es 
are common. F�nally, corrupt pract�ces and corner-cutt�ng �n the m�n�ng �ndustry 
tend to lead to poor pract�ces and frequent acc�dents. 
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The adm�n�strat�ve monopoly

market monopol�sat�on poses some ser�ous problems for the ch�nese economy. 
monopol�sat�on tends to be exerc�sed ma�nly by soes �n sectors such as 
electr�c�ty serv�ces, telecommun�cat�ons and, �n some cases, educat�on. revenue 
der�ved from monopol�st�c act�v�t�es �s reta�ned by firms and not passed on to the 
nat�onal treasury. Th�s has a d�stort�onal effect and further contr�butes to �ncome 
d�spar�t�es. Where pr�mary d�str�but�on does not solve the equ�ty problem, the 
ch�nese government lacks the �ncent�ve or ab�l�ty to undertake red�str�but�on 
to close �ncome gaps. Th�s has come about because reform �s �ncomplete and 
because development strateg�es that defy comparat�ve advantage have been 
followed. If ch�na �s able to �mprove �ts reform strategy, equ�ty and effic�ency 
can be real�sed through pr�mary d�str�but�on. The rema�n�ng �ssues, such as 
�ncomplete markets, asymmetr�cal �nformat�on, econom�es of scale and soc�al 
secur�ty, can be solved through red�str�but�on.

Specific measures

What are some of the ways �n wh�ch ch�na can ach�eve equ�ty and effic�ency 
s�multaneously through pr�mary d�str�but�on? F�rst, reform of the market 
economy needs to be deepened and, most s�gn�f�cantly, the f�nanc�al 
structure must be �mproved. market econom�es ach�eve product�v�ty through a 
comb�nat�on of cap�tal and labour. ch�na’s most compet�t�ve �ndustr�es tend to 
be labour �ntens�ve, generally �n manufactur�ng or serv�ces. The proport�on of 
the tert�ary, or serv�ces, �ndustry as a part of ch�na’s GdP decreased from 40 per 
cent �n 2006 to 39.5 per cent �n 2007, due ma�nly to �nsuffic�ent cap�tal support 
to the serv�ces �ndustry. moreover, the large number of rural households that 
cannot obta�n financ�al support and thus modern�se the�r agr�cultural pract�ces 
contr�butes to the slow�ng of the tert�ary sector.

From the exper�ence of �ndustr�al�sed countr�es, �t �s clear that banks tend to 
beg�n small and, as development takes hold, �ncrease �n s�ze. In the early stages 
of econom�c development, labour-�ntens�ve �ndustr�es dom�nate the market and, 
as a result, small and med�um-s�zed banks serv�ce small and med�um-s�zed 
firms. As development progresses and cap�tal �n the economy �ncreases, so 
does the scale of firms, as banks and stock-markets emerge. ch�nese reform 
has, however, been predom�nantly top down, mean�ng that the state has set up 
large-scale soes, wh�ch are served by state-owned banks and stock-markets. 
The trouble �s that there are no small or med�um-s�zed financ�al �nst�tut�ons 
to serv�ce the loans of smaller enterpr�ses. To overcome th�s problem, ch�na 
must develop �ts small and med�um-s�zed financ�al sector to encourage the 
growth of small firms. At present, the ch�nese government has begun to allow 
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the establ�shment of small rural banks, wh�ch �t �s hoped w�ll meet the needs 
of rural households. Th�s represents a healthy step forward for the ch�nese 
economy (l�n et al. 2006).

There are, however, �ssues ar�s�ng from the des�gn of th�s pol�cy. F�rst, 
the threshold cond�t�ons for sett�ng up a small bank are too low—set at just 
rmB500,000. moreover, one of the key art�cles of regulat�on states that any 
new bank must jo�ntly operate w�th an ex�st�ng commerc�al bank wh�ch must 
hold at least 20 per cent stock shares of the new bank. Th�s �s d�fficult to real�se 
�n pract�ce. It �s certa�nly prudent to ensure that new banks are well backed; 
however, �t �s st�ll d�fficult for rural households to access loans because of the 
cont�nued reluctance of the commerc�al lenders to prov�de rural loans. The 
regulat�ons demand that commerc�al banks buy 20 per cent of the shares �n the 
new bank, wh�ch means that these larger banks take on a cons�derable financ�al 
respons�b�l�ty �n the performance of the smaller, rural-focused banks. Th�s 
erodes any �ncent�ve to lend to rural households. As a result of the leg�slat�on, 
the goal of sett�ng up a small bank�ng sector �s comprom�sed. For the sector 
to funct�on properly, two th�ngs must change. F�rst, the entry threshold must 
be ra�sed by between rmB10 and 50 m�ll�on. Th�s could be coupled w�th a 
requ�rement that each loan be backed by greater collateral �n the form of assets. 
second, str�ct superv�s�on should be �mposed on the sector.

The second spec�fic measure that ch�na should undertake to ach�eve 
effic�ency and equ�ty through pr�mary d�str�but�on �s to �mpose a s�gn�ficant tax 
on resources. As ment�oned above, the taxes and fees on resources amount 
to only 1.8 per cent. In the Un�ted states, however, such royalt�es account for 
12 per cent of resource pr�ces and tax on petroleum dr�lled from Us waters 
�s set at 16 per cent. In add�t�on, quant�ty �mpos�t�on of tax must be replaced 
by an ad valorem system: when the pr�ce of a product r�ses above a certa�n 
level, a h�gh rate of profit tax should be �mposed to keep profits reasonable. 
There are, however, d�fficult�es �n des�gn�ng an appropr�ate pol�cy to ach�eve 
th�s because the former state-owned m�n�ng compan�es bear a heavy soc�al 
burden, propped up by government subs�d�es prov�ded through lower taxes and 
fees. In contrast, there �s a range of pr�vate firms that have no soc�al burden. 
The most effect�ve solut�on to th�s �mbalance �s for the ch�nese government 
to shed the soc�al respons�b�l�t�es from state-owned enterpr�ses and �mpose 
resource taxes accord�ng to the law of the market economy.

F�nally, the ch�nese government should focus on cancell�ng adm�n�strat�ve 
monopol�es and should beg�n strengthen�ng superv�s�on of monopol�st�c 
�ndustr�es �nto wh�ch compet�t�on cannot be �ntroduced. once compet�t�on �s 
�ntroduced �nto monopol�st�c �ndustr�es, pr�ces w�ll go down and profits w�ll 
be lower. In those �ndustr�es �n wh�ch compet�t�on �s not su�table, such as the 
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electr�c�ty �ndustry, the government must strengthen �ts superv�s�on of pr�ces, 
costs and revenue allocat�on.

If these three aspects can be ach�eved successfully, ch�na w�ll be able to 
real�se equ�ty and effic�ency s�multaneously �n pr�mary d�str�but�on. Income 
d�fferences between urban and rural reg�ons w�ll decl�ne once a complete 
market system �s fully �n place. The ma�n reason for the superabundance of 
l�qu�d�ty �s that small firms are unable to secure loans and large firms have a 
great deal of unut�l�sed cap�tal due to restr�ct�ons on �nvestment. Furthermore, 
as the number of m�ddle-s�zed and small banks �n ch�na �ncreases, the �ssue 
of superabundant l�qu�d�ty w�ll decl�ne, �ncome d�str�but�on w�ll become more 
equ�table, the marg�nal propens�ty of consumpt�on w�ll �ncrease and �ncent�ves 
for �nvestment w�ll decrease.

Functions of the government under a development strategy that 
pursues comparative advantage

If ch�na follows a strategy of comparat�ve advantage, �ndustr�es w�th comparat�ve 
advantage can produce for export wh�le the products of �ndustr�es w�thout 
comparat�ve advantage can be �mported. Th�s w�ll balance �nternat�onal and 
domest�c markets. Under such a strategy, protect�on of �ndustry w�ll no longer 
be requ�red because ch�nese firms w�ll be compet�t�ve �n world markets. Th�s 
w�ll also reduce rent-seek�ng act�v�t�es and reduce adverse effects on soc�al 
values. The government w�ll st�ll have an �mportant role to play. The ch�nese 
government should focus on the act�v�t�es that are generally undertaken by 
market economy governments, as well as attend�ng to certa�n un�que funct�ons 
that are essent�al for develop�ng-economy governments. 

F�rst, the ch�nese government should take respons�b�l�ty for educat�on 
serv�ces. If the economy develops through a pol�cy of explo�t�ng comparat�ve 
advantage, the veloc�ty of upgrades �n the �ndustr�al and techn�cal structures 
w�ll be fa�rly h�gh. Th�s has been the case for certa�n east As�an econom�es that 
have transformed from poor agr�cultural econom�es to modern�sed econom�es 
w�th�n one or two generat�ons. Th�s has been coupled w�th an �ncrease �n per 
cap�ta �ncomes, wh�ch now r�val those �n �ndustr�al�sed econom�es. To meet the 
needs of rap�d upgrades to the �ndustr�al and techn�cal structures, ch�na must 
produce greater numbers of sk�lled workers and adm�n�strators who can adapt 
to changes �n the market. To ach�eve th�s, �t �s essent�al that the government 
�nvests more �n educat�on.

second, greater attent�on needs to be d�rected towards �mprov�ng the 
qual�ty of ch�nese �nst�tut�ons. The relat�ve backwardness of a develop�ng 
country �s not represented only by �ts level of econom�c development; �t �s 
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judged aga�nst the level of development of �ts �nst�tut�ons, part�cularly �ts legal 
and financ�al �nst�tut�ons. Improvements �n �nst�tut�onal qual�ty have expl�c�t 
pos�t�ve external�t�es. Th�s �mpl�es that firms w�ll apply sub-opt�mal quant�t�es 
of resources to th�s object�ve; therefore, to ach�eve econom�c development, the 
government should seek to �mprove �nst�tut�onal structures and frameworks 
step by step. 

Th�rd, ch�na must develop a soc�al secur�ty strategy of sorts. In every 
economy, there are those who represent a net cost to the economy, such as the 
aged, ch�ldren and those �nd�v�duals w�thout fam�l�es to support them. G�ven 
that these groups cannot always enter the workforce, the�r surv�val depends 
on government support. Through the process of rap�d �ndustr�al�sat�on, people 
are more prone to change jobs. dur�ng per�ods of trans�t�on from one form of 
employment to another, those w�thout work w�ll also depend on government 
support to surv�ve, and th�s m�ght come �n the form of unemployment 
benefits.

In add�t�on, market fa�lures occur as a result of asymmetr�cal �nformat�on, 
wh�ch requ�res proper government �ntervent�on. For example, one m�ght ask the 
quest�on: why does bank�ng requ�re superv�s�on? The answer �s that there �s a 
problem of �nformat�on asymmetry between the suppl�er and the purchaser of 
cap�tal. W�thout superv�s�on of the system, explo�tat�on �s �nev�table. look�ng 
further afield, external�ty �ssues �n areas such as env�ronmental protect�on w�ll 
also requ�re government superv�s�on.

F�nally, ch�na’s government must focus on macroeconom�c �ssues because 
of the volat�l�ty �n domest�c and overseas markets. Th�s �s a s�gn�f�cant 
respons�b�l�ty for government generally. The phenomenon of ‘waves’ of 
�nvestment was d�scussed above—th�s happens occas�onally �n �ndustr�al�sed 
econom�es and frequently �n develop�ng econom�es. An �mportant role for 
government could be to prov�de s�gnals on the level of �nvestment �n part�cular 
�ndustr�es, thus gu�d�ng further �nflows of cap�tal. Th�s would reduce the sever�ty 
of over or under-�nvestment. Further areas of government gu�dance �n the 
economy should be the sett�ng of �ndustry standards, superv�s�on of sectors, 
such as bank�ng, and sett�ng thresholds for �nvestment.

Conclusions

It �s problemat�c to suggest that pr�mary d�str�but�on emphas�ses effic�ency, and 
red�str�but�on solves equal�ty, partly because there are problems w�th how we 
understand effic�ency. It �s unreasonable to define effic�ency as ch�na’s ab�l�ty 
to compete �n �ndustr�es �n wh�ch �ndustr�al�sed countr�es have an establ�shed 
market share. Furthermore, try�ng to ach�eve th�s type of effic�ency fa�ls to 
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recogn�se that ch�na’s �nterests are best served by pursu�ng �ndustr�es that 
make use of comparat�ve advantage. Fa�l�ng to follow comparat�ve advantage 
pr�nc�ples w�ll lead to �nsuffic�ent employment and the w�den�ng of �ncome gaps. 
meanwh�le, �f ch�na attempts to solve �ts equ�ty problem through red�str�but�on, 
�t runs the r�sk of plung�ng �nto the ‘lat�n Amer�ca trap’. consequently, ch�na 
should real�se equ�ty and effic�ency s�multaneously �n pr�mary d�str�but�on 
to promote rap�d and healthy econom�c development. The focus should also 
be on br�dg�ng the �ncome gap w�th�n c�t�es, and between c�t�es and rural 
areas, by l�ft�ng employment rates. In do�ng so, ch�na w�ll be able to avo�d 
the development pattern that concentrates on resources, avert damage to the 
natural env�ronment and real�se the ‘five balanced aspects’, �nclud�ng un�ficat�on 
of markets at home and abroad, and creat�ng a harmon�ous soc�ety.

References

hu, J., 2007. hold the great banner of soc�al�sm w�th ch�nese character�st�cs 
to str�ve for new v�ctor�es �n bu�ld�ng a well-off soc�ety, speech g�ven to the 
seventeenth nat�onal People’s congress of the commun�st Party of ch�na,  
Be�j�ng, 15 october.

ka�, m., 2007. chang�ng the style of econom�c growth, real�z�ng rap�d and healthy 
growth, speech g�ven to Annual sen�or Forum on ch�nese development, 
Be�j�ng, 18 march.

l�n, J.Y. and chen, B., 2007a. Development strategy, financial repression and 
inequality, ccer Work�ng Paper, ch�na center for econom�c research, 
Be�j�ng.

——, 2007b. Priority to develop heavy industries, urbanization and income 
disparity between urban and rural areas, ccer Work�ng Paper, ch�na center 
for econom�c research, Be�j�ng.

——, 2008. Development strategy, technology choice and inequality, ccer 
Work�ng Paper, ch�na center for econom�c research, Be�j�ng.

l�n, J.Y. and l�u, m., 2003. ‘convergence and �ncome d�str�but�on �n ch�nese 
econom�c growth’, World Economy, 26(8):3–13.

l�n, J.Y. and l�u, P., 2003. ‘development strategy, equal�ty and effic�ency’, China 
Economic Quarterly, 2(2):479–501.

l�n, J.Y., 1999. ‘The result of ch�nese econom�c reform and the d�spar�ty between 
d�fferent areas’, Economic Development Review, 1–2:7–22.

——, 2003. ‘Backward advantage or backward d�sadvantage: a d�scuss�on w�th 
Yang X�aoka�’, China Economic Quarterly, 2(4):989–1,004.

——, 2004a. Development Strategy and Economic Development, Pek�ng 
Un�vers�ty Press, Be�j�ng.



109

Rebalancing equity and efficiency for sustained growth

——, 2004b. Development Strategy and Economic Reform, Pek�ng Un�vers�ty 
Press, Be�j�ng.

——, 2004c. Viability, Economic Development and Transition, Pek�ng Un�vers�ty 
Press, Be�j�ng.

——, 2005. Development strategies and regional income disparities in China, 
ccer Work�ng Paper, ch�na center for econom�c research, Be�j�ng.

——, 2007a. ‘Wave phenomena and the restructure of macroeconom�cs �n 
develop�ng countr�es’, Economic Research, January.

——, 2007b. development and trans�t�on: �dea, strategy, and v�ab�l�ty, marshall 
lectures of cambr�dge Un�vers�ty, 31 october–1 november.

l�n, J.Y., ca�, F. and l�, Z., 1999a. The Chinese Miracle: development strategy 
and economic reform, shangha� sanl�anc Bookstore and shangha� People’s 
Publ�sh�ng house, shangha�.

——, 1999b. ‘development strategy and comparat�ve advantage: re-explanat�on 
of the east As�an m�racle’, Chinese Social Science, 5:8–10.

l�n, J.Y., sun, X. and J�ang, Y., 2006. A primary study on the appropriate financial 
structure theory in the course of economic development, ccer Work�ng 
Paper, 6 June, ch�na center for econom�c research, Be�j�ng.

Porter, m.e., 1990. The Competitive Advantage of Nations, Free Press, new 
York.



110

China’s Dilemma

6

Rural–urban migrants
A dr�v�ng force for growth

 
Xiaodong Gong, Sherry Tao Kong, Shi Li and Xin Meng

A spontaneous transfer of rural labour from agr�culture to secondary and tert�ary 
�ndustr�es accompan�es econom�c growth �n most countr�es. It �s often bel�eved 
that th�s movement �s pushed partly by the �ncrease of surplus labour �n the 
agr�cultural sector and, more �mportantly, pulled by h�gher returns to labour 
�n urban manufactur�ng and serv�ce �ndustr�es. Through th�s process, modern 
sectors w�th h�gh product�v�ty expand and engage more labour to move �nto 
modern sectors, lead�ng to an �mprovement �n overall product�v�ty, wh�ch �n 
turn g�ves an �mpetus to econom�c growth. 

The world has w�tnessed ch�na’s extraord�nary pace of econom�c change 
�n the past three decades. Underly�ng ch�na’s reforms are the econom�c �ncen-
t�ves and poss�b�l�t�es made ava�lable by a w�de range of �nst�tut�onal changes 
that st�mulated rap�d econom�c growth. s�nce the 1990s, a most extraord�nary 
phenomenon �n ch�na �s the large-scale demograph�c movement �nduced by 
the relaxat�on of regulat�ons that restr�cted labour mob�l�ty s�nce the early years 
of the commun�st reg�me. Wh�le the exact s�ze of the m�grant populat�on �s 
debatable, offic�al est�mates suggest the number of rural m�grant workers �n 
2005 was about 126 m�ll�on (nBs 2006)—amount�ng to the largest peace-t�me 
movement of people �n world h�story.1

Th�s mass�ve reallocat�on of rural labour to modern urban sectors �s, at a 
m�cro level, �n response to the rap�d r�se �n demand for labour �n c�t�es where 
growth has been concentrated and because the rewards for labour are s�gn�fi-
cantly h�gher �n urban than �n rural areas. At a macro level, the reallocat�on 
co�nc�des w�th the restructur�ng process of the economy from an essent�ally 
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agrar�an soc�ety to a predom�nantly �ndustr�al economy. At the beg�nn�ng of 
the reform per�od, the agr�cultural sector occup�ed more than 70 per cent of the 
total labour force and accounted for 28.2 per cent of gross domest�c product 
(GdP). In stark contrast, secondary and tert�ary �ndustr�es engaged more than 
half of the total labour and contr�buted to nearly 95 per cent of GdP �n 2006 
(nBs 2007). dur�ng the econom�c reform, the large populat�on of low-cost rural 
workers �n labour-�ntens�ve manufactur�ng �ndustr�es contr�buted substant�ally 
to export-led growth. F�gure 6.1 shows that the �ncrease �n m�grant labour �s 
correlated w�th the growth of GdP per cap�ta �ncome. F�gure 6.2 demonstrates 
that the s�ze of rural–urban m�grat�on �s pos�t�vely assoc�ated w�th the �ncreased 
contr�but�on to GdP of the secondary and tert�ary sectors (nBs 1998–2003).2

Further �nvest�gat�on of the role of m�grat�on reveals that as an �ntegral part 
of the reform exper�ence, rural–urban m�grat�on has served as an �mportant 
fuel for ch�na’s econom�c growth. 

The establ�shed econom�c growth l�terature has reached a census that 
econom�c growth �s determ�ned largely by the accumulat�on of a number of 
prox�mate sources—that �s, phys�cal and human cap�tal, labour and the en-
hancement �n total factor product�v�ty (TFP). Typ�cally, a growth-account�ng 
method �s used to prov�de a first cut of an economy’s �mmed�ate sources of 
growth. notw�thstand�ng the cont�nu�ng debate s�nce Young’s (1995) sem�nal 
paper about the pr�mary source of ch�na’s growth—factor accumulat�on versus 
product�v�ty growth—the �ncrease �n product�v�ty has played a cruc�al role �n 
ch�na’s rap�d development.3

stud�es look�ng at the sources of ch�na’s econom�c growth have documented 
that more than one-th�rd of th�s growth can be attr�buted to product�v�ty �n-
creases (Islam and da� 2007; chow 2002; Fan et al. 1999; Woo 1997; Wang and 
Yao 2001; Borenszte�n and ostry 1996; hu and khan 1997).4

In part�cular, after �ncorporat�ng human cap�tal, wh�ch was often absent from 
the early stud�es, Wang and Yao (2001) found that the contr�but�on of produc- 
t�v�ty growth dur�ng the reform per�od (1978–99) was about 24 per cent. Us�ng 
a dual approach, Islam and da� (2007) est�mated an annual TFP growth rate of 
2.26 per cent for the per�od 1978–2002.

For analyt�cal purposes, TFP growth can be decomposed further �nto at least: 
1) a sh�ft of product�ve factors—that �s, labour and cap�tal from a lower produc-
t�v�ty sector to a h�gher product�v�ty sector; and 2) product�v�ty �mprovement 
w�th�n each sector ow�ng to techn�cal effic�ency ga�ns, technolog�cal progress 
and �mprovements �n �nst�tut�onal qual�ty, �ncent�ve structures and so on. It 
�s pr�mar�ly through the first channel that rural–urban m�grat�on contr�butes 
to �mprovements �n product�v�ty. modern econom�c theor�es elaborat�ng the 
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F�gure 6.1 Migration and economic structural changes, 1997–2005
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F�gure 6.2 Migration and GDP per capita growth, 1997–2005
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l�nkage between m�grat�on and econom�c growth can be traced back to the 
two-sector lew�s–Fe�–ran�s model of development, �n wh�ch expans�on of the 
h�gh-product�v�ty urban sector and the process of rural–urban labour transfer 
were cons�dered (lew�s 1954; Fe� and ran�s 1961). In the context of product�v�ty, 
th�s labour transfer moves towards equal�s�ng marg�nal returns to labour �nput 
across sectors, and therefore prov�des a d�rect means to enhance allocated 
effic�ency and hence product�v�ty ga�n. 

In the case of ch�na, desp�te the lack of consensus about the prec�se produc- 
t�v�ty growth figure, �t �s recogn�sed w�dely that much of the TFP growth has 
been dr�ven by the reallocat�on of rural surplus labour from agr�culture to secon- 
dary and tert�ary �ndustr�es, where labour product�v�ty �s s�gn�ficantly h�gher 
(Young 2003; Woo 1997; Fan et al. 1999; Zhang and Tan 2007). emp�r�cally, Fan et 
al. (1999) develop an analyt�cal framework to �nvest�gate the sources of ch�na’s 
growth, tak�ng �nto account the structural change featured �n ch�na’s reform 
per�od. They find that labour product�v�ty d�ffers cons�derably across var�ous 
sectors. For example, average labour product�v�ty �n 1978 was 903 (�nd�cated �n 
1978 constant yuan per worker), wh�le �n the agr�cultural sector �t was 362 yuan,  
and �n urban �ndustr�es and serv�ce sectors �t was 3,335 yuan and 1,737 yuan, 
respect�vely.5 

By 1995, average labour product�v�ty had �mproved by an annual growth rate 
of 6.54 per cent to 2,648 yuan per worker. labour product�v�ty �n agr�culture, 
urban �ndustr�es and serv�ce sectors reached 1,026, 5,601 and 5,177 yuan per 
worker, respect�vely. moreover, Fan et al. (1999) conclude that a s�gn�ficant 
�mprovement �n the overall allocat�ve effic�ency ga�n for the reform per�od 
(1978–95) �s due pr�mar�ly to rural reforms and sh�fts of surplus labour to non-
farm act�v�t�es—part�cularly to urban sectors.6

In add�t�on, �nd�rect channels of product�v�ty enhancement through �nternal 
m�grat�on can be ach�eved through agr�cultural product�v�ty ga�n due to 
�ncreased endowment per un�t of rural labour and the ut�l�sat�on of rem�ttances. 
A reduct�on �n agr�cultural labour has the potent�al to �ncrease the land/labour 
and cap�tal/labour rat�os, wh�ch �n turn m�ght have a pos�t�ve �mpact on 
agr�cultural product�v�ty. meanwh�le, the large amount of �ncome generated 
by m�grants sent back to rural commun�t�es has a substant�al �mpact on rural 
development. The consultat�ve Group to Ass�st the Poor (cGAP), a consort�um 
of 31 publ�c and pr�vate development agenc�es housed w�th�n the World Bank, 
documented that �n 2005 nearly Us$30 b�ll�on worth of rem�ttances were sent 
back to rural homes (cGAP 2006). A number of stud�es have �nvest�gated the 
�mpact of rem�ttances and return�ng m�grants on rural development (Taylor 
et al. 2003; G�les 2006; du et al. 2005; rozelle et al. 1999; Zhao 1999a, 1999b, 
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2002). Taylor et al. (2003) prov�de ev�dence that rem�ttances help loosen cap�tal 
constra�nts and st�mulate crop product�on. murphy (1999) and Zhao (2002) 
exam�ned household �nvestments and new product�ve projects developed 
by returned m�grants �n the rural economy. more generally, the product�ve 
�nvestment made poss�ble by rem�ttances, new �nformat�on and knowledge �n 
employment and econom�c act�v�t�es as well as further educat�on or human 
cap�tal �nvestment are all �nd�rect yet �mportant channels through wh�ch 
�nternal m�grat�on can pos�t�vely affect product�v�ty growth and hence econom�c 
performance as a whole. G�ven the enormous scale of �nternal m�grat�on and 
�ts profound �mpacts, �t �s undoubtedly one of the most remarkable events 
assoc�ated w�th ch�na’s rap�d econom�c growth �n the past 30 years.

What do we (not) know about migrants?

desp�te �ts mass�ve scale and �mportant role �n the process of econom�c growth, 
�nternal m�grat�on �n ch�na has been d�scussed �n a relat�vely small body of 
the econom�cs l�terature. A number of stud�es have looked at �ssues such as 
m�grat�on dec�s�ons (Zhao 1997, 1999a, 1999b, 2001; hare 1999; Zhu 2002), the 
�mpact of m�grat�on on rural �ncomes and product�v�ty (rozelle et al. 1999; 
Taylor et al. 2003; l� 2001), the labour market performance of m�grants (meng 
2001; meng and Zhang 2001) and m�grants’ ass�m�lat�on �nto urban soc�ety (ma 
and X�ang 1998; Zhu 2001).

Us�ng household-level data, a number of authors (for example, Zhao 1997, 
1999a, 1999b, 2001; hare 1999; Zhu 2002) analyse the probab�l�ty of m�grat�on. 
In general, they find that young, unmarr�ed male workers are the most l�kely to 
m�grate, and educat�on does not play a s�gn�ficant role �n m�grat�on dec�s�ons. 
hare (1999) finds that the length of m�grat�on spells �s determ�ned pr�mar�ly by 
the demands from home v�llages and the level of wages �n c�t�es; male workers 
�n fam�l�es w�th larger areas of land per cap�ta or who earn less �n c�t�es tend 
to have shorter spells. Zhu (2002) employs data collected �n urban areas of 
hube� Prov�nce and �nvest�gates the �mpact of the rural–urban wage gap on 
m�grat�on dec�s�ons. Us�ng a structural probab�l�ty approach, the author finds 
that the �ncome gap �s �mportant and has a non-l�near effect on the probab�l�ty 
of m�grat�on. Although these stud�es prov�de some �nformat�on about the 
mot�vat�ons for m�grat�on, a thorough �nvest�gat�on of m�grat�on cho�ces requ�res 
compar�son of the �ncomes and welfare of m�grants �n dest�nat�on c�t�es w�th 
what they would have ach�eved had they not m�grated.7

Th�s compar�son �s, however, not always feas�ble as ex�st�ng surveys are 
often so l�m�ted �n terms of the �nformat�on collected that they cannot prov�de 
the data necessary for compar�son.
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A second �ssue that has been addressed �n the ex�st�ng l�terature �s the 
�mpact of m�grat�on on the �ncomes of m�grant fam�l�es and rural product�v�ty. 
Wh�le l� (2001) and some other stud�es ment�oned earl�er find that rem�ttances 
have a s�gn�ficantly pos�t�ve effect on rural household �ncome, the conclus�on 
on th�s �ssue �s less than unan�mous. Us�ng data from a survey of 787 farm 
households �n hebe� and l�aon�ng Prov�nces, rozelle et al. (1999) and Taylor et 
al. (2003) est�mate a recurs�ve model of y�elds, m�grat�on and rem�ttances, and 
find a d�rect negat�ve net effect of m�grat�on on household cropp�ng �ncome, 
but not on crop y�elds. moreover, rem�ttances compensate part�ally for th�s lost-
labour effect, as hypothes�sed by the ‘new econom�cs of labour m�grat�on’ (nelm), 
by loosen�ng constra�nts on product�on �n the �mperfect market env�ronment. 
In conclus�on, Taylor et al. (2003) find that part�c�pat�ng �n m�grat�on �ncreases 
household per cap�ta �ncome, for those left beh�nd, by between 16 per cent and 
43 per cent. These results potent�ally offer support for the general recogn�t�on 
of m�grat�on as an �mportant path out of poverty. A recent study (du et al. 2005) 
est�mates that, controll�ng for household and area character�st�cs, hav�ng a 
m�grant worker �n the fam�ly �ncreases household per cap�ta �ncome by a marg�n 
of 8.5–13.1 per cent. emp�r�cally est�mat�ng the overall poverty-reduct�on effects of 
m�grat�on �s, however, a challeng�ng task, as these effects can take place through 
d�rect and �nd�rect channels. Invest�gat�on �nto how m�grat�on affects poverty 
needs to be based on �nformat�on of changes �n �ncome and any product�ve 
�nvestment �nduced by m�grat�on, wh�ch �ncludes the contr�but�on to phys�cal 
and human cap�tal accumulat�on. data l�m�tat�ons once aga�n often become the 
b�ggest obstacle for further �n-depth research �n th�s area.

In terms of the performance of m�grants �n the urban labour market, 
ex�st�ng stud�es h�ghl�ght d�scr�m�nat�on aga�nst m�grants who are employed 
predom�nantly �n low-�ncome and ‘three-ds’ (d�rty, dangerous and demean�ng) 
jobs, w�th longer work�ng hours and much lower earn�ngs than the�r urban 
counterparts (Zhao 1999; meng and Zhang 2001). Us�ng data from shangha�, 
meng (2001) stud�es employment cho�ces and finds that �nd�v�duals w�th 
more human cap�tal choose to be self-employed rather than be�ng employed 
by others. As �mportant as �t �s for these stud�es to capture the s�tuat�on at 
one part�cular po�nt, the dynam�cs of m�grants’ labour-market performance 
can reveal the evolut�on of the�r econom�c status and shed l�ght on �mportant 
quest�ons of changes �n m�grants’ econom�c cond�t�ons and �ncome mob�l�ty. 
research �n th�s area �s, however, v�rtually non-ex�stent due to the unava�lab�l�ty 
of long�tud�nal m�grat�on data.

labour-market outcomes const�tute only a part�al v�ew of what happens 
(or does not happen) as a result of m�grat�on. The �mpact of m�grat�on as a 
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soc�oeconom�c process �s extens�ve. Understand�ng m�grat�on requ�res go�ng 
beyond analys�s focused on the �ncome effects per se. For �nstance, quest�ons 
about the extent to wh�ch the health and general well-be�ng of m�grants are 
affected and how they �ntegrate �nto the urban soc�ety are �mportant but under-
researched top�cs. A summary of the �n�t�al contr�but�ons made by a number 
of descr�pt�ve stud�es finds that most m�grants do not have health �nsurance 
(X�ang 2005) and they exper�ence deter�orat�ng health cond�t�ons (Zhang 
2005; Zheng 2005). The major�ty l�ves �n crowded cond�t�ons and they have no 
pr�vate san�tat�on fac�l�t�es (shen 2002; Guo et al. 2005; Q� and he 2005). The�r 
res�dent�al clusters are often based on common or�g�ns (ma and X�ang 1998), 
wh�ch effect�vely segregate them from the local urban populat�on. Add�t�onally, 
there �s prejud�ce (Zhu 2001) and d�scontent between the local urban populat�on 
and the populat�on of m�grants (l� 1995). Apart from these bas�c descr�pt�ons, 
however, l�ttle �s known about the extent of health effects of m�grat�on or the 
processes of and channels for rural m�grants’ adjustment, ass�m�lat�on and 
�ntegrat�on �nto c�t�es.

The substant�al and far-reach�ng �mpacts of m�grat�on also man�fest �n the 
l�ves of m�grants’ ch�ldren. Wh�le nearly 15 m�ll�on ch�ldren follow the�r m�grat�ng 
parents to c�t�es, more than 20 m�ll�on ch�ldren are left beh�nd �n home v�llages 
(state counc�l research Group 2006). What �mpact does the c�ty have on those 
ch�ldren who m�grate w�th the�r parents? do they rece�ve better health and 
educat�on as benefic�ar�es of the more developed urban �nfrastructure? or, �s 
the outcome the oppos�te due to the h�gher costs of l�v�ng and the unfa�r pol�c�es 
�n place �n c�t�es? l�kew�se, are those ch�ldren left beh�nd better off �n terms of 
nutr�t�on and school�ng due to the extra �ncome prov�ded by rem�ttances? or, 
does the lack of parental care take �ts toll on these ch�ldren’s development? 
Quest�ons such as these are �mportant not only for the understand�ng of the 
current s�tuat�on, but to shape the future soc�ety. Unfortunately, except for a 
few stud�es look�ng at school enrolment and educat�onal outcomes (lu 2005; 
G�les and de Brauw 2005), l�ttle progress has been made �n understand�ng the 
profound and mult�faceted consequences of m�grat�on on ch�ldren.

An overall assessment of the ex�st�ng l�terature reveals that our knowledge 
about ch�na’s m�grat�on �s p�ecemeal and largely �nadequate. Unt�l now, l�ttle 
has been known about the overall �mpact of m�grat�on on m�grants themselves, 
on the�r ch�ldren—�n the send�ng and rece�v�ng commun�t�es—and how these 
�mpacts evolve over t�me. much of the l�m�tat�on �n the ex�st�ng research �s 
caused pr�mar�ly by the scarc�ty of data. researchers have long been plagued 
by a lack of well-des�gned long�tud�nal survey data for m�grants and the�r appro- 
pr�ate compar�son groups. The rUmIc Project was establ�shed to respond to 
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th�s urgent need. The cornerstone of the project �s a large-scale household 
survey, cons�st�ng of 5,000 m�grant households �n c�t�es, 5,000 urban res�dent 
households and 8,000 rural households w�th and w�thout m�grant workers. 
The survey �s �ntended to cover the 18,000 households for a five-year per�od 
(2008–12). The rest of th�s chapter prov�des a br�ef �ntroduct�on to the survey 
before outl�n�ng some prel�m�nary find�ngs from the p�lot and first-wave data.

RUMIC: sampling strategy and census results

The rUmIc survey �s conducted �n 15 c�t�es across n�ne prov�nces or metropol�-
tan areas: shangha�, Guangdong, J�angsu, Zhej�ang, Anhu�, hunbe�, s�chuan, 
chongq�ng and henan.8 Whereas the first four locat�ons are the largest m�gra-
t�on dest�nat�ons, the rema�n�ng five are among the largest m�grat�on send�ng 
areas.9

ch�na’s nat�onal Bureau of stat�st�cs (nBs) conducts the rural and urban 
households survey us�ng ex�st�ng random samples w�th�n �ts annual �ncome and  
expend�ture survey framework. There �s, however, no ex�st�ng sampl�ng frame for 
m�grant workers �n c�t�es, and the most fundamental challenges of develop�ng 
an unb�ased sampl�ng frame �nvolve randomly sampl�ng the m�grant populat�on 
w�th l�ttle rel�able advance �nformat�on of �ts d�str�but�on. The reason for the lack 
of background �nformat�on �s due pr�mar�ly to the largely �ncomplete offic�al 
res�dent�al reg�strat�on of m�grants �n c�t�es. most ex�st�ng m�grant surveys use 
adm�n�strat�ve records of res�dent�al addresses as the bas�s for sampl�ng; we 
bel�eve, however, that at the very least a large number of m�grant workers who 
l�ve at the�r workplaces, such as factory dorm�tor�es and construct�on s�tes, are 
left out, and hence such a sampl�ng framework �s �nescapably b�ased.

To address th�s �ssue, a un�que sampl�ng strategy has been developed and 
�s employed �n the rUmIc surveys. essent�ally, the sampl�ng frame �s based 
on �nformat�on collected �n a census of m�grant workers at the�r workplaces. 
more spec�fically, the census �s conducted �n a number of randomly selected 
c�ty gr�ds w�th�n the defined c�ty’s boundary. A sampl�ng frame �s formed us�ng 
the aggregate number of m�grants. Based on th�s, a random sample of m�grant 
workers �s selected and �nterv�ewed by enumerators for survey data collect�on. 
Us�ng shangha� as an example, w�th�n the �dent�fied c�ty boundary, the c�ty �s 
d�v�ded �nto more than 2,000 equal-s�zed gr�ds (0.5 km by 0.5 km),10 of wh�ch 50 
are drawn randomly for census operat�on. W�th�n each of the 50 gr�ds, a census 
of workplaces (rather than res�dent�al addresses) �s undertaken. dur�ng th�s 
process, �nformat�on such as the number of m�grant workers at every workplace, 
�nclud�ng formal and �nformal sectors, and bas�c descr�pt�ve �nformat�on (s�ze 
and �ndustry categor�es of the bus�nesses) �s recorded. The total number of 
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m�grant workers �n shangha� can be aggregated from these census data. As a 
final step of sampl�ng, a s�mple random sample of 500 m�grants �s selected for 
quest�onna�re-based face-to-face �nterv�ew. Follow�ng th�s approach, the rUmIc 
surveys are able to rect�fy the sample b�ases of most ex�st�ng urban-based 
surveys �n wh�ch res�dent�al addresses are used as a bas�s for sampl�ng, and 
thereby can �nclude most m�grant workers w�th�n the defined c�ty boundary.11

Table 6.1 presents some bas�c stat�st�cs for the m�grant populat�on from the 
census conducted �n the 15 survey c�t�es �n december 2007. The first column 
shows the number of gr�ds �n wh�ch a census was conducted, wh�le column 
two �nd�cates the total number of m�grants l�sted �n these gr�ds. column three 
presents the m�grant populat�on dens�ty per census gr�d. Among the 15 c�t�es, 
donguan �n Guangdong Prov�nce has the most densely populated m�grant 
group (2,614 m�grants per 0.25 sq km), followed by shenzhen (2,295), Wux� (1,691) 
and Guangzhou (1,171). Based on the per-census gr�d average m�grant number 
(column three) and the total number of gr�ds w�th�n the defined c�ty boundary, 
the total number of m�grants �n each c�ty �s aggregated (column five). It ap-
pears that dongguan, shangha�, Guangzhou, hangzhou and shenzhen are the 
top-five m�grat�on dest�nat�on c�t�es, wh�ch seems to co�nc�de w�th anecdotal 
ev�dence. Based on our census results, the total number of m�grants �n the 15 
survey c�t�es amounts to 12 m�ll�on, wh�ch �s sl�ghtly less than 10 per cent of 
the offic�al figure of 126 m�ll�on for 2005 (nBs 2006).

Add�t�onally, s�x broad categor�es are aggregated from a 72-�ndustry clas-
s�ficat�on based on census �nformat�on of the �ndustry categor�es of bus�nesses 
(Table A6.3 prov�des a deta�led descr�pt�on of the 72 �ndustr�es and the aggrega-
t�on method). The �ndustr�al d�str�but�on of the m�grants presented �n Table 6.2 
�nd�cates that among the 541,792 m�grants l�sted �n the rUmIc census: 8.4 per 
cent work �n the construct�on �ndustry; 18.3 per cent �n manufactur�ng; 2 per 
cent �n educat�on and government organ�sat�ons; 4.7 per cent �n employment, 
real estate and other types of agenc�es, and consult�ng compan�es; 34 per cent 
�n serv�ces, �nclud�ng publ�c serv�ces, secur�ty, transportat�on, commun�cat�on, 
hotels, restaurants, repa�rs and recycl�ng; and the rema�n�ng 32.7 per cent 
work �n wholesale and reta�l trade. It �s worth not�ng that �ndustry d�str�but�ons 
vary cons�derably across c�t�es. For example, 41 per cent of m�grants work �n 
the manufactur�ng �ndustry �n Wux�, wh�le more than half (55 per cent) of the 
m�grants �n dongguan work �n wholesale/reta�l trade.

For compar�son purposes, the bottom four rows of Table 6.2 present the 
results for four prev�ous m�grant surveys, among wh�ch the first three are c�ty-
based and the last �s a rural household-based survey. The Inst�tute of econom�cs 
(Ie) at the ch�nese Academy of soc�al sc�ences (cAss) conducted two of the 
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urban-based m�grant household surveys (hereafter referred to as ‘Ie surveys’). 
The Ie surveys covered 13 c�t�es12 w�th 780 households (1,785 �nd�v�duals) �n 1999 
(hereafter referred to as ‘Ie 1999’) and 12 prov�nces (27 c�t�es) w�th a total of 
2,000 households (5,327 �nd�v�duals) �n 2002 (hereafter referred to as ‘Ie 2002’). 
on average, the Ie surveyed less than 100 households �n each c�ty. Another 
urban-m�grants survey for compar�son �s the China Urban Labour Survey (cUls) 
(IPle 2001) conducted by the Inst�tute of Populat�on and labour econom�cs 
(IPle) w�th�n cAss �n 2001. It was undertaken �n five large c�t�es (shangha�, 
Wuhan, shenyang, Fuzhou and X�an) w�th 340 m�grant households and 2,365 
�nd�v�duals. These three surveys were based on a random sample of res�dents. 
As noted earl�er, th�s sampl�ng approach effect�vely m�ssed all the m�grants 
who l�ved at the�r workplaces from the sampl�ng frame.13

The last row of Table 6.2 shows offic�al �nformat�on publ�shed by the nBs 
(hereafter referred to as ‘nBs 2004’) drawn pr�mar�ly from the 2004 nat�onal 
rural household survey (sheng and Peng 2005).14

relat�ve to the three urban-based m�grant surveys, the rUmIc census results 
�nd�cate a much h�gher proport�on of m�grants work�ng �n manufactur�ng and 
construct�on sectors, and a lower proport�on work�ng �n the wholesale/reta�l 
trade sector. These d�fferences are l�kely caused by the exclus�on of m�grant 
workers l�v�ng at bus�ness prem�ses �n the sampl�ng frame of Ie surveys and the 
cUls. There are other poss�ble factors that m�ght contr�bute to the d�fferences, 
such as the local�ty d�fferences between the rUmIc census and the other 
surveys, the sample s�ze d�fferences and t�m�ng d�fferences. In contrast, the 
nBs results �nd�cate a much h�gher proport�on of m�grants �n the manufactur�ng 
sector (greater than 30 per cent) and a much lower proport�on �n wholesale/reta�l 
trade (4.6 per cent). There are several potent�al explanat�ons for such a large 
d�screpancy: first, wh�le the nBs survey was conducted �n send�ng areas w�th 
�nformat�on reported by household members who had rema�ned beh�nd, the 
rUmIc census was conducted �n the dest�nat�on c�t�es and �nformat�on was 
collected by enumerators. The completely d�fferent data-collect�on procedures 
employed could lead to d�fferent degrees of measurement errors. second, 
the coverage of these surveys d�ffers. Whereas the nBs undertook a nat�onal 
survey cover�ng all 31 prov�nces, the rUmIc census covered only 15 c�t�es. 
Th�rd, as far as an �nd�v�dual c�ty �s concerned, the rUmIc census does not 
necessar�ly �nclude all the d�str�cts that are cons�dered to be adm�n�strat�vely 
part of that c�ty. In order to keep the census w�th�n a manageable scale, the 
census excludes some d�str�cts that are far from the c�ty centre. It �s poss�ble that 
some manufactur�ng enterpr�ses are located �n these areas, and the exclus�on 
of these enterpr�ses could potent�ally expla�n the large d�fferences between 
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the rUmIc and nBs surveys w�th regards to the proport�on of m�grants �n 
the manufactur�ng sector. nevertheless, w�th�n the defined c�ty boundary, the 
rUmIc census results are well pos�t�oned to represent the �ndustry d�str�but�on 
of employed m�grants. Another, more general explanat�on for the d�fferences 
�n the surveys’ results �s that the rUmIc census was conducted much later 
than the other surveys.

What have we learned from the survey?

As demonstrated �n Table 6.2, after rect�fy�ng the sampl�ng b�ases, the rUmIc 
survey presents a somewhat d�fferent portra�t of m�grant workers than the 
ex�st�ng urban-based surveys. Furthermore, depart�ng from the convent�onal 
focus on m�grat�on determ�nants and labour market d�scr�m�nat�on, the rUmIc 
survey has collected much �nformat�on concern�ng the broad welfare of 
m�grants (the�r jobs, �ncome, health and mental health status), the�r ch�ldren’s 
educat�on and health, and the extent to wh�ch m�grants ass�m�late �nto the c�ty 
commun�t�es. These data allow researchers to explore a number of �mportant 
aspects of m�grat�on that have so far been under-researched because of data 
l�m�tat�on.

Between may and July 2007, a large-scale (1,000 households) p�lot survey 
was undertaken �n shangha�, Wux�, Guangzhou and shenzhen. The first wave 
of the formal survey began �n march 2008 and �s currently under way. The 
follow�ng d�scuss�on �s based on the p�lot data and the first batch of data for 
approx�mately 2,000 m�grant households from seven c�t�es (shangha�, nanj�ng, 
Wux�, hangzhou, n�ngbo, Wuhan and chengdu) from the first wave of the 
survey.

Bas�c fam�ly and �nd�v�dual character�st�cs of m�grants

Table 6.3 presents some bas�c fam�ly and �nd�v�dual character�st�cs of m�grants. 
The rUmIc surveys (Table 6.3, columns one to three)15 show that about 40 per 
cent of m�grant households are not s�ngle-person households. Wh�le about 50–
70 per cent of the m�grants are marr�ed, one-th�rd of these l�ve separately from 
the�r spouses. Further, close to 60 per cent of households have ch�ldren, but up 
to three-quarters of these have left the�r ch�ldren beh�nd �n the countrys�de. Th�s 
general descr�pt�on of m�grant-household structure co�nc�des w�th anecdotal 
ev�dence that underscores the breakdown of m�grant workers’ normal fam�ly 
relat�onsh�ps as a result of the phys�cal d�stance between fam�ly members.16

Th�s �mpress�on does not, however, concur w�th the results obta�ned from the 
prev�ous urban-based m�grat�on surveys. For example, the Ie surveys (columns 
four and five) �nd�cate a much h�gher proport�on of households w�th marr�ed 
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m�grants (87–89 per cent �n Ie surveys versus 51–68 per cent �n the rUmIc) and 
a much smaller �nc�dence of fam�ly separat�ons (9–22 per cent)—at least 50 
per cent lower than that observed �n the rUmIc surveys. s�m�larly, the cUls 
survey (column s�x) �nd�cates a much h�gher proport�on of m�grants who are 
marr�ed and/or have ch�ldren, and a lower proport�on of m�grants w�th ch�ldren 
left beh�nd �n the countrys�de. d�fferent sampl�ng strateg�es m�ght hold the key 
for understand�ng these d�screpanc�es. It �s not unreasonable to suggest that 
m�grant workers l�v�ng at the�r workplace are more l�kely to be s�ngle, or l�v�ng 
separately from the�r spouse. As these m�grants are systemat�cally excluded 
from the Ie and cUls surveys, an under-representat�on of the s�ngles and those 
who l�ve apart from the�r spouses �s a plaus�ble conjecture.

The bottom half of Table 6.3 reports �nd�v�dual character�st�cs of m�grants. 
The rUmIc and prev�ous surveys show that, on average, about 55 per cent 
of the m�grants are males, and the�r average age �s 28–29 years, although the 
cUls has a h�gher proport�on of males and the�r average age �s older, wh�ch 
�s related to the fact that the cUls surveys only those aged 16 and above. 
notw�thstand�ng the s�m�lar bas�c demograph�c character�st�cs at the mean, 
some �mportant d�fferences are revealed between the rUmIc and Ie surveys 
when the age structure �s exam�ned. F�gure 6.3 shows the age d�str�but�on by 
gender for the four d�fferent samples. In contrast w�th the rUmIc samples, �n 
wh�ch the mode of m�grant age �s just more than 20 years, �n the Ie surveys �t 
�s about 35 years. moreover, more than 85 per cent of m�grants �n the rUmIc 
sample are part�c�pants �n the labour force—almost 20 percentage po�nts 
h�gher than �n the Ie surveys. In terms of the durat�on from first m�grat�ng to the 
c�ty to the t�me of the survey, the rUmIc survey records an average of seven 
to e�ght years—about one year longer than that suggested by the Ie survey. 
Perhaps due to a younger sample, the average years of school�ng �n the rUmIc 
surveys �s about 1.5 years more than �n the Ie surveys. Indeed, F�gure 6.4 shows 
early b�rth years are assoc�ated w�th a shorter average number of school�ng 
years �n all samples. even w�th�n a same age cohort, however, average years 
of school�ng �n the rUmIc survey are st�ll longer than those of the Ie survey 
samples—aga�n, �nd�cat�ng a poss�ble sampl�ng b�as �n the prev�ous urban-
based m�grant surveys.

Job and job-related welfare

A cruc�al aspect of m�grat�on stud�es concerns the character�st�cs and 
cond�t�ons of m�grants’ employment. Table 6.3 prov�des a summary of m�grants’ 
job character�st�cs. The rUmIc survey data show that the unemployment rate of 
m�grant workers �s as low as 1–2 per cent. About 20–23 per cent of the sample 



124

China’s Dilemma

Ta
bl

e 
6.

3 
Fa

m
il

y 
an

d
 in

d
iv

id
u

al
 c

h
ar

ac
te

ri
st

ic
s

 
r

U
m

Ic
 

o
th

er
 u

rb
an

-b
as

ed
 m

�g
ra

nt
 s

ur
ve

ys
 

P
�lo

t s
ur

ve
y 

F�
rs

t w
av

e 
F�

rs
t w

av
e 

(I
e 

19
99

) 
(I

e 
20

02
) 

(I
P

le
 2

00
1)

 
(4

 c
�t

�e
s)

 
(7

 c
�t

�e
s)

 
(7

 c
�t

�e
s)

 
 

 
w

e�
gh

te
d

n
um

be
r 

of
 h

ou
se

ho
ld

s 
1,

00
2 

2,
05

5 
2,

05
5 

80
0 

2,
00

0 
2,

46
3

n
um

be
r 

of
 �n

d�
v�

du
al

s 
1,

72
0 

3,
34

9 
3,

34
9 

1,
78

5 
5,

31
8 

2,
46

3
P

er
ce

nt
ag

e 
of

 h
ou

se
ho

ld
s 

w
�t

h 
tw

o 
or

 m
or

e 
pe

op
le

 �n
 th

e 
c�

ty
 

44
.4

1 
38

.6
9 

39
.1

0 
 

86
.8

9 
89

.4
4 

60
.8

6
P

er
ce

nt
ag

e 
of

 h
ou

se
ho

ld
s 

w
�t

h 
m

ar
r�

ed
 r

ur
al

 m
�g

ra
nt

s 
50

.8
0 

54
.6

0 
 

53
.7

1 
 

82
.0

4 
91

.4
4 

65
.2

6
h

ou
se

ho
ld

s 
w

�t
h 

ru
ra

l m
�g

ra
nt

 c
ou

pl
e 

l�v
�n

g 
se

pa
ra

te
ly

 
31

.0
4 

32
.6

2 
 

30
.5

1 
 

21
.7

9 
8.

65
 

35
.9

5
P

er
ce

nt
ag

e 
of

 h
ou

se
ho

ld
s 

w
�t

h 
ch

�ld
re

n 
58

.2
7 

38
.1

9 
39

.6
3 

 
n.

a.
 

n.
a.

 
60

.8
2

h
ou

se
ho

ld
s 

w
�t

h 
ch

�ld
re

n 
le

ft
 b

eh
�n

d 
 

76
.9

9 
56

.2
9 

 
52

.3
1 

 
n.

a.
 

n.
a.

 
47

.0
1

n
um

be
r 

of
 m

on
th

s 
l�v

ed
 �n

 h
os

t c
�t

y 
�n

 th
e 

pa
st

 1
2 

m
on

th
s 

 
10

.7
3 

11
.1

1 
11

.2
3 

10
.8

2 
11

.3
5 

n.
a.

m
al

e 
(p

er
ce

nt
ag

e)
 

54
.6

4 
55

.1
8 

53
.5

9 
52

.6
6 

52
.3

9 
60

.5
8

A
ge

 o
f t

ot
al

 s
am

pl
e 

28
.7

8 
29

.2
9 

29
.1

3 
27

.9
7 

28
.3

6 
30

.3
5

A
ge

 o
f l

ab
ou

r 
fo

rc
e 

30
.4

7 
31

.4
8 

31
.4

8 
32

.8
6 

34
.5

8 
30

.3
6

Ye
ar

s 
of

 s
ch

oo
l�n

g 
(a

ge
d 

>
=

16
) 

9.
05

 
9.

11
 

9.
12

 
7.

31
 

7.
82

 
8.

17
P

er
ce

nt
ag

e 
�n

 th
e 

la
bo

ur
 fo

rc
e 

(a
ge

d 
16

–6
5,

 e
m

pl
oy

ed
 +

  
87

.8
8 

86
.5

3 
86

.3
0 

65
.8

3 
66

.5
1 

91
.5

6
un

em
p.

 +
 fa

m
�ly

 w
or

ke
rs

)
A

ve
ra

ge
 y

ea
rs

 s
�n

ce
 fi

rs
t m

�g
ra

t�
on

 (a
ge

d 
>

=
16

) 
6.

95
 

8.
07

 
8.

03
 

5.
82

 
6.

73
 

5.
92

n
um

be
r 

of
 c

�t
�e

s 
l�v

ed
 �n

  
4.

50
 

2.
22

 
2.

02
 

n.
a.

 
n.

a.
 

n.
a.

n.
a.

 n
ot

 a
pp

l�c
ab

le



125

Rural–urban migrants

workers are self-employed wh�le the rest work �n the wage/salary sector. Th�s 
descr�pt�on �s �n stark contrast w�th what �s revealed by the Ie and cUls surveys, 
�n wh�ch about 50–65 per cent of sample workers are self-employed. In terms 
of occupat�onal d�str�but�on, 70 per cent of m�grants �n the rUmIc surveys are 
engaged �n product�on, serv�ce or wholesale/reta�l trade, whereas about half of 
the m�grants �n the Ie surveys are bus�ness owners �n the pr�vate sector.17

That m�grants work �ncred�bly long hours �s a long-establ�shed fact (for 
example, du et al. 2006). The rUmIc survey confirms that, on average, m�grants 
work 60–63 hours a week. self-employed m�grants work 10 hours longer than 
the average, wh�ch translates �nto 10–11 hours da�ly, seven days a week.

m�grant workers earn, on average, about 1,500 yuan a month, wh�ch �s double 
the amount observed from the Ie surveys and 60 per cent h�gher than that 
found �n the cUls (Table 6.5). The�r hourly earn�ngs are about 6 yuan, wh�ch 
�s also more than double that �nd�cated �n the prev�ous surveys. Whether such 
a compar�son of results d�rectly �mpl�es �mprovement �n m�grants’ econom�c 
cond�t�ons �s quest�onable. Fortunately, add�t�onal �nformat�on �s collected �n 
the rUmIc surveys for the year respondents started the�r first job �n the c�ty 
and the wages they rece�ved �n the first month. A ser�es of averages for the first 
month’s wages for the first job �s constructed for the past 15 years us�ng these 
two �nstruments. Th�s �nformat�on can serve as a crude but useful �nd�cator 
of the change �n earn�ngs of unsk�lled m�grants. compared w�th the earl�er 
surveys, th�s measure standard�ses the sampl�ng method and the structure 
of the quest�onna�re. Th�s datum ser�es �s presented �n F�gure 6.5, show�ng 
a small but gradual �ncrease �n start�ng salar�es for m�grants. For the per�od 
1999–2006, the �ncrease was 1.1 per cent per annum, whereas between 2002 
and 2006 the �ncrease was 0.1 per cent per annum. such slow growth �n nom�nal 
terms �mpl�es that the real earn�ngs of a newcomer to rural-to-urban m�grat�on 
have fallen over t�me. 

earn�ngs alone somet�mes do not represent the full �ncome of m�grant 
workers. Work-related welfare often �ncludes subs�d�es or the prov�s�on of a 
meal, accommodat�on, soc�al �nsurance and so on. much of the �nformat�on �n 
th�s respect has, however, never been collected �n prev�ous surveys. Table 6.5 
offers some bas�c �nformat�on revealed from the rUmIc surveys. It shows that 
about 65–75 per cent of m�grants rece�ve meal subs�d�es, w�th an est�mated value 
of about 200–230 yuan a month, and 50–65 per cent rece�ve accommodat�on 
subs�d�es w�th an est�mated value of 120–200 yuan a month. relat�ve to the 
cUls, the rUmIc surveys �dent�fy that the proport�on rece�v�ng a subs�dy and 
the amount of subs�dy seem to have �ncreased. Although the government has 
�ssued requ�rements for compulsory soc�al �nsurance part�c�pat�on s�nce the 
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F�gure 6.3 Age distribution of migrants from different samples
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early 2000s, only a small number of m�grants part�c�pate �n any of four soc�al 
�nsurance programs. For example, the share of m�grants w�th work-related �njury 
�nsurance or unemployment �nsurance �s less than 25 per cent. nevertheless, the 
share of m�grants part�c�pat�ng �n �nsurance programs has �ncreased compared 
w�th the Ie survey data.18

Income and poverty dynam�cs, l�v�ng cond�t�ons and the broader well-
be�ng of m�grants

It has long been known that rural–urban m�grants under the ‘guest-worker’ 
system have very low ‘d�scount rates’. As they regard themselves as work�ng 
�n c�t�es ‘temporar�ly’, w�th the�r future ult�mately �n the�r rural home v�llages, 
they work extremely hard, l�ve a very modest l�fe �n c�t�es and try to save as 
much as poss�ble for the future (for example, du et al. 2006). ex�st�ng surveys 
have not been able to prov�de adequate �nformat�on for researchers to exam�ne 
the well-be�ng of m�grant workers. The rUmIc survey, �n contrast, pays spec�al 
attent�on to �ssues related to the well-be�ng of m�grants. A number of �nd�cators 
of m�grants’ l�v�ng standards, the�r health and mental health cond�t�ons are 
summar�sed below.

Table 6.6 presents �nformat�on on �ncome, expend�ture, poverty and l�v�ng 
cond�t�ons based on the rUmIc survey data. It shows that average per cap�ta 
monthly �ncome �s about 1,700 yuan for the p�lot survey and 1,400 yuan for the 
first wave of the survey. The d�fference m�ght reflect only d�fferent�als across 
c�t�es covered by the two surveys. Indeed, �f shangha� and Wux�, the only two 
c�t�es covered by both surveys, are compared, per cap�ta �ncome �n the p�lot 
survey �s 1,418 yuan and �n the first wave �t �s 1,668 yuan—translat�ng �nto 
an �ncrease �n nom�nal �ncome of about 17.6 per cent over two years. In the 
absence of consumer pr�ce �ndex (cPI) data, the change �n offic�al m�n�mum 
standards of l�v�ng l�nes (the ‘d�bao l�ne’; see Table A6.2) �s used as a proxy 
to est�mate the proport�onal change �n the cost of l�v�ng. Between 2007 and 
2008, d�bao l�nes �n shangha� and Wux� �ncreased by 14.3 and 16.7 per cent, 
respect�vely. Tak�ng a s�mple average, therefore, the cost of l�v�ng �n the two 
c�t�es �ncreased by about 15.5 per cent, �mply�ng a 2.1 per cent �ncrease �n real 
per cap�ta �ncome �n the two c�t�es.

If, however, per cap�ta expend�ture �s used as a measure, a much larger 
proport�onal �ncrease can be observed. Per cap�ta monthly expend�ture 
�ncreased from 744 yuan to 1,016 yuan �n shangha� and Wux�, �nd�cat�ng growth 
of 36.6 per cent, or 21 percentage po�nts, over and above the �ncrease �n the 
cost of l�v�ng. Interpretat�on of th�s observat�on po�nts to: 1) the �nadequate 
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reflect�on of �ncreases �n the cost of l�v�ng from the change �n d�bao l�nes over 
the two years; 2) the poss�ble changes �n m�grants’ att�tude (the d�scount rate) 
as reflected �n �mproved l�v�ng standards. Both factors could contr�bute to the 
s�gn�ficant �ncrease �n per cap�ta expend�ture. A s�mple decompos�t�on analys�s 
of changes �n expend�ture suggests that �tems �nclud�ng food, cloth�ng, hous�ng 
and health care all reg�ster large �ncreases, rang�ng between 37 per cent (for food) 
and 54 per cent (for cloth�ng). str�ctly speak�ng, desp�te the fact that ch�na has 
been exper�enc�ng a per�od of h�gh �nflat�on s�nce 2007, part�cularly r�s�ng food 
pr�ces,19 w�thout controll�ng for the qual�ty consumed, �t �s d�fficult to gauge the 
extent to wh�ch the �ncrease �n expend�ture �s due to pr�ce �ncreases. nevertheless, 
the rUmIc surveys prov�de some measures of hous�ng qual�ty, from wh�ch we 
observe the follow�ng: 1) the proport�on of m�grants l�v�ng �n suburban areas 
decreased by 5.5 percentage po�nts; 2) the proport�on of m�grants l�v�ng at the�r 
workplace decreased by 3.7 percentage po�nts; 3) the proport�on of m�grants 
w�thout pr�vate san�tat�on fac�l�t�es rema�ned essent�ally unchanged. In add�t�on, 
l�v�ng area per person has �ncreased by 15 per cent. Th�s observat�on suggests a 
small degree of �mprovement �n hous�ng cond�t�ons for m�grant workers dur�ng 
2007 and 2008. The degree of such development does not, however, seem to 
account for the dramat�c �ncrease �n the cost of l�v�ng. In contrast w�th the 

F�gure 6.5 Earnings growth, 1991 – 2007 (first job, first month)
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�ncrease �n other expend�ture, educat�on expend�ture dropped by 20 per cent 
(the last column of Table 6.6), wh�le the large �ncrease �n expend�ture also drove 
down rem�ttances s�gn�ficantly.

even though relat�ve to the p�lot survey, per cap�ta expend�ture �n the first 
wave of the survey �ncreased much more than per cap�ta �ncome, m�grants’ 
sav�ngs rate rema�ns as h�gh as 39–48 per cent. Th�s �s measured by the d�ffer-
ence between average per cap�ta �ncome and expend�ture as a proport�on of per 
cap�ta �ncome. F�gure 6.6 �nd�cates that almost all households (80–90 per cent) 
save, �nclud�ng those who m�ght end up l�v�ng below the d�bao l�ne. The share of 
m�grant households fall�ng below local d�bao l�nes �s 1–1.8 per cent and 9–13 per 
cent, by �ncome and expend�ture measures, respect�vely. A 1.2 percentage po�nt 
fall �n the poverty rate (expend�ture measure) between 2007 and 2008 �s �dent�fied 
for shangha� and Wux�. Th�s result �s cons�stent w�th the abovement�oned fact 
that average household expend�ture �ncreased 16 percentage po�nts over and 
above the �ncrease �n the cost of l�v�ng.  

In Table 6.6, poverty rates measured by two other poverty l�nes are also pre- 
sented. Accord�ng to the China Development Report 2007 (cdrF 2007), ch�na’s 
offic�al poverty l�nes are systemat�cally b�ased downwards; however, the degree 
of the underest�mat�on var�es by reg�on because of the d�fferent financ�al capa- 
c�t�es of local governments. It �s suggested �n the China Development Report 
2007 that �n 2004 the offic�al poverty l�nes �n the eastern reg�on were 71 per cent  
of the real m�n�mum cost of l�v�ng (mcl), wh�le th�s rat�o �n the central reg�on was  
64 per cent. The mcl l�nes are est�mated us�ng these rat�os, together w�th the 
offic�al d�bao l�nes �n 2007 and 2008. The proport�on of households �n shangha� 
and Wux� l�v�ng under th�s mcl l�ne was 22.8 per cent �n 2007 and 20.1 per cent 
�n 2008 us�ng expend�ture measures, as opposed to 3.6 and 3 per cent for the 
two years us�ng �ncome measures. Add�t�onally, �nformat�on collected �n the 
rUmIc surveys on the subject�ve cost of m�n�mum l�v�ng standards �s used to 
formulate a ‘subject�ve poverty l�ne’ for each c�ty.20 The proport�on of m�grants 
l�v�ng below th�s subject�ve poverty l�ne �s 21.1 per cent (us�ng expend�ture) and 
3.7 per cent (us�ng �ncome measures).

m�grants’ health and mental health cond�t�ons are another �mportant reflec-
t�on of the overall well-be�ng of m�grants. The rUmIc surveys have collected 
relevant �nformat�on and Table 6.7 presents some summary stat�st�cs. Based 
on m�grants’ self-assessment (row one), more than 85 per cent �nd�cated excel-
lent or good health. To supplement the subject�ve health measure, a number 
of object�ve health measures are also generated. The first �mportant health 
�nd�cator �s whether the �nd�v�dual �s under or overwe�ght—the former �s often 
an �nd�cat�on of malnutr�t�on, and the latter suggests potent�al hypertens�on or 
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heart d�sease. The average body mass �ndex (BmI) of rUmIc survey samples �s 
s�m�lar to that found �n the ch�na health and nutr�t�on survey (chns) for 1989 
and 1991, but the proport�on of underwe�ght m�grants �n the rUmIc surveys (15 
per cent �n the p�lot and 10 per cent �n the first-wave surveys) �s much h�gher 
than that found �n the chns (8.3 of rural and 9.2 per cent of urban samples). 
s�m�larly, the overwe�ght rates are h�gher �n the rUmIc surveys (doak et al. 
2002). Wh�le the proport�on of underwe�ght m�grants �s h�gher �n the rUmIc 
surveys than �n the chns 2004 data, the chns reports a h�gher proport�on 
of overwe�ght rural (25 per cent) and urban (30 per cent) samples. Part of the 
explanat�on for such d�fferences could be the d�fferent measurement errors 
�ncurred when we�ght and he�ght data are obta�ned �n these surveys. Whereas 
the chns �nvolved enumerators to measure respondents phys�cally, the rUmIc 
surveys rel�ed on self-reported �nformat�on. Another object�ve measure of health 
�s the proport�on of m�grants who were s�ck dur�ng the three months before 
the survey; 8.3 and 14 per cent of m�grants reported be�ng s�ck �n the p�lot and 
first-wave surveys, respect�vely. Among them, 20–24 per cent cons�dered the�r 
�llnesses ser�ous. seventy-five per cent of respondents �n the first-wave survey 
d�d not see a doctor, of wh�ch 13 per cent had a ser�ous �llness. on average, 

F�gure 6.6 Per capita monthly income and expenditure
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those who were s�ck spent 393 (p�lot survey respondents) and 263 yuan (first-
wave respondents) dur�ng the three months to treat the�r �llness, and only 5.2–6 
per cent of the�r total expend�ture was re�mbursed by �nsurance.

A un�que contr�but�on of the rUmIc surveys to the understand�ng of m�grants’ 
well-be�ng �s the collect�on of �nformat�on on mental health cond�t�ons, measured 
by the ‘General health Quest�on 12’ (Gh12).21 The numbers reported �n Table 6.7  
�nd�cate the proport�on of m�grants �n the rUmIc samples suffer�ng from mental 
health �ssues. The ex�st�ng l�terature for compar�son w�th these results �s scarce; 
however, the last quest�on, about happ�ness, has an equ�valence �n the 2002 Ie 
survey, �n wh�ch 11.2 per cent of m�grants cons�dered themselves to be not very 
happy or not happy at all—sl�ghtly lower than the figure suggested �n the rUmIc 
surveys. Furthermore, us�ng Br�t�sh survey data, erens et al. (2001) reported 
Gh12 for d�fferent m�nor�ty groups �n england, �nclud�ng ethn�c ch�nese. In that 
study, Gh12 was summar�sed �nto three categor�cal var�ables: the proport�on 
of �nd�v�duals who answered ‘no’ to all of the 12 quest�ons; the proport�on who 
answered ‘yes’ to one to three of the above quest�ons; and the proport�on who 
answered ‘yes’ to four or more of the 12 quest�ons. erens et al. (2001) found that 
69 per cent of the ch�nese group reported ‘no’ to every one of the 12 quest�ons, 28 
per cent reported ‘yes’ to one to three of the quest�ons, wh�le 3 per cent reported 
‘yes’ to four or more quest�ons. Us�ng the �nformat�on for ch�nese �mm�grants �n 
the Un�ted k�ngdom as an approx�mate benchmark, the rUmIc surveys’ sample 
of respondents seem to suffer more from mental d�stress than other �ssues. In 
part�cular, 6.5–7.8 per cent of rUmIc survey sample m�grants reported ‘yes’ to 
four or more quest�ons—double the proport�on reported �n erens et al. (2001).

ch�ldren of m�grants

The un�que nature of the guest-worker system for rural–urban m�grat�on �n ch�na 
means that many m�grant ch�ldren grow up w�th only one or ne�ther parent l�v�ng 
w�th them. lack of parental care could have a s�gn�ficant �mpact on the�r current 
and future development. The rUmIc surveys collect a substant�al amount of 
�nformat�on from m�grants about the�r ch�ldren, �nclud�ng whether they m�grated 
w�th them of were left beh�nd �n home v�llages. To our knowledge, th�s �s the 
first attempt by researchers to exam�ne the �mpact of m�grat�on on m�grants’ 
ch�ldren w�th a relat�vely large sample survey. Th�s subsect�on prov�des some 
first-cut summary stat�st�cs.

In the data for the first-wave rUmIc survey, there were 1,060 ch�ldren recorded, 
�nclud�ng 893 ch�ldren aged 16 years or younger.22 The current l�v�ng arrangements 
of the full sample of ch�ldren and sub-sample of ch�ldren aged 16 and below are 
reported �n Table 6.8. Among ch�ldren aged 16 and below (column two), almost 
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60 per cent were left beh�nd �n the rural hometown—among whom, 42 per cent 
l�ved w�th only one parent, 50 per cent l�ved w�th grandparents, 4.5 per cent l�ved 
w�th other relat�ves, and the rema�nder l�ved by themselves.23

When m�grant parents were asked the ma�n reason why the�r ch�ldren d�d 
not l�ve �n c�t�es w�th them, more than 50 per cent po�nted d�rectly to cost fac-
tors—h�gh costs of l�v�ng (37.5 per cent) and h�gh school/ch�ldcare fees (16.4 
per cent)—wh�le 22 per cent �nd�cated lack of a carer for the ch�ld, wh�ch, �n 
turn, partly reflects the h�gh cost of ch�ldcare.

Table 6.9 summar�ses character�st�cs of m�grants’ ch�ldren �n c�t�es and 
those left beh�nd. Among the ch�ldren aged 16 and below, the average age of 
those left beh�nd (8.4 years) �s about 1.3 years older than those who m�grated 
w�th the�r parents (7.4 years). Th�s �s understandable, as young ch�ldren need 
more parental attent�on, and parents are therefore more l�kely to br�ng them to 
c�t�es. Us�ng the total sample of ch�ldren, F�gure 6.7 presents the age d�str�but�on 
of ch�ldren by the�r current l�v�ng arrangements. Those currently l�v�ng w�th 
parents �n c�t�es are concentrated �n the under-10 age group, wh�le those left 
beh�nd are more l�kely to be older then 10 years. Further, parents br�ng to c�t�es 
sl�ghtly more (6 percentage po�nts) g�rls than boys. Among ch�ldren aged 16 
and below �n c�t�es, 46 per cent were pre-school aged—10 percentage po�nts 
h�gher than those ch�ldren left beh�nd. There are hardly any school drop-outs 
defined �n the ch�ldren above pre-school age and aged 16 or younger.24

Important research quest�ons related to the �mpact of m�grat�on on ch�ldren 
�nvolve �nvest�gat�ng the health, educat�on and general development outcomes 
of m�grants’ ch�ldren. moreover, to study these quest�ons requ�res �nformat�on 
about these ch�ldren’s potent�al c�rcumstances had the�r parents not m�grated. 
Wh�le the collect�on of data to generate th�s �nformat�on �s currently under way, 
a s�mple compar�son between ch�ldren who m�grated w�th the�r parents and 
those left beh�nd �s presented �n Table 6.10, us�ng parental-assessed �nd�cators 
of outcomes of ch�ldren’s health, educat�on and general development. relat�ve 
to those ch�ldren left beh�nd, m�grant ch�ldren l�v�ng w�th the�r parents �n c�t�es 
seem to better off �n terms of the�r health cond�t�ons. About 93 per cent of parents 
who had the�r ch�ldren l�v�ng w�th them �n c�t�es cons�dered the�r ch�ldren to be 
healthy or very healthy—5 percentage po�nts h�gher than those ch�ldren left 
beh�nd. To exam�ne how th�s health assessment d�ffers by age group, F�gure 6.8 
plots the average proport�on of ch�ldren rated as healthy by age and current l�v�ng 
arrangements. The figure shows that there �s l�ttle d�fference �n the proport�on 
of ch�ldren cons�dered healthy for the very young age group and the over-16 age 
group. In the five-to-12 age group, however, the proport�on of ch�ldren rated healthy 
for those l�v�ng �n c�t�es w�th the�r parents �s almost 7–8 percentage po�nts h�gher 
than the�r counterparts left beh�nd �n the countrys�de.
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The results for school performance, however, pa�nt a qu�te d�fferent p�cture 
as to wh�ch group �s do�ng better. A much h�gher proport�on (14.4 per cent) of 
those ch�ldren left beh�nd enjoy excellent school performance compared w�th 
m�grant ch�ldren �n c�t�es (7.7 per cent). F�gure 6.9 shows that the ch�ld’s age �s 
pos�t�vely assoc�ated w�th parental assessment of the ch�ld’s school performance, 
part�cularly for ch�ldren older than 15. Th�s �s, perhaps, due to the fact that low 
performers are less l�kely to cont�nue school�ng after jun�or h�gh school level. The 
large gap for school performance between those l�v�ng �n c�t�es and those left 
beh�nd �s essent�ally constant across all age groups, except for the very young 
cohort (seven–e�ght years of age). s�m�larly, when parents are asked whether they 
are worr�ed about the�r ch�ldren’s school performance, those who had ch�ldren 
l�v�ng w�th them recorded a h�gher proport�on of pos�t�ve answers (‘yes’) than 
those whose ch�ldren had been left beh�nd �n rural v�llages (43 per cent versus 
38 per cent). F�gure 6.10 �nd�cates that parents w�th ch�ldren younger than n�ne 
worry most about the�r offspr�ng, and espec�ally those whose ch�ldren have been 
left beh�nd. For ch�ldren aged 10 and above, parents appear to worry more about 
those who l�ve w�th them �n c�t�es, compared w�th the ones left beh�nd.

The rUmIc surveys, �n add�t�on to school performance, collect �nformat�on 
from parents about other aspects of the�r ch�ldren’s behav�our that m�ght 
cause them to worry—for example, sk�pp�ng school, not fin�sh�ng homework, 
watch�ng too much telev�s�on or play�ng too many Internet/computer games, 
be�ng bull�ed, hav�ng ‘bad’ fr�ends, or dat�ng too early. Wh�le, on average, only 
15–16 per cent of parents worry about these �ssues, the proport�on �s, aga�n, 
h�gher for parents who are l�v�ng w�th the�r ch�ldren than for parents who left 
the�r ch�ldren �n rural v�llages.

There m�ght be d�fferent reasons for why parents who l�ve w�th the�r ch�ldren 
do not cons�der the�r ch�ldren to be do�ng very well, and to worry more about 
them. It �s poss�ble that pess�m�st�c parents are more l�kely to take the�r ch�ldren 
w�th them; or that parents are more l�kely to take ch�ldren who are not do�ng well 
�n the hope that parental superv�s�on w�ll help. The th�rd poss�b�l�ty could be that 
the ch�ldren who m�grate w�th parents and those left beh�nd are judged us�ng 
d�fferent benchmarks. Parents w�th ch�ldren l�v�ng �n c�t�es tended to compare 
the�r ch�ldren w�th c�ty k�ds, whose educat�on was often of a h�gher qual�ty, 
whereas parents whose ch�ldren were left beh�nd were more l�kely to compare 
the�r ch�ldren w�th other local rural ch�ldren, whose general educat�on qual�ty 
was not as good as that offered �n c�t�es. F�nd�ng out exactly wh�ch explanat�on 
dom�nates �s, however, beyond the scope of th�s prel�m�nary study.

F�nally, the rUmIc surveys also collect data for parental-assessed perform-
ance of pre-school-aged ch�ldren. These data are presented �n the bottom sec-
t�on of Table 6.10. In th�s group, few not�ceable d�fferences are observed between 
ch�ldren who l�ve w�th the�r parents �n c�t�es and those who are left beh�nd.
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Table 6.9 Basic characteristics of migrants’ children

 Total ch�ldren ch�ldren aged 16 and below
 Total W�th left Total W�th left 
  parents beh�nd  parents beh�nd
Total number of ch�ldren 1,060 379 681 893 338 555
Age 9.87 8.58 10.58 8.20 7.39 8.69
males (%) 53.68 49.87 55.80 52.97 49.11 55.32
educat�on level (%)      
  Pre-school 33.58 40.9 29.52 39.87 45.86 36.22
  Pr�mary 33.30 32.19 33.92 38.97 35.80 40.90
  Jun�or h�gh 15.00 15.04 14.98 16.80 16.27 17.12
  sen�or h�gh 12.45 8.18 14.83 3.47 1.48 4.68
  Three-year college 1.70 1.85 1.62 n.a. n.a. n.a.
  Un�vers�ty and above 2.83 0.26 4.26 n.a. n.a. n.a.
  drop-out 1.13 1.58 0.88 0.90 0.59 1.08

n.a. not appl�cable

F�gure 6.7 Age distribution of migrant children by current living 
arrangements

In cities with parents Left behind.1
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Conclusions

A large body of research has focused on the sources of ch�na’s rap�d econom�c 
growth �n the past three decades. A consensus emerg�ng from the establ�shed 
l�terature �nd�cates that the mass�ve rural-to-urban m�grat�on has served as 
a cruc�al contr�butor to TFP growth by sh�ft�ng labour from low-product�v�ty 
rural sectors to modern �ndustr�al sectors �n c�t�es w�th s�gn�ficantly h�gher 
product�v�ty. The ma�n actors of th�s dr�v�ng force—that �s, the more than 120 
m�ll�on rural–urban m�grants—const�tute a research area that has long been 
understud�ed. The ex�st�ng m�grat�on-stud�es l�terature �s confined largely to 
the �nvest�gat�on of m�grat�on dec�s�ons and the short-term �ncome �mpacts of 
m�grat�on on m�grants and rural households. Th�s chapter has outl�ned a host 
of fundamental quest�ons concern�ng the patterns, the scope and the processes 
of m�grat�on as well as �ts extens�ve �mpact—all of wh�ch deserve much further 
�n-depth �nvest�gat�on. G�ven the sheer s�ze of populat�on d�rectly �nvolved and 
�nd�rectly affected by the m�grat�on process and the extens�ve and far-reach�ng 
�mpacts of th�s extraord�nary movement, a better understand�ng of m�grat�on 
�ssues �s needed.

F�gure 6.8 Children’s parent-assessed health status by age and current 
living arrangement
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F�gure 6.10 Parents worried about child’s school work by age and 
current living arrangement
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F�gure 6.9 Children’s parent-assessed performance at school by age 
and current living arrangement
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Adm�ttedly, a major obstacle restr�ct�ng the scope and depth of m�grat�on 
research �s the extremely l�m�ted survey data for m�grants and the�r compara-
t�ve groups. The w�de range of �ssues that requ�re urgent further research are 
plagued by the unava�lab�l�ty of data w�th sound sampl�ng strateg�es, broad 
scope and longer coverage. The newly launched rUmIc project embarked on 
�ts pa�nstak�ng data-collect�on task w�th a sample s�ze of 18,000 households 
across n�ne prov�nces and metropol�tan areas. The rUmIc surveys �dent�fy 
and rect�fy the sampl�ng b�ases of earl�er urban-based m�grants surveys and 
have developed a un�que census-based sampl�ng frame. W�th th�s �mproved 
sampl�ng strategy, the rUmIc surveys are well s�tuated to prov�de the �nforma-
t�on necessary for �ts amb�t�ous research agenda. The rUmIc project �ntends 
to address quest�ons concern�ng not just the �mpact of m�grat�on on m�grants 
themselves, but the �mpact on the�r fam�l�es and on the urban and rural com-
mun�t�es that are �ntegral parts of the grand m�grat�on process. 

Us�ng currently ava�lable data from the rUmIc surveys, th�s chapter offers a 
ser�es of prel�m�nary stat�st�cal analyses. The d�fferences are not�ceable when 
compar�ng the rUmIc census data for household structures and occupat�onal 
�ndustry d�str�but�on w�th a number of ex�st�ng survey results. Th�s outcome 
suggests that d�fferences �n sampl�ng strateg�es and other aspects of survey 
arrangements can lead to major var�at�ons �n survey results. In add�t�on, us�ng 
the rUmIc p�lot-survey data and part of the first wave of survey data, we present 
a range of bas�c character�st�cs of m�grants and the�r ch�ldren. Th�s exerc�se 
demonstrates the r�ches presented by the data and the poss�b�l�ty they br�ng for 
further �n-depth m�grat�on stud�es. Informat�on such as the health and educat�on 
s�tuat�on of m�grants’ ch�ldren and the general well-be�ng (�nclud�ng mental 
health) of m�grants �s the first of �ts k�nd to be made ava�lable. Furthermore, 
the potent�al of the rUmIc survey data w�ll cont�nue to unfold. G�ven t�me, 
the surveys w�ll be able to develop the�r long�tud�al d�mens�ons and enable 
�mportant stud�es look�ng at �ncome dynam�cs, long-term m�grat�on �mpacts 
on the second generat�on’s health and development, as well as the processes 
of and channels for m�grants’ ass�m�lat�on �nto urban commun�t�es.

Notes

1 The exact scale of �nternal m�grat�on �n ch�na rema�ns a subject of cons�derable debate. 
est�mates d�ffer depend�ng on the data source and how m�grants are defined �n terms of 
geograph�c scope, the durat�on of the�r stay outs�de the source area and whether the�r 
movement was accompan�ed by a change �n hukou (household reg�strat�on system) status. 
Alternat�ve est�mates of the s�ze of the float�ng populat�on—those who l�ve for more than s�x 
months outs�de the townsh�p where they have the�r hukou—�nd�cate that �t const�tuted nearly 
150 m�ll�on people �n recent years, nearly 10 t�mes the number �n the late 1980s (nBs 2006).
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2 The est�mates are l�kely to underest�mate the s�ze of the rural m�grant labour force because 
of the part�al exclus�on of m�grant fam�l�es.

3 Young (1995) argued that the ‘east As�an m�racle’ was dr�ven essent�ally by cap�tal 
accumulat�on. As TFP growth accounted for only a small fract�on of the growth of east As�an 
econom�es, the so-called m�racle was merely a myth, as �nput accumulat�on-led growth was 
hardly susta�nable. krugman (1994) asserted a s�m�lar po�nt.

4 As Young (2003) r�ghtly po�nted out, the data for most econom�es were filled w�th apparently 
�ncons�stent ser�es. choos�ng among them, one can produce almost any est�mate of 
product�v�ty growth �mag�nable. Therefore, �t �s not our �ntent�on to �nvest�gate the prec�se 
magn�tude of product�v�ty growth �n ch�na dur�ng the reform per�od. rather, �t �s to note that 
product�v�ty enhancement �s an �mportant contr�butor to ch�na’s econom�c m�racle.

5 s�m�larly, chow (1993) looked at a five-sector model of ch�na’s economy between 1952 and 
1980. It was est�mated that at the beg�nn�ng of the reform per�od (1978), marg�nal products of 
labour (mPl) across agr�culture, �ndustry and commerce were 63 yuan, 1,027 yuan and 1,809 
yuan, respect�vely (figures expressed �n 1953 output values).

6 The effic�ency �ndex was calculated as the rat�o of real GdP to effic�ent GdP, s�mulated by 
allocat�ng labour and cap�tal �nputs such that the marg�nal returns to each factor were equal 
across all product�ve sectors.

7 An equally val�d approach would be to �nvest�gate the compar�son of �ncomes and welfare of 
non-m�grants �n home v�llages w�th what they would have earned had they m�grated.

8 The urban samples are drawn from 15 c�t�es, �nclud�ng shangha�, nanj�ng, Wux�, hangzhou, 
n�ngbo, Guangzhou, dongguan, shenzhen, chongq�ng, chengdu, Wuhan, hefe�, Bangbu, 
Zhengzhou and luoyang.

9 Based on the 2000 census data, shangha�, Guangdong, J�angsu and Zhej�ang accommodated 
66 per cent of m�grants, wh�le 47 per cent of m�grants were from s�chuan, chongq�ng, Anhu�, 
hube� and henan Prov�nces.

10 The �dent�ficat�on of a c�ty boundary �s based on the follow�ng pr�nc�ples. F�rst, �t should 
�nclude as many workplaces where m�grants are employed as poss�ble. second, �t should 
not have large empty spaces. The c�t�es defined by these rules are often smaller than the s�ze 
of the�r boundary areas. For example, there were 18 adm�n�strat�ve d�str�cts �n shangha� �n 
2005. Among them, n�ne d�str�cts are fully covered �n the survey boundary and five are partly 
covered (Baoshang, m�nhang, J�ad�ng and new Pudong), wh�le four d�str�cts (songj�ang, 
J�nshan, Q�ngpu and Fengx�an), wh�ch are far from the c�ty centre, are excluded. s�m�larly, 
n�ngbo c�ty compr�ses s�x d�str�cts and only two and half d�str�cts are �ncluded �n our c�ty 
boundary. For deta�led �nformat�on on the boundar�es of the 15 c�t�es, v�s�t the rUmIcI web 
s�te at http://rum�c�.anu.edu.au

11 Theoret�cally, th�s sampl�ng strategy accounts for all work�ng m�grants who part�c�pate �n any 
form of employment at the t�me of the census. Wh�le m�grants who do not work at the t�me of 
the survey w�ll be excluded from the sampl�ng frame, we bel�eve the number of non-work�ng 
m�grants �s relat�vely small and does not const�tute a b�as s�gn�ficant enough to jeopard�se 
the randomness of the sampl�ng.

12 These �nclude Be�j�ng, shenyang, J�nzhou, nanj�ng, Xuzhou, Zhengzhou, ka�feng, 
P�ngd�ngshan, chengdu, Z�gong, nanchong, lanzhou and P�ngl�ang.

13 The authors have access to all three surveys �nd�cated here. The data presented are therefore 
from our own calculat�ons.
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14 The nBs survey asks rural households to report some bas�c �nformat�on about the�r absent 
member(s) who have m�grated to c�t�es, such as the �ndustry �n wh�ch they work, the�r 
occupat�on and poss�ble earn�ngs.

15 We report unwe�ghted and we�ghted means of the first wave of the rUmIc survey �n all 
subsequent tables.

16 At first glance, there �s some stat�st�cal ev�dence �nd�cat�ng an adverse effect on the relat�onsh�p 
between husbands and w�ves due to l�v�ng arrangements that separate them phys�cally. 
Among those who l�ve separately from the�r spouse, about one �n every four cons�der there 
�s some adverse effect, 2 per cent �nd�cate a strong effect and the rest do not th�nk there �s 
any negat�ve �mpact. comprehens�ve evaluat�on of the �mpact of d�stant l�v�ng arrangements, 
however, requ�res further analys�s.

17 once aga�n, these d�fferences could be related to the lack of randomness �n the Ie sample, 
wh�ch om�ts m�grants who are not l�v�ng �n res�dent�al areas.

18 Part of th�s change m�ght, however, reflect the sample b�as �nherent �n the Ie surveys, wh�ch 
�nclude a much larger proport�on of self-employed m�grants who are less l�kely to have any 
�nsurance. Indeed, �n the rUmIc survey, the proport�on of self-employed workers w�thout 
unemployment or work-�njury compensat�on and pens�on �nsurance �s almost 90 per cent for 
each category—much h�gher than for wage/salary earners.

19 ch�na’s cPI, the ma�n gauge of �nflat�on, reached an 11-year monthly h�gh w�th a 7.1 per cent 
r�se �n January 2008. huge �ncreases �n food pr�ces pushed up the cPI by 4.8 per cent �n 
2007—the h�ghest level s�nce 1997.

20 offic�al poverty l�nes, d�bao l�nes, mcl l�nes and subject�ve poverty l�nes are descr�bed �n 
Table A6.2.

21 Gh12 covers a w�de range of mental health �ssues, �nclud�ng lack of concentrat�on, loss of sleep 
due to worry, feel�ng unable to play a useful role �n th�ngs, feel�ng unable to make dec�s�ons, 
feel�ng under pressure all the t�me, feel�ng unable to overcome d�fficult�es, feel�ng that l�fe �s 
mean�ngless, unable to face up to problems, depress�on, lack of self-confidence, feel�ngs of 
worthlessness, and a general feel�ng of unhapp�ness.

22 The full sample of ch�ldren �ncludes all the ch�ldren of respondent households who are aged 16 
years or younger and those older than 16 but st�ll at school. Therefore, the d�fference between 
the full sample of ch�ldren and the younger sub-sample �s the sub-sample of older ch�ldren 
st�ll at school.

23 Further �nvest�gat�on reveals that ch�ldren l�v�ng by themselves are aged seven to 16 and all 
are at board�ng school.

24 The total number of school drop-outs �s 8.
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Table A6.1 Different poverty lines, 2007 and 2008 (yuan per month)

 d�bao l�ne Poverty l�ne subject�ve poverty l�ne
 2007 2008 2007 2008 2007 2008
shangha� 350 .. .. .. .. ..
400 493 563 536 565 .. ..
nanj�ng 300 350 423 493 464 493
Wux�  300 350 423 493 .. ..
521 .. .. .. .. .. ..
hangzhou 320 355 451 500 .. 597
n�nbo 300 350 423 493 .. 536
Wuhan 248 300 388 469 .. 503
chengdu 230 276 359 431 .. 565
Guangzhou  390 .. 549 .. 637 ..
shenzhen 388 .. 546 .. 617 ..

Note: d�bao data are from the Internet; poverty l�nes are adjusted based on Youjuan Wang’s 
calculat�ons of the rat�o of the d�bao and poverty l�nes for the eastern and central reg�ons.

Table A6.2 Different poverty lines 

    
 d�bao Poverty l�ne subject�ve poverty l�ne
 2007 2008 2007 2008 2007 2008
shangha� 350 400 493 563 536 565
nanj�ng 300 350 423 493 464 493
Wux�  300 350 423 493 .. 521
hangzhou 320 355 451 500 .. 597
n�nbo 300 350 423 493 .. 536
Wuhan 248 300 388 469 .. 503
chengdu 230 276 359 431 .. 565
Guangzhou  390 .. 549 .. 637 ..
shenzhen 388 .. 546 .. 617 ..

note: d�bao data are from �nternet, poverty l�nes are adjusted based on Youjuan Wang’s 
calculat�on of the rat�o of d�bao and poverty l�ne for the easten and central reg�ons. 
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Table A6.3 Detailed and broad industry categories 

 
code 72 �ndustr�es 6 broad �ndustry categor�es
1 Agr�culture, forestry, an�mal husbandry and fish�ng construct�on
2 m�n�ng 
3 construct�on 
4 Food and dr�nk manufactur�ng manufactur�ng
5 Tobacco manufactur�ng 
6 Text�le manufactur�ng 
7 cloth�ng manufactur�ng 
8 leather and shoes manufactur�ng 
9 T�mber and furn�ture manufactur�ng 
10 Paper and paper product manufactur�ng 
11 Publ�sh�ng, pr�nt�ng and v�deo product�on 
12 cok�ng and o�l refinary 
13 med�c�ne and other chem�cal manufactur�ng 
14 rubber and plast�c manufactur�ng 
15 non-metal�c m�neral product manufactur�ng 
16 Bas�c metal product manufactur�ng 
17 metal product manufactur�ng 
18 mach�nary and equ�pment manufactur�ng 
19 office equ�pment manufactur�ng 
20 electr�cal and electron�c equ�pment manufactur�ng 
21 rad�o, TV and other commun�cat�on equ�pment manufactur�ng 
22 med�cal, opt�cal, and other spec�al equ�pment manufactur�ng 
23 Transportat�on manufactur�ng 
24 mach�nery rental 
25 Government organ�sat�on educat�on and government
26 research orgn�sat�on 
27 educat�on and tra�n�ng serv�ces 
28 Var�ous type of agenc�es Var�ous types of agenc�es
29 real estate agenc�es 
30 consultancy serv�ces serv�ces
31 secur�ty serv�ces 
32 other publ�c serv�ces 
33 Transportat�on serv�ces 
34 Post and commun�cat�on serv�ces 
35 Bookshops  
36 newspaper stands 
37 F�nanc�al serv�ce and �nsurance 
38 hotels/motels 
39 domest�c serv�ces 
40 enterta�nment/ha�rdress�ng/fac�al 
41 ch�ldcare and care of old people 
42 Tour�st centres 
43 restaurants, cafés and fast food places
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Table A6.3 cont�nued...

44 small repa�r outlets 
45 med�cal serv�ces 
46 Tax� company 
47 B�cycle or car parks 
48 Ta�lor shops 
49 Advert�sment and other pr�nt�ng operat�ons 
50 dry clean�ng stores 
51 domest�c equ�pment repa�rs 
52 car repa�rs 
53 Wedd�ng, funeral, and other rel�g�ous operat�ons 
54 Photo shops 
55 recycl�ng  
56 sales of �ndustr�al products and tools Wholesale and reta�l trade
57 sales of metal products 
58 street vendors  
59 small shops 
60 supermarket and department stores 
61 chem�sts 
62 shops to sell sports products 
63 car sellers 
64 B�cycle and other domest�c equ�pment stores 
65 cloth�ng, shoes, and bags stores 
66 stat�onary stores 
67 nursery and garden centres 
68 construct�on mater�al stores 
69 home �mprovement stores 
70 Jewelry and other arts stores 
71 mus�cal equ�pment and other domest�c equ�pment stores 
72 second-hand stores
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Rethinking thirty years of  
reform in China
Impl�cat�ons for econom�c performance

Xiaolu Wang

Economic achievement after 30 years of reform

After three decades of econom�c reform, beg�nn�ng �n 1978, ch�na has 
transformed �tself from a centrally planned economy to a market economy. 
Pr�ces for most commod�t�es have been l�beral�sed. The pr�vate sector, �nclud�ng 
pr�vate enterpr�ses, sharehold�ng compan�es and fore�gn-funded enterpr�ses, 
has become the dom�nant part of the economy. Although the government �s 
st�ll play�ng an �mportant role �n the economy, the overall command system 
was abol�shed long ago. 

dur�ng th�s per�od (1978–2007), the gross domest�c product (GdP) growth 
rate �n ch�na was ma�nta�ned at an average of 9.8 per cent annually—3.7 
percentage po�nts h�gher than that of the pre-reform per�od (1952–78) under 
the centrally planned reg�me. GdP �n constant pr�ces has �ncreased by 14.8 
t�mes dur�ng the reform per�od, and ach�eved Us$3,283 b�ll�on �n 2007 by the 
yearly average exchange rate of cnY7.6 for Us$1 (nBs var�ous years; also below 
unless otherw�se referenced). The s�ze of the ch�nese economy overtook russ�a 
�n 1992, canada �n 1993, Italy �n 2000, France �n 2005 and the Un�ted k�ngdom 
�n 2006, becom�ng the world’s fourth largest �n 2006. It �s l�kely to surpass 
Germany �n 2008. Accord�ng to the purchas�ng power par�ty (PPP) measure of 
the World Bank, the ch�nese economy �s already the second largest after the 
Un�ted states (World Bank var�ous years). 



154

China’s Dilemma

due to �ts huge populat�on s�ze, ch�na’s GdP per cap�ta �s st�ll low—only 
Us$2,456 �n 2007—although �t �s 10.8 t�mes what �s was �n 1978. Us�ng d�fferent 
PPP measures (for example, World Bank 2008), th�s per cap�ta level could be 
expanded three to four t�mes. 

one of the most s�gn�ficant �mprovements dur�ng the reform per�od was a 
dramat�c reduct�on �n poverty levels. In 1978, 250 m�ll�on rural people were l�v�ng 
�n poverty, accord�ng to the nat�onal poverty standard us�ng constant pr�ces. 
Th�s figure reduced to 15 m�ll�on �n 2007. By the World Bank’s h�gher standard 
of those l�v�ng on ‘one dollar a day’, rural poverty �n ch�na reduced from 31.5 
per cent �n 1990 to 8.9 per cent of the populat�on �n 2005 (G�ll et al. 2007). 

ch�na and russ�a—two large countr�es and former centrally planned 
econom�es—shared many s�m�lar�t�es before the�r reforms, but they adopted 
d�fferent reform methods and ach�eved very d�fferent results. In part�cular, 
there was a str�k�ng contrast �n the econom�c performance of the two countr�es 
dur�ng the�r reform per�ods. 

ch�na �ntroduced a fam�ly-based household respons�b�l�ty system (hrs) 
�n �ts agr�cultural sector and decentral�sed �ts central plann�ng system at the 
beg�nn�ng of �ts reform. Pr�ce control was gradually released. The non-state 
enterpr�se sector was encouraged to develop, and market compet�t�on gradually 
became the dom�nant mechan�sm �n the economy dur�ng a long per�od of 
trans�t�on. In the first decade of reform, from 1978 to 1988, the s�ze of the ch�nese 
economy �n real terms expanded by 2.6 t�mes. The annual GdP growth rate 
dur�ng th�s per�od was 10 per cent. Urban and rural household �ncome per 
cap�ta �n constant pr�ces �ncreased by 1.82 and 2.11 t�mes, respect�vely. The 
rural populat�on l�v�ng �n poverty was reduced by 60 per cent. 

In russ�a, some s�m�lar reform measures were adopted �n the late 1980s, 
but were soon replaced by rad�cal ‘shock therapy’ �n the early 1990s. In 1992, 
pr�ce control was removed ent�rely and central plann�ng was abol�shed. most 
stated-owned enterpr�ses were pr�vat�sed �n 1992 and subsequent years. If we 
regard the per�od 1990–2000 as the first decade of the reform per�od �n russ�a, 
GdP dropped by nearly 40 per cent—an annual decrease of 4.7 per cent. There 
was also hyper�nflat�on and a dramat�c reduct�on of people’s �ncomes dur�ng 
th�s per�od. 

Angus madd�son (2007) compared ch�nese and russ�an (�n�t�ally, the sov�et 
Un�on) performance us�ng a comparable PPP measure for a longer per�od. In 
1978, the first year of ch�nese reform, per cap�ta GdP �n ch�na accounted for 
only 13 per cent of that �n the sov�et Un�on. After 25 years of reform, �t ach�eved 
76 per cent of that �n russ�a �n 2003. dur�ng th�s per�od, GdP per cap�ta �n ch�na 
�ncreased to 4.91 t�mes �ts 1978 level, whereas GdP per cap�ta �n russ�a shrank 
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to 85 per cent of �ts 1978 level. In the same per�od and by the same measure, 
total ch�nese GdP expanded from 92 per cent to 677 per cent of that �n russ�a 
(Table 7.1). 

russ�a exper�enced rap�d econom�c growth �n the post-Yelts�n per�od, 
although th�s was st�ll a recovery towards �ts �n�t�al levels before the econom�c 
shock. In 2006, russ�an GdP �n constant pr�ces was equal to only 97 per cent 
of �ts 1990 level, whereas the same rat�o was 470 per cent for ch�na (Un var�ous 
years).

The next part of th�s chapter d�scusses the reasons for the d�fferent econom�c 
performances, and what lessons can be drawn from past reforms.

Chinese and Russian reforms: what made the difference?

econom�sts have offered var�ous explanat�ons for why the outcomes of the 
ch�nese and russ�an reforms were so d�fferent. It �s commonly accepted 
that the speed and sequence of reforms are �mportant. Unl�ke russ�a’s shock 
therapy, ch�na made a step-by-step movement towards a market economy. Th�s 
evolut�onary approach not only smoothes the shock, �t allows macroeconom�c 
stab�l�sat�on and �nst�tut�onal bu�ld�ng to be ach�eved. Wh�le the old central-
control mechan�sm �s gradually replaced by market mechan�sms, rap�d 
econom�c growth �s ach�eved (for example, mck�nnon 1993; roland 2000; 
madd�son 2007). 

Table 7.1 Economic performance in China and Russia during the 
reform period

 ch�na russ�a (and Ussr) ch�na/russ�a (%)
GdP (Us$ b�ll�on 1990 PPP)   

1978 935 1,018 92
2003 6,188 914 677
Growth (2003/1978) 662% 90% 

Per cap�ta GdP (Us$ 1990 PPP)   
1978 978 7,420 13
2003 4,803 6,323 76
Growth (2003/1978) 491% 85% 

Source: madd�son, A., 2007. Chinese Economic Performance in the Long Run, second ed�t�on, 
organ�sat�on for econom�c cooperat�on and development, Par�s:Tables 4.4–4.5, p.102.
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Just�n l�n (1995) prov�des a conv�nc�ng, although �ncomplete, explanat�on for 
the ch�nese–russ�an contrast. he �nd�cates that ch�na and russ�a had heavy 
resource m�sallocat�on under the centrally planned system, but reallocat�on 
of resources among sectors takes t�me. A sudden correct�on of pr�ce s�gnals 
leads to product�on decreases �n the sectors w�th over allocat�on of resources, 
but not to correspond�ng �ncreases �n the sectors �n wh�ch resources are under 
allocated. Accord�ng to l�n’s explanat�on, the ch�nese approach was to allow 
market-or�ented growth �n the under-allocated sectors first, so that m�sallocat�on 
was corrected �n a relat�vely long per�od w�thout drops �n product�on (l�n 1995). 
nevertheless, he d�d not expla�n why the real growth path �n russ�a �n the reform 
per�od showed as an l-curve �nstead of a J-curve—that �s, how can an expected 
temporary product�on decrease become a 10-year-long econom�c d�saster?

some other authors emphas�se the d�fferent �n�t�al cond�t�ons �n ch�na and 
russ�a. They argue that g�ven these d�fferences, the ch�nese exper�ence �s not 
repl�cable, and the russ�an recess�on �s unavo�dable. Among them, Popov (2000, 
forthcom�ng) shows, v�a a cross-country analys�s, that the worse the economy 
d�storted prev�ously, or the h�gher the �n�t�al per cap�ta GdP, the larger �s the 
drop of output seen �n l�beral�sat�on of a trans�t�onal economy. 

Popov also �nd�cates that the speed of l�beral�sat�on has a negat�ve �mpact 
on output, although he does not treat the speed of l�beral�sat�on as a pol�cy 
var�able, but as an ‘endogenously determ�ned’ var�able, wh�ch �s determ�ned 
by the pol�t�cal s�tuat�on. In th�s sense, all the pol�cy changes already �n place 
could be class�fied as be�ng endogenously determ�ned, although some are 
really �mported. In add�t�on, �t �s hard to bel�eve that the ch�nese economy was 
prev�ously less d�storted than other trans�t�onal econom�es.

one d�mens�on of the ch�nese and russ�an reforms was never suffic�ently 
d�scussed—that �s, d�d the reforms lead to a process of ‘Pareto �mprovement’? 
If not, who won and who lost? how were publ�c �nterests affected �n the 
reform? And how was econom�c performance related to the �ssue of �nterest 
red�str�but�on dur�ng the reform and post-reform per�ods? 

In the rema�n�ng parts of th�s chapter, I w�ll show three po�nts v�a a compar�son 
of some reforms �n ch�na and russ�a: first, most of the reforms �n ch�na have led 
to �mproved cond�t�ons for all groups of people; therefore, the ch�nese reform 
has generally been a process of Pareto �mprovement. Th�s was not the case �n 
russ�a because the reforms led to �mprovements for certa�n �nterest groups, 
but the major�ty of people were worse off �n the long term. second, most of 
the reforms �n ch�na were �nd�genously and endogenously determ�ned, often 
after many pol�cy debates and emp�r�cal exper�ments; therefore, they were 
usually �n the �nterest of all the people or at least the major�ty of the people. 
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Th�s expla�ns why the reforms could be �n a path of Pareto �mprovement. In 
russ�a, some major reform measures were determ�ned externally and by a 
small group of él�tes, although they were undertaken �n the name of publ�c 
�nterest. Th�rd, the reform outcomes �n ch�na and russ�a �nd�cate a strong l�nk 
between econom�c performance and �nterest red�str�but�on—that �s, a reform 
benefit�ng all groups of people �s usually a process of Pareto �mprovement, 
lead�ng to better econom�c performance. Th�s �mpl�es that whether the reform 
pol�cy takes the publ�c �nterest as �ts pr�or�ty �s cruc�al for the economy.

The follow�ng sect�ons of the chapter compr�se rev�ews of three major 
reforms �n ch�na compared w�th those �n russ�a. 

Agricultural reform

Agr�cultural reform �n ch�na, beg�nn�ng �n 1978, was the first step �n the country’s 
econom�c reforms. As a replacement for the old and �neffic�ent commune 
system, the rural hrs was not a government-des�gned reform measure. It 
was an �nnovat�on by farmers or�g�nat�ng from the m�d 1950s, and brought 
cons�stently better outcomes for �ncreas�ng output and reduc�ng rural poverty 
�n p�lot pract�ces from the 1950s to the 1970s. It also �ncurred many pol�t�cal 
attacks, and was several t�mes suppressed by top leaders for �deolog�cal 
reasons (rGcrd 1981). 

dur�ng 1978–80, farmers �n d�fferent reg�ons re�ntroduced th�s system and 
ach�eved remarkable success �n �ncreas�ng agr�cultural output and �ncomes; the 
system therefore spread automat�cally to broader areas. In Anhu� and s�chuan 
Prov�nces, �t was supported by prov�nc�al leaders Wan l� and Zhao Z�yang,1 but 
was attacked by conservat�ve leaders at the central and local government level 
as a ser�ous cr�me of ‘ant�-soc�al�sm’. The follow�ng �s an example of a typ�cal 
debate from 1980 between Wan l� and an anonymous sen�or offic�al, ‘A’, both 
of whom were respons�ble for the central government’s agr�cultural pol�cy at 
the t�me (Zhao 2007):

A: hrs does not fit the soc�al�st character, therefore, �t should not be 
w�dely appl�ed.

Wan: Why not? Th�s �s what people want; they only want to get enough 
food.

A: It dev�ates from the soc�al�st d�rect�on; �t �s not a road towards 
‘common prosper�ty’.

Wan: soc�al�sm and the people, wh�ch one would you choose?

A: I choose soc�al�sm!

Wan: I choose the people!
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The real outcome of the hrs was, however, more conv�nc�ng than any 
�deology. After many confl�cts, the hrs was accepted and promoted formally 
by the central government �n 1982. Unt�l 1984, more than 97 per cent of ch�nese 
v�llages adopted the hrs. The commune system was abol�shed. 

The hrs �s a household-based farm�ng system that does not alter collect�ve 
land ownersh�p, but d�str�butes farm land to households under long-term 
contracts. Unl�ke the old commune system, �t prov�des adequate �ncent�ves and 
autonomy to farmers. In 2006, all land contract lev�es, together w�th agr�cultural 
taxes, were abol�shed; land use �s now free for farmers.

W�th the �ntroduct�on of the hrs, the pr�c�ng mechan�sm of agr�cultural 
products was also changed. The government f�rst �ncreased the state’s 
purchas�ng pr�ces for gra�n by 20–50 per cent �n 1979, and then gradually 
l�beral�sed the gra�n market. s�m�lar th�ngs happened to other agr�cultural 
products. The hrs reform, plus pr�ce �ncreases, led to remarkable �ncreases �n 
agr�cultural output and farmers’ �ncomes �n the early 1980s. The longstand�ng 
problem of food shortages was resolved. In real terms, farmers’ per cap�ta 
�ncomes �n 1984 �ncreased by 2.5 t�mes �ts 1978 level. The proport�on of the rural 
populat�on l�v�ng �n absolute poverty was reduced by half—from 250 m�ll�on to 
128 m�ll�on (Table 7.2). Urban–rural �ncome d�spar�ty was also reduced.

Another �mportant cond�t�on for the success of the agr�cultural reform was 
that, �n the �n�t�al stage, reformers entered and dom�nated the core group of the 
ch�nese leadersh�p. They had r�ch work�ng exper�ences and good knowledge of 
agr�cultural �ssues, they understood the needs of rural people and made rural 
development and the �mprovement of people’s l�ves a target for reform. 

Table 7.2 Farm output and income before and after agricultural reform 
in China

 1978 1984 1984/1978
 (before hrs) (after hrs) (%)
Gra�n (mt*) 304.8 407.3 134
cotton (mt) 2.2 6.3 289
o�l-bear�ng crops (mt) 5.2 11.9 229
Fru�t (mt) 23.8 47.8 201
rural �ncome per cap�ta (yuan) 134 355 250a

rural poverty (m�ll�on people) 250 128 51

* mt = mega-tonnes 
a �ncome levels �n current pr�ces, but the relat�ve change �s calculated �n constant pr�ces 
Source: nat�onal Bureau of stat�st�cs (nBs), 2005. China Compendium of Statistics 1949–2004, 
ch�na stat�st�cs Press, Be�j�ng.
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Agr�cultural reform �n russ�a was very d�fferent. In the early 1990s, the 
leadersh�p accepted the adv�ce of the Internat�onal monetary Fund (ImF) and 
set a target for agr�cultural reform to follow the Us agr�cultural model, and 
scheduled to develop one m�ll�on pr�vate farms. To ach�eve th�s, they pr�vat�sed 
agr�cultural land, d�sbanded state farms and collect�ve granges and w�thdrew 
all state subs�d�es for agr�cultural product�on. Th�s type of reform d�d not have 
the support of the major�ty of rural people. Accord�ng to a survey (Q�ao 2002), 
only 32.2 per cent of russ�an farmers supported land pr�vat�sat�on w�thout 
reservat�on, wh�le 39.7 per cent opposed �t. only 18.1 per cent of farmers 
supported the free trade of land, wh�le 60 per cent opposed �t.

Pr�ces for agr�cultural products were l�beral�sed completely, together w�th 
all other products �n 1992, and th�s �mmed�ately caused hyper�nflat�on. Input 
pr�ces for farm�ng �ncreased much faster than output pr�ces, result�ng �n rap�d 
decreases �n farmers’ �ncomes. From 1990 to 1998, gra�n product�on dropped 
by 46 per cent, and the gross value of agr�cultural output dropped by 47 per 
cent. In 1999, 53 per cent of russ�an rural res�dents l�ved below the offic�al 
poverty l�ne. Agr�culture �n russ�a has �mproved �n recent years, although �t �s 
st�ll recover�ng from recess�on.

In general, the agr�cultural reforms �n ch�na were a ‘bottom-up’ process. 
It adopted a model preferred by most farmers, wh�ch led to qual�ty-of-l�fe 
�mprovements for nearly all the 790 m�ll�on rural res�dents—who accounted for 
82 per cent of the total populat�on �n 1978. The urban populat�on also benefited 
because the food-supply s�tuat�on was much �mproved. The reforms also 
made s�gn�ficant contr�but�ons to overall econom�c performance. In contrast, 
agr�cultural reforms �n russ�a followed a ‘top-down’ approach: the leadersh�p 
�mposed an �mported agr�cultural model on farmers w�thout cons�der�ng 
�nd�genous needs and local s�tuat�ons. The outcome of the reform was 
undes�rable, and most people suffered because of �t. 

Price reform

Pr�ce reform �n ch�na was a cruc�al part of �ts trans�t�on to a market economy. 
A ‘dual-pr�ce system’ was formed gradually �n the early and m�d 1980s. As a 
trans�t�onal measure towards a market economy, th�s system allows market 
pr�ces to work wh�le plann�ng pr�ces rema�n; th�s smoothes econom�c shocks 
and ma�nta�ns econom�c growth �n the early stages of reform.

dur�ng 1978–80, a large number of state-owned enterpr�ses (soes) were 
brought �nto the exper�mental schedule of ‘expand�ng enterpr�se autonomy’. 
They were allowed to sell any excess above the�r state quota of products outs�de 
the state plan, at flex�ble pr�ces, and were also allowed to purchase �nputs 
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outs�de the plan at flex�ble pr�ces, when the state supply was not ava�lable. 
Th�s exper�ment was started �n s�chuan Prov�nce �n 1978 and ach�eved good 
outcomes, so �t soon expanded to cover 6,600 soes across ch�na �n 1980, and 
then appl�ed to all soes. Th�s formed a market system that coex�sted w�th the 
planned system. The market pr�ces �nd�cated the d�rect�on of demand, gave 
enterpr�ses �ncent�ves and played a role �n supply–demand adjustment at the 
marg�n. 

After the �n�t�al success, debates about pr�ce reform were st�ll go�ng on �n 
the m�d 1980s, focus�ng on a few quest�ons: 1) should plann�ng pr�ces or market 
pr�ces play the dom�nant role �n the economy; 2) how could the �mbalanced 
economy be brought �nto equ�l�br�um—that �s, first v�a adm�n�strat�ve adjustment 
of controlled pr�ces or by l�beral�s�ng pr�ce controls; 3) should these adjustments 
or l�beral�sat�on be done as fast as poss�ble or over a relat�vely long per�od (for 
example, ch�nese Inst�tute for econom�c system reform 1987)?

It became clear that controlled pr�ces were not funct�on�ng well, and further 
market-or�ented pr�ce reforms were needed. Pr�ce reforms that were too rad�cal, 
however, would exceed the economy’s capab�l�ty to bear the shock. As a result, 
the government pers�sted w�th a dual-pr�ce system �n the 1980s. The scope 
of state plann�ng and pr�ce control was gradually reduced or l�beral�sed �n 
some �ndustr�es, where there was equ�l�br�um or excess supply, but was kept 
essent�ally at the same level �n other fields where there was a ser�ous shortage 
of supply, such as �n the steel �ndustry.2

Th�s was because, �n these fields, the gaps between the controlled and 
market-determ�ned pr�ces were large (for example, by then, the market pr�ce 
for steel was three t�mes h�gher than the controlled pr�ce); a sudden abol�t�on 
of controlled pr�ces would have led to v�olent changes �n �nput pr�ces and 
ser�ous shocks to firms �n downstream �ndustr�es, and to consumers. ser�ous 
�nflat�on, unemployment, enterpr�se bankruptcy and econom�c decl�nes would 
be expected. 

nevertheless, for bas�c �nputs, even though pr�ce controls rema�ned, pr�ces 
for products were �ncreas�ngly market or�ented. The h�gher market pr�ces 
prov�ded �ncent�ves to firms to meet add�t�onal demand. In the 1980s, the 
output of steel �ncreased from 37 to 66 mega-tonnes (mt) (nBs 2005), most of 
wh�ch was produced by soes, but was promoted by market pr�ces. Along w�th 
econom�c growth, the relat�ve �mportance of market pr�ces �ncreased and that 
of controlled pr�ces shrank. 

In 1988, top leaders attempted to launch a ‘pr�ce-reform storm’ to l�beral�se 
the rema�n�ng port�on of controlled pr�ces. Th�s scheme resulted �n mass�ve 
pan�c purchas�ng of consumer goods and bank squeezes, so the leadersh�p 
soon dec�ded to abandon �t. 



161

Rethinking thirty years of reform in China

Another �mportant contr�but�ng factor to pr�ce reform was the rap�d growth 
of market-or�ented non-state enterpr�ses. Th�s substant�ally �ncreased the 
scope for market pr�ces to work. The non-state enterpr�ses gradually became 
dom�nant �n the economy, and finally led market pr�ces to play the dom�nant 
role. Table 7.3 shows how the pr�ce mechan�sm transformed. 

Wh�le pr�ces were gradually market�sed, pr�ce levels dur�ng the trans�t�onal 
per�od were bas�cally stable, and hyper�nflat�on was avo�ded. The consumer 
pr�ce �ndex (cPI) as an annual average for the three decades from 1978–2007 
was 5.5 per cent. dur�ng th�s per�od, the cPI exceeded 10 per cent �n only five 
years: 1988–89 and 1993–95. The cPI reached �ts h�ghest level—24.1 per cent—�n 
1994. The annual cPI rema�ned below 3 per cent �n 16 of the 30 years.

A decade after the beg�nn�ng of pr�ce reforms, ch�na had essent�ally grown 
out of the ‘shortage economy’ of the early 1990s. ser�ous supply bottlenecks 
were el�m�nated. The econom�c structure became more balanced. most 
�mportantly, most commod�ty pr�ces were determ�ned v�a market compet�t�on, 
wh�ch substant�ally promoted effic�ency �ncreases. 

In russ�a, all pr�ces were suddenly l�beral�sed �n January 1992 by the 
Yelts�n adm�n�strat�on w�thout suffic�ent d�scuss�on or preparat�on. The ma�n 
‘theoret�cal’ base was an analogy: ‘You cannot leap over a d�tch �n two jumps.’ 
rad�cal pr�ce reforms led �mmed�ately to hyper�nflat�on. Us�ng 1991 as the base 
year (100 per cent), the cPI reached 1,629 per cent �n 1992, 15,869 per cent �n 
1993 and 64,688 per cent �n 1994. The major�ty of people’s sav�ngs d�sappeared. 
The ser�ous �nflat�on forced the enterpr�se sector to �ncrease nom�nal wages for 
workers to surv�ve, the enterpr�se sector then forced the central bank to �ssue 
money to finance the unavo�dable �ncreases �n nom�nal wages, and the rap�d 
�ncreases �n monetary supply further fuelled hyper�nflat�on. In 2000, the cPI 

Table 7.3 Proportion of products subject to market prices, 1978–2005 
(per cent)

 1978 1997 2005
controlled pr�ce >90 11.9 

7.2
Gu�ded pr�ce  

<10
  3.6 

market pr�ce  84.4 92.8

Note: calculated as we�ghted average of reta�l commod�t�es, product�on �nputs and 
agr�cultural products �n gross value. 
Source: Fan, G., Wang, X. and Zhu, h., var�ous years. NERI Index of Marketization of China’s 
Provinces, econom�c sc�ences Press, Be�j�ng.
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reached 9,344 t�mes the 1991 level (Un var�ous years). The russ�an exper�ence 
of pr�ce reform presented a real challenge to the ‘Wash�ngton consensus’, 
because �ts rad�cal pr�ce l�beral�sat�on d�d not allow macroeconom�c stab�l�ty 
to be ach�eved—although both were necessary, accord�ng to the Wash�ngton 
consensus.

even though nom�nal wages �ncreased dramat�cally, pr�ce �ncreases were 
tw�ce as h�gh as wage �ncreases. most people suffered from �ncome drops and 
the unemployment rate �ncreased substant�ally dur�ng th�s per�od. Product�on 
collapsed, and GdP decreased year by year. Unt�l 1998, GdP dropped to only 
57 per cent of �ts 1990 level �n real terms. s�xteen years later, �n 2006, GdP �n 
russ�a had not fully recovered to �ts 1990 level. 

Pr�ce reform �s not �tself an object�ve �n former centrally planned econom�es; 
rather, the object�ves are better �ncent�ves, �mproved effic�enc�es and opt�m�sed 
resource allocat�on. As �nd�cated by the�r econom�c performance, these were 
ach�eved �n ch�na, but not �n russ�a. Table 7.4 compares �nflat�on, unemployment 
and econom�c growth data for ch�na and russ�a dur�ng the first decade of the�r 
pr�ce reforms (1980–90 for ch�na and 1990–2000 for russ�a). 

To summar�se the pr�ce reforms �n ch�na, the dom�nant pos�t�on of market 
pr�ces �n the economy was finally establ�shed v�a a gradual process of evolut�on. 
Th�s reform strategy was based ma�nly on the cons�derat�on of macroeconom�c 
stab�l�ty as well as protect�ng consumers, workers, enterpr�ses and the state from 
the shocks of �nflat�on, unemployment, product�on shr�nkage and reduct�ons 
�n budgetary revenue. These goals were ach�eved. In russ�a, all the negat�ve 
�mpacts were cons�dered to be a necessary cost to pay for the ult�mate object�ve 
of l�beral�sat�on. rad�cal pr�ce l�beral�sat�on resulted �n ser�ous d�sadvantages 
for the major�ty of people, as well as heavy econom�c losses.

Ownership structure transformation

state-owned enterpr�ses dom�nated the ch�nese non-agr�cultural �ndustr�es 
before the reforms. They shared 78 per cent of the gross output value of 
�ndustry �n 1978; the rema�n�ng 22 per cent was shared by collect�ve enterpr�ses. 
Transformat�on of the ownersh�p structure of the economy began w�th 
development of Townsh�p and V�llage enterpr�ses (TVe) �n rural areas, and 
fore�gn-funded enterpr�ses (Fes) and enterpr�ses w�th �nvestment from hong 
kong, macao and Ta�wan (hmTes) �n four spec�al econom�c zones �n the 1980s. 
After these enterpr�ses ach�eved good results, the development of Fes, hmTes, 
pr�vate enterpr�ses and jo�nt-stock compan�es was offic�ally promoted.  
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There was a lot of debate about non-state enterpr�ses �n the 1980s. An 
�nfluent�al op�n�on �n the government was that these enterpr�ses competed w�th 
soes for �nputs and markets, ‘underm�n�ng the soc�al�st economy’, and they 
should therefore be banned or restr�cted; others argued that these enterpr�ses 
prov�ded new employment opportun�t�es, l�fted people’s �ncomes, produced 
var�ous consumer goods that were needed �n the market and contr�buted to 
the state’s revenue, and should therefore be developed further. The latter v�ew 
dom�nated central government pol�cy after the m�d 1980s, and became more 
and more conv�nc�ng when non-state sector development performed better 
than the state sector. 

dur�ng 1980–90, TVe employment �ncreased from 30 m�ll�on to 93 m�ll�on, 
and the share of TVes �n the value of gross �ndustr�al output (GIoV) �ncreased 
from about 5 per cent to 20 per cent. Pr�vate enterpr�ses, hmTes, Fes and jo�nt-
stock compan�es also grew rap�dly; they shared only 0.75 per cent �n GIoV �n 
1980, but th�s �ncreased to 9.8 per cent �n 1990. They became the ma�n eng�ne of 
econom�c growth �n the 1990s and shared 68 per cent of GIoV �n 2007. In 2007, 
the ent�re non-state enterpr�se sector shared 70.5 per cent of �ndustr�al output. 
Urban non-state enterpr�ses employed 229 m�ll�on people �n 2006—represent�ng 
77.3 per cent of urban employment. The formerly state-dom�nated economy 
has bas�cally transformed �nto a pr�vate sector-dom�nated economy. Table 7.5 
shows the changes �n the �ndustr�al sector �n the past three decades. 

Table 7.4 Price reform in the first decade: inflation, unemployment 
and GDP growth (per cent)

 ch�na, 1980–90 russ�a, 1990–2000
cPI (annual average) 7.0 276.2a

GdP growth (annual average) 9.3 –4.2
Unemployment rate 4.9, 2.5b 5.4, 13.4c

a 1991–2000 
b urban unemployment rate for 1980 and 1990, respect�vely 
c total unemployment rate for 1990 and 1998, respect�vely 
Sources: Un�ted nat�ons (Un), var�ous years. Monthly Bulletin of Statistics, onl�ne database, 
Un�ted nat�ons; nat�onal Bureau of stat�st�cs (nBs), 2005. China Compendium of Statistics 
1949–2004, ch�na stat�st�cs Press, Be�j�ng; nat�onal Bureau of stat�st�cs (nBs), 2007. China 
Statistical Yearbook 2007, ch�na stat�st�cs Press, Be�j�ng. World Bank, 2007. 2007 World 
Development Indicators, World Bank, Wash�ngton, dc.
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The transpos�t�on of the state and non-state enterpr�ses �n the economy 
was due bas�cally to two elements: cont�nued robust growth of the pr�vate and 
fore�gn enterpr�ses dur�ng the past three decades, wh�ch was much faster than 
the growth of the soes, and pr�vat�sat�on of soes, ma�nly from the late 1990s 
onwards.

Whether the soes should be pr�vat�sed was a controvers�al �ssue. Although 
soes became market or�ented to a certa�n extent, the�r performance was 
generally undes�rable. From 1984 to 1996, the net value of fixed assets �n soes �n 
the �ndustr�al sector �ncreased from cnY340 b�ll�on to cnY2,386 b�ll�on, whereas 
the�r total profits decreased from cnY71 b�ll�on to cnY41 b�ll�on (all �n current 
pr�ces). The�r profit/assets rat�o was only 0.8 per cent, and the profit marg�n 
(profit to total sales) was only 1.5 per cent �n 1996—both s�gn�ficantly lower than 
the average (1.7 per cent and 2.6 per cent, respect�vely). dur�ng the same per�od, 
the soes’ total losses �ncreased from cnY2.7 b�ll�on to cnY79 b�ll�on (�n current 
pr�ces), wh�ch led to a b�g deduct�on �n the�r profits (nBs 1997, 1998). At the same 
t�me, non-perform�ng bank loans bu�lt up to the tr�ll�on-yuan level, ma�nly due to 
soes. The 1997 east As�an financ�al cr�s�s further sharpened the pa�n.

In 1997, the central government formally adopted a new pol�cy called ‘se�ze 
the b�g and free the small’ (state counc�l 1997), allow�ng small soes to be 
sold. The pol�cy for large and med�um-s�zed soes emphas�sed �mprov�ng the�r 

Table 7.5 Ownership structure of the industrial sector (share in gross 
output value) (per cent)

Year soe non-state enterpr�ses 
   collect�ve Pr�vatea

1978 77.6 22.4 22.4 .
1990 54.6 45.4 35.6 9.8
2000 47.3b 52.7c 13.9 38.8
2007 29.5b 70.5c 2.7 67.8

. �ns�gn�ficant 
a pr�vate sector, �nclud�ng pr�vate enterpr�ses, fore�gn-funded enterpr�ses and jo�nt-stock 
compan�es 
b soe data for 2000 and 2007, �nclud�ng jo�nt-stock compan�es w�th a controll�ng state share 
c data exclude small non-state enterpr�ses w�th annual sales below rmB5 m�ll�on  
Sources: nat�onal Bureau of stat�st�cs (nBs), 2005. China Compendium of Statistics 
1949–2004, ch�na stat�st�cs Press, Be�j�ng; nat�onal Bureau of stat�st�cs (nBs), 2007. China 
Statistical Yearbook 2007, ch�na stat�st�cs Press, Be�j�ng. nat�onal Bureau of stat�st�cs (nBs), 
2008. 2007–2008 Collection of Statistics, ch�na econom�c mon�tor�ng and Analys�s center of the 
nat�onal Bureau of stat�st�cs, cemAc Pr�nt, Be�j�ng.
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management and transform�ng them �nto ‘modern enterpr�se systems’—that 
�s, jo�nt-stock corporat�ons and l�m�ted-l�ab�l�ty compan�es.

The number of soes �n the �ndustr�al sector reduced from 113,800 �n 1996 to 
24,961 �n 2006 (the latter figure �ncluded pure soes and jo�nt-stock corporat�ons 
w�th a controll�ng state share; hereafter, called state-controlled enterpr�ses, 
or sces). The�r employment �n �ndustry reduced from 43 to 18 m�ll�on people. 
most small soes were fully pr�vat�sed. 

The rema�n�ng sces �n the �ndustr�al sector produced less then 30 per cent 
of the total �ndustr�al output �n 2007. The�r performance, however, was much 
�mproved. The�r total profit �ncreased from cnY41 b�ll�on to cnY849 b�ll�on 
dur�ng the per�od 1996–2006, and the profit/asset rat�o �ncreased from 0.8 per 
cent to 6.3 per cent, wh�ch was close to the �ndustr�al average of 6.7 per cent.3 
non-perform�ng loans reduced substant�ally; they accounted for 23.6 per 
cent of total loans �n 2002, and reduced to 6.7 per cent �n 2007. Th�s �mpl�es 
that prev�ous pol�c�es for �mprov�ng soe management and non-state share 
part�c�pat�on have been effect�ve. 

Wh�le a large number of soes have been pr�vat�sed, the general performance 
of the pr�vate sector has �mproved s�gn�ficantly, �mply�ng better ach�evement 
of the pr�vat�sed former soes. 

Pr�vat�sat�on of the soes was not, however, a pa�nless operat�on. Twenty 
m�ll�on soe workers were la�d off �n 1998, w�th another 26 m�ll�on �n later years 
unt�l 2006. The lack of a soc�al-secur�ty system �n the first few years meant 
that la�d-off workers rece�ved only l�m�ted financ�al support and some of them 
�mmed�ately exper�enced hardsh�p. Th�s was a real shock to a large part of 
the populat�on, although �t was less ser�ous than what happened �n russ�a. 
The development of the non-state sector meant �t was able to prov�de many 
job opportun�t�es for the re-employment of la�d-off workers, espec�ally �n the 
coastal areas where the non-state sector was better developed. 

Another negat�ve outcome was low transparency and unfa�r d�str�but�on 
of the former state assets �n some reg�ons, where the process of pr�vat�sat�on 
was not well regulated or mon�tored and many under-the-table deals benefited 
ma�nly a small group of people. 

To reth�nk the process of soe reform, the negat�ve effects m�ght have been 
reduced �f the soc�al-secur�ty systems had been bu�lt earl�er and the process 
of reform had been better regulated, more transparent and �ntroduced step 
by step.

Although there were some s�m�lar�t�es between ch�na and russ�a �n soe 
pr�vat�sat�on, �t was a more pa�nful process �n russ�a than �n ch�na. russ�a’s 
soe pr�vat�sat�on began �n 1992, when a large proport�on of state assets was 
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d�str�buted to all russ�an res�dents �n the form of warrant stocks worth 10,000 
rubles per person. The pr�vat�sat�on program was des�gned by a small group 
of él�tes, who regarded pr�vat�sat�on �tself as be�ng the supreme object�ve, 
even above the publ�c �nterest, although such a des�gn seemed fa�r because 
everyone had equal shares. Because of hyper�nflat�on caused by the rad�cal 
pr�ce reform, the value of the warrant stocks soon shrank to the pr�ce of a pa�r 
of shoes. Th�s prov�ded an opportun�ty for those who were astute enough to 
collect the warrants from the publ�c at extremely low pr�ces. The enterpr�se 
shares soon became h�ghly concentrated and a small number of people became 
r�ch owners of the former soes (for example, Freeland 2000). 

The rema�n�ng state assets were sold later, usually at token pr�ces to �ns�ders 
and those who had relat�onsh�ps w�th government offic�als. The second phase of 
pr�vat�sat�on was even less fa�r, due to manoeuvr�ng beh�nd the scenes and so on. 
In a number of �ndustr�es, pr�vat�sat�on d�d not br�ng about market compet�t�on; 
�nstead, the state monopoly was replaced by pr�vate monopol�es or ol�gopol�es. 
In part�cular, those state compan�es hold�ng the most valuable natural resources, 
such as o�l and natural gas, were pr�vat�sed �n a non-transparent and very unfa�r 
way. Th�s allowed a small group of ol�garchs to pay noth�ng to become the owners 
of half of russ�a’s nat�onal wealth. Th�s was why the Put�n adm�n�strat�on had to 
carry out a re-nat�onal�sat�on program of o�l compan�es. 

In the Forbes world-100 r�ch l�st for 2007, russ�a had 13 of the world’s r�chest 
people, most of whom were o�l ol�garchs, and ch�na had none. 

As well as be�ng unfa�r, rad�cal pr�vat�sat�on �n russ�a, together w�th rad�cal 
pr�ce reform, caused heavy econom�c losses �nstead of real econom�c growth. 
As �nd�cated earl�er �n th�s chapter, GdP �n russ�a �n 1998 dropped to only 57 
per cent of �ts 1990 level. The only comparable scale of econom�c d�saster �n 
modern russ�an h�story was dur�ng World War II. Up to 2006, GdP �n russ�a had 
recovered to 97 per cent of �ts 1990 level, but th�s recovery should be attr�buted 
partly to �ncreas�ng world o�l pr�ces, as russ�a �s an �mportant o�l exporter. 

The exper�ences and lessons of pr�vat�sat�on �n ch�na and russ�a are 
mean�ngful. They show that, when the publ�c �nterest �s taken as the first 
pr�or�ty of reform object�ves, the outcome �s more l�kely a Pareto �mprovement 
and th�s fert�l�ses econom�c growth and development. Th�s �s represented by 
the results of non-state sector development �n ch�na. on the contrary, when a 
certa�n �deolog�cal object�ve—whether a commun�st or a cap�tal�st one—or the 
�nterests of a certa�n group of people are placed above the publ�c �nterest, an 
�neffic�ent red�str�but�on of resources or wealth �s l�kely to occur. Th�s was the 
case �n russ�an pr�vat�sat�on, and to some extent �n ch�na’s soe pr�vat�sat�on 
program �n the late 1990s. 
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Implications for further reform

The theory of publ�c cho�ce shows that even a publ�cly elected government �n a 
democrat�c country can make dec�s�ons contrary to the publ�c �nterest, and an 
elect�on can �tself lead to a result not �n accordance w�th the major�ty’s �nterests 
(Buchanan and Tullock 1962; Arrow 1963). Th�s expla�ns what happened �n 
russ�a �n the reform per�od. The theory also leads to the �ssue of ‘government 
fa�lure’ aga�nst ‘market fa�lure’, and therefore to a solut�on of ‘small government’. 
The reform exper�ences �n ch�na and russ�a �nd�cate, however, that the s�ze 
of government should not be the only concern—or even the major concern. A 
more �mportant �ssue �s how to �mpel the government to behave �n the publ�c 
�nterest w�th a long-term perspect�ve, and to play a role as an �mpart�al arb�trator 
�n soc�al confl�cts between �nterest groups. 

Although reform �n the past three decades has ach�eved great success �n 
ch�na, the above �ssue rema�ns unresolved �n an �nst�tut�onal base. After the 
establ�shment of a bas�c market framework, a lot of new problems appeared—
relat�ng ma�nly to the role of the government. 

Income �nequal�ty �s w�den�ng. Accord�ng to the World Bank (2006), the G�n� 
coeffic�ent �ncreased from 0.32 to 0.45 dur�ng the per�od 1980–2001. It �s l�kely to 
be even greater because unreported �ncome (�nclud�ng �llegal �ncome) �s huge, 
and �s concentrated to a small proport�on of h�gh-�ncome earners (Wang 2007). 
rent-seek�ng behav�our and corrupt�on �n the publ�c sector are �ncreas�ng; there 
�s ev�dence of unjust�fied d�str�but�on of returns from land, natural resources 
and financ�al resources. 

It �s natural that �ncome �nequal�ty �ncreases to a certa�n extent when the 
economy �s �n a market-or�ented trans�t�on. The cont�nued �ncome d�vergence 
�nd�cates that other factors are also at work—due ma�nly to �nst�tut�onal defects 
or �ncomplet�on, wh�ch leads to d�stort�ons �n �ncome d�str�but�on, challenges 
for soc�al just�ce, and creates uncerta�nty for soc�al stab�l�ty and growth 
susta�nab�l�ty �n the long run. Th�s �s because the old central-plann�ng framework 
�s w�ther�ng away, but a new �nst�tut�onal framework has not been completed. 
Th�s �nd�cates a need for further reform: ma�nly �nst�tut�onal �nnovat�ons towards 
a more transparent, better mon�tored government system, �nclud�ng better 
regulated publ�c resource management and better managed publ�c serv�ces, 
and also an effect�ve legal framework and better law enforcement. These are 
the necessary cond�t�ons for susta�nable long-run growth and development 
towards the m�ddle of the twenty-first century.
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Notes

1 At the t�me, Wan and Zhao were the prov�nc�al party secretar�es of Anhu� and s�chuan, 
respect�vely. Wan became a v�ce-pr�me m�n�ster and the d�rector of the state Agr�culture 
comm�ttee �n 1980, and the cha�rman of nat�onal People’s congress stand�ng comm�ttee 
between 1988 and 1993. Zhao became the pr�me m�n�ster (1980–87) and then the general 
secretary of the commun�st Party (1987–89). 

2 much of the �nformat�on on the process of reform �n ch�na was based on the author’s personal 
exper�ence wh�le work�ng for the state comm�ttee for econom�c restructur�ng of ch�na. Th�s 
�s the case below unless otherw�se referenced.

3 Th�s �mprovement should be d�scounted to some extent because 43 per cent of the sce profit 
came from o�l compan�es, wh�ch benefited ma�nly from �ncreas�ng o�l pr�ces. nevertheless, 
after deduct�on of th�s, the �mprovement �s st�ll s�gn�ficant.
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China’s rapid emissions growth 
and global climate change policy

Ross Garnaut, Frank Jotzo and Stephen Howes

The world has entered a per�od of except�onally fast econom�c growth, w�th rap�d 
econom�c development espec�ally �n ch�na, followed by Ind�a and many other 
low-�ncome countr�es. early twenty-first century rates of econom�c growth have 
been even h�gher than the average �n the ‘Golden Age’ of the 1950s and 1960s, 
so the current per�od could be called the ‘Plat�num Age’ (Garnaut and huang 
2007). Th�s rap�d econom�c growth goes hand �n hand w�th �ncreas�ng resource 
use and pressure on the env�ronment, �nclud�ng the bu�ld-up of greenhouse 
gases and result�ng cl�mate change. 

In most of �ts first two centur�es, modern econom�c growth was located �n 
a small number of countr�es, �n Western europe, north Amer�ca and ocean�a, 
and �n Japan (madd�son 2001). In the th�rd quarter of the twent�eth century, �t 
extended �nto a number of relat�vely small econom�es �n east As�a. A new era 
began �n the fourth quarter of the past century, w�th the rap�d extens�on of the 
beneficent processes of modern econom�c development �nto the heartland of 
the populous countr�es of As�a, �nclud�ng ch�na, Ind�a and Indones�a. Incomes 
are now grow�ng rap�dly �n a large proport�on of the develop�ng world. 

In the absence of a major d�slocat�on of establ�shed trends, fast growth �s 
l�kely to cont�nue for a cons�derable per�od. The contemporary slow-down �n 
the Un�ted states and some other �ndustr�al�sed countr�es w�ll reduce aver-
age total global growth for a wh�le, but �s unl�kely to break the momentum of 
strong ch�nese, develop�ng-country and global growth. The first two decades 
of the twenty-first century w�ll see a greater absolute �ncrease �n annual human 
output and consumpt�on than was generated �n the whole prev�ous h�story 
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of our spec�es, and then almost that much aga�n �n the next decade to 2030 
(Garnaut 2008b). 

Th�s growth �s heav�ly dependent on energy use. r�s�ng global energy pr�ces 
can be expected to reduce substant�ally the growth �n petroleum consumpt�on, 
but not necessar�ly the rate of expans�on of total foss�l-fuel em�ss�ons, g�ven 
the w�despread ava�lab�l�ty of coal—the most em�ss�ons-�ntens�ve fuel. Th�s 
�s true for most countr�es that do not have str�ngent greenhouse gas control 
pol�c�es �n place, and certa�nly for ch�na. 

ch�na �s po�sed to be the ma�n eng�ne of world growth �n the next two dec-
ades. ch�na �s also one of the world’s countr�es most rel�ant on coal for energy 
use, and therefore one of the world’s most carbon-�ntens�ve countr�es—that 
�s, �t has one of the h�ghest rat�os of carbon d�ox�de em�ss�ons to energy use. 
ch�na has already overtaken the Un�ted states as the largest global em�tter 
(mnP 2008). The comb�nat�on of ch�na’s large, rap�dly grow�ng economy and 
�ts carbon �ntens�ty means that �n the com�ng years �t w�ll have an �nfluence on 
greenhouse gas em�ss�ons unmatched by any other country.

Act�on w�ll be needed by all major econom�es to l�m�t and reduce greenhouse 
gas em�ss�ons to levels that l�m�t the r�sk of cl�mate change to acceptable levels. 
G�ven ch�na’s un�que pos�t�on, �ts pol�c�es w�ll be cruc�al for global cl�mate 
change prospects. 

In th�s chapter, we analyse recent trends �n ch�na’s growth �nclud�ng for en-
ergy and carbon d�ox�de em�ss�ons and present bus�ness-as-usual project�ons to 
2030 for ch�na and the world. Then we summar�se recent pol�cy developments 
�n ch�na and ask what k�nd of comm�tments ch�na could and would need to 
undertake �n a world of comprehens�ve cl�mate change m�t�gat�on. 

Recent trends

carbon d�ox�de em�tted from the combust�on of foss�l fuels �s the largest and 
fastest grow�ng greenhouse gas; �t �s the focus of th�s chapter. Through the 
‘kaya �dent�ty’ (kaya and Yokobor� 1997),1 carbon d�ox�de em�ss�ons growth 
can be decomposed to changes �n econom�c growth, energy �ntens�ty (of gross 
domest�c product, GdP) and carbon �ntens�ty (of energy)

Δco2 = ΔGdP * Δ(energy/GdP) * Δ(co2 /energy) (1)

summary data for these var�ables are presented �n Table 8.1, for the world, 
for ch�na and for the world exclud�ng ch�na. There has been a world-w�de 
accelerat�on th�s decade �n the growth of all three of GdP, energy and em�ss�ons 
(see also raupach et al. 2007).2 Table 8.1 shows how of much of the recent 



172

China’s Dilemma

accelerat�on �n growth �n global em�ss�ons �s due to ch�na. Global em�ss�ons fell 
�n the 1990s due largely to the collapse of the trans�t�onal econom�es. Apart from 
ch�na, em�ss�ons growth th�s decade (2000–05) �s lower than �t was �n the 1970s 
and 1980s: 1.5 per cent compared w�th 1.8 per cent. W�th ch�na, however, total 
global em�ss�ons growth th�s decade �s 2.9 per cent—well up from the 1971–90 
global average em�ss�ons growth rate of 2.1 per cent. ch�na’s carbon d�ox�de 
em�ss�ons grew by 10.6 per cent on average between 2000 and 2005—more 
than three t�mes the growth rate of the 1990s.3 F�fty-five per cent of the growth 

Table 8.1 A comparison of GDP, energy and carbon dioxide emissions 
growth rates and elasticities for the world and China,  
1971–2005

World 1971-90 1990-2000 2000-05
em�ss�ons growth (per cent) 2.1 1.1 2.9
GdP growth (per cent) 3.4 3.2 3.8
energy growth (per cent) 2.4 1.4 2.7
energy/GdP growth (per cent) -1.0 -1.8 -1.1
co2/energy growth (per cent) -0.3 -0.2 0.3
energy/GdP elast�c�ty  0.71 0.43 0.69
em�ss�ons/energy elast�c�ty  0.87 0.82 1.10

ch�na      
em�ss�ons growth (per cent) 5.5 3.2 10.6
GdP growth (per cent) 7.8 10.2 9.4
energy growth (per cent) 4.3 2.5 9.1
energy/GdP growth (per cent) -3.3 -6.9 -0.2
co2/energy growth (per cent) 1.2 0.7 1.4
energy/GdP elast�c�ty 0.55 0.25 0.97
em�ss�ons/energy elast�c�ty 1.29 1.27 1.16

World exclud�ng ch�na      
em�ss�ons growth (per cent) 1.8 0.8 1.5
GdP growth (per cent) 3.2 2.6 3.0
energy growth (per cent) 2.3 1.2 1.7
energy/GdP growth (per cent) -0.9 -1.3 -1.3
co2/energy growth (per cent) -0.4 -0.4 -0.2
energy/GdP elast�c�ty 0.70 0.48 0.56
em�ss�ons/energy elast�c�ty 0.81 0.68 0.90

Notes: em�ss�ons growth �s carbon d�ox�de from the combust�on of foss�l fuels (exclud�ng 
�ndustr�al processes). energy growth �s total pr�mary energy supply measured �n m�ll�on tonnes 
of o�l equ�valent (mtoe). GdP growth �s measured us�ng 2000 Us$ purchas�ng power par�ty 
(PPP). 
Source: Internat�onal energy Agency (IeA), 2007b. CO2 Emissions from Fuel Combustion, 
Internat�onal energy Agency, Par�s.



173

China’s rapid emissions growth and global climate change policy

�n global em�ss�ons between 2000 and 2005 occurred �n ch�na. 

F�gure 8.1 uses the same data as Table 8.1 to explore the d�fferences �n car-
bon d�ox�de, energy and GdP relat�onsh�ps �n ch�na and globally. World-w�de 
(exclud�ng ch�na), the rat�os of carbon d�ox�de em�tted to energy used and 
energy to GdP have fallen gradually and fa�rly smoothly. In ch�na, �n contrast, 
the rat�o of carbon d�ox�de to energy has r�sen over t�me. The rat�o of energy to 
GdP �n ch�na was stable unt�l the late 1970s, fell sharply unt�l about 2000, and 
has been roughly stable s�nce. World-w�de, carbon d�ox�de to GdP has fallen 
more sharply than e�ther the carbon d�ox�de/energy or energy/GdP rat�o (s�nce 
both these have been �n decl�ne)—but not �n ch�na s�nce carbon d�ox�de/energy 
has been �ncreas�ng. s�nce 2000, GdP and energy have been grow�ng at the 
same rate �n ch�na, and em�ss�ons sl�ghtly faster than both.

What has been dr�v�ng the unusual trends observed �n ch�na? ch�na’s en-
ergy �ntens�ty �n the 1970s was very h�gh. dur�ng the 1980s and 1990s, major 
�mprovements were ach�eved �n the energy effic�ency of the ch�nese economy. 
Th�s can be traced to strong �mprovements �n �ndustr�al energy effic�ency 
dr�ven by government regulat�on, �nclud�ng the shut-down of small �neffic�ent 
power plants (mot�vated �n part by concerns about local a�r pollut�on), changes 

F�gure 8.1 Carbon dioxide emissions/GDP, energy/GDP and carbon 
dioxide emissions/energy for the world and China, 1971–2005 
(1971=100)
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�n ownersh�p of state-owned enterpr�ses, r�s�ng energy pr�ces and structural 
change (F�sher-Vanden et al. 2004; Wu et al. 2005; s�nton and Fr�dley 2000). 
many of the effic�ency ga�ns �n the 1990s were, however, one-offs, and the move  
towards greater pr�vate-sector control of the economy weakened the emphas�s  
on energy-sav�ng measures. Quadrell� and Peterson (2007) report that �nvestment 
�n energy conservat�on as a share of total energy �nvestment �n ch�na decl�ned  
from 13 per cent �n 1983 to 7 per cent �n 1995 and to 4 per cent �n 2003. ch�na’s 
energy-�ntens�ve �ndustr�es have boomed �n recent years. Between 2000 and 
2006, crude steel product�on �n ch�na grew by an annual average of 22 per cent, 
p�g �ron grew by 21 per cent and cement grew by 13 per cent (nBs 2007a). All 
th�s has resulted �n rap�d energy growth �n ch�na �n recent years (F�gure 8.2). 
Between 2000 and 2005, total energy consumpt�on grew by more than half �n 
just five years. There has been a sl�ght slow-down �n energy growth �n 2006 
and 2007, but rates are st�ll close to 10 per cent. After rema�n�ng unchanged 
between 2000 and 2005, energy �ntens�ty fell �n 2006 by 2 per cent.4 F�rst-half 
figures for 2007 �nd�cated a fall �n energy �ntens�ty of 2.8 per cent.5

The average carbon �ntens�ty of ch�na’s energy use has kept �ncreas�ng. Th�s 
�s due largely to a chang�ng energy m�x, w�th growth concentrated �n foss�l fuels. 

F�gure 8.2 Energy consumption in China, levels and growth, 1978–2006
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From 1990 to 2005, coal energy demand doubled and the share of coal �n total 
energy demand �ncreased from 61 to 63 per cent (IeA 2007a). Increased coal use 
�s predom�nantly for use �n power generat�on, wh�ch �s almost 80 per cent coal 
based and boom�ng; �n 2006, nearly 90 per cent of new electr�c�ty-generat�on 
capac�ty was coal fired. lower or zero-em�ss�ons sources (renewable sources 
�nclud�ng hydroelectr�c�ty, nuclear power and gas) have been grow�ng fast but 
from low bases or, �n the case of b�omass, have stagnated �n absolute terms. 
o�l use, espec�ally for transport, almost trebled from 1990 to 2005, �ncreas�ng 
�ts share �n total energy use from 13 to 19 per cent.

A business-as-usual projection

Th�s sect�on projects foss�l fuel-related carbon d�ox�de em�ss�ons to 2030 
under a bus�ness-as-usual, constant-pol�cy approach.6 Pol�c�es already �n place  
to reduce em�ss�ons are assumed to cont�nue, but �t �s assumed no new ones 
are put �n place, even �f a government has comm�tted to do so. We start w�th 
project�ons from the most recent Internat�onal energy Agency (IeA) 2007 
World Energy Outlook (IeA 2007a), wh�ch make use of extens�ve �nformat�on on 
energy systems �n a part�al-equ�l�br�um framework. Us�ng an em�ss�ons-growth 
decompos�t�on framework, we then make adjustments, based on the analys�s 
presented �n th�s chapter, to selected macroeconom�c assumpt�ons—namely, 
GdP growth �n non-organ�sat�on for econom�c cooperat�on and development 
(oecd) countr�es and the �ntens�ty of energy use w�th regard to GdP �n ch�na. 
The strength of th�s approach �s that �t bu�lds on the spec�al�st knowledge of the 
IeA, and makes clear what assumpt�ons m�ght need reth�nk�ng. Its l�m�tat�on �s 
that �t does not capture the general-equ�l�br�um effects that would der�ve from 
the changes �n assumpt�ons.

GdP

We rev�ew and adjust IeA (2007a) growth rates for the three most-populous 
develop�ng countr�es—ch�na, Ind�a and Indones�a—and for other develop�ng 
and trans�t�onal reg�ons. 

our growth forecasts for ch�na draw on the growth-account�ng framework of 
Perk�ns and rawsk� (2008). As Table 8.2 shows, we accept the Perk�ns–rawsk� 
project�ons for educat�on-enhanced labour, and assume a figure of 3.1 per cent 
total factor product�v�ty (TFP) growth for the ent�re per�od, wh�ch �s the rate 
of TFP growth �n the past decade. Perk�ns and rawsk� assume a slow-down 
�n the rate of cap�tal format�on, but �nvestment rates are r�s�ng, and Garnaut 
and huang (2005) argue that these are �n fact l�kely to r�se even h�gher than 
current levels. We assume �nvestment stays at 45 per cent of GdP unt�l 2015 
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and then falls to 40 per cent by 2025. embedd�ng these assumpt�ons �nto the 
Perk�ns–rawsk� framework results �n projected growth of 9 per cent from 2005 
to 2015 and 6.8 per cent for 2015–25 (Table 8.2).7 cons�dered aga�nst ch�na’s 
recent performance, and �ts good prospects for cont�nued double-d�g�t growth 
(Garnaut and huang 2005, 2007), we cons�der th�s project�on to be relat�vely 
conservat�ve. ch�na has averaged about 10 per cent GdP growth per annum 
s�nce 1990. The latest figures for 2006 and 2007 are for 11.6 per cent and 11.9 per 
cent growth, respect�vely (nBs 2008a). our growth project�ons are, however, 
well above w�dely used �nternat�onal project�ons, �nclud�ng that of the IeA, wh�ch 
�n �ts reference scenar�o has ch�na’s GdP growth at 7.7 per cent for 2005–15 
and 4.9 per cent for 2015–30.

The recent accelerat�on of growth �n the develop�ng world has extended 
well beyond ch�na. The growth accelerat�on �s most ev�dent from the per�od 
2004–07, dur�ng wh�ch all develop�ng-country reg�ons as well as the group of 
trans�t�onal econom�es grew at 5 per cent per annum or more. We see th�s ac-
celerat�on of growth �n develop�ng countr�es as ow�ng much to better pol�cy 
sett�ngs and to the sp�ll-over effect of rap�d ch�nese growth—and therefore 
as susta�nable. Based on growth account�ng (Garnaut et al. 2008), we use, for 
Ind�a, 7.5 per cent for 2005–30 as a GdP growth project�on, and for Indones�a 
6.5 per cent. For develop�ng countr�es other than ch�na, Ind�a and Indones�a, 

Table 8.2 Growth-accounting projections for China, 2005–25

Annual average  2005–2015 2015–2025
growth (%) Perk�ns–rawsk� Plat�num age Perk�ns–rawsk� Plat�num age

labour growth (%) 2.0 2.0 1.0 1.0
cap�tal growth (%) 9.8 11.0 5.6 7.3
cap�tal share  0.43 0.43 0.43 0.43
TFP growth (%) 3.6 3.1 3.0 3.1
GdP growth (%) 9.0 9.0 6.0 6.8

Notes: All ‘Plat�num Age’ (current chapter) assumpt�ons are, unless otherw�se stated, 
from Perk�ns, d. and rawsk�, T., 2008. ‘Forecast�ng ch�na’s econom�c growth over the next 
two decades’, �n l. Brandt and T.G. rawsk� (eds), China’s Great Economic Transformation, 
cambr�dge Un�vers�ty Press. note that Perk�ns and rawsk�’s 3.6 per cent total factor 
product�v�ty growth figure for 2005–15 �s not presented as a real�st�c est�mate, but der�ved by 
the authors to show what �t would take, g�ven the�r projected cap�tal and labour growth, to 
ach�eve 9 per cent GdP growth.  
Source: Garnaut, r., howes, s., Jotzo, F. and sheehan, P., 2008 (forthcom�ng). Emissions in the 
Platinum Age: the implications of rapid development for climate change mitigation, Background 
Work�ng Paper for the Garnaut cl�mate change rev�ew, Oxford Review of Economic Policy.
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we use a we�ghted average of IeA project�ons (two-th�rds) and performance �n 
the past four years (one-th�rd).

Under the assumpt�ons deployed, all develop�ng and trans�t�onal countr�es 
are projected to be grow�ng faster than they were �n the latter decades of the 
past century, but slower than at rates observed �n the past four years—w�th 
the except�on of Indones�a. 

Energy intensity

The IeA (2007a) projects s�gn�ficant falls �n the energy �ntens�t�es of develop�ng 
countr�es from current levels.8 Although th�s �s �ncons�stent w�th h�stor�cal 
exper�ence (F�gure 8.3), we accept �t on the grounds that h�gh energy pr�ces 
m�ght �nduce greater efforts to �mprove energy effic�ency. 

Future trends �n energy �ntens�ty �n ch�na are a matter for debate. Th�s �s not 
surpr�s�ng g�ven the var�ab�l�ty of past trends (F�gures 8.1, 8.2 and 8.3). W�ll the 
downward trend �n energy �ntens�ty observed �n the 1980s and 1990s resume, 
or �s the recent cessat�on of that trend a permanent break? 

F�gure 8.3 Energy intensity in China and other developing countries, 
1971–2005
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The IeA assumes that the downward trend w�ll resume, and that ch�na w�ll 
reduce energy �ntens�t�es by 2.5 per cent per annum unt�l 2015, and then by 
2.8 per cent to 2030. Th�s project�on �s cons�stent w�th the pos�t�on of some 
observers that ch�na uses energy �neffic�ently and has plenty of room to 
�mprove (cooper 2004). 

ch�na’s energy �ntens�ty �s h�gh �f market exchange rates are used to com-
pare econom�es, but less so �f purchas�ng power par�t�es (PPPs) are used. 
moreover, the �nternat�onal exper�ence does not suggest that energy �ntens�ty 
falls �n the course of development. As F�gure 8.3 shows, ch�na has been the 
except�on rather than the rule. In most develop�ng countr�es, and as an aver-
age, the energy �ntens�ty of the economy has been remarkably constant �n the 
past three and a half decades. 

A closer exam�nat�on of econom�es whose development path ch�na m�ght 
be thought to be follow�ng—Japan, korea and Ta�wan—s�m�larly bel�es the 
not�on that energy �ntens�ty falls as countr�es develop (F�gure 8.4). Analys�s 
of the h�stor�cal exper�ence of Japan, Ta�wan and korea shows only small 
decreases �n energy �ntens�ty as per cap�ta �ncome �ncreases, w�th energy 

F�gure 8.4 Energy intensity in China, Japan, Korea and Taiwan,  
1971–2005
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�ntens�ty roughly flatten�ng out at levels well above that assumed by the IeA 
for ch�na �n com�ng decades.

The IeA (2007a) argues that energy �ntens�ty w�ll fall as the structure of the 
ch�nese economy sh�fts from heavy to l�ght �ndustry. It �s true that ch�na has 
put �n place a number of pol�c�es to slow the growth of energy-�ntens�ve sectors: 
for example, through taxes on energy-�ntens�ve exports (see the next sect�on). 
The sh�ft to heavy �ndustry �s, however, no more than would be expected as 
an economy develops w�th a h�gh level of �nvestment (extraord�nar�ly h�gh �n 
ch�na’s case) underp�nn�ng a sh�ft �n comparat�ve advantage towards more 
cap�tal-�ntens�ve manufactur�ng. energy-�ntens�ve heavy �ndustry has been 
grow�ng so fast �n ch�na that �ts growth w�ll have to fall very s�gn�ficantly for 
�ts share �n the economy to fall. 

We assume that energy �ntens�t�es decl�ne at two-th�rds the rate assumed 
by the IeA. Th�s g�ves ch�na a rate of energy-�ntens�ty reduct�on around the 
develop�ng-country average. The adjustment g�ves energy elast�c�t�es for ch�na 
of 0.8 for 2005–15 and 0.7 for 2015–30, wh�ch �s cons�stent w�th or below the 
work of sheehan and sun (2007), but well above the IeA’s project�ons for the 
two per�ods of 0.66 and 0.4, respect�vely. 

Carbon intensity

We assume that the carbon �ntens�t�es of energy use (carbon d�ox�de/total pr�- 
mary energy supply) stay broadly constant, �n l�ne w�th IeA project�ons. Th�s 
�s a conservat�ve approach on two counts. F�rst, �n recent years, em�ss�on 
�ntens�t�es have �n fact been �ncreas�ng �n the develop�ng world, due to the sh�ft  
to coal, w�th a pronounced �ncrease �n carbon �ntens�ty �n ch�na. The t�ghter 
supply constra�nts on o�l w�ll cont�nue to force subst�tut�on to other fuels. The 
pr�ces for traded coal have �ncreased �n recent t�mes also, but th�s reflects purely 
short-term supply constra�nts �n m�n�ng and sh�pp�ng rather than resource 
scarc�ty, and an expanded coal supply �s expected to balance current excess 
demand. 

second, �f energy use does turn out to be h�gher than projected by the IeA 
(as we argue �t w�ll), a d�sproport�onate amount of the extra demand w�ll be 
met by (em�ss�ons-�ntens�ve) coal. In part�cular, our project�ons have em�ss�ons 
grow�ng at about the same rate as energy �n ch�na. If, however, the growth of 
coal use cont�nues to stay h�gh, em�ss�ons w�ll grow faster than energy. Between 
2000 and 2005, coal use �n ch�na �ncreased on average by 11.7 per cent. In 
2006, ch�na’s coal consumpt�on grew by 11.9 per cent and, �n 2007, accord�ng 
to prel�m�nary est�mates, �t grew by 7.8 per cent (nBs 2007a, 2008b). 
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Emissions

Putt�ng these assumpt�ons together results �n annual average growth �n 
ch�na’s carbon d�ox�de em�ss�ons of 7.5 per cent from 2005–15, and 4.7 per cent 
from 2015–30. Th�s �s s�gn�ficantly above ma�nstream project�ons. IeA (2007a) 
projects em�ss�ons growth for ch�na �n these two per�ods of 5.4 per cent and 
1.9 per cent. The IeA (2007a) ‘rap�d growth’ scenar�o projects somewhat h�gher 
em�ss�ons growth for ch�na of 6.4 per cent for 2005–15 and 2.7 per cent for 
2015–30. on the other hand, the Plat�num Age project�ons are not above the 
range of ch�na-spec�fic stud�es. Auffhammer and carson (2008), �n dynam�c 
stat�st�cal models for ch�na’s em�ss�ons based on reg�onal data up to 2004, 
forecast annual average carbon d�ox�de em�ss�ons growth of 11–12 per cent 
for 2001–10 (see also sheehan and sun, th�s volume). 

Under bus�ness-as-usual, largely because of ch�na’s rap�d em�ss�ons growth, 
global em�ss�ons growth w�ll stay h�gh. The Plat�num Age project�ons pred�ct 
3.1 per cent annual average growth �n carbon d�ox�de em�ss�ons from 2005–30 
(Garnaut et al. 2008:Table 9). These are aga�n above the range of offic�al global 
project�ons. For example, the IeA (2007a) projects 2.1 per cent annual average 
growth �n carbon d�ox�de em�ss�ons for th�s per�od. 

Under the Plat�num Age project�ons, ch�na would almost double �ts share �n 
global carbon d�ox�de em�ss�ons, from 19 per cent �n 2005 to 37 per cent �n 2030 
(F�gure 8.5). ch�na’s em�ss�ons �n th�s scenar�o would be about three t�mes as 
large as the Un�ted states’ at the end of the per�od. The share of current non-
oecd countr�es �n global em�ss�ons would be more than 70 per cent. 

After 2030, ch�na’s em�ss�ons growth w�ll slow cons�derably, not least 
because �ts populat�on growth w�ll probably turn negat�ve thus further slow�ng 
GdP growth. however, by 2030, �t w�ll be too late for the world to start act�ng 
on cl�mate change. If the world does reach the levels of em�ss�ons projected 
�n F�gure 8.5 �t w�ll have locked �n dangerous levels of temperature �ncrease �n 
subsequent decades. In any case, �f the world �s st�ll not on a cl�mate change 
m�t�gat�on path, other develop�ng countr�es are set to take over from ch�na 
after 2030 as the pr�me dr�vers of rap�d em�ss�ons: first Ind�a (on �ts way to 
overtak�ng ch�na as the world’s most populous country and, eventually, the 
largest economy), and then other reg�ons �nclud�ng sub-saharan Afr�ca. 

clearly, ch�na’s growth path �n the next two decades w�ll be dec�s�ve for 
global cl�mate change. Its pol�c�es and stance �n �nternat�onal negot�at�ons 
w�ll be �ncreas�ngly �mportant �nfluences on the global response to cl�mate 
change. 
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China’s climate change policies and goals

recall that the project�ons �n the prev�ous sect�on are constant-pol�cy ones, 
assum�ng no further pol�cy act�on to reduce greenhouse gas em�ss�ons. In 
real�ty, however, cl�mate change �s mov�ng up the pol�cy agenda �n ch�na.

ch�na’s nat�onal development and reform comm�ss�on, �n �ts nat�onal 
cl�mate change Program (ndrc 2007), noted a range of observed and projected 
cl�mat�c changes �n ch�na, �nclud�ng temperature �ncreases, changes �n 
prec�p�tat�on patterns, �ncreases of ar�d areas and r�sks of desert�ficat�on, sea-level 
r�se, the poss�b�l�ty of more frequent extreme weather or cl�mate events and the  
accelerated retreat of glac�ers. The ndrc put forth a set of object�ves, pr�nc�ples 
and pol�c�es to deal w�th cl�mate change.

The pr�nc�ples �nclude an emphas�s on the Un Framework convent�on on 
cl�mate change’s pr�nc�ple of ‘common but d�fferent�ated respons�b�l�t�es’, act�ve 
part�c�pat�on �n �nternat�onal cooperat�on, equal emphas�s on the m�t�gat�on of 
and adaptat�on to cl�mate change and �ntegrat�on w�th other pol�c�es such as 
those for energy conservat�on and agr�cultural product�v�ty. 

F�gure 8.5 Historical and projected carbon dioxide emissions levels, 
1990–2030 
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Var�ous pol�c�es and programs to reduce energy consumpt�on have been 
launched or announced (ndrc 2007; Pew center 2007). They �nclude clos�ng 
�neffic�ent power plants to the tune of about 8 per cent of current generat�ng capa- 
c�ty, clos�ng small or outdated �ndustr�al plants, agreements for �ncent�ves for 
the largest 1,000 enterpr�ses, �mprov�ng end-use effic�ency through standards 
and labell�ng and mandatory fuel-economy standards for cars that are more 
str�ngent than those �n the Un�ted states. spec�fic advanced processes are to 
be used �n energy-�ntens�ve �ndustr�es.

Pol�c�es also a�m to change the compos�t�on of the economy. The serv�ce 
sector’s share �s to be �ncreased, and the scale of energy-�ntens�ve �ndustr�es 
reduced �n favour of h�gh technology and �nformat�on �ndustr�es. export taxes 
are already lev�ed on energy-�ntens�ve �ndustr�es—at 15 per cent for a range 
of metals and 10 per cent for pr�mary steel products—wh�le �mport tar�ffs are 
to be reduced to 0–3 per cent (Pew center 2007). 

reduc�ng the energy �ntens�ty of the economy �s mot�vated not predom�nantly 
by cl�mate change object�ves, but �mportantly by ch�na’s concerns about energy 
secur�ty (downs 2004), and by concerns about local env�ronmental �mpacts such  
as a�r pollut�on. It �s unclear to what extent comprehens�ve pol�c�es to l�m�t green- 
house gas em�ss�ons w�ll �n fact be �mplemented—and, even �f fully �mpleme- 
nted, they w�ll fall a long way short of stopp�ng the growth �n ch�na’s em�ss�ons. 
The ndrc (2007:19) caut�ons that ‘w�th [the] current level of technology develo- 
pment, to reach the development level of the �ndustr�al�zed countr�es, �t �s 
�nev�table that per cap�ta energy consumpt�on and co2 em�ss�ons w�ll reach a 
fa�rly h�gh level’.

on the energy-supply s�de, a range of pol�c�es �s a�med towards lower�ng 
carbon �ntens�ty (ndrc 2007). The share of renewable energy sources �s to be 
�ncreased under the renewable energy law, predom�nantly through a doubl�ng 
of hydropower capac�ty. nuclear power capac�ty �s to be quadrupled. W�th�n 
thermal power generat�on, the development of h�gh-effic�ency coal power plants 
�s to be accelerated, and methane ar�s�ng from coal-m�n�ng �s to be ut�l�sed for 
power generat�on to a greater extent. ch�na �s also �nvolved �n �n�t�at�ves w�th 
the Un�ted states, europe and Austral�a on carbon capture and storage. 

Programs to reduce em�ss�ons are also planned or are under way beyond 
the energy sector, such as accelerated reforestat�on and the development of 
r�ce var�et�es that are low �n methane em�ss�ons (ndrc 2007).

The target conta�ned �n ch�na’s eleventh F�ve-Year Plan �s to reduce the energy 
�ntens�ty of GdP by 20 per cent from 2005 to 2010. Th�s �s aga�nst the backdrop 
of a broader strategy of quadrupl�ng GdP from 2000 to 2020, wh�le doubl�ng 
energy consumpt�on (development research center 2005, see also s�nton et al 
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2005), thus l�m�t�ng the growth rate �n energy use to approx�mately half the GdP 
growth rate. The 2005–10 target �mpl�es an average annual reduct�on �n energy 
�ntens�ty of 4.4 per cent, start�ng from 2005 levels. such reduct�ons would be a 
drast�c turn around from almost unchanged �ntens�ty �n the prev�ous five years, 
and modest reduct�ons �n 2006 and 2007 (see above). Analys�s of energy-sav�ng 
opt�ons (l�n et al. 2007) concludes that w�th v�gorous pol�cy act�on �t could be 
poss�ble to meet the 20 per cent energy �ntens�ty reduct�on target, but t�me clearly 
�s runn�ng out for 2010.

nevertheless, the target of constra�n�ng growth �n energy use to half the rate 
of GdP growth could be a useful yardst�ck �n years to come, and could underp�n 
a poss�ble �nternat�onal comm�tment on nat�onal em�ss�ons by ch�na. 

Possible commitments by China in an effective global mitigation 
regime 

strong domest�c pol�cy act�on �n ch�na �s l�kely to eventuate only �f there �s 
strong act�on �n other major countr�es, espec�ally the Un�ted states. Pol�t�cal 
change �s under way �n the Un�ted states, w�th grow�ng support �n congress 
for domest�c pol�c�es to control greenhouse gas em�ss�ons. Both pres�dent�al 
cand�dates for the upcom�ng elect�on are runn�ng on platforms that �nclude 
goals of reduc�ng Us em�ss�ons by 60 per cent (John mcca�n) and 80 per cent 
(Barack obama) by 2050, compared w�th 1990 levels. 

how far the negot�at�ons under the Un ‘Bal� road-map’—or �ndeed any 
alternat�ve negot�at�ng framework—can take the world towards effect�ve 
cl�mate change m�t�gat�on depends �n large measure on the comm�tments 
that ch�na and the Un�ted states are prepared to make. ch�na’s dom�nance �n 
global em�ss�ons and emerg�ng �mportance as a global econom�c force mean 
that �t �s no longer cred�ble to cla�m that m�t�gat�on has to be undertaken 
exclus�vely �n �ndustr�al�sed countr�es. effect�ve m�t�gat�on of cl�mate change 
w�ll requ�re global em�ss�ons to peak �n the near future, and then decl�ne to well 
below current levels (IPcc 2007). G�ven fast em�ss�ons growth �n ch�na and 
other develop�ng countr�es, and the�r rap�dly r�s�ng share �n global em�ss�ons, 
em�ss�ons need to be l�m�ted and then reduced �n all countr�es.

As argued by the Garnaut cl�mate change rev�ew (Garnaut 2008a), broad 
�nternat�onal acceptance of nat�onal em�ss�ons l�m�ts w�ll requ�re a heavy em-
phas�s on per cap�ta measures, lead�ng ult�mately to equal per cap�ta em�ss�ons 
r�ghts across all countr�es. Th�s would have to be �mplemented gradually, and 
fast-grow�ng countr�es close to the world average per cap�ta em�ss�ons would 
need to be g�ven some headroom to allow the�r em�ss�ons to go above the global 
average for a l�m�ted t�me. ch�na �s �n th�s s�tuat�on, w�th em�ss�ons per person 
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soon to reach the global average on a fast-r�s�ng curve. headroom could take 
the form of the em�ss�on-�ntens�ty target apply�ng for a number of years, before 
sh�ft�ng to a trajectory of reduct�ons �n per cap�ta em�ss�ons. 

cons�stent w�th th�s, a first and s�gn�ficant step for ch�na would be to hold the 
growth �n �ts carbon d�ox�de em�ss�ons to half the rate of �ts GdP growth, as shown 
by Trajectory A �n F�gure 8.6. Th�s would be cons�stent w�th ch�na’s announced 
pol�cy for halv�ng �ts energy �ntens�ty by 2020, and �ncreased use of renewable and 
other low-em�ss�ons energy to counterbalance �ncreases �n h�gh-em�ss�ons coal. 
over t�me, adherence to th�s trajectory would dr�ve em�ss�on levels s�gn�ficantly 
below bus�ness-as-usual levels. In 2030, ch�na’s foss�l-fuel em�ss�ons would be 
almost one-th�rd lower than �n the bus�ness-as-usual case—and the same as 
they would be �n 2021 w�thout pol�cy act�on (F�gure 8.6).

At some po�nt, ch�na’s scope for headroom would come to an end, and 
ch�na’s per cap�ta em�ss�ons would need to start to fall. The second trajectory 
(B) �n F�gure 8.6 �llustrates such a contract�on scenar�o, wh�ch takes over from 
the ‘half GdP growth’ trajectory �n 2020. The scenar�o shows ch�na’s em�ss�ons 
for a l�near reduct�on �n per cap�ta em�ss�ons—or em�ss�ons ent�tlements, �f 
there were �nternat�onal trade �n ent�tlements—towards 3 tonnes per person �n 
2050 (3 tonnes per person �s ment�oned as a 2050 global goal by stern [2008] 
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and �s used here to �llustrate the sort of long-term em�ss�ons reduct�ons that 
w�ll be requ�red). Trajectory B �mpl�es an approx�mately 2 per cent reduct�on 
rate �n annual absolute em�ss�ons ent�tlements �n the 2020s. It would br�ng 
em�ss�ons (ent�tlements) back to 2012 levels by 2030—a 60 per cent reduct�on 
relat�ve to bus�ness as usual. 

even th�s level of m�t�gat�on by ch�na m�ght not suffice. Garnaut et al. (2008) 
analyse what would be requ�red to adhere to a l�m�ted stab�l�sat�on path 
(a�m�ng not to exceed an atmospher�c concentrat�on of 550 parts per 
m�ll�on of carbon d�ox�de). Assume that �ndustr�al�sed and trans�t�on 
countr�es (the so-called 'Annex 1' countr�es of the Un�ted nat�ons 
Framework convent�on on cl�mate change) reduce em�ss�ons by 30 per 
cent by 2020 (the upper bound of the range of em�ss�ons reduct�ons by 2020  
proposed by the european Un�on). Th�s g�ves room for the em�ss�ons of devel- 
op�ng countr�es to �ncrease by an annual average of only 1.4 per cent to 2020. The 
figure of 1.4 per cent �s not much more than the rate of populat�on growth for 
the develop�ng world, and well below the 4 per cent annual growth �n em�ss�ons 
assumed for ch�na to 2020, under the �ntens�ty target. 

Trajectory c �n F�gure 8.6 shows the em�ss�ons path for ch�na �n a case �n wh�ch  
per cap�ta em�ss�ons contract from the�r current level towards the 3 tonnes of  
carbon d�ox�de target for 2050, start�ng �n 2009. Wh�le �t �s not real�st�c to assume  
that ch�na does not need any headroom and can start to cut em�ss�ons 
�mmed-�ately, th�s trajectory prov�des a useful �llustrat�ve bound on �ts poss�ble 
m�t�gat�on effort.

Whether and where ch�na l�es between �ts bus�ness-as-usual basel�ne and  
the most str�ngent m�t�gat�on trajectory (c) w�ll depend on whether and to 
what extent �t chooses to part�c�pate �n the global m�t�gat�on reg�me. Th�s �n  
turn w�ll be a funct�on of �ndustr�al-country part�c�pat�on and pressure, ch�na’s 
assessment of the pol�t�cal and econom�c benefits of part�c�pat�on and non- 
part�c�pat�on and the g�ve and take of �nternat�onal negot�at�ons. most 
�mportantly, �t w�ll depend on ch�na’s own assessment of the �mportance of 
avo�d�ng h�gh r�sks of dangerous cl�mate change.

real�s�ng any of m�t�gat�on Trajector�es A, B or c would requ�re strong pol�cy 
act�on, �nclud�ng for fuel sw�tch�ng away from coal, expans�on of renewable 
and/or nuclear power, geosequestrat�on for carbon d�ox�de (carbon capture 
and storage) when and where ava�lable, and accelerated structural change and 
�mprovements �n energy effic�ency throughout the economy. It could, however, be 
less d�fficult to ach�eve than �t appears at first s�ght. rap�d projected em�ss�ons 
growth presents great opportun�t�es, because much of ch�na’s �nfrastructure �s 
not yet �n ex�stence. The add�t�onal costs of bu�ld�ng new power supply systems, 
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manufactur�ng �ndustr�es or transport �nfrastructure to a low-carbon standard 
are much lower than refurb�sh�ng or replac�ng ex�st�ng stocks, wh�ch would be 
needed to ach�eve s�m�lar reduct�ons �n slower-grow�ng econom�es. 

comprehens�ve em�ss�ons pr�c�ng, through a tax or an em�ss�ons trad�ng 
scheme, would be the most econom�cally effic�ent way of ach�ev�ng th�s outcome. 
Internat�onal harmon�sat�on of marg�nal abatement costs would allow em�ss�ons 
reduct�ons at least at cost. l�nk�ng to �nternat�onal em�ss�ons markets, wh�ch 
are emerg�ng or expand�ng �n the european Un�on, the Un�ted states, Japan, 
Austral�a, new Zealand and probably �n other countr�es �n future, could ach�eve 
th�s for ch�na. depend�ng on the allocat�on of em�ss�ons ent�tlements, th�s could 
benefit ch�na econom�cally even w�thout tak�ng �nto account the benefits from 
lesser cl�mate change �mpacts and r�sks. The Internat�onal monetary Fund’s World 
Economic Outlook (ImF 2008), for example, shows s�mulat�ons �n wh�ch ch�na’s 
consumpt�on �ncreases s�gn�ficantly, �f allocat�ons are made on the bas�s of 
current em�ss�ons or populat�on. ch�na could sell excess em�ss�ons ent�tlements 
�f rema�n�ng below �ts agreed trajectory of em�ss�ons ent�tlements, or dampen 
compl�ance costs by buy�ng ent�tlements elsewhere—a real�st�c scenar�o once 
develop�ng countr�es start com�ng �nto an �nternat�onal system. 

em�ss�ons trad�ng w�ll be cr�t�cal to prov�d�ng �ncent�ves for ch�na and other 
develop�ng countr�es to part�c�pate �n the �nternat�onal m�t�gat�on reg�me, but 
�t �s only one part of the story. Increased �ndustr�al-country financ�ng of the 
research, development and commerc�al�sat�on of low-em�ss�ons technology, as 
well as the financ�ng of the transfer of th�s technology to develop�ng countr�es, 
w�ll be cr�t�cal.

Conclusion

It �s �n ch�na more than anywhere else that global cl�mate change m�t�gat�on 
w�ll be dec�ded. If ch�na does not part�c�pate �n the global m�t�gat�on effort, �ts 
em�ss�ons w�ll cont�nue to grow rap�dly and w�ll account for a r�s�ng share of 
global em�ss�ons. many ‘ma�nstream’ analyses underest�mate l�kely econom�c 
growth �n years to come, and could be too opt�m�st�c about reduct�ons �n the 
energy �ntens�ty and carbon �ntens�ty of ch�na’s energy system, unless there 
are strong and comprehens�ve pol�c�es to reduce em�ss�ons. Indeed, w�th h�gh 
o�l pr�ces, there m�ght be a strong sh�ft to coal, wh�ch w�ll further �ncrease the 
rate of growth �n em�ss�ons.9 

moreover, �f ch�na does not part�c�pate, or only part�c�pates marg�nally, �n 
the global m�t�gat�on effort, there w�ll be an �nd�rect effect that w�ll see other 
countr�es reduce the�r levels of amb�t�on and effort s�nce they w�ll know that, 
w�thout ch�na, the�r efforts cannot avert cl�mate change r�sks. on the other 
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hand, �f ch�na does part�c�pate fully �n  global m�t�gat�on efforts, these two 
effects can be reversed. ch�na’s own em�ss�ons w�ll be much lower, and other 
countr�es—�ndustr�al�sed and develop�ng—are l�kely to do more. 

ch�na �s start�ng to put a range of amb�t�ous cl�mate change pol�c�es �n place, 
and has announced goals of reduc�ng the energy �ntens�ty of the economy and 
�ncreas�ng the share of low-em�ss�ons energy. If �mplemented, these pol�c�es 
w�ll l�m�t em�ss�ons growth to well below the bus�ness-as-usual trajectory. 
ch�na’s goal of l�m�t�ng the growth �n energy use to half the growth rate of the 
economy could become the bas�s for a near-term em�ss�ons target that w�ll allow 
�t to play a lead�ng role �n �nternat�onal d�scuss�ons. constra�n�ng the growth 
of ch�na’s em�ss�ons �n th�s way could be compat�ble w�th the start-up phase 
of an �nternat�onal system of per cap�ta em�ss�ons converg�ng to a common 
and lower level, w�th some headroom prov�ded �n the �nter�m for fast-grow�ng 
develop�ng countr�es. 

Notes

1  The kaya �dent�ty further decomposes econom�c growth �nto populat�on growth and growth 
�n �ncome per cap�ta. 

2 s�nce energy �ntens�ty and carbon �ntens�ty are decl�n�ng, accelerat�on for them means that 
they are decl�n�ng less rap�dly.

3 Growth �n other greenhouse gas em�ss�ons �s thought to be much slower. em�ss�ons of methane 
and n�trous ox�de, wh�ch account for about one-s�xth of ch�na’s em�ss�ons �n carbon d�ox�de 
equ�valent terms, are reported to have grown by only 0.6 per cent per annum from 1994 to 
2004 (ndrc 2007). 

4 In 2006, energy consumpt�on grew by 9.6 per cent, and GdP by 11.6 per cent (nBs 2007a, 
2008a).

5 see nBs (2007b). 
6 Th�s sect�on draws heav�ly on Garnaut et al. (2008). 
7 We extend the latter project�on to 2030. 
8 The IeA projects an annual average decl�ne of 1.8 per cent for energy �ntens�ty �n the develop�ng 

world exclud�ng ch�na �n the next 25 years.
9 ch�na �s �nvest�ng �n coal-to-l�qu�d plants and �s expected to start operat�ng the largest such 

fac�l�ty outs�de south Afr�ca later �n 2008. see nakan�sh� and n�u (2008).
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9

China can grow and still help 
prevent the tragedy of the CO2 
commons

Warwick J. McKibbin, Peter J. Wilcoxen and Wing Thye Woo

On the road to prosperity

ch�na and Ind�a have finally embarked on the path of modern econom�c growth. 
ch�na’s economy has grown at an average annual rate of almost 10 per cent 
for the past 30 years, and Ind�a’s has grown more than 8 per cent every year 
s�nce 2004. Just l�ke the exper�ences of post-1868 Japan and post-1960 south 
korea and Ta�wan, ch�na and Ind�a are now on the trajectory of catch-up growth 
that w�ll br�ng them �n the long run to the same l�v�ng standard as Western 
europe, Japan and the Un�ted states. At that po�nt, the share of global �ncome 
produced by ch�na and Ind�a w�ll equal the�r share of global populat�on (wh�ch 
�s ant�c�pated to be about 35 per cent).

Th�s projected par�ty �n l�v�ng standards �n the long run w�ll represent a 
return to the global econom�c s�tuat�on that pers�sted �n the first 1,600 years 
of the Gregor�an calendar (Table 9.1). In year zero, ch�na and Ind�a had 58 per 
cent of the global populat�on and 59 per cent of global gross domest�c product 
(GdP); and the respect�ve numbers �n 1600 were 53 per cent and 52 per cent 
(desp�te the grow�ng d�vergence �n GdP per cap�ta �n Western europe from 
1500 onwards). The relat�vely slow growth of ch�na and Ind�a �n the past 400 
years changed the s�tuat�on dramat�cally. By 1973, ch�na and Ind�a’s share of 
global GdP had fallen to only 7.7 per cent although the two countr�es accounted 
for 37 per cent of the world’s populat�on. ch�na’s econom�c deregulat�on and 
�ntegrat�on �nto the world trade and financ�al systems s�nce 1978 and Ind�a’s 
s�nce 1991 ra�sed the�r share of world GdP to 20.6 per cent �n 2003.1 G�ven the 
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st�ll large gap between the average �ncome �n ch�na and Western europe �n 
2003—$4,803 and $19,912, respect�vely (measured �n 1990 �nternat�onal Geary-
kham�s dollars)2—cont�nued h�gh growth �n ch�na could cont�nue for the next 
two decades.

The very l�kely return of ch�na to the centre stage of the global economy 
has g�ven r�se to �mmense opt�m�sm on some fronts, and �ntense pess�m�sm 
on a number of other fronts. opt�m�st�c analysts have pred�cted that ch�na’s 
re-emergence as an �ndependent growth pole w�ll create a new web of syn-
erg�st�c relat�onsh�ps that w�ll unleash greater global prosper�ty. on the other 
hand, pess�m�st�c analysts have po�nted out that the major new r�s�ng powers 
�n the twent�eth century came �nto confl�ct w�th the ex�st�ng powers: Germany 
�n World War I, the Japanese–German ax�s �n World War II and the sov�et Un�on 
�n the cold War.

The �mportant lesson from the h�story of the twent�eth century �s not, how-
ever, that confl�ct �s �nev�table but that r�s�ng powers and ex�st�ng powers should 
work together to avo�d past m�stakes—to fals�fy karl marx’s qu�p that ‘h�story 
repeats �tself, first as tragedy, second as farce’. It �s really not na�ve to th�nk that 
confl�ct �s preventable because the most �mportant power to r�se and preva�l 
�n the twent�eth century was the Un�ted states, and �t has, �n general, been a 
stab�l�s�ng force �n the �nternat�onal order. Avert�ng the pess�m�st�c outcome 
requ�res adherence to the mult�lateral�st pr�nc�ple of the ex�st�ng powers ac-
commodat�ng r�s�ng powers, and the latter becom�ng respons�ble stakeholders 
�n the �nternat�onal system.

The d�alogue between the ex�st�ng and r�s�ng powers must necessar�ly be 
comprehens�ve because the range of global publ�c goods that must be suppl�ed 
�s very broad (rang�ng from the ma�ntenance of the un�versal postal system to 
the peaceful use of outer space), and the nature of some of these global publ�c 
goods �s h�ghly compl�cated (for example, a scheme to control the em�ss�on of 
greenhouse gases). In th�s chapter, we w�ll confine d�scuss�on to an econom�c 
�ssue �n wh�ch the need to engage ch�na �n construct�ve d�alogue �s �mportant 
for susta�nable global growth. The �ssue �s the protect�on of the global env�ron-
mental commons by address�ng ch�na’s em�ss�ons of carbon d�ox�de.

The chapter �s organ�sed as follows: sect�on two makes the case that cl�mate 
change could be a key obstacle for ch�na. It shows that even under conservat�ve 
assumpt�ons, the bus�ness-as-usual growth path m�ght cause an env�ronmental 
collapse before ch�na ach�eves par�ty �n l�v�ng standards w�th the countr�es �n the 
oecd. sect�on three rev�ews the h�story of energy product�on and consumpt�on 
�n ch�na, and then uses a dynam�c mult�-country general-equ�l�br�um model (the 
G-cubed model) to project a real�st�c bus�ness-as-usual trajectory for carbon 
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d�ox�de em�ss�ons. sect�on four proposes a novel hybr�d pol�cy as an alternat�ve 
to the commonly d�scussed cap-and-trade mechan�sm to control carbon d�ox�de  
em�ss�ons. sect�on five employs the G-cubed model to exam�ne the econom�c 
consequences of the d�fferent �nstruments to reduce carbon d�ox�de generat�on. 
sect�on s�x concludes w�th recommendat�ons for the form of future �nter- 
nat�onal cl�mate agreements and how ch�na can be encouraged to part�c�pate.  

The fallacy of composition in modern economic growth?

We began th�s chapter w�th the opt�m�st�c project�on that ch�na and Ind�a w�ll 
ach�eve par�ty �n l�v�ng standards w�th Western europe, wh�ch leads �mmed�ately 
to the quest�on of when th�s convergence w�ll occur. Between 1913 and 2003, 
when Japan was on �ts catch-up growth trajectory, the annual growth rate of 
average �ncome was 3.1 per cent �n Japan and 1.9 per cent �n Western europe 
and the Un�ted states. It �s poss�ble to use th�s �nformat�on to undertake a very 
crude back-of-the-envelope calculat�on to see what stresses m�ght beg�n to 
emerge over t�me. suppose we assume that 

Western europe grows 1.5 per cent annually from 2003 onwards

ch�na and Ind�a grow 3.1 per cent annually from 2003 unt�l reach�ng par�ty 
w�th Western europe, and then 1.5 per cent annually.

Under these assumpt�ons, ch�na w�ll ach�eve �ncome par�ty w�th Western 
europe by 2100, and Ind�a w�ll ach�eve par�ty by 2150.3 The common GdP per 
cap�ta �n 2150 w�ll be about $180,000.

Th�s extrapolat�on m�ght fa�l to be real�sed, however, not because of pol�t�cal 
reasons, as commonly feared, but because of env�ronmental reasons. It w�ll not 
be wars that w�ll dera�l the catch-up growth; rather, the growth process could 
prove to be unsusta�nable because of the fallacy of compos�t�on. spec�fically, �t 
�s poss�ble that a cont�nual �mprovement �n l�v�ng standards m�ght be ach�evable 
for a small subset of large countr�es, but not for all large countr�es together. 
A global equ�l�br�um w�th a common l�v�ng standard, wh�ch ex�sted �n the first 
m�llenn�um, m�ght not be repl�cable �n 2150 because the earl�er s�tuat�on was an 
agr�culture-dom�nated equ�l�br�um �n wh�ch the average �ncome was stagnant at 
$440. In contrast, the env�saged global equ�l�br�um w�ll have an average �ncome 
of $180,000, wh�ch w�ll be grow�ng at 1.5 per cent annually. 

The d�fference �s between the v�c�ous c�rcle of malthus�an growth and the  
process of what s�mon kuznets (1966) has labelled ‘modern econom�c growth 
(meG)’. In meG, soc�ety �s urban�sed, the economy �s �ndustr�al�sed and �n-
creas�ngly serv�ce or�ented, and human cap�tal r�vals phys�cal cap�tal �n �ts 
contr�but�on to econom�c growth. A key �ngred�ent, so far, �n th�s h�stor�cally 

•

•
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unprecedented susta�ned growth �n prosper�ty has been energy from foss�l 
fuels. The result �s that the concentrat�on of carbon d�ox�de �n the earth’s at-
mosphere has r�sen from 280 parts per m�ll�on (ppm) �n the pre-�ndustr�al age 
to 379 ppm �n 2005 (IPcc 2007:37). 

Under ex�st�ng energy technolog�es, the scale of growth �n ch�na and 
Ind�a w�ll be assoc�ated w�th a very large �ncrease �n global carbon d�ox�de 
em�ss�ons and w�th rap�dly r�s�ng carbon d�ox�de concentrat�ons. There �s 
now a substant�al l�terature suggest�ng that the �ncrease �n carbon d�ox�de 
concentrat�ons has contr�buted substant�ally to global warm�ng and cl�mate 
change.4 Accord�ng to the Intergovernmental Panel on cl�mate change (IPcc 
2007), cl�mate change has

very likely contr�buted to sea-level r�se dur�ng the latter half of the 
twent�eth century

likely contr�buted to changes �n w�nd patterns, affect�ng extra-trop�cal 
storm tracks and temperature patterns

likely �ncreased temperatures of extremely hot n�ghts, cold n�ghts and 
cold days

more likely than not �ncreased the r�sk of heat waves, areas affected 
by drought s�nce the 1970s and the frequency of heavy prec�p�tat�on 
events

led to the ocean becom�ng more ac�d�c, w�th an average decrease �n ph 
of 0.1 un�ts.5 

There �s ser�ous concern expressed �n IPcc reports that there could be 
severe and �rrevers�ble problems result�ng from cl�mate change.6 What �s the 
level of the threshold carbon d�ox�de concentrat�on that would unleash calam�ty 
on the world economy and human l�fe? The truth �s that we do not know. dav�d 
k�ng, the ch�ef sc�ent�fic adv�sor to the Br�t�sh government, suggested that ‘we 
should prevent atmospher�c co2 [concentrat�ons] go�ng beyond 500 ppm’ (k�rby 
2004),7 and m�chael raupach, an Austral�an atmospher�c sc�ent�st, advocated a 
l�m�t of 550 ppm (Beer 2007).8 It has become qu�te common to adopt the pos�t�on 
that the threshold carbon d�ox�de concentrat�on for dangerous consequences 
�s 560 ppm—a doubl�ng of the pre-�ndustr�al value of 280 ppm. of course, the 
poss�b�l�ty that the threshold �s 500 ppm or even 840 ppm cannot be ruled out 
defin�t�vely on a priori grounds.

At the present �ncremental rate of 2 ppm of atmospher�c carbon d�ox�de 
annually, the 560 ppm mark would be breached by 2100, just when ch�na �s 
about to reach par�ty �n l�v�ng standards w�th Western europe.9 If there were 
�ndeed a catastroph�c threshold of carbon d�ox�de concentrat�on of 560 ppm, 

•

•

•

•

•
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ch�na and Ind�a could ach�eve �ncome par�ty w�th Western europe, Japan and 
the Un�ted states �n 2150 only because the env�ronmental collapse tr�ggered by 
the growth of ch�na and Ind�a brought down the �ncomes of Western europe, 
Japan and the Un�ted states! Th�s new equ�l�br�um of �ncome par�ty produced 
by the ‘fallacy of compos�t�on’ could well be character�sed by global acr�mony 
and str�fe.

The cruc�al po�nt �s that one does not have to accept the ex�stence of a 
catastroph�c threshold level of carbon d�ox�de concentrat�on �n order to conclude 
that unless there are future revolut�onary breakthroughs �n green technology 
or fundamental sh�fts �n the nature of econom�c growth, ch�na and Ind�a could 
ach�eve �ncome par�ty w�th the r�ch countr�es only by creat�ng ser�ous global 
env�ronmental problems. clearly, ch�na �s one of the key countr�es that needs 
to be brought �nto the global framework w�th a clear comm�tment to take act�on 
on greenhouse gas em�ss�ons.

F�gure 9.1 Comparison of projections of energy consumption in China, 
1990 – 2030 (quadr�ll�on [1015] BTU)
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moreover, �t �s �mportant to br�ng ch�na qu�ckly �nto an �nternat�onal agree-
ment because �ts dramat�c recent r�ses �n energy use and greenhouse gas em�s-
s�ons have been unant�c�pated by most analysts, and the potent�al for further 
ups�de surpr�ses on em�ss�ons rema�ns as ch�na’s strong growth could be more 
durable than ant�c�pated. For example, the energy Informat�on Adm�n�strat�on 
(eIA) of the Us department of energy prov�des project�ons of carbon d�ox�de 
em�ss�ons by major countr�es �n �ts annual International Energy Outlook. The 
eIA makes project�ons for ch�nese energy consumpt�on for three scenar�os: 
h�gh econom�c growth, the reference case and low econom�c growth. 

F�gure 9.1 reports project�ons from the 2002 International Energy Outlook (eIA 
2002) and the 2007 International Energy Outlook (eIA 2007). The shock�ng fact 
�s that for the future years that overlap �n both reports, �n every case ch�na’s 
projected energy consumpt�on �n the low-growth scenar�o �n the 2007 report 
�s above the projected energy consumpt�on �n the h�gh-growth scenar�o �n 
the 2002 report. The 2002 h�gh-growth forecast for 2020 was 102.8 quadr�ll�on 
Br�t�sh thermal un�ts (BTU) and the 2007 low-growth forecast for 2020 was 
106.6 quadr�ll�on BTU. The 2002 ‘reference-case’ forecast was 84.4 quadr�ll�on 
BTU �n 2020, and the 2007 reference-case forecast was 112.8 quadr�ll�on BTU �n 
2020—an upward rev�s�on of 33.6 per cent. even more �mportant, carbon d�ox�de 
em�ss�ons �n 2005 were 50 per cent h�gher than the forecast made �n 2002.

Past and future patterns of energy use and carbon dioxide 
emissions in China

ch�na �s now the second largest user of energy �n the world after the Un�ted 
states, and the eIA (2007) projects ch�na w�ll become the largest by 2025 (Table 
9.2), when ch�na w�ll consume 19.6 per cent of the world’s supply of energy and 
the Un�ted states w�ll consume 19 per cent. ch�na w�ll, however, become the 
world’s b�ggest em�tter of carbon d�ox�de earl�er than 2025. In 2015, ch�na w�ll 
account for 20.7 per cent of global carbon d�ox�de em�ss�ons wh�le us�ng 17.4 
per cent of global energy, and the same figures for the Un�ted states w�ll be 19.4 
per cent and 20.1 per cent, respect�vely. Th�s �s partly because �t �s ant�c�pated 
that ch�na w�ll expand �ts use of foss�l fuels.

The fuel compos�t�on of energy consumpt�on �n ch�na �s shown �n F�gure 9.2. 
much of the recent r�se �n energy consumpt�on took the form of an �ncreased 
use of coal. coal has been the major energy source �n ch�na throughout the 
per�od of growth s�nce the reforms �n the early 1990s. The surge �n energy use 
s�nce 2002 �s obv�ous from the figure, and �t results from a number of factors 
�nclud�ng r�s�ng GdP growth s�nce 1998 (F�gure 9.3) and a recent r�se �n the 
energy �ntens�ty of GdP (F�gure 9.4). The sh�ft �n the energy �ntens�ty of the 
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ch�nese economy was due to a number of factors dr�v�ng structural change, 
�nclud�ng: �ncreased electr�ficat�on, greater energy demand from manufactur�ng, 
greater energy demand by households and greater use of cement and steel as 
�nfrastructure spend�ng rose. 

Perhaps more �nterest�ng than the h�stor�cal exper�ence of ch�nese energy 
use are future trends �n energy and greenhouse gas em�ss�ons, part�cularly 
s�nce an �ncreas�ngly worry�ng p�cture of the global cl�mate has emerged �n the 
past half-decade. Project�ng future energy use and greenhouse gas em�ss�ons 
�n ch�na, espec�ally over hor�zons of more than a decade, �s very d�fficult. It 
�s tempt�ng to construct future project�ons by s�mple extrapolat�on of recent 
trends. A somewhat more soph�st�cated approach �s to apply the ‘kaya �dent�ty’ 
(kaya 1990), wh�ch decomposes em�ss�ons growth �nto four components: 
changes �n em�ss�ons per un�t of energy, changes �n energy per un�t of per cap�ta 
GdP, growth of per cap�ta GdP, and populat�on growth. The four components 
are then projected separately. Th�s �s the approach taken, for example, �n many 
of the stud�es c�ted by the IPcc (2007) and by Garnaut et al. (2008). 

The kaya �dent�ty �s a useful h�stor�cal decompos�t�on but �t �s not an �deal 
forecast�ng framework. each of �ts components �s really an endogenous out-
come result�ng from a w�de var�ety of �nd�v�dual dec�s�ons, and they cannot be 

F�gure 9.2 Energy consumption in China by source, 1980–2005
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F�gure 9.4 Energy (1,000 BTU) per unit of GDP (purchasing power 
parity) (1980=100), 1980 – 2005
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F�gure 9.3 Chinese GDP growth in purchasing power parity, 1980 – 2005 
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assumed to rema�n constant �n the future. As shown by Bagnol� et al. (1996) 
and mck�bb�n et al. (2007), overall econom�c growth �s not the only �mportant 
determ�nant of energy use. Ident�fy�ng and understand�ng the underly�ng 
sources of econom�c growth �s cr�t�cal, and �t �s part�cularly �mportant to un-
derstand how the structure of an economy evolves �n response to changes �n 
energy pr�ces. 

F�gure 9.5 shows eIA project�ons for carbon d�ox�de em�ss�ons by energy 
source �n ch�na for the reference-case scenar�o. It �s clear that coal �s the 
overwhelm�ng source of carbon d�ox�de em�ss�ons �n ch�na—h�stor�cally 
and �n these project�ons. It �s expected to be the major source of energy, and 
therefore em�ss�ons, �n the foreseeable future. Th�s �s not surpr�s�ng g�ven 
the large quant�ty of low-cost coal ava�lable �n ch�na and the assumpt�ons of 
unchang�ng relat�ve energy pr�ces �n these project�ons. over t�me, the share 
of em�ss�ons from petroleum �s projected to r�se w�th greater use of motor 
veh�cles and other transportat�on. These types of project�ons are dependent on 
assumpt�ons about the relat�ve pr�ce of energy to other goods and the relat�ve 
pr�ce of alternat�ve energy sources. 

F�gure 9.5 Projections of carbon dioxide emissions by fuel type in 
China, 1990–2030 (mega-tonnes of carbon d�ox�de)
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F�gure 9.6 shows the global sources of carbon d�ox�de from burn�ng foss�l 
fuels, by reg�on, �n 1990 and those projected �n the 2007 International Energy 
Outlook (eIA 2007) for 2030. not only �s ch�na currently an �mportant source 
of carbon d�ox�de em�ss�ons, �t �s expected to grow qu�ckly. Its absolute s�ze, 
shown �n F�gure 9.6, and �ts share �n global em�ss�ons (shown �n Table 9.1) 
emphas�se that ch�na �s a cr�t�cal country �n the debate about pol�c�es to deal 
w�th cl�mate change. 

We now present our own project�ons of carbon d�ox�de em�ss�ons from the 
G-cubed mult�-country model (mck�bb�n and W�lcoxen 1998; gcubed.com). A 
summary of the approach �s prov�ded here but further deta�ls on the techn�que 
used �n the G-cubed model can be found �n mck�bb�n and W�lcoxen (2007). In 
the follow�ng d�scuss�on, the sources of econom�c growth are labour-augment�ng 
techn�cal change at the �ndustry level and populat�on growth. The populat�on 
growth assumpt�ons are based on the 2006 Un populat�on project�ons (m�d-
scenar�o). In order to s�mpl�fy the d�scuss�on, labour-augment�ng techn�cal change 
�s referred to as ‘product�v�ty growth’ throughout the rema�nder of th�s chapter. 

In the G-cubed model, a product�v�ty catch-up model �s assumed to be the 
dr�ver for product�v�ty growth by sector and by country. The Un�ted states �s 
assumed to be the technolog�cal leader �n each sector. other countr�es are 
allocated an �n�t�al product�v�ty gap by sector and a rate at wh�ch th�s gap �s 

F�gure 9.6 Global carbon dioxide emissions from fossil fuels, 1990 and 2030

0.0

50.0

100.0

150.0

200.0

250.0

Unit ed St at es OECD
Eur o pe

Japan Aust r alia/ New
Zealand

Ot her  OECD China India Ot her  No n-
OECD

M
ill

io
n

 m
et

ri
c 

to
n

n
es

2004

2030

 

 United OECD Japan Australia/ Other  China India Other 
 States Europe  New Zealand OECD   Non-OECD



202

China’s Dilemma

closed. For �ndustr�al countr�es and ch�na, th�s �s assumed to be a t�me-vary�ng 
rate, wh�ch on average �s 2 per cent per annum from 2006. For other develop�ng 
countr�es, �t �s assumed to range between 2 per cent per annum and 1 per cent 
per annum, depend�ng on the reg�on. In th�s chapter, �n�t�al ch�nese product�v�ty 
�s assumed to vary across sectors, and averages about 20 per cent of the 
product�v�ty �n the equ�valent sector �n the Un�ted states �n 2002. 

The results from the G-cubed model for ch�nese carbon d�ox�de em�ss�ons 
are shown �n F�gure 9.7. Th�s has a bus�ness-as-usual basel�ne as well as two 
other l�nes that w�ll be d�scussed �n sect�on five below, wh�ch �nvolve d�fferent 
assumpt�ons about pol�cy �ntervent�ons. The bus�ness-as-usual project�ons 
from G-cubed are h�gher than the project�ons �n eIA (2007). carbon d�ox�de 
em�ss�ons �n

the eIA low-growth scenar�o rose from 6,400 mega-tonnes (mt) �n 2010 
to 10,143 mt �n 2030

the eIA reference-case scenar�o rose from 6,497 mt �n 2010 to 11,239 mt 
�n 2030

the eIA h�gh-growth scenar�o rose from 6,615 mt �n 2010 to 12,500 mt 
�n 2030 

the G-cubed model rose from 7,855 mt �n 2010 to 14,114 mt �n 2030.

The d�fference between the eIA’s project�ons and those of G-cubed �s 
rem�n�scent of the d�fference between the eIA’s 2002 and 2007 project�ons. 
The h�gher project�ons by G-cubed come from �t forecast�ng a h�gher econom�c 
growth rate �n ch�na than the eIA (2007) and a smaller change �n the energy 
�ntens�ty of GdP �n ch�na (the latter be�ng an endogenous result of the 
assumpt�ons �mposed for sectoral product�v�ty growth �n ch�na). It must be 
stressed, however, that our G-cubed project�ons (l�ke project�ons by others) 
are h�ghly uncerta�n and change qu�te s�gn�ficantly �f assumpt�ons about the 
rate of catch-up are var�ed.

The principles to guide reduction in carbon dioxide emissions

There are many vex�ng, fundamental �ssues �n dec�d�ng how to prevent catast- 
roph�c cl�mate change. These �ssues �nclude the follow�ng.

There �s st�ll much about the sc�ence of cl�mate change that we do not fully 
understand. Is cl�mate change a l�near or an abrupt d�scont�nuous funct�on 
of carbon d�ox�de concentrat�on?10 Is there are saturat�on po�nt �n the 
absorpt�ve capac�ty of the earth’s s�nks for atmospher�c carbon d�ox�de?

There are �mmense d�fficult�es �n comput�ng the costs and benefits of 
cl�mate change. how should we value �rrevers�ble events such as spec�es 

•

•

•

•

•

•
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ext�nct�on? how should we value the benefits to the present generat�on 
and the costs to the unborn future generat�ons?

There are ser�ous challenges to des�gn�ng effect�ve �mplementat�on and 
overs�ght mechan�sms for the carbon d�ox�de reduct�on process. how can 
nat�onal carbon d�ox�de caps be enforced? how can we bu�ld �n �ncent�ves 
for mutual pol�c�ng among the polluters d�spersed around the world?

The reduct�on of carbon d�ox�de em�ss�ons w�ll only delay, not stop, the 
�ncrease �n carbon d�ox�de concentrat�ons towards the danger level. The 
only long-term solut�on �s l�kely to be sh�ft�ng to non-foss�l fuel energy. 
It �s, however, �mposs�ble to know when these alternat�ve fuels w�ll be 
ava�lable at commerc�ally v�able costs, and at the vast scales that w�ll 
ult�mately be requ�red. If the carbon d�ox�de reduct�on mechan�sm �s 
des�gned to buy t�me for th�s development, how long w�ll we need?

There �s unl�kely to be an am�cable way to d�str�bute the burden of re- 
duc�ng carbon d�ox�de. should the ex�st�ng polluters be ‘grandfathered’ 
�nto the �nternat�onal treaty? What should be the relat�ve burden for the 
r�ch, m�ddle-�ncome and poor nat�ons? Alternat�vely, should the cap be 
based on carbon d�ox�de allowances per person?

The world, obv�ously, cannot afford to cont�nue on the bus�ness-as-usual 
path unt�l there �s broad consensus about most of the above �ssues. rates 
of carbon d�ox�de em�ss�ons are �ncreas�ng, the tang�ble consequences of 
cl�mate change are already ev�dent and there �s the real poss�b�l�ty that 
‘project�ons from cl�mate models have been too conservat�ve’ (Gulledge 
2008:56).11 The sense of urgency �s real, and th�s �s why many countr�es s�gned 
the kyoto Protocol on 11 december 1997 as a pragmat�c way to effect at least 
a temporary �mprovement on the bus�ness-as-usual s�tuat�on. The s�gnator�es 
from �ndustr�al countr�es agreed to reduce the�r carbon d�ox�de em�ss�ons 
�n the per�od 2008–12 to 95 per cent of the�r 1990 levels, on average (that �s, 
5 per cent below the�r 1990 em�ss�ons), and to allow the perm�ts for carbon 
d�ox�de em�ss�ons to be tradable �nternat�onally. ch�na was not requ�red to 
undertake any reduct�on because �t was a develop�ng country. The Un�ted 
states s�gned the treaty but never rat�fied �t because �t exempted large 
develop�ng countr�es, part�cularly ch�na and Ind�a. s�nce the Un�ted states 
and ch�na are the world’s two largest carbon d�ox�de em�tters,12 the kyoto 
Protocol was rendered grossly �nadequate as a carbon d�ox�de reduct�on 
mechan�sm. nordhaus (2008:92) has est�mated that global em�ss�ons �n 
2010 under the kyoto Protocol w�ll be only 1.5 per cent lower than under the 
bus�ness-as-usual outcome.

•

•

•
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To be effect�ve, any carbon d�ox�de reduct�on scheme must �nclude as many 
of the large em�tters as poss�ble and �t should move them towards substant�al 
long-term reduct�ons �n em�ss�ons. There are three classes of market-based 
mechan�sms that could put the world on th�s agreed global carbon d�ox�de 
em�ss�ons path

mechan�sms that do not spec�fy the carbon d�ox�de em�ss�ons path for 
each country: for example, a global carbon tax

mechan�sms that spec�fy an �mmed�ately b�nd�ng carbon d�ox�de em�s-
s�ons path for each country: for example, a domest�c cap-and-trade 
scheme or an �nternat�onal cap-and-trade scheme 

mechan�sms that spec�fy a carbon d�ox�de em�ss�ons path that �s not 
�mmed�ately b�nd�ng: for example, a domest�c carbon tax or the mck�b-
b�n–W�lcoxen hybr�d (mWh) approach.

In pract�ce, actual em�ss�ons are unl�kely to h�t target em�ss�ons at every 
po�nt �n t�me. We label the quant�ty target ‘�mmed�ately b�nd�ng’ �f the em�ss�ons 
above the target are expl�c�tly penal�sed. The quant�ty target �s labelled ‘not 
�mmed�ately b�nd�ng’ when the above-target em�ss�ons pay the same carbon 
tax as the below-target em�ss�ons, and the carbon tax �s later adjusted to br�ng 
ant�c�pated em�ss�ons to the target path. naturally, the global and nat�onal 
target paths, and the level of �nternat�onal and domest�c carbon taxes are 
mod�fied over t�me to take �nto account how close the actual em�ss�ons have 
been to target em�ss�ons, revelat�ons �n abatement costs and developments 
(and ant�c�pated developments) �n areas such as technology.

The global carbon tax

G�ven a des�red t�me path of global carbon d�ox�de em�ss�ons, �t could be 
poss�ble to �dent�fy a t�me-vary�ng common carbon tax that would mot�vate 
the pr�vate sector �n each country to hold collect�ve carbon d�ox�de em�ss�ons 
to the target amount �n the absence of unexpected developments. A global 
carbon tax would have to be rev�sed at fixed per�ods �n l�ght of �ts performance, 
�mprovements �n technology, advances �n sc�ent�fic knowledge and new 
�nformat�on and �deas. A global carbon tax has the v�rtue of not d�stort�ng the 
comparat�ve advantage of the d�fferent countr�es.

s�nce much of the �ncrease �n atmospher�c carbon d�ox�de concentrat�ons 
s�nce the Industr�al revolut�on has been due to �ndustr�al�sed countr�es, perhaps 
develop�ng countr�es could be exempted from the global carbon tax for a per�od 
or unt�l they have reached a certa�n level of �ncome.

•

•

•
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The domest�c carbon tax

A carbon tax could also be appl�ed at the domest�c level. G�ven a t�me profile of 
des�red carbon d�ox�de em�ss�ons for a country, �t would be poss�ble to �dent�fy 
the carbon tax requ�red to ach�eve th�s. Th�s approach �s, however, l�kely to be 
�neffic�ent �n the global sense because �t w�ll not guarantee that the marg�nal cost 
of em�ss�ons reduct�ons w�ll be the same across countr�es. The probable outcome 
would be a d�stort�on of comparat�ve advantage. Aga�n, develop�ng countr�es m�ght 
be exempted temporar�ly from hav�ng to �mpose th�s domest�c carbon tax.

domest�c cap and trade

A country could �ssue em�ss�ons perm�ts to match a nat�onal target em�ss�ons 
path. The perm�ts could be g�ven free to ex�st�ng carbon d�ox�de em�tters or 
auct�oned to the general publ�c, and would be tradable w�th�n the country but 
not across borders. Th�s approach, l�ke the domest�c carbon tax, �s unl�kely to 
produce a globally effic�ent pattern of abatement. develop�ng countr�es m�ght 
be g�ven ce�l�ngs on carbon d�ox�de em�ss�ons that are b�nd�ng only when they 
atta�n a part�cular �ncome level.

Internat�onal cap and trade

An �nternat�onal treaty that establ�shes a global carbon d�ox�de em�ss�ons path 
and allocates carbon d�ox�de em�ss�ons among countr�es could also allocate 
�nternat�onally tradable em�ss�ons perm�ts to those countr�es; the kyoto 
Protocol falls under th�s category. develop�ng countr�es could be g�ven more 
perm�ts than they would need for the�r current em�ss�ons, and they could then 
sell the excess and use the revenue to accelerate development and buy green 
technology. Th�s approach would equate the costs of abatement at the marg�n 
and would not d�stort comparat�ve advantage.

The McKibbin–Wilcoxen hybrid (MWH) approach

mck�bb�n and W�lcoxen (2002a, 2002b) have proposed a hybr�d approach that 
comb�nes

an �nternat�onally determ�ned path for em�ss�ons reduct�ons for each 
country, wh�ch �s translated �nto a l�m�ted supply of long-term nat�onal 
perm�ts

sales of annual nat�onal perm�ts (�n order to accommodate dev�at�ons 
from a nat�onal path) sold at a pr�ce that �s determ�ned by �nternat�onal 
negot�at�ons: say, every five years.

•

•
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Both types of perm�ts would be val�d only �n the country of �ssue: there 
would be no trade across borders.13 every year, firms would be requ�red to hold 
a portfol�o of perm�ts equal to the amount of carbon they em�t.14 The portfol�o 
could �nclude any m�x of long-term and annual perm�ts. The long-term perm�ts 
could be owned outr�ght by firms, or they could be leased from other perm�t 
owners. except for the case of develop�ng countr�es, wh�ch we w�ll d�scuss �n 
deta�l later, the amount of long-term perm�ts for each country would �ntent�onally 
be set lower than the ant�c�pated amount of em�ss�ons (for example, set below 
the target em�ss�ons path). If the target turns out to be suffic�ently t�ght, there 
w�ll be demand for the annual perm�ts, wh�ch w�ll �mpose an �nternat�onally 
fixed upper bound on the short-term pr�ce of carbon em�ss�ons. 

each country would manage �ts own domest�c hybr�d pol�cy us�ng �ts own 
ex�st�ng legal system and financ�al and regulatory �nst�tut�ons. There would be no 
need for complex �nternat�onal trad�ng rules, for the creat�on of a powerful new 
�nternat�onal �nst�tut�on or for part�c�pat�ng governments to cede a s�gn�ficant 
degree of sovere�gnty to an outs�de author�ty. The �nternat�onal d�mens�on 
of the mWh cons�sts of two act�ons: 1) sett�ng a not�onal (or ‘asp�rat�onal’) 
greenhouse gas em�ss�ons trajectory for each country; and 2) harmon�s�ng the 
pr�ce of annual perm�ts across part�c�pat�ng countr�es.15 

The number of long-term perm�ts would be gu�ded by the �nternat�onal 
negot�at�ons over the target em�ss�ons path for the country. For example, the 
�nternat�onal treaty establ�sh�ng the mWh mechan�sm could suggest that 
s�gnator�es d�str�bute no more long-term perm�ts than the�r allotments under the 
kyoto Protocol. The number of long-term perm�ts would be set when a country 
jo�ned the scheme, but the country’s government would have cons�derable 
flex�b�l�ty �n how the perm�ts were used. A government that w�shed to tackle 
cl�mate change more aggress�vely could choose to d�str�bute few long-term 
perm�ts;16 and a government that preferred a carbon tax could d�str�bute no 
long-term perm�ts at all.17 The treaty would not need to spec�fy r�g�d allocat�ons 
of long-term perm�ts because em�ss�ons would generally be controlled at 
the marg�n by the pr�ce of annual perm�ts. The number of long-term perm�ts 
affects only the d�str�but�on of perm�t revenue between the pr�vate sector and 
the government; �t does not affect the country’s total em�ss�ons. d�str�but�ng 
a small number of long-term perm�ts means the government w�ll earn a lot of 
revenue from annual perm�t sales, but �t m�ght also lead to s�gn�ficant pol�t�cal 
oppos�t�on. d�str�but�ng a larger number means less government revenue but 
the perm�ts would be very valuable to the pr�vate sector and perm�t owners 
could be expected to form a powerful lobby �n support of the pol�cy. In e�ther 
case, one country’s dec�s�on has l�ttle effect on other s�gnator�es. 
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long-term perm�ts 

A 100-year perm�t would be ak�n to a book of 100 coupons, w�th each coupon 
correspond�ng to a part�cular year and stat�ng the amount of greenhouse 
gas em�ss�ons the holder �s ent�tled to em�t. In l�ne w�th a decl�n�ng level of 
target em�ss�ons, the coupon for each year would allow a smaller amount 
of greenhouse gas em�ss�ons than the prev�ous year. once d�str�buted, the 
long-term perm�ts could be traded among firms, or bought and ret�red by 
env�ronmental groups. The perm�ts would be very valuable because: 1) there 
would be fewer ava�lable than needed for current em�ss�ons; and 2) each perm�t 
would allow annual em�ss�ons over a long per�od. As a consequence, the owners 
of long-term perm�ts would form a pr�vate-sector �nterest group that would 
greatly enhance the long-term cred�b�l�ty of the pol�cy: perm�t owners would 
have a clear financ�al �nterest �n keep�ng the pol�cy �n place. 

When �n�t�ally d�str�buted, the long-term perm�ts could be g�ven away, 
auct�oned or d�str�buted �n any other way the government of the country saw 
fit. one opt�on would be to d�str�bute them for free to �ndustry �n proport�on 
to each firm’s h�stor�cal fuel use—for example, a firm m�ght rece�ve perm�ts 
equal to 90 per cent of �ts 1990 carbon em�ss�ons. such an approach would 
be relat�vely transparent and would l�m�t the �ncent�ves for lobby�ng by firms. 
Although the allocat�on would be based on h�stor�cal em�ss�ons, the tradab�l�ty 
of the perm�ts would mean that they were not t�ed �n any way to the or�g�nal 
rec�p�ent or any part�cular plant, and hence would not create d�fferences �n 
marg�nal costs across firms or plants. moreover, the ex�stence of annual perm�ts 
l�m�ts the ab�l�ty of �ncumbent firms to create entry barr�ers by keep�ng the�r 
long-term perm�ts off the market: entrants could s�mply buy annual perm�ts. 
Incumbent firms would benefit financ�ally from the �n�t�al d�str�but�on of perm�ts, 
but unless they were prev�ously l�qu�d�ty constra�ned, they would not be able 
to use the�r ga�ns to reduce compet�t�on.18

Another alternat�ve would be to auct�on the perm�ts. Auct�oned perm�ts 
would be exactly l�ke a carbon tax except that the �ndustry would have to pay 
the ent�re present value of all future carbon taxes up front. As the number of 
long-term perm�ts was �ntent�onally kept below the target path of em�ss�ons, 
at least a few annual perm�ts would be sold �n every year. The pr�ce of a perm�t 
dur�ng the auct�on would be b�d up to the present value of a sequence of annual 
perm�t purchases. 
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Annual perm�ts

The government would sell annual perm�ts for an �nternat�onally agreed 
pr�ce—say, for $20 per tonne of carbon. There would be no restr�ct�on on the 
number of annual perm�ts sold, but each perm�t would be good only �n the year 
�t was �ssued. Annual perm�ts g�ve the pol�cy the advantages of an em�ss�ons 
tax: they prov�de clear financ�al �ncent�ves for em�ss�ons reduct�ons but do 
not requ�re governments to agree to ach�eve any part�cular em�ss�ons target 
regardless of cost. The ex�stence of the annual perm�ts �ntroduces a degree of 
flex�b�l�ty �n the target. over t�me, the global carbon pr�ce would be readjusted 
�f e�ther the global target were not be�ng met as well as des�red or �f the global 
target were changed because of new �nformat�on about cl�mate sc�ence or 
marg�nal abatement costs.

Treatment of develop�ng countr�es

To be effect�ve �n the long run, the agreement w�ll eventually need to �nclude 
all countr�es w�th s�gn�ficant greenhouse gas em�ss�ons. It �s unl�kely, however, 
that all countr�es w�ll choose to part�c�pate at the beg�nn�ng. develop�ng coun-
tr�es, for example, have repeatedly po�nted out that �ndustr�al�sed countr�es are 
overwhelm�ngly respons�ble for current greenhouse gas em�ss�ons, and that 
those countr�es should therefore take the lead �n reduc�ng em�ss�ons. As a re-
sult, an �nternat�onal cl�mate pol�cy w�ll need to cope w�th gradual access�ons 
tak�ng place over many years. Its des�gn, �n other words, must be su�table for 
use by a small group of �n�t�al part�c�pants, a large group of part�c�pants many 
years �n the future and all levels �n between. one �mportant role for the treaty’s 
long-term perm�t gu�del�nes would be to d�st�ngu�sh between �ndustr�al�sed and 
develop�ng countr�es. For example, a country such as ch�na would be allowed 
to d�str�bute more long-term perm�ts than needed for �ts current carbon em�s-
s�ons. In that case, �t would be comm�tt�ng �tself to slow�ng carbon em�ss�ons 
�n the future, but would not need to reduce �ts em�ss�ons r�ght away. As the 
country grows, �ts em�ss�ons w�ll approach the number of long-term perm�ts. 
The market pr�ce of long-term perm�ts would gradually r�se, and fuel users 
would face �ncreas�ng �ncent�ves to reduce the growth of em�ss�ons. once the 
long-term target becomes a constra�nt, annual perm�ts would beg�n to be sold 
and would smooth out the evolut�on of annual carbon costs.

A generous allotment of long-term perm�ts would reduce the d�s�ncent�ves 
to jo�n faced by develop�ng countr�es, but that alone m�ght not be enough to 
�nduce w�despread part�c�pat�on. If stronger �ncent�ves were needed, �t would 
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be poss�ble to augment the treaty w�th a system of fore�gn-a�d payments or w�th 
programs for technology transfer to part�c�pat�ng develop�ng countr�es. 

The firewall of separate markets under mWh

Because the perm�t markets under th�s pol�cy are separate between countr�es, 
shocks to one perm�t market do not propagate to others: for example, access�on 
by a new part�c�pant has no effect on the perm�t markets operat�ng �n other 
countr�es.19 l�kew�se, the collapse of one or more nat�onal perm�t systems would 
be unfortunate �n terms of em�ss�ons control, but �t would not cause perm�t 
markets �n other countr�es to collapse as well. In contrast, under the kyoto 
Proto-col, shocks �n one country—�neffect�ve enforcement or w�thdrawal from 
the agreement, for example—would cause changes �n perm�t pr�ces around the 
world. For perm�t owners and perm�t users, �nvestments �n em�ss�ons reduct�ons 
would be more r�sky under the kyoto Protocol than other systems.

compartmental�sat�on �s espec�ally �mportant for a cl�mate change agree- 
ment because of the uncerta�nt�es surround�ng cl�mate change: the agreement 
must surv�ve through �ntervals �n wh�ch warm�ng seems to be proceed�ng 
more slowly than expected, wh�ch could create pol�t�cal pressure to abandon 
the agreement on the grounds that �t �s not necessary. such �ntervals could 
ar�se because of random fluctuat�ons �n global temperatures from year to year, 
or because the pol�cy �s succeed�ng �n reduc�ng the problem. The latter po�nt 
�s worth emphas�s�ng: �f a cl�mate reg�me �s successful at reduc�ng warm�ng 
and prevent�ng s�gn�ficant damage, �t w�ll be easy for complacency to ar�se: 
many people m�ght �nterpret the absence of d�sasters to mean that the r�sks 
of cl�mate change were overstated. 

Another advantage of mult�ple nat�onal perm�t markets, rather than a s�ngle 
�nternat�onal one, �s that the �ncent�ves for enforcement are stronger. Ind�v�dual 
governments would have l�ttle �ncent�ve to mon�tor and enforce an �nternat�onal 
market w�th�n the�r borders—and �t �s easy to see why: mon�tor�ng polluters 
�s expens�ve, and pun�sh�ng v�olators �mposes costs on domest�c res�dents �n 
exchange for benefits that accrue largely to fore�gners. There would be a strong 
temptat�on for governments to look the other way when firms exceeded the�r 
em�ss�ons perm�ts. For a treaty based on a s�ngle �nternat�onal market to be 
effect�ve, therefore, �t w�ll need to �nclude a strong �nternat�onal mechan�sm 
for mon�tor�ng compl�ance and penal�s�ng v�olat�ons. nat�onal perm�t markets 
reduce the problem substant�ally because mon�tor�ng and enforcement become 
a matter of enforc�ng the property r�ghts of a group of domest�c res�dents—the 
owners of long-term perm�ts—�n domest�c markets. 
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Incent�ves for �nvestments �n carbon d�ox�de reduct�on under mWh

some commentators argue that the mWh mechan�sm �s more complex than an 
em�ss�ons tax or convent�onal perm�t system, but �t �s more l�kely to encourage 
pr�vate-sector �nvestment �n cap�tal and research that w�ll be needed to address 
cl�mate change. To see why, cons�der the �ncent�ves faced by a firm after the 
pol�cy has been establ�shed. suppose the firm has the opportun�ty to �nvest 
�n a new product�on process that w�ll reduce �ts carbon em�ss�ons by 1 tonne 
every year. If the firm �s currently cover�ng that tonne by buy�ng annual perm�ts, 
the new process w�ll save �t $20 per annum. If the firm can borrow at a 5 per 
cent real rate of �nterest, �t w�ll be profitable to adopt the process �f the cost of 
the �nnovat�on �s $400 or less. For example, �f the cost of adopt�on were $300, 
the firm would be able to avo�d buy�ng a $20 annual perm�t every year for an 
�nterest cost of only $15; adopt�ng the process, �n other words, would el�m�nate 
1 tonne of em�ss�ons and ra�se profits by $5 per annum.

F�rms own�ng long-term perm�ts would face s�m�lar �ncent�ves to reduce 
em�ss�ons because do�ng so would allow them to sell the�r perm�ts. suppose 
a firm hav�ng exactly the number of long-term perm�ts needed to cover �ts 
em�ss�ons faced the �nvestment dec�s�on �n the example above. Although the 
firm does not need to buy annual perm�ts, the fact that �t could sell or lease 
unneeded long-term perm�ts prov�des �t w�th a strong �ncent�ve to adopt the 
new process. To keep the calculat�on s�mple, suppose that the perm�ts are 
perpetual and allow 1 tonne of em�ss�ons per annum. At a cost of adopt�on of 
$300, the firm could earn an extra $5 per annum by borrow�ng money to adopt 
the process, pay�ng an �nterest cost of $15 per annum, and leas�ng the perm�t 
�t would no longer need for $20 per annum.

The �nvestment �ncent�ve created by mWh r�ses �n proport�on to the annual 
perm�t fee as long as the fee �s low enough to be b�nd�ng—that �s, low enough 
that at least a few annual perm�ts are sold. For example, ra�s�ng the fee from 
$20 to $30 ra�ses the �nvestment �ncent�ve from $400 to $600. 

The upper l�m�t on �ncent�ves created by the annual fee �s the market-clear�ng 
rental pr�ce of a long-term perm�t �n a pure tradable perm�t system. Above that 
pr�ce, there would be enough long-term perm�ts �n c�rculat�on to sat�sfy demand 
and no annual perm�ts would be sold. For example, �f long-term perm�ts would 
rent for $90 a year under a pure perm�t system, the max�mum pr�ce of an annual 
perm�t under the hybr�d model would be $90.

The cr�t�cal �mportance of cred�b�l�ty becomes apparent when cons�der�ng 
what would happen to these �ncent�ves �f firms were not sure the pol�cy was 
go�ng to rema�n �n force. If the pol�cy were to lapse at some po�nt �n the future, 
em�ss�ons perm�ts would no longer be needed. At that po�nt, any �nvestments 
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made by a firm to reduce �ts em�ss�ons would no longer earn a return. The effect 
of uncerta�nty about the pol�cy’s prospects �s therefore to make the �nvestments 
�t seeks to encourage substant�ally more r�sky. 

s�nce the �ncent�ves created by the pol�cy �ncrease w�th the pr�ce of an annual 
perm�t, a government m�ght try to compensate for low cred�b�l�ty by �mpos�ng 
h�gher annual fees. For example, suppose a government would l�ke a cl�mate 
pol�cy to generate a $400 �ncent�ve for �nvestment but firms bel�eve that there 
�s a 10 per cent chance the pol�cy w�ll be abandoned each year. For the pol�cy 
to generate the des�red �ncent�ve, the annual perm�t pr�ce would have to be $60 
rather than $20. That �s, the str�ngency of the pol�cy (as measured by the annual 
perm�t fee) must tr�ple �n order to offset the two-th�rds decl�ne �n the �ncent�ves 
ar�s�ng from the pol�cy’s lack of cred�b�l�ty. In pract�ce, the s�tuat�on �s probably 
even worse. Increas�ng the pol�cy’s str�ngency �s l�kely to reduce �ts cred�b�l�ty 
further, requ�r�ng even larger �ncreases �n the annual fee. For example, suppose 
that �nvestors bel�eve that the probab�l�ty the government w�ll abandon the 
pol�cy r�ses by 1 per cent for each $20 �ncrease �n the annual fee. In that case, 
ma�nta�n�ng a $400 �nvestment �ncent�ve would requ�re an annual fee of $70 
rather than $60, wh�ch would be accompan�ed by an �ncrease �n the perce�ved 
l�kel�hood of the pol�cy be�ng abandoned from 10 per cent to 12.5 per cent. 

The general lesson �s that a low-cost but h�ghly certa�n pol�cy generates the 
same �ncent�ves for act�on as a pol�cy that �s much more expens�ve but less 
certa�n. A hybr�d pol�cy w�th a modest annual perm�t pr�ce would generate 
larger �nvestment �ncent�ves than a more dracon�an, but less cred�ble, em�ss�ons 
target �mposed by a more convent�onal system of targets and t�metables. The 
mWh proposal �s more cred�ble than a carbon tax because �t bu�lds a pol�t�cal 
const�tuency w�th a large financ�al stake �n prevent�ng backsl�d�ng by future 
governments. It �s therefore l�kely to prov�de more �ncent�ve to the pr�vate sector 
to make �nvestments to reduce greenhouse gas em�ss�ons.

cop�ng w�th new �nformat�on

over t�me, more �nformat�on w�ll become ava�lable about cl�mate change, �ts 
effects and about the costs of reduc�ng em�ss�ons. If �t becomes clear that 
em�ss�ons should be reduced more aggress�vely, the pr�ce of annual perm�ts 
can be ra�sed. The pol�t�cal prospects for an �ncrease would be helped by the 
fact that ra�s�ng the pr�ce of annual perm�ts would produce a w�ndfall ga�n for 
owners of long-term perm�ts, s�nce the market value of long-term perm�t pr�ces 
would r�se as well.20

If new �nformat�on �nd�cates that em�ss�ons should drop below the number 
allowed by long-term perm�ts, ra�s�ng the pr�ce of annual perm�ts would need 
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to be augmented by a reduct�on �n the stock of long-term perm�ts. one opt�on 
would be for each government to buy and ret�re some of the long-term perm�ts �t 
�ssued. other approaches would be poss�ble as well: for example, accelerat�ng 
the exp�rat�on date of the perm�ts. 

Comparing methods for reducing China’s carbon dioxide emissions

Three market-based mechan�sms

The clean development mechan�sm (cdm) of the kyoto Protocol allows �n-
dustr�al�sed countr�es to use cred�ts for em�ss�ons-reduc�ng act�ons taken �n 
ch�na to help meet the�r obl�gat�ons under the protocol. Th�s approach cannot 
be scaled up suffic�ently to have the requ�red effect of s�gn�ficantly reduc�ng 
ch�na’s carbon em�ss�ons because �t �s project based and has proven very 
complex and costly to adm�n�ster. 

In th�s sect�on, we show some results for alternat�ve pol�cy reg�mes and 
d�scuss what they �mply for em�ss�ons and econom�c growth �n ch�na. F�gure 9.7 
conta�ns var�ous paths of greenhouse gas em�ss�ons from energy use �n ch�na 
under three d�fferent pol�cy reg�mes

a domest�c carbon tax

an �nternat�onal cap-and-trade scheme

the mWh approach.

The bus�ness-as-usual l�ne �n F�gure 9.7 �s the project�on of ch�nese em�s-
s�ons from energy use from the G-cubed model under the assumpt�ons already 
d�scussed above. 

In order to compare the key aspects of the three pol�cy reg�mes, we assume 
that all countr�es take on the em�ss�ons reduct�on path that �s conta�ned �n 
the recent World Economic Outlook of the Internat�onal monetary Fund (ImF 
2008). em�ss�ons �n each country, and for the world as a whole, r�se along the 
bus�ness-as-usual path for a number of years, gradually peak�ng �n 2028, fall�ng 
back to 90 per cent of the 2002 em�ss�ons level about 2050 and then dropp�ng 
to 40 per cent of the 2002 level by 2100. Along th�s bus�ness-as-usual trajectory, 
ch�na and other develop�ng countr�es would take on the same comm�tment as 
�ndustr�al countr�es but �n�t�ally w�th a more gradual reduct�on target.21

In the first pol�cy opt�on, labelled ‘country target’ �n F�gure 9.7, ch�na rea- 
ches �ts target by �mplement�ng a domest�c carbon tax. All other countr�es are 
assumed to follow a s�m�lar strategy and ach�eve the�r targets through domest�c 
act�ons only. Th�s country-by-country target�ng ach�eves a common global 
outcome but w�th a w�de var�ety of costs across countr�es. 

•

•

•
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F�gure 9.8 China’s GDP change from emissions reduction, 2008 – 2050

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

2008 2012 2016 2020 2024 2028 2032 2036 2040 2044 2048

P
er

 c
en

t 
d

ev
ia

ti
o

n
 f

ro
m

 B
u

si
n

es
s 

as
 u

su
al

Country target International cap & trade

Hybrid Uniform tax

Source: G-cubed model �n mck�bb�n, W. and W�lcoxen, P., 2008. Bu�ld�ng on kyoto: towards a 
real�st�c cl�mate change agreement, Paper presented to the Brook�ngs Inst�tut�on h�gh-level 
Workshop on cl�mate change, Tokyo, 30 may. 

International cap and trade

Uniform tax

F�gure 9.7 China’s carbon dioxide emissions from energy, 2008 – 2050
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The results �nd�cated by the ‘Internat�onal cap and trade’ (tr�angles) l�ne �n 
F�gure 9.7 are the em�ss�ons outcomes when ch�na �s g�ven a perm�t allocat�on 
based on �ts target em�ss�ons and �s then allowed to buy or sell em�ss�ons 
perm�ts on �nternat�onal markets. ch�na can therefore change �ts em�ss�ons 
outcome by sell�ng perm�ts at the world pr�ce (wh�ch �s common to all countr�es). 
In the G-cubed model, under th�s allocat�on of perm�ts, ch�na has among the 
lowest marg�nal abatement costs �n the world—that �s, �t �s much cheaper to 
reduce a un�t of carbon �n ch�na than �n most other countr�es, reflect�ng the 
energy �nfrastructure and sources of em�ss�ons �n ch�na. The outcome �s that 
em�ss�ons fall more qu�ckly �n ch�na as ch�na cuts �ts em�ss�ons domest�cally 
to sell perm�ts abroad. eventually, the marg�nal cost of abatement �n ch�na 
r�ses enough to reach equ�l�br�um w�th the rest of the world. 

The th�rd pol�cy opt�on shown �n F�gure 9.7 �s the mWh approach, �n wh�ch 
ch�na �s allocated an amount of long-term perm�ts equal to tw�ce �ts 2008 
em�ss�ons (wh�ch �s more than the real amount of em�ss�ons �n the first few 
years of �ts access�on to the �nternat�onal cl�mate treaty) but decl�n�ng over t�me 
at the same rate as other countr�es.22 These perm�ts cannot be used outs�de 
ch�na and therefore do not d�rectly affect em�ss�ons �n other countr�es. In th�s 
case, ch�na’s short-term carbon pr�ce �s zero for a number of years because 
there are more perm�ts ava�lable than needed, and em�ss�ons �n ch�na cont�nue 
to r�se along the bus�ness-as-usual path. When ch�na grows enough to reach 
�ts em�ss�ons constra�nt, �t starts to sell annual perm�ts at the pr�ce st�pulated 
by �nternat�onal agreement. eventually, the carbon em�ss�ons path beg�ns to 
fall unt�l �t reaches the em�ss�ons outcome under the �nternat�onal cap-and-
trade system. Th�s �s not surpr�s�ng s�nce the un�form pr�ce under the mWh �s 
des�gned to be almost the same as the pr�ce that would be del�vered under the 
cap-and-trade pol�cy.23 The results are the same because the model �s run under 
cond�t�ons of complete certa�nty about future events. W�th uncerta�nty, �t would 
be necessary to refine the carbon pr�ce �terat�vely over t�me to try to reach the 
des�red global target �n a ‘learn�ng-by-do�ng’ fash�on. Under the cap-and-trade 
system, however, the target would be reached but at the cost of potent�ally very 
h�gh volat�l�ty �n carbon pr�ces, and therefore econom�c costs.

F�gure 9.8 shows the GdP outcome for ch�na under the three d�fferent 
pol�c�es. The results are expressed as a percentage dev�at�on from the bus�ness-
as-usual path. Under the ‘country target’ and ‘cap-and-trade’ reg�mes, GdP 
beg�ns to fall from the beg�nn�ng of the reg�me �n 2013. By 2025, the GdP loss to 
ch�na from the carbon pol�cy �s about 1.8 per cent per annum. The �nternat�onal 
cap-and-trade pol�cy leads to sl�ghtly lower GdP loss than the no-trad�ng case 
because ch�na �s able to sell perm�ts to ra�se �ncome, wh�ch sl�ghtly offsets the 
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GdP loss for deeper cuts. The mWh model delays the s�gn�ficant GdP losses 
unt�l ch�na reaches the b�nd�ng perm�t constra�nt, wh�ch beg�ns about 2028. 

Advanced technology d�ffus�on

Another pol�cy approach that �s often advocated as a means of enhanc�ng 
em�ss�ons reduct�ons world-w�de �s the deployment of advanced energy 
technology �n ch�na. In th�s sect�on, we present some results from mck�bb�n 
and W�lcoxen (2008) �n wh�ch th�s pol�cy �s explored. The bus�ness-as-usual path 
d�scussed above �s based on the assumpt�on that energy technolog�es �n each 
economy gradually �mprove at rates s�m�lar to those seen �n recent h�stor�cal 
data. many pol�c�es now under d�scuss�on are, however, expl�c�tly �ntended to 
accelerate the development and deployment of advanced technolog�es that 
would reduce greenhouse gas em�ss�ons. some of these technolog�es, such as 
the �ntegrated gas�ficat�on comb�ned cycle (IGcc) process to generate electr�c�ty 
from coal, reduce carbon d�ox�de em�ss�ons by substant�ally �mprov�ng the 
effic�ency of foss�l-fuel combust�on. other technolog�es, such as carbon capture 
and sequestrat�on, would reduce em�ss�ons by remov�ng carbon d�ox�de from 
the exhaust stream after combust�on. Yet other technolog�es, such as hybr�d 
eng�nes or carbon-fibre components for automob�les, would reduce em�ss�ons 
by lower�ng the fuel requ�red per un�t of serv�ce demanded (veh�cle k�lometres 
travelled, for example). F�nally, advanced technology for non-foss�l fuel sources 
of electr�c�ty, �nclud�ng nuclear power and renewable energy, would reduce 
carbon d�ox�de em�ss�ons by sh�ft�ng the overall fuel m�x. In th�s sect�on, we 
exam�ne the potent�al for accelerated deployment of advanced technology to 
reduce carbon d�ox�de em�ss�ons assoc�ated w�th electr�c power generat�on. 

s�nce �mproved technology w�ll allow more electr�c�ty to be produced from 
any g�ven �nput of foss�l fuel, we represent advanced technolog�es �n the model 
v�a fuel-augment�ng techn�cal change. In essence, th�s approach captures 
the fact that new technology allows the same outcomes (output produced, 
d�stance travelled, and so on) to be produced w�th less phys�cal energy. Factor-
augment�ng techn�cal change �ntroduces a d�st�nct�on between phys�cal �nputs 
of energy (k�lowatt hours, for example) and the effect�ve value of those �nputs to 
energy users. For example, �ncreas�ng the effic�ency of a coal-fired power plant 
from 41 per cent to 49 per cent us�ng ultra-supercr�t�cal bo�ler technology would 
allow 19.5 per cent more electr�c�ty to be produced from a g�ven amount of coal 
(an 8 per cent ga�n on a base of 41 per cent). In effect, the technology allows a 
new plant us�ng 1 tonne of coal to produce the same amount of electr�c�ty that 
would have requ�red 1.195 tonnes of coal �n an older plant. The technology, �n 
effect, serves to augment the phys�cal fuel used.
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Because the G-cubed model aggregates all electr�c power technolog�es �nto 
a s�ngle electr�c sector �n each country, sh�fts of the fuel m�x away from foss�l 
fuels towards nuclear and renewable energy can also be modelled as foss�l 
fuel-augment�ng techn�cal change. For example, a country �ncreas�ng the share 
of non-foss�l fuel generat�on �n �ts fuel m�x from 40 per cent to 55 per cent, and 
hence reduc�ng �ts foss�l fuel share from 60 per cent to 45 per cent, �s effect�vely 
generat�ng 33 per cent more electr�c�ty for any g�ven �nput of foss�l fuel. 

Us�ng �ndustry project�ons of the rate of d�ffus�on of a range of �nnovat�ons 
�n electr�c�ty generat�on between 2008 and 2030, we produced the augmentat�on 
factors shown �n Table 9.3. The values shown �nclude both effects ment�oned 
above: �mprovements �n the effic�ency of foss�l-fuel combust�on, and sh�fts �n 
the fuel m�x away from foss�l fuels. By 2030, for example, the 1.66 shown for 
Japan �nd�cates that advanced technology and fuel sw�tch�ng w�ll mean that 
the rat�o of total electr�c�ty produced to foss�l-fuel �nput w�ll be 1.66 t�mes that 
rat�o today. We assume that technology and fuel sw�tch�ng cont�nue beyond 
2030, although at a d�m�n�sh�ng rate. By 2045, for example, the augmentat�on 
factor for Japan �ncreases to 2.09. The augmentat�on factors vary cons�derably 
by country. Improvements are very l�m�ted �n develop�ng countr�es other than 
ch�na and Ind�a: the 2030 augmentat�on factor �s only 1.13. Ind�a’s augmentat�on 
factors are qu�te h�gh, reflect�ng the fact that Ind�a currently rel�es heav�ly on 
coal burned �n bo�lers w�th very low effic�ency. Better technology therefore 
�mproves Ind�a’s performance cons�derably. In contrast, europe’s augmentat�on 
factors are relat�vely low: �t currently rel�es least on foss�l fuels of all of the 
reg�ons, and �ts current technology �s relat�vely effic�ent. It therefore has less 
room for �mprovement.

F�gure 9.9 shows the effect of the advanced-technology scenar�o on carbon 
em�ss�ons �n ch�na. For compar�son, the bus�ness-as-usual results are shown 
as well. The bus�ness-as-usual trajector�es are �nd�cated w�th d�amonds and 
the advanced-technology trajector�es are �nd�cated w�th tr�angles and labelled 
‘h�gh �nnovat�on’. By 2050, em�ss�ons are lowered by 500 mt per annum. Th�s 
�s a s�gn�ficant reduct�on from focus�ng only on electr�c�ty generat�on, but 
�nterest�ngly �t �s not as large as m�ght be expected g�ven the subst�tut�on we 
have assumed. Th�s result �s seen because �n a rap�dly grow�ng economy such 
as ch�na, the �ntroduct�on of enhanced technology results �n greater wealth 
and th�s h�gher wealth �s spent partly on greater energy consumpt�on. When we 
reduce the amount of carbon per un�t of electr�c�ty, therefore, we also ra�se the 
amount of electr�c�ty used. Th�s rebound effect of technolog�cal deployment on 
�ncome growth �s suffic�ent �n ch�na to partly offset the reduct�on �n em�ss�ons 
from the new technology. Th�s suggests that a comb�nat�on of pol�c�es to deploy 
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Table 9.3 Fossil-fuel augmentation factors i.e. productivity in 
electricity generation relative to business-as-usual

reg�on 2030 2045
Un�ted states 1.67 2.1
Japan 1.66 2.09
Austral�a 1.73 2.19
europe 1.49 1.8
rest of oecd 1.67 2.09
ch�na 1.67 2.1
Ind�a 1.8 2.31
other develop�ng countr�es 1.13 1.22
Former sov�et Un�on 1.71 2.16
oPec 1.22 1.35

Note: each number represents the rat�o of electr�c�ty per un�t of foss�l fuel consumed �n the 
advanced technology s�mulat�on to electr�c�ty per un�t of foss�l fuel consumed �n the bus�ness-
as-usual s�mulat�on.
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F�gure 9.9 China’s carbon dioxide emissions from energy under 
alternative technology assumptions, 2008 – 2050
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real�st�c cl�mate change agreement, Paper presented to the Brook�ngs Inst�tut�on h�gh-level 
Workshop on cl�mate change, Tokyo, 30 may 2008.

Business as usual
High innovation



218

China’s Dilemma

technology as well as to pr�ce carbon to encourage subst�tut�on away from 
carbon-�ntens�ve �nputs �s requ�red �n a comprehens�ve approach to tackle the 
em�ss�on of greenhouse gases.

Future research w�ll explore the �nteract�on of alternat�ve technology pol�c�es 
and the cost of carbon abatement under the mWh pol�cy. comb�n�ng these 
approaches offers a potent�ally �mportant way forward �n cement�ng a global 
agreement based on econom�c �ncent�ves and technolog�cal �nnovat�on.

Conclusions

Th�s chapter has summar�sed recent developments �n energy use and carbon 
d�ox�de em�ss�ons �n ch�na. The �ncrease �n em�ss�ons s�nce 2002 has taken 
most analysts by surpr�se and �s a s�gn�ficant concern for global pol�cymakers 
attempt�ng to deal w�th cl�mate change. As shown �n mck�bb�n and W�lcoxen 
(2002a), unexpected developments cause the d�fferent market-based carbon 
d�ox�de reduct�on mechan�sms to create vastly d�fferent costs. The �nternat�onal 
carbon tax and the mWh approach are more econom�cally effic�ent responses 
to uncerta�nty than the cap-and-trade of the kyoto Protocol.

Because �t �s very d�fficult to forecast future energy and em�ss�ons paths, 
concerns about uncerta�nty could delay or prevent access�on by countr�es 
(espec�ally develop�ng countr�es) to a global cl�mate agreement based on r�g�d 
targets and t�metables. The recent exper�ence of energy use and carbon em�s-
s�ons �n ch�na supports the arguments �n mck�bb�n and W�lcoxen (2008) that 
uncerta�nty about the econom�c costs of undertak�ng b�nd�ng em�ss�on targets 
�s an �mportant problem for a rap�dly develop�ng country such as ch�na. 

As an alternat�ve, we have outl�ned the mWh approach, a set of �nternat�onally 
agreed act�ons that are based on long-term em�ss�ons targets and �nclude an 
expl�c�t compl�ance mechan�sm (annual perm�ts) that allows the constra�nt to 
be exceeded at a st�pulated �nternat�onal pr�ce. Th�s approach would reduce 
em�ss�ons but w�thout requ�r�ng part�c�pat�ng countr�es to agree to ach�eve the�r 
em�ss�ons targets at any cost. such an approach �s not only very cons�stent 
w�th the Un Framework convent�on on cl�mate change, �t �s l�kely to be more 
v�able than the current framework be�ng negot�ated under the kyoto Protocol. 
ch�na �s a p�votal country �n the global debate. The more �ts concerns can be 
taken �nto account �n the des�gn of a global post-kyoto system, the more l�kely 
�t �s that the world w�ll beg�n to take effect�ve act�on on cl�mate change.

We fin�sh by emphas�s�ng the �mportance of comb�n�ng a market-based carbon  
d�ox�de reduct�on mechan�sm w�th an amb�t�ous program to accelerate the 
development of green technology. such a program would probably have a 
h�gher chance of success �f some �mportant parts of �t were based on �nterna-
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t�onal collaborat�on. For example, s�nce ch�na �s bu�ld�ng a coal-fired power 
plant each week, there �s cons�derable opportun�ty to make some of those 
plants prototypes that could be used to test the scal�ng up of exper�mental 
technolog�es such as carbon capture and sequestrat�on. on �ts own, ch�na 
would hes�tate to �ncur the costs of such exper�ments because others could 
qu�ckly learn any useful find�ngs.24 clearly, �nternat�onal sc�ent�fic cooperat�on 
pa�d for by the �nternat�onal commun�ty could hasten the progress of a range 
of new technolog�es.

Notes

1 The Japanese growth exper�ence s�nce 1870 clearly suggests that the �ncome d�spar�ty between 
ch�na and Western europe �s not �ndependent of ch�nese econom�c pol�c�es. In 1870, the 
average Japanese �ncome was 37 per cent of that of the average Western european �ncome, 
but after a century of pol�cy-�nduced convergence of econom�c �nst�tut�ons �n Japan w�th 
those �n Western europe and the Un�ted states, average Japanese �ncome �n 1973 was equal 
to average �ncome �n Western europe. The growth exper�ences of south korea and Ta�wan 
s�nce the early 1960s confirmed that catch�ng-up growth was not un�que to Japan.

2 Unless otherw�se spec�fied, all dollar figures refer to 1990 dollars.
3 At these growth rates, GdP per cap�ta �n 2100 would be $84,400 �n Western europe and $92,800 

�n ch�na; and GdP per cap�ta �n 2150 would be $177,700 �n Western europe and $192,100 �n 
Ind�a.

4 Poss�bly the most author�tat�ve recent statement of th�s pos�t�on �s IPcc (2007).
5 The first four effects are from page 6, and the fifth �s from page 9. on the last effect, the IPPc 

added that ‘wh�le the effects of observed ocean ac�d�ficat�on on the mar�ne b�osphere are 
as yet undocumented, the progress�ve ac�d�ficat�on of oceans �s expected to have negat�ve 
�mpacts on mar�ne shell-form�ng organ�sms (eg. corals) and the�r dependent spec�es’.

6 ‘As global average temperature �ncrease exceeds about 3.5°c, model project�ons suggest 
s�gn�ficant ext�nct�ons (40 to 70% of spec�es assessed) around the globe’ (IPPc 2007:13–14).

7 The t�pp�ng po�nt �s def�ned as when the melt�ng of the Greenland �ce-cap becomes 
�rrevers�ble.

8 raupach �s quoted as say�ng 

…�f we manage to br�ng co2 to equ�l�br�um at 450ppm, we would be look�ng at 

a temperature r�se of 1 to 1.5 degrees above pre-�ndustr�al levels, some changes 

to ra�nfall patterns, some melt�ng of the Arct�c, s�gn�ficant ac�d�ficat�on of the 

oceans through co2 r�se and so forth. But these are �ssues wh�ch would not cause 

w�despread devastat�on…If we reach 550ppm, we’re gett�ng �nto 2 to 2.5 degree 

temperature r�se and the amount of cl�mate damage that we would be look�ng at w�ll 

�n some cases…probably �nvolve cross�ng thresholds that we can’t recover from. If 

we keep on the present growth projectory then we get there by about 2046 (c�ted �n 

Beer 2007).
9 The �ncrement was 2.08 ppm �n 2002 and 2.54 ppm �n 2003; see k�rby (2004). The concentrat�on 

of atmospher�c carbon d�ox�de �s taken to be 380 ppm �n 2008.
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10 Gulledge (2008:52) has descr�bed the propos�t�on that ‘future cl�mate change w�ll be smooth 
and gradual’ as a myth: ‘The h�story of cl�mate reveals that cl�mate change occurs �n fits and 
starts, w�th abrupt and somet�mes dramat�c changes rather than gradually over t�me.’ F�gure 
3-1 �n Gulledge (2008) makes th�s po�nt dramat�cally �n the t�me profile of the number of storms 
of trop�cal hurr�cane force �n the north Atlant�c �n the per�od 1930–2007.

11 Gulledge (2008:56) po�nts out that

…the models used to project future warn�ngs e�ther om�t or do not account for 

uncerta�nty �n potent�ally pos�t�ve feedbacks that could ampl�fy warm�ng (for 

example, release of greenhouse gases from thaw�ng permafrost, reduced ocean and 

terrestr�al co2 removal from the atmosphere), and there �s some ev�dence that such 

feedbacks may already be occurr�ng �n response to the present warm�ng trend.
12 Table 9.2 reports that the Un�ted states and ch�na accounted for 35.2 per cent of global carbon 

d�ox�de em�ss�ons �n 2004, and would account for 39.1 per cent �n 2010.
13 str�ctly speak�ng, the word ‘country’ �s too narrow. The perm�ts would be val�d only w�th�n the 

pol�t�cal jur�sd�ct�on of �ssue. If the relevant jur�sd�ct�on �s mult�nat�onal—the european Un�on, 
for example—perm�ts could be traded between countr�es w�th�n the broader jur�sd�ct�on.

14 Th�s approach �s known as a downstream pol�cy because �t appl�es to fuel users. It would 
also be poss�ble to apply the pol�cy upstream by �mpos�ng l�m�ts on the carbon embod�ed �n 
fuels when they are produced—for example, at the m�ne mouth or well-head.

15 The negot�at�ons, of course, would not be tr�v�al: gett�ng agreement on the annual pr�ce 
would requ�re cons�derable d�plomacy. It �s �nterest�ng to note that a treaty of th�s form has a 
strong bu�lt-�n �ncent�ve for countr�es to part�c�pate �n the �n�t�al negot�at�ons. countr�es that 
part�c�pate w�ll have a role �n sett�ng the annual pr�ce wh�le those who rema�n on the s�del�nes 
w�ll not. We are �ndebted to Jonathan Persh�ng for po�nt�ng th�s out.

16 countr�es have d�fferent degrees of concern about cl�mate change and d�fferent ab�l�t�es to 
�mplement cl�mate pol�c�es. A coord�nated system of hybr�d pol�c�es prov�des part�c�pants 
w�th the ab�l�ty to ta�lor the pol�cy to the�r own c�rcumstances.

17 A government m�ght prefer a carbon tax �f �t lacks the �nst�tut�onal and adm�n�strat�ve 
mechan�sms needed to operate a perm�t market.

18 In pass�ng, �t �s worth not�ng that ant�-compet�t�ve behav�our by the �ncumbents, wh�le unl�kely, 
would have an env�ronmental benefit: �t would reduce overall carbon em�ss�ons.

19 In contrast, a convent�onal �nternat�onal perm�t system could be part�cularly d�fficult to 
enforce because of the l�nks �t creates between countr�es. restr�ct�ng sales of perm�ts by 
non-comply�ng countr�es, as would be requ�red under the kyoto Protocol, would harm the 
�nterests of compl�ant countr�es by ra�s�ng perm�t pr�ces. The �nternat�onal l�nks between 
perm�t markets therefore prov�de a strong �ncent�ve aga�nst enforcement of the agreement.

20 Although long-term perm�t owners would welcome an �ncrease �n the annual pr�ce, there 
�s l�ttle r�sk that they would be able to dr�ve pr�ces up on the�r own. G�ven that other energy 
users prov�de counterva�l�ng pressure to keep energy pr�ces low, �t �s hard to �mag�ne that 
perm�t owners would be able to push a government �nto adopt�ng an �neffic�ently h�gh pr�ce 
and excess�vely str�ngent em�ss�ons pol�cy.

21 The exact deta�ls of the target are not central to th�s paper because we w�ll be compar�ng 
alternat�ve pol�c�es for reach�ng a s�ngle set of targets; however, more rap�d cuts �n em�ss�ons 
would clearly g�ve d�fferent results to those presented here.
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22 The excess�ve amount of long-term perm�ts �n the first few years of th�s pol�cy opt�on means 
that the global em�ss�ons of carbon d�ox�de �n the th�rd pol�cy opt�on exceed the amount of 
global carbon d�ox�de em�ss�ons �n the first and second pol�cy opt�ons (whose em�ss�ons equal 
each other’s). It �s �nterest�ng that �f ch�na were g�ven an excess�ve amount of carbon cred�ts 
�n the second pol�cy opt�on, �ts em�ss�ons path and GdP path would st�ll be the same as that 
shown �n F�gures 9.7 and 9.8 as long as the extra amount of carbon cred�ts g�ven to ch�na was 
small and hence had no effect on the world pr�ce of carbon cred�ts. As product�on �n ch�na �s 
gu�ded by the world pr�ce of carbon cred�ts, �t would rema�n unchanged, and ch�na would just 
sell off the extra carbon cred�ts and cause the global em�ss�ons to be larger than under the 
first pol�cy opt�on (domest�c carbon tax) and the or�g�nal second pol�cy opt�on (�nternat�onal 
cap and trade) where the allocated carbon cred�ts were b�nd�ng from the beg�nn�ng.

23 A d�fference ar�ses because the transfer of �ncome across countr�es w�th d�fferent spend�ng 
patterns can change carbon d�ox�de em�ss�ons and therefore the pr�ce requ�red for an 
equ�valent global target path.

24 Th�s d�lemma ex�sts �n other forms as well, �llustrated by the recent dec�s�on of the V�rg�n�an 
regulator of ut�l�t�es �n the Un�ted states

…to turn down an appl�cat�on by the Appalach�an Power company to bu�ld a plant 

that would have captured 90 per cent of �ts carbon and depos�ted �t nearly two m�les 

underground, at a well that �t dug �n 2003. The appl�cant’s parent was Amer�can 

electr�c Power, one of the nat�on’s largest coal users, and perhaps the most 

techn�cally able. But the company �s a regulated ut�l�ty and spends money only when 

�t can be re�mbursed (c�ted �n Wald 2008). 
 The V�rg�n�a comm�ss�on sa�d that �t was ‘ne�ther reasonable nor prudent’ for the company 

to bu�ld the plant, and the r�sks for ratepayers were too great, because costs were uncerta�n, 
perhaps double that of a standard coal plant. And �n a catch-22 that plagues the whole effort, 
the comm�ss�on sa�d A.e.P. should not bu�ld a commerc�al-scale plant because no one had 
demonstrated the technology on a commerc�al scale (Wald 2008). 

25 Full deta�ls of the model, �nclud�ng a l�st of equat�ons and parameters, can be found onl�ne 
at www.gcubed.com

26 These �ssues �nclude: reaganom�cs �n the 1980s, German un�ficat�on �n the early 1990s, fiscal 
consol�dat�on �n europe �n the m�d 1990s, the format�on of the north Amer�can Free Trade 
Agreement (nAFTA), the east As�an financ�al cr�s�s and the product�v�ty boom �n the Un�ted 
states.
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Appendix 

The G-cubed model

The G-cubed model �s an �nter-temporal general-equ�l�br�um model of the 
global economy. The theoret�cal structure �s outl�ned �n mck�bb�n and W�lcoxen 
(1998).25 A number of stud�es show that the G-cubed modell�ng approach has 
been useful �n assess�ng a range of �ssues across a number of countr�es s�nce 
the m�d 1980s.26 some of the pr�nc�pal features of the model are as follows.

The model �s based on expl�c�t �nter-temporal opt�m�sat�on by the agents 
(consumers and firms) �n each economy (obstfeld and rogoff 1996). In 
contrast w�th stat�c computable general equ�l�br�um (cGe) models, �n the 
G-cubed model, t�me and dynam�cs are of fundamental �mportance. The 
G-cubed model �s known as a dynam�c stochast�c general equ�l�br�um 
(dsGe) model �n the macroeconom�cs l�terature and as a dynam�c �nter-
temporal general equ�l�br�um (dIGe) model �n the cGe l�terature.

In order to track the macro-t�me ser�es, the behav�our of agents �s 
mod�fied to allow for short-run dev�at�ons from opt�mal behav�our due 
e�ther to myop�a or to restr�ct�ons on the ab�l�ty of households and firms 
to borrow at the r�sk-free bond rate on government debt. For households 
and firms, dev�at�ons from �nter-temporal opt�m�s�ng behav�our take the 
form of rules of thumb, wh�ch are cons�stent w�th an opt�m�s�ng agent 
that does not update pred�ct�ons based on new �nformat�on about future 
events. These rules of thumb are chosen to generate the same steady-
state behav�our as opt�m�s�ng agents so that �n the long run there �s only 
a s�ngle �nter-temporal opt�m�s�ng equ�l�br�um of the model. In the short 
run, real behav�our �s assumed to be a we�ghted average of the opt�m�s�ng 
and the rule-of-thumb assumpt�ons. Aggregate consumpt�on �s therefore 

•

•
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a we�ghted average of consumpt�on based on wealth (current asset 
valuat�on and expected future after-tax labour �ncome) and consumpt�on 
based on current d�sposable �ncome. s�m�larly, aggregate �nvestment �s a 
we�ghted average of �nvestment based on Tob�n’s ‘Q’ (a market valuat�on 
of the expected future change �n the marg�nal product of cap�tal relat�ve to 
the cost) and �nvestment based on a backward look�ng vers�on of ‘Q’.

There �s an expl�c�t treatment of the hold�ng of financ�al assets, �nclud�ng 
money. money �s �ntroduced �nto the model through a restr�ct�on that 
households requ�re money to purchase goods. 

The model also allows for short-run nom�nal wage r�g�d�ty (by d�fferent 
degrees �n d�fferent countr�es) and therefore allows for s�gn�ficant 
per�ods of unemployment depend�ng on the labour-market �nst�tut�ons 
�n each country. Th�s assumpt�on, when taken w�th the expl�c�t role for 
money, �s what g�ves the model �ts ‘macroeconom�c’ character�st�cs (here 
aga�n, the model’s assumpt�ons d�ffer from the standard market-clear�ng 
assumpt�on �n most cGe models). 

The model d�st�ngu�shes between the st�ck�ness of phys�cal cap�tal w�th�n 
sectors and w�th�n countr�es and the flex�b�l�ty of financ�al cap�tal, wh�ch 
�mmed�ately flows to where expected returns are h�ghest. Th�s �mportant 
d�st�nct�on leads to a cr�t�cal d�fference between the quant�ty of phys�cal 
cap�tal that �s ava�lable at any t�me to produce goods and serv�ces, and 
the valuat�on of that cap�tal as a result of dec�s�ons about the allocat�on 
of financ�al cap�tal.

As a result of th�s structure, the G-cubed model conta�ns r�ch dynam�c 
behav�our, dr�ven on the one hand by asset accumulat�on and, on the other, 
by wage adjustment to a neoclass�cal steady state. It embod�es a w�de range 
of assumpt�ons about �nd�v�dual behav�our and emp�r�cal regular�t�es �n a 
general-equ�l�br�um framework. The �nterdependenc�es are solved us�ng a 
computer algor�thm that solves for the rat�onal-expectat�ons equ�l�br�um of the 
global economy. It �s �mportant to stress that the term ‘general equ�l�br�um’ �s 
used to s�gn�fy that as many �nteract�ons as poss�ble are captured, not that 
all econom�es are �n a full market-clear�ng equ�l�br�um at each po�nt �n t�me. 
Although �t �s assumed that market forces eventually dr�ve the world economy 
to a neoclass�cal steady-state growth equ�l�br�um, unemployment does emerge 
for long per�ods due to wage st�ck�ness—to an extent that d�ffers between 
countr�es due to d�fferences �n labour-market �nst�tut�ons.

•

•

•
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Table A9.1 Overview of the G-cubed model (version 80J)

reg�ons
Un�ted states
Japan
Austral�a
europe
rest of the oecd

ch�na
Ind�a
o�l-export�ng develop�ng countr�es
easter europe and the former sov�et Un�on
other develop�ng countr�es

sectors
energy:

electr�c ut�l�t�es
Gas ut�l�t�es
Petroleum refin�ng
coal-m�n�ng
crude o�l and gas extract�on

non-energy:
m�n�ng
Agr�culture, fish�ng and hunt�ng
Forestry/wood products
durable manufactur�ng
non-durable manufactur�ng
Transportat�on
serv�ces
cap�tal-produc�ng sector
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10

The political economy of 
emissions reduction in China 
Are �ncent�ves for low carbon growth 
compat�ble?

Cai Fang and Du Yang

There �s grow�ng, unassa�lable ev�dence of severe ex�st�ng and potent�al 
consequences of global cl�mate change and of the relat�onsh�p between 
human econom�c act�v�t�es and global warm�ng (for example, stern 2007). The 
kyoto Protocol and the Bal� cl�mate conference road-map proposed e�ther 
compulsory or moral requ�rements for act�on from all econom�es—�nclud�ng 
ch�na, wh�ch has the largest populat�on s�ze, the fastest growth rate and the 
second-largest gross domest�c product (GdP) �n purchas�ng power par�ty (PPP) 
terms. As research (Thomas 2007) est�mates, assum�ng the rat�o of carbon 
d�ox�de em�ss�ons to GdP rema�ns at the 2001 level, total global em�ss�ons w�ll 
reach as h�gh as 25 b�ll�on metr�c tonnes by 2018. Wh�le th�s w�ll represent an 
�ncrease �n global carbon d�ox�de em�ss�ons of 69 per cent, em�ss�ons �n ch�na 
w�ll �ncrease to 9 b�ll�on tonnes—a growth of 218 per cent, exceed�ng all other 
countr�es �n terms of total em�ss�ons.1

It �s seems to be the case that ch�na’s em�ss�ons reduct�on efforts are 
mot�vated by �nternat�onal pressure, wh�ch the central government passes on 
to local governments and enterpr�ses. If, however, external pressure �s the sole 
mot�vat�ng factor for the government to take the �ssue ser�ously—and �t �s not 
�nduced endogenously by ch�na’s econom�c growth per se—ch�na w�ll face 
great d�fficulty reduc�ng em�ss�ons because there w�ll be a lack of �ncent�ves 
to carry out em�ss�ons reduct�on strateg�es. That �s, the follow�ng quest�ons 
should be answered before we can be confident about the real�sat�on of the 
strateg�c goal. F�rst, does the central government have pers�stent vol�t�on to 
carry out the pol�cy, �n financ�al and adm�n�strat�ve terms? second, are local 



227

The political economy of emissions reduction in China

governments w�ll�ng to sacr�fice short-term growth for susta�nable long-term 
development? Th�rd, can an enterpr�se’s behav�our �n deal�ng w�th em�ss�ons 
reduct�on �ncent�ves be compat�ble w�th the government’s �ntent�ons? As has 
been w�dely observed, ch�na’s rap�d econom�c growth dur�ng the trans�t�onal 
phase was st�mulated largely by local governments pursu�ng GdP growth 
and the result�ng enhancement of fiscal revenue. To guarantee an effect�ve 
�mplementat�on of the strategy, any slow-down of econom�c growth supposedly 
caused by em�ss�ons reduct�on must be compensated.2

Those pol�cy advocates for ch�na’s em�ss�ons reduct�on who emphas�se the 
�ssues of obl�gat�on and respons�b�l�ty but pay no attent�on to �ssues relat�ng to 
capab�l�ty and �ncent�ve, are �rrelevant �n pol�cy dec�s�ons and �ncomplete �n the-
oret�cal cons�stency. The argument of th�s chapter �s that the relat�ve barga�n�ng  
power and effect�veness of pol�cy advocacy are determ�ned by the dom�nant 
pr�or�t�es and the part�cular stage of development. Wh�le cond�t�ons mature, 
�ncent�ves, behav�our and pr�or�t�es change. The env�ronmental kuznets curve  
(ekc), wh�ch dep�cts the relat�onsh�p between per cap�ta �ncome and env�-
ronmental qual�ty, �s a reflect�on of such pol�t�cal and econom�c log�c (dea-
con 2005). Wh�le the ekc �s �nd�cat�ve of a s�mpl�fied correlat�on of env�ron- 
mental appearance w�th env�ronmental requ�rements assoc�ated w�th per cap�ta 
�ncome, there can be deeper �mpl�cat�ons beh�nd �t. In the case of ch�na, the 
government’s behav�our, character�sed so far by �ts developmental state, wh�ch 
cons�sts of strong development �mpulses from the central and local govern-
ments, responds more sens�t�vely to the demands from potent�al changes �n 
growth patterns than to the demands from �ncome �ncreases.

In th�s chapter, we d�scuss the cont�nu�ng fundamental changes �n ch�na’s 
development stage and the �mpl�cat�ons for growth patterns. Tak�ng sulphur 
d�ox�de em�ss�ons as an example, we est�mate a ch�nese ekc and try to reveal 
�ncent�ve mechan�sms and pol�cy focuses for �mplement�ng em�ss�ons reduct�on 
strateg�es from the emp�r�cal find�ngs. The follow�ng quest�ons are expected to 
be answered: 1) can the or�entat�on of growth pol�cy be changed as a result of 
�nteract�on between central and local governments; 2) are em�ss�ons reduct�ons 
and low carbon growth financ�ally feas�ble; and 3) can �ncent�ves be compat�ble 
between the central government, local governments, enterpr�ses and the 
general populat�on �n �mplement�ng a strategy of em�ss�ons reduct�on?

Development stage and growth patterns

ch�na’s env�ronmental problems are the result of �ts econom�c growth pat-
tern, character�sed by a rel�ance on labour and cap�tal �nputs rather than on 
product�v�ty enhancement, although th�s growth pattern su�ts a part�cular 
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development stage. The ch�nese st�mulat�on of econom�c growth �s un�que �n 
comb�n�ng central and local governments to form a developmental state, wh�ch 
character�ses the outstand�ng government funct�on �n econom�c development. 
consequently, wh�le �nd�v�dual enterpr�ses �nherently tend to respond to growth 
pattern changes—wh�ch em�ss�ons reduct�on �s the result of—regulat�ons and 
other government react�ons are much more �mportant �n guarantee�ng the 
real�sat�on of the strategy. The �mpend�ng new development stage w�ll help 
the government sh�ft �ts pol�cy or�entat�on by mak�ng the relevant regulat�ons 
�ncent�ve-compat�ble among stakeholders.

The pol�t�cal economy of em�ss�ons reduct�on relates to the d�fferent reac- 
t�ons of all relevant part�es. F�rst, for the central government, dec�s�on-mak�ng  
has to do w�th the recogn�t�on of the �mportance of em�ss�ons reduct�on as 
requ�red by the change �n the development stage. second, for local governments, 
�ncent�ves to sh�ft growth patterns from �nput dr�ven to product�v�ty dr�ven and a 
w�ll�ngness to sacr�fice short-term growth �n GdP and fiscal revenue for susta�n- 
able growth are more relevant �n response to the central government’s mandate. 
Th�rd, for enterpr�ses, wh�ch are supposed to care more about profitab�l�ty 
than external�ty, �mmanent �rr�tants requ�r�ng trans�t�on from �nputs-based to 
product�v�ty-based expans�on are generated by mod�ficat�on of the product�on 
factor endowment. F�nally, for people, stronger demands for env�ronmental qual�ty  
come ult�mately from the trans�t�on from a l�vel�hood dom�nated by subs�stence 
pressures to comprehens�ve human development that alters �n accordance w�th  
development stages. In the final analys�s, an env�ronmental strategy can be  
�mplemented effect�vely only by comb�n�ng the quartet of capac�ty, respons�b�l�ty, 
obl�gat�on and �ncent�ve.

In h�s prom�nent paper on the relat�onsh�p between econom�c growth and 
�ncome �nequal�ty, kuznets (1955) postulates that �n the econom�c growth process,  
�ncome �nequal�ty first �ncreases then decl�nes after reach�ng a turn�ng po�nt. 
env�ronmental econom�sts later appl�ed th�s �nverted U-shape curve to dep�ct 
a s�m�lar relat�onsh�p between econom�c growth and env�ronmental qual�ty 
(Grossman and krueger 1995). The ekc can also be a useful framework w�th 
wh�ch to exam�ne whether the ch�nese economy possesses �nherent momentum 
to transform �ts growth pattern to a more env�ronmentally fr�endly one and, �n 
part�cular, to understand the pol�t�cal economy beh�nd the transformat�on. 

In more concrete terms, we �nvest�gate the ways �n wh�ch the changes �n  
development stages �mpact on env�ronmental pol�cy dec�s�ons from two asp- 
ects. F�rst, the change �n development stage requ�res transformat�on of growth 
patterns. The econom�c growth pattern can be referred to �n ways �n wh�ch  
factors of product�on are allocated at m�cro and macro levels and �t can usually 
be class�fied by what k�nds of sources the econom�c growth �s based on. Thanks 
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to the earl�er than expected complet�on of demograph�c trans�t�on, the ent�re 
per�od of reform and open�ng-up �n ch�na has been character�sed by adequate 
labour force supply and a h�gh sav�ngs rate. Th�s demograph�c d�v�dend result�ng 
from a product�ve populat�on structure has been real�sed through market�sed 
resource allocat�on mechan�sms and part�c�pat�on �n the global economy. The 
favourable populat�on factor has prov�ded ch�na’s econom�c growth w�th a 
w�ndow of opportun�ty and, therefore, the phenomenon of d�m�n�sh�ng return 
to cap�tal has been deterred (ca� and Wang 2005). In the meant�me, econom�c 
growth �n trans�t�onal ch�na has rel�ed heav�ly on �nputs of product�on factors 
rather than on product�v�ty �mprovement. After a short r�se �n total factor 
product�v�ty (TFP) and �ts contr�but�on to growth �n the early stages of reform, 
ch�na’s TFP performance has been unsat�sfactory s�nce the 1990s (for example, 
Zheng and hu 2004; ku�js and Wang 2005). Th�s was a major attr�but�on of 
the growth pattern character�sed by heavy pollut�on, h�gh deplet�on and low 
effic�ency (kaneko and manag� 2004).

s�m�lar stor�es were told about the early exper�ences of the ‘Four T�gers’ 
when they created the d�sputable ‘east As�an m�racle’. At the t�me, krugman 
(1994) noted that the econom�c growth �n east As�a was fuelled merely by 
�nputs of labour and cap�tal, and the growth of TFP and �ts share of econom�c 
growth were �ns�gn�ficant. krugman bel�eved the m�racle was doubtful; h�s 
judgement was based on the neoclass�cal theory of growth, wh�ch assumes 
d�m�n�sh�ng returns to cap�tal due to l�m�ted suppl�es of labour, wh�ch was not 
true �n those econom�es. The facts subsequently showed that once the dual-
economy feature of an unl�m�ted labour supply d�sappeared, those econom�es 
had to transform the�r econom�c growth patterns from �nputs dr�ven to TFP 
dr�ven—and have s�nce susta�ned the�r growth (Bhagwat� 1996). After three 
decades of extraord�nary econom�c growth, fuelled largely by demograph�c 
d�v�dends, and as the populat�on ages rap�dly and the reservo�r of surplus 
labour �n rural areas runs dry, ch�na’s labour supply and demand scenar�o 
has changed fundamentally s�nce 2004. W�th the approach of a lew�s turn�ng 
po�nt, cond�t�ons under wh�ch econom�c growth becomes �ncreas�ngly rel�ant 
on product�v�ty �mprovement rather than on expans�on of �nputs are matur�ng 
(ca� 2008).

In add�t�on, the �ncrease �n per cap�ta �ncome �nduces people’s des�re for 
secur�ty and qual�ty of l�fe, and the�r calls for a better env�ronment. A decade 
ago, the World Bank (1997) est�mated that �n 1995, financ�al losses result�ng 
from a�r and water pollut�on were worth Us$54 b�ll�on, account�ng for 8 per 
cent of ch�na’s total GdP. s�nce then—namely, dur�ng the per�od from 1995 
to 2006—the real per cap�ta �ncome of urban households �ncreased by 131 
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per cent, and the real per cap�ta �ncome of rural households �ncreased by 
74.8 per cent. As a result of a much faster rate of �ncome growth for the upper 
group, the r�chest 20 per cent earned 4.6 t�mes more than the poorest 20 per 
cent. Per cap�ta �ncome level �s the dec�s�ve factor �n both of the w�dely used 
approaches to est�mat�ng losses caused by env�ronmental damage—namely, 
the human-cost and the w�ll�ngness-to-pay approaches. The upper �ncome 
group, espec�ally, has stronger barga�n�ng power to have an �mpact on pol�cy 
dec�s�ons about env�ronmental �ssues. Therefore, the outstand�ng performance 
of �ncome enhancement for ch�nese res�dents must play a role �n �ncreas�ng 
calls for env�ronmental �mprovement. Frequent env�ronmental �nc�dents �n 
recent years have shown how qu�ckly and enthus�ast�cally c�t�zens and the 
press can respond to env�ronmental d�sasters (hayward 2005).

The concerns of ch�nese res�dents, scholars, pol�cymakers and, to a lesser 
extent, enterpr�ses about env�ronmental qual�ty have been translated �nto the 
central documents and protocols of the eleventh F�ve-Year Plan. The documents 
make repeated calls for transformat�on of growth patterns and the eleventh F�ve-
Year Plan st�pulates restr�ct�ve cr�ter�a for em�ss�ons reduct�ons. As a response 
partly to those regulat�ons and partly to the �ncrease �n pr�ces of raw mater�als 
and wages, ch�nese manufactur�ng enterpr�ses successfully �mproved the 
effic�ency of the�r usage of �ntermed�ate �nputs and labour product�v�ty (k�m 
and ku�js 2007).

China’s environmental Kuznets curve

An effect�ve way of understand�ng the relat�onsh�p between econom�c 
development and em�ss�ons �n ch�na �s to dep�ct the ekc. As we have ment�oned 
already, econom�c development and demand for env�ronmental qual�ty as a 
result of �mproved l�v�ng cond�t�ons can be represented by per cap�ta GdP. 
When d�scuss�ng ekc therefore, we employ prov�nc�al panel data to explore 
the relat�onsh�p between em�ss�ons and per cap�ta GdP and observe when the 
kuznets turn�ng po�nt appears. The two ma�n em�ss�ons are those of carbon 
d�ox�de and sulphur d�ox�de; however, th�s chapter descr�bes only the ekc of 
sulphur d�ox�de because the data for carbon d�ox�de em�ss�ons are not yet 
ava�lable offic�ally.

sulphur d�ox�de �s one of the ma�n a�r pollutants produced by the combust�on 
of sulphur compounds and �s of s�gn�ficant env�ronmental concern. s�nce coal 
and petroleum, wh�ch are the ma�n sources of energy �n ch�na, often conta�n 
sulphur compounds, the�r combust�on generates sulphur d�ox�de. In 2005, 
total sulphur d�ox�de em�ss�ons �n ch�na were 25.49 m�ll�on metr�c tonnes—the 
h�ghest �n the world. In the eleventh F�ve-Year Plan, l�m�t�ng sulphur d�ox�de 
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em�ss�ons �s one of the ma�n goals for env�ronmental protect�on. The plan 
requ�res a 10 per cent reduct�on �n sulphur d�ox�de em�ss�ons by 2010—that �s, 
total em�ss�ons of sulphur d�ox�de should not exceed 22.95 metr�c tonnes.

data for our emp�r�cal analys�s were collected from the China Statistical 
Yearbook (nBs, var�ous �ssues). The var�ables we chose �ncluded sulphur d�ox�de 
em�ss�ons, per cap�ta GdP, �ndustr�al�sat�on levels and populat�on by prov�nce 
from 1991 to 2006. due to �ncomplete data for T�bet and chongq�ng, we excluded 
these two prov�nces from the data sets. Table 10.1 d�splays the summary of 
stat�st�cs of the var�ables. Average sulphur d�ox�de em�ss�ons for all observat�ons 
were 14.02 metr�c tonnes per 1,000 people; they reached 19.37 metr�c tonnes 
per 1,000 people �n 2006. Group�ng the averages of sulphur d�ox�de em�ss�on 
levels �n the per�od 1991–2006 by reg�on, we found sl�ghtly more em�ss�ons 
generated �n the coastal areas than �n the central and western areas, but the 
eastern prov�nces em�tted much less sulphur d�ox�de (15.2 metr�c tonnes per 
1,000 people) than the�r central and western counterparts (21.6 metr�c tonnes 
per 1,000 people) �n 2006 alone. In add�t�on, �t �s worth not�ng that the d�spar�t�es 
of per cap�ta GdP �n 2006 were greater than the t�me ser�es average.

Table 10.1 Summary statistics of variables

Var�able mean (sd) m�n�mum max�mum mean �n 2006
All provinces    
so2 em�ss�ons 
(metr�c tonnes/1,000 people) 14.02 (8.74) 1.48 57.95 19.37 (12.53)
Per cap�ta �ncome (1990 yuan) 4,954 (4,407) 860  34,200 9,743 (7,069)
Populat�on (m�ll�on) 41.2 (25.3) 45.4 97.2 43.5 (26.6)
Coastal    
so2 em�ss�ons 
(metr�c tonnes/1,000 people) 14.29 (7.33) 14.8 33.19 15.23 (6.79)
Per cap�ta �ncome (1990=100) 8,516 (5,727) 1,794 34,200 1,712 (766.4)
Populat�on (m�ll�on) 39.85 (28.6) 67.4 93.1 44.3 (32.9)
Others    
so2 em�ss�ons 
(metr�c tonnes/1,000 people) 13.88 (9.41) 3.55 57.95 21.55 (14.37)
Per cap�ta �ncome (1990=100) 3,080 (1,499) 860 8,518 5,861 (1,497)
Populat�on (m�ll�on) 42.0 (23.4) 45.4 97.2 43.0 (23.7)

Note: We define Be�j�ng, T�anj�n, l�aon�ng, shandong, J�angsu, shangha�, Zhej�ang, Fuj�an, 
Guangdong and ha�nan as coastal areas, and the rema�n�ng prov�nces as central and western 
areas. 
Source: nat�onal Bureau of stat�st�cs (nBs), var�ous years. China Statistical Yearbook, ch�na 
stat�st�cs Press, Be�j�ng.
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We now descr�be the t�me trend and reg�onal character�st�cs �n deta�l. F�gure 
10.1 shows the changes �n ch�na’s per cap�ta sulphur d�ox�de em�ss�ons as a 
whole over t�me. Wh�le there has been a general trend of �ncreases �n sulphur 
d�ox�de em�ss�ons �n the past decade, em�ss�ons have accelerated s�nce 2002. 
W�th r�s�ng publ�c attent�on pa�d to env�ronmental protect�on and �mproved 
capac�ty for �mplementat�on, the amount of sulphur d�ox�de l�m�tat�on has 
�ncreased more rap�dly than em�ss�ons. In general, the grow�ng pattern of 
sulphur d�ox�de generat�on can be character�sed by a h�gher rate of removal 
and b�gger �ncreases �n em�ss�ons �n terms of absolute magn�tude. Th�s �mpl�es 
that, w�th enormous econom�c growth, current efforts of removal and recovery 
cannot adequately counter em�ss�ons. 

F�gure 10.2 shows the changes �n reg�onal em�ss�ons of sulphur d�ox�de 
over t�me; the proport�on of em�ss�ons generated �n the central and western 
prov�nces of the total enhances over t�me. The rat�o of em�ss�ons �n 19 �nter�or 
prov�nces to that �n 10 coastal prov�nces was 1.57 �n 1991, but �t �ncreased to 
2 �n 2006. G�ven the �ncreas�ng d�spar�t�es �n econom�c development between 
eastern prov�nces and central and western prov�nces �n the same per�od, the 

F�gure 10.1 Emissions and removals per capita of sulphur dioxide in 
China, 1991–2006
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effic�ency ga�ns of em�ss�ons reduct�on �n costal areas are much h�gher �n real 
terms, whereas those �n the �nter�or prov�nces are d�ssat�sfied. Th�s rejects any 
attempt to take em�ss�ons �n ch�na as a homogenous �ssue and suggests a 
methodology that treats the two d�st�nct reg�ons d�fferently wh�le try�ng to do 
any mean�ngful analys�s. 

The scattered observat�ons �n terms of sulphur d�ox�de em�ss�ons at certa�n 
t�mes shown �n F�gure 10.3 further reveal the great heterogene�ty between the 
coastal and �nter�or reg�ons. The hor�zontal ax�s represents the levels of per 
cap�ta GdP �n 1990 pr�ces and the vert�cal ax�s the levels of per cap�ta sulphur 
d�ox�de em�ss�ons. At a relat�vely low level of per cap�ta �ncome for coastal and 
�nter�or reg�ons, there was no s�gn�ficant d�fference �n em�ss�ons between the 
two reg�ons. As each of the econom�es grow, the levels of em�ss�ons grow, w�th 
an even larger d�vergence �n em�ss�ons than �n econom�c growth, �mply�ng that 
�f there �s a s�gn of ekc, �t must be the case that the eastern prov�nces alone 
present the path of �ncrease first and then decl�ne �n em�ss�ons.

To see whether an ekc �n terms of a sulphur d�ox�de em�ss�ons pattern ex�sts, 
we run a regress�on to exam�ne the relat�onsh�p between reg�onal econom�c 
development and sulphur d�ox�de em�ss�ons based on the follow�ng emp�r�cal 
model. 

Si,t = α0 + β1yi,t + β2y 2
i,t + β3mi,t + ui + vt + εi,t (1)

�n wh�ch Si,t  �s per cap�ta sulphur d�ox�de em�ss�ons of prov�nce i �n year t, yi,t 
and y2

i,t are per cap�ta GdP at the 1990 constant pr�ce and �ts square term of 
prov�nce i �n year t, and mi,t 

�s the level of �ndustr�al�sat�on of prov�nce i �n year 
t measured by the rat�o of value added �n the �ndustr�al sector to total GdP. 
ui  �s the prov�nce dummy reflect�ng the pers�stent prov�nc�al d�fference, such 
as d�fferent patterns of energy consumpt�on, regulat�on of energy use and 
env�ronmental protect�on, preferences for energy consumpt�on and so on. 
vt  �s the year dummy to control the factors that change w�th t�me, apart from 
econom�c development, such as commod�ty and energy pr�ces, technology for 
sulphur d�ox�de removal and the l�ke. εi,t  represents randomly d�sturb�ng factors 
apart from t�me and reg�on. As �n other stud�es on the ekc, the purpose of th�s 
est�mat�on �s to look at the s�gn�ficance and s�gn of β1 and β2 to dec�de �f they 
present an �nverted-U shape. 

Table 10.2 presents the regress�on results. The three columns l�st regress�on 
results for all 29 prov�nces, for coastal prov�nces and for central and western 
prov�nces, respect�vely. The fitness to model var�es among reg�ons: that for 
the model of coastal areas has the h�ghest overall R2 �n three equat�ons, wh�le 
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F�gure 10.3 Sulphur dioxide emissions against per capita GDP by 
province, 1991–2006
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F�gure 10.2 Regional composition of sulphur dioxide emissions, 1991 – 2006
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that for other areas �s low. The model for coastal areas expla�ns 58 per cent 
of var�at�ons of sulphur d�ox�de em�ss�ons, wh�le that for others expla�ns only 
5 per cent. 

What concerns us are the s�gns of the square term of per cap�ta GdP �n all 
three equat�ons, because the negat�ve s�gns �nd�cate the ex�stence of an ekc, 
though the coeffic�ents are stat�st�cally �ns�gn�ficant for the regress�on for 
central and western prov�nces. For th�s reason, we can �nfer that the presence 
of an �nverted-U shape for the pooled sample ex�sts only because the general 
pattern of sulphur d�ox�de em�ss�ons �n coastal areas shows a pred�ctable 
kuznets turn�ng po�nt. Based on the regress�on results �n the first column, we 
can plot a graph that dep�cts the chang�ng pattern of sulphur d�ox�de em�ss�ons 
�n ch�na as a whole, denoted by 29 prov�nces (F�gure 10.4). look�ng at F�gures 
10.3 and 10.4, the plots of observat�ons for the central and western areas scatter 
far left of the turn�ng po�nt, wh�le those for the coastal areas stand around the 
turn�ng po�nt. The huge heterogene�ty �dent�fies a need to d�st�ngu�sh between 
the two reg�ons when observ�ng the ekc �n ch�na. 

We now use �nformat�on from the second column �n Table 10.2 to pred�ct 
the ekc for coastal areas, and show the outcomes �n F�gure 10.5. Accord�ng to 
the parameters est�mated from the current sample, the turn�ng po�nt appears 
when per cap�ta GdP reaches rmB18,963 at the 1990 constant pr�ce. Beyond 
th�s po�nt, em�ss�ons are supposed to decrease. W�th th�s pattern, prov�nces 
that surpassed the turn�ng po�nt �n 2007 �ncluded Be�j�ng, T�anj�n, shangha� and 
Zhej�ng, wh�le Guangdong and J�angsu were very close to the po�nt �n terms of 
per cap�ta GdP. In other words, �n the current c�rcumstances, many prov�nces 
�n eastern ch�na have already had the capac�ty and �ncent�ves to reduce the�r 
sulphur d�ox�de em�ss�ons—namely, to afford low carbon growth.

on the other hand, w�th accelerat�ng econom�c growth, the central and 
western prov�nces cont�nue the�r patterns of em�ss�ons. In the th�rd column of 
Table 10.2, we see that coeffic�ents of per cap�ta GdP and �ts square term are 
stat�st�cally �ns�gn�ficant. If we use a d�fferent spec�ficat�on w�thout �nclus�on of 
the square term, as shown �n the last column of Table 10.2, we see a s�gn�ficant 
and pos�t�ve coeffic�ent for the var�able of per cap�ta �ncome, wh�ch �mpl�es that 
the central and western reg�ons stay at a phase of �ncreas�ng em�ss�ons. As �s 
expected, F�gure 10.6 shows that, though d�verg�ng, most of the prov�nces �n 
the reg�on are scrambl�ng �n l�ne w�th monotonously �ncreas�ng sulphur d�ox�de 
em�ss�ons. In compar�son w�th the pred�cted ekc of the eastern prov�nces, the 
p�cture here does not show any s�gn of an ekc.



236

China’s Dilemma

Table 10.2 Economic development and sulphur dioxide emissions:  
two-way fixed-effect model 

 All prov�nces coastal areas Inter�or areas
GdP per cap�ta �n 1990 pr�ce .0033 .010 0.031 .015 
 (1.38) (3.10) (1.54) (2.93)
square term of GdP per cap�ta -2.09e–07  -2.68e–07 -1.21e–07 -
 (3.35) (4.06)  (0.8) 
rat�o of secondary �ndustry �n GdP  3.77  3.93 4.41 4.60
 (6.26) (5.99)  (4.63)  (4.99)
F�xed effect, prov�nces Yes Yes Yes Yes
F�xed effect, years Yes Yes Yes Yes
constant  -44.1  -75.5 -104 -91.86
 (1.67)   (2.23)  (2.60)  (2.48)
r2    

w�th�n 0.47 0.48 0.53 0.52
between 0.06 0.61 0.002 0.0003
overall 0.15 0.58 0.051 0.064

no. of observat�ons 464 160 304 304

Note: t value �s �n parenthes�s.

F�gure 10.4 Environmental Kuznets curve: 29 provinces
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F�gure 10.6 Environmental Kuznets curve: central and western China
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F�gure 10.5 Environmental Kuznets curve: coastal provinces
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Conclusion and policy implications

exempl�fied by sulphur d�ox�de em�ss�ons, the ch�nese ekc shows the ex�stence of 
a relat�onsh�p between �ncome �ncreases and env�ronmental �mprovement. There 
are, however, �ssues to be cons�dered apart from the general conclus�on.

F�rst, wh�le one can expect a future turn�ng po�nt from �ncreases to decl�ne 
�n em�ss�ons for ch�na as a whole, most ch�nese prov�nces are st�ll far from 
reach�ng that po�nt. The central and western prov�nces �n part�cular st�ll have a 
strong des�re for econom�c growth at the cost of the env�ronment �n order to catch 
up w�th the�r eastern counterparts. If the prev�ously outl�ned path �s followed, 
ch�na w�ll have to suffer further env�ronmental degradat�on before reach�ng 
�ts spontaneous turn�ng po�nt, because the exper�ences of a spat�al transfer of 
�ndustr�es show (and the ekc �mpl�es) that the latecomers �n econom�c growth 
tend to rece�ve the transferred �ndustr�es from the�r advanced counterparts �n 
accordance not only w�th the�r comparat�ve advantage but w�th the�r acceptance 
of env�ronmental degradat�on—that �s, there w�ll be a tendency for the central 
and western reg�ons to welcome pollut�ng �ndustr�es transferr�ng from eastern 
reg�ons. G�ven the strong des�re for growth �n the less-developed prov�nces 
and the large �ncome gap between ch�nese prov�nces, s�ngle �ncent�ves such 
as per cap�ta �ncome are not suffic�ent to lead those reg�ons to the kuznets 
turn�ng po�nt. Genu�ne changes must rely on the �ntroduct�on of �ncent�ves and 
regulat�ons based on the need for transformat�on of growth patterns.

From the regress�on results, one can see a great heterogene�ty of sulphur 
d�ox�de em�ss�ons among reg�ons, wh�ch suggests d�st�nct pol�cy packages for 
d�fferent reg�ons �n terms of em�ss�ons reduct�on. For most coastal prov�nces, 
wh�ch e�ther passed through or are mov�ng towards the kuznets turn�ng 
po�nt, the �nert�al path and �ntr�ns�c forces can lead them to reduce em�ss�ons 
spontaneously. As far as the central and western prov�nces are concerned, �t 
�s hard to pred�ct when they w�ll enter the kuznets turn�ng �ntervals s�nce the 
em�ss�ons �n these areas are accelerat�ng. In th�s regard, �t �s essent�al to enforce 
regulat�ons to l�m�t the�r em�ss�ons behav�our as total em�ss�ons �n ch�na are 
already the h�ghest �n the world. 

Although we est�mated a reasonably fitted ekc and �ts v�s�ble turn�ng 
po�nt for the eastern reg�ons, observat�ons d�ffer substant�ally. even for those 
observat�ons whose pos�t�ons are on the r�ght �nterval of the turn�ng po�nt, they 
stand at d�fferent plots, �mply�ng s�gn�ficant heterogene�ty among the eastern 
prov�nces. In general, the em�ss�ons �n the east rema�n h�gh and the�r decl�ne 
w�ll be slow.

stud�es show that wh�le a general relat�onsh�p between per cap�ta �ncome 
and env�ronmental qual�ty has been observed, there are huge d�fferent�als 
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across pollutants. Greenhouse gas em�ss�ons, wh�le concom�tant w�th those 
such as sulphur d�ox�de that are d�rectly harmful to people’s health, usually 
do not follow exactly the same path as other pollutants. As a greenhouse gas 
w�th no smell and no �mmed�ate harm to health, carbon d�ox�de em�ss�ons have 
not shown a s�gn�ficant path as the ekc suggests. For �nstance, the prev�ous 
emp�r�cal stud�es rarely found an ekc between �ncome levels and carbon 
d�ox�de em�ss�on patterns. If there are rare cases, they show that the turn�ng 
po�nt �nd�cat�ng carbon d�ox�de em�ss�ons tend�ng to decl�ne comes much 
later and requ�res several t�mes h�gher �ncome levels than do other pollutants 
(Webber and Allen 2004).

It �s bel�eved w�dely that because of ch�na’s enormous populat�on s�ze, the 
dom�nance of manufactur�ng �n �ts �ndustr�al structure and the low effic�ency 
of energy usage, �n �nternat�onal rank�ngs, ch�na �s pos�t�oned h�gh �n terms of 
per cap�ta em�ss�ons and low �n terms of per GdP em�ss�ons. start�ng w�th th�s 
feature, there �s a tendency for ch�na to converge w�th rest of the world—that 
�s, �ts per cap�ta em�ss�ons have been found to �ncrease over t�me, reflect�ng the 
development em�ss�ons effect, and the per GdP em�ss�ons decl�ne, reflect�ng 
the progress of technology and �mprovements �n effic�ency (F�gure 10.7). As �s 
expected, the overall performance of carbon d�ox�de has not been as good as 
that of sulphur d�ox�de.3

even though the ekc �s not a suffic�ent not�on for reveal�ng the complete 
determ�nants of the r�se or fall of em�ss�ons, �t �s useful to just�fy the ex�stence 
of the relat�onsh�p between levels of development and pollut�on, because �t 
shows that governments, enterpr�ses and people are w�ll�ng and able to respond 
pos�t�vely to chang�ng env�ronmental requ�rements der�ved from changes �n 
developmental stages and therefore growth patterns. The pred�ctable ekc 
and turn�ng po�nt d�sclose the governmental cogn�t�on, determ�nat�on and 
pol�cy measures �n respect of the env�ronmental �ssues, and the �ncent�ve 
compat�b�l�ty between stakeholders—although they by no means �mply that the 
chron�c env�ronmental problems can be solved xenogenet�cally when the t�me 
comes. Act�v�t�es conducted by governments at all levels, such as educat�on 
and the prov�s�on of �nformat�on, play a role �n shorten�ng the t�me of solv�ng  
the problem (deacon and norman 2004).

our emp�r�cal results show that there �s h�gh heterogene�ty �n sulphur d�ox�de  
em�ss�ons across prov�nces, wh�ch �s also true for the em�ss�ons pattern of 
carbon d�ox�de; therefore, the pol�c�es regard�ng em�ss�ons should be spec�fied 
reg�onally. In ch�na’s case, g�ven the strong mot�vat�ons of the central and 
western prov�nces to catch up w�th the�r eastern counterparts, one of the 
challeng�ng tasks for the central government �s to des�gn a well-funct�on�ng 
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mechan�sm to prov�de �ncent�ves that w�ll translate the �mpl�cat�ons drawn from 
chang�ng growth patterns �nto changes �n the funct�on and behav�our of local 
governments to spur reg�onal econom�c development. such pol�cy measures 
�nclude those that �mprove transfers between central and local governments 
and among reg�ons, prov�de phys�cal and financ�al �ncent�ves for less-developed 
reg�ons to choose susta�nab�l�ty rather than explo�tat�on of growth potent�al 
and to �mplement em�ss�ons reduct�on pol�c�es w�th �ncent�ve compat�b�l�ty 
between agents.

The effect�veness of em�ss�ons reduct�on pol�cy l�es �n the endogenous 
demands for change �n growth patterns and requ�rements for a better 
env�ronment. only when econom�c development moves to the stage at wh�ch 
econom�c growth becomes product�v�ty dr�ven can the pol�cy package a�med 

F�gure 10.7 Changing trends of carbon dioxide and sulphur dioxide 
emissions, 1995 – 2006

0

50,000

100,000

150,000

200,000

250,000

300,000

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

C
O

2 
em

is
si

on

-100

100

300

500

700

900

1,100

1,300

1,500

S
O

2 
em

is
si

on

CO2 per capita CO2 per unit GDP

SO2 per capita SO2 per unit GDP

 

Note: Per cap�ta em�ss�ons are measured by tonnes per 10,000 people; per un�t GdP em�ss�ons 
are measured by tonnes per 100 m�ll�on yuan. 
Sources: Informat�on on per cap�ta carbon d�ox�de em�ss�ons from World Bank, var�ous years. 
World Development Indicators. World Bank, Wash�ngton, dc; �nformat�on on per GdP carbon 
d�ox�de em�ss�ons calculated from data from World Bank, var�ous years. World Development 
Indicators. World Bank, Wash�ngton, dc, and nat�onal Bureau of stat�st�cs (nBs), var�ous 
years. China Statistical Yearbook, ch�na stat�st�cs Press, Be�j�ng; �nformat�on on sulphur 
d�ox�de em�ss�ons from nat�onal Bureau of stat�st�cs (nBs), var�ous years. China Statistical 
Yearbook, ch�na stat�st�cs Press, Be�j�ng.

C
O

2 e
m

is
si

on
s

S
O

2 e
m

is
si

on
s

CO2 per capita
SO2 per capita

CO2 per unit GDP
SO2 per unit GDP



241

The political economy of emissions reduction in China

at s�gn�ficantly reduc�ng greenhouse gas em�ss�ons be �ncent�ve-compat�ble 
w�th the development mot�vat�ons of local governments and the behav�our of 
enterpr�ses. By est�mat�ng the ekc, th�s chapter exam�ned the need for the 
ch�nese economy to �mplement em�ss�ons reduct�on strateg�es. The results 
show that �t �s not enough to wa�t for the turn�ng po�nt to come; �nstead, pol�cy 
�mplementat�on should be strengthened further �n order to make �ncent�ves 
compat�ble between the central and local governments, enterpr�ses and people 
�n a jo�nt effort to reduce em�ss�ons and �mprove the env�ronment.

Notes

1 The figures for ch�na’s carbon d�ox�de em�ss�ons are d�sputable. Apart from offic�al ch�nese 
den�al of the figures est�mated and publ�shed by Western scholars, there �s a problem of 
em�ss�ons transfer—that �s, �n the past two decades, an �ncreas�ng amount of the polluted, 
energy-consum�ng and em�ss�on-produc�ng products have been manufactured �n ch�na, but 
consumpt�on has taken place ma�nly outs�de ch�na.

2 In h�s d�scuss�on at a workshop, Assar l�ndbeck (2008) ra�sed the �ssue of government 
�ncent�ves for em�ss�ons reduct�on as a sacr�fice of growth. h�s concern was that the central 
government’s �mpos�t�on of em�ss�ons duty on local governments could result �n strong 
res�stance from the latter and countermeasures aga�nst �t, lead�ng to pol�cy fa�lure.

3 Auffhammer and carson (2008) forecast a l�kely scenar�o of a dramat�c �ncrease �n carbon 
d�ox�de em�ss�ons �n ch�na �n the future. As a consequence, ch�na �s expected to take the 
lead �n global greenhouse gas em�ss�ons.
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of foreign direct investment in China

Qun Bao, Yuanyuan Chen and Ligang Song

ch�na has been the largest rec�p�ent of fore�gn d�rect �nvestment (FdI) �n the 
develop�ng world s�nce 1990, and there has been a profound change �n ch�na’s 
fore�gn �nvestment pol�cy �n the past decade. It �s acknowledged generally that 
FdI has played a s�gn�ficant role �n promot�ng ch�na’s rap�d econom�c growth 
through meet�ng the gaps of cap�tal shortage, push�ng technology sp�ll-over 
towards local firms and �mprov�ng the degree of ch�na’s econom�c openness 
(cheung and l�n 2004; Yao 2006). Fore�gn d�rect �nvestment has, however, also 
had some negat�ve �mpacts on ch�na’s economy, wh�ch have �ncreas�ngly 
aroused concern. Among them, the env�ronmental consequences of the entry 
of fore�gn firms have attracted much attent�on: FdI could be a contr�but�ng 
factor to the ser�ous env�ronmental damage that has accompan�ed ch�na’s rap�d 
econom�c growth. Quest�ons can be asked about whether further �ncreases 
�n FdI w�ll �ntens�fy pressure for env�ronmental protect�on �n ch�na. Wh�le 
fore�gn �nvestments �n pollut�on-�ntens�ve �ndustr�es, �nclud�ng m�n�ng, have 
accounted for a large share of ch�na’s total FdI,1 does fore�gn �nvestment cause 
more pollut�on em�ss�ons and therefore env�ronmental damage, as �s the fear 
of most people �n ch�na?

one of the most popular v�ewpo�nts about the effect of econom�c openness 
on env�ronmental qual�ty �s the ‘pollut�on haven hypothes�s’ (Phh), wh�ch 
supposes that develop�ng countr�es �n general have comparat�ve advantages 
�n pollut�ng sectors due to the�r relat�vely lax env�ronmental regulat�on. As a 
result, by relocat�ng pollut�on-�ntens�ve �ndustr�es from r�cher countr�es to poor 
countr�es through e�ther �nternat�onal trade or FdI, mult�nat�onal firms can 
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ach�eve lower product�on costs �n the host country. A corollary �s the ‘race to 
the bottom’ phenomenon—that �s, �n order to attract more fore�gn �nvestment, 
develop�ng countr�es m�ght del�berately undervalue the�r env�ronmental 
damage, and lower the�r env�ronmental standards. A number of emp�r�cal 
stud�es have exam�ned the relat�onsh�p between fore�gn �nvestment and local 
env�ronmental pollut�on �n host countr�es; however, the�r est�mat�on results are 
generally m�xed. Two poss�ble reasons could expla�n why tests on the pollut�on 
haven hypotheses have so far not been able to prov�de conclus�ve results. The 
first �s that econometr�c results could suffer from om�tted var�ables and model 
spec�ficat�on as well as from the pollut�on-em�ss�on �nd�cators the authors 
have chosen. second, wh�le fore�gn firms m�ght cause �ncreased pollut�on 
em�ss�ons �n host countr�es, they also help to reduce local pollut�on em�ss�ons 
by adopt�ng cleaner technology and through the product�v�ty sp�ll-over effect. 
As a result, the effect of fore�gn �nvestment on local env�ronmental qual�ty could 
be amb�guous, wh�ch �mpl�es that the relat�onsh�p between FdI and pollut�on 
em�ss�ons could be non-l�near. 

s�nce a l�near relat�onsh�p has generally been assumed �n most prev�ous 
stud�es, few researchers have exam�ned the poss�ble non-l�near �mpact of 
fore�gn �nvestment on local env�ronmental pollut�on. In th�s chapter, we attempt 
to check emp�r�cally whether there �s such a non-l�near effect of FdI on pollut�on 
�n host countr�es, by us�ng ch�na’s panel data of prov�nces. The rema�nder of 
th�s chapter �s organ�sed as follows: the next sect�on prov�des a rev�ew of the 
l�terature and the mot�vat�on for our research. sect�on three �ntroduces the 
model spec�ficat�on and data descr�pt�ons. sect�on four presents our emp�r�cal 
results, and sect�on five prov�des the conclus�on.

Literature review

A number of econometr�c stud�es have exam�ned whether d�fferences �n 
env�ronmental standards among host countr�es can act as determ�nants of the 
locat�on of fore�gn �nvestment, and three approaches have been used (dean 
et al. 2004).2 The first approach �s a cross-country data study. For example, �n 
the�r study on the locat�on cho�ce of mult�nat�onal firms across eastern europe 
and the former sov�et Un�on, smarzynska and We� (2001) cons�der the roles 
played by corrupt�on and env�ronmental regulat�on, and the�r est�mat�on results 
do not support the �dea that lower env�ronmental standards lead to �ncreased 
fore�gn �nvestment. The second approach �s an �nter-state data study, wh�ch 
�nvest�gates ma�nly whether env�ronmental str�ngency affects the locat�on 
dec�s�ons of firms across the Un�ted states (for example, lev�nson 1996; keller 
and lev�nson 2002; l�st et al. 2004; henderson and m�ll�met 2007). The th�rd 
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approach �s an �nter-�ndustry data study. For example, eskeland and harr�son 
(2003) exam�ne the locat�on dec�s�ons of fore�gn firms across d�fferent �ndustr�es 
w�th�n countr�es, �nclud�ng mex�co and morocco. s�m�lar to smarzynska and 
We� (2001), the authors find that abatement costs are not a s�gn�ficant var�able 
�n determ�n�ng the locat�on of fore�gn firms among manufactur�ng �ndustr�es 
w�th�n one country. Add�t�onally, eskeland and harr�son (2003) found that fore�gn 
ownersh�p was related s�gn�ficantly to lower pollut�on �ntens�ty. 

What should be ment�oned �s that emp�r�cal work des�gned to test the 
pollut�on haven hypothes�s has so far not been able to prov�de conclus�ve 
results,3 wh�ch could be expla�ned by two factors. F�rst, the econometr�c results 
could suffer from the problems of om�tted var�ables, model spec�ficat�on 
and measurement errors (letchumanan and kodama 2000). As well as these 
problems, the est�mated effects of fore�gn �nvestment on env�ronmental 
qual�ty �n a host country are l�kely to be �nfluenced by the pollutant �nd�cator 
prox�es adopted. second, �t has also been proposed that fore�gn �nvestment 
could help �mprove local env�ronmental qual�ty �n host countr�es. For example, 
s�nce mult�nat�onal firms apply a un�versal env�ronmental standard, they tend 
to d�ffuse the�r clean technology among the�r local counterparts �n the host 
country, wh�ch generates the ‘pollut�on halo hypothes�s’ (B�rdsall and Wheeler 
1993; chudnovsky and lopez 1999). Add�t�onally, fore�gn �nvestment could 
cause technolog�cal sp�ll-overs to the local firms, crowd�ng out �neffic�ent 
local firms and �mprov�ng the effic�ency of energy and resource usage, wh�ch 
helps to decrease local pollut�on em�ss�ons (Wayne and shadbeg�an 2002; 
l�ang 2006).

The �mpacts of the entry of fore�gn firms on ch�na’s env�ronmental qual�ty 
and pollut�on em�ss�ons have also been stud�ed. For example, by us�ng the 
data from about 1,000 �ndustr�al firms �n three ch�nese prov�nces, Wang and 
J�n (2002) explore the d�fferences �n the pollut�on control performance of 
�ndustr�es w�th d�fferent types of ownersh�p. They find that fore�gn-owned and 
collect�vely owned enterpr�ses have the best env�ronmental performance �n 
terms of water pollut�on d�scharge �ntens�ty, wh�le state-owned enterpr�ses and 
pr�vately owned enterpr�ses �n ch�na are the worst performers. To expla�n the�r 
find�ngs, Wang and J�n suggest that fore�gn-owned enterpr�ses m�ght adopt 
more env�ronmentally fr�endly technology �n the�r product�on than other firms. 
s�m�larly, based on data from ch�na’s 260 c�t�es, l�ang (2006) also shows that 
the entry of fore�gn �nvestment doesn’t harm env�ronmental qual�ty �n ch�na, 
s�nce a negat�ve relat�onsh�p �s found between FdI and a�r pollut�on. spec�fically,  
a 1 per cent �ncrease �n FdI w�ll decrease sulphur d�ox�de em�ss�on �ntens�ty 
by 0.6–0.7 per cent, accord�ng to l�ang (2006). A s�multaneous est�mat�on 



246

China’s Dilemma

techn�que has been appl�ed �n he (2002) to decompose the �mpact of FdI on 
sulphur d�ox�de em�ss�ons �nto the scale, techn�que and compos�t�on effects. 
By us�ng ch�na’s c�ty-level panel data from 1993–99, he (2002) reached a s�m�lar 
conclus�on: that the entry of FdI helped reduce sulphur d�ox�de em�ss�ons. 
Add�t�onally, others cons�dered the role of �ndustr�al compos�t�on and sources of 
fore�gn �nvestment. For example, dean et al. (2004) find that the env�ronmental 
consequence of FdI var�es w�th �ts sources. Wh�le FdI or�g�nat�ng from hong 
kong, Ta�wan and macao �s attracted to prov�nces w�th weak env�ronmental 
controls, FdI from non-ch�nese sources �s attracted to areas w�th h�gher levels 
of sk�lled labour and h�gh pollut�on lev�es. 

Table 11.1 Selected literature on the relationship between FDI and 
pollution

Authors sample data Pollutant prox�es conclus�ons

eskeland and  Us outward �nvestment Var�ous prox�es,  + (compared
harr�son (2003) �n four countr�es,   �nclud�ng a�r and  w�th local firms)
 �nclud�ng mex�co and  water pollut�on
 morocco 

smarzynska and  Fore�gn �nvestments Inventory of tox�ns –
We� (2001) across 25 trans�t�onal  released
 econom�es

Wang and J�n  data from more than so2, suspended + (compared
(2002) 1,000 firms �n ch�na part�culate matter w�th state-owned  
   enterpr�ses and   
   pr�vate enterpr�ses)

dean et al. (2004) 2,886 manufactur�ng  Water pollut�on Fore�gn �nvestment
 jo�nt-venture projects   sources do matter
 dur�ng 1993–96 �n ch�na

he (2002) ch�na’s c�ty-level panel  so2 +
 data from 1993–99

l�ang (2006) data from ch�na’s  so2 +
 260 c�t�es

Note: The ‘+’ s�gn denotes that fore�gn �nvestments helped �mprove local env�ronmental 
qual�ty �n host countr�es. 
Source: Authors’ own summary.
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s�nce a l�near relat�onsh�p between FdI and pollut�on em�ss�ons has 
generally been assumed �n these stud�es, few have cons�dered a non-l�near 
poss�b�l�ty—as far as we know. could the env�ronmental �mpact of FdI be non-
l�near? There are two ma�n mot�vat�ons for our research. F�rst, the log�c of the 
non-l�near FdI–pollut�on nexus �s very s�m�lar to the well-known env�ronmental 
kuznets curve (ekc) hypothes�s, wh�ch states that the relat�onsh�p between 
econom�c growth and pollut�on em�ss�ons could follow an �nverted-U curve—
namely, env�ronmental degradat�on worsens �n the early stages of growth, but 
eventually reaches a peak and starts decl�n�ng as �ncomes exceed a certa�n 
threshold.4 The log�c of an ekc relat�onsh�p �s �ntu�t�vely appeal�ng. In the first 
stage of �ndustr�al�sat�on, pollut�on grows rap�dly because h�gh pr�or�ty �s g�ven 
to �ncreas�ng mater�al output, and people are more �nterested �n �ncreas�ng jobs 
and �ncomes than hav�ng clean a�r and water (dasgupta et al. 2002). The rap�d 
growth results �nev�tably �n greater use of natural resources and �ncreased 
em�ss�ons of pollutants, wh�ch �n turn put more pressure on the env�ronment. 
People are too poor to pay for abatement and d�sregard the env�ronmental 
consequences of growth. In the late stage of �ndustr�al�sat�on, as �ncomes r�se, 
people value the env�ronment more, the regulatory �nst�tut�ons become more 
effect�ve and, as a consequence, pollut�on levels decl�ne. The ekc hypothes�s 
therefore pos�ts a well-defined relat�onsh�p between the level of econom�c 
act�v�ty and env�ronmental pressure (defined as the level of concentrat�on 
of pollut�on or flow of em�ss�ons, deplet�on of resources and so on). such an 
�nverted-U curve relat�onsh�p could naturally extend to the FdI–pollut�on nexus: 
�n the �n�t�al stage of FdI ut�l�sat�on, the entry of mult�nat�onal firms leads to a 
h�gher scale of product�on act�v�t�es �n host countr�es. meanwh�le, people �n the 
poor host country have low demands for a clean env�ronment, as the pollut�on 
damage �s tr�v�al, so fewer resources w�ll be allocated to abate env�ronmental 
pollut�on. As a result, fore�gn �nvestment causes pollut�on em�ss�ons �n host 
countr�es to r�se; however, as the �ncome levels of the host country’s res�dents 
�ncrease stead�ly w�th the accumulat�on of fore�gn �nvestment, people become 
less tolerant of decl�n�ng env�ronmental qual�ty, propell�ng the government to 
�mplement more str�ngent env�ronmental regulat�ons, and, therefore, more 
pollut�on abatement endeavours w�ll be undertaken. meanwh�le, as fore�gn firms 
adopt more env�ronmentally fr�endly techn�ques, the entry of FdI can cause 
a sp�ll-over effect of clean technology to local firms, wh�ch eventually affects 
the �ndustr�al structure �n host countr�es. As a result, once a certa�n threshold 
has been passed, fore�gn �nvestment w�ll be benefic�al to local env�ronmental 
qual�ty.5 
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second, concern�ng the relat�onsh�p between FdI and pollut�on �n ch�na, 
�t �s hard to prov�de strong ev�dence to support the l�near assumpt�on. 
Although �t has been found (Wang and J�n 2002; he 2002; l�ang 2006) that 
fore�gn �nvestment generally helps to reduce ch�na’s pollut�on em�ss�ons, the 
env�ronmental effect of FdI var�es s�gn�ficantly between d�fferent reg�ons �n 
ch�na, as shown �n Table 11.2. Wh�le the eastern reg�on has accounted for a 
much larger share of FdI than other reg�ons �n the past due to �ts geograph�cal 
locat�on and �ts �nfrastructure fac�l�ty advantage, prov�nces �n the eastern 
reg�on have not performed much better than those �n other reg�ons �n terms of 
env�ronmental protect�on. For example, Guangdong ranks the h�ghest �n terms 
of attract�ng FdI, w�th the largest average share of 27.5 per cent. Its pollut�on 
behav�our �s, however, very s�m�lar to hube�, hunan and Gu�zhou, all of wh�ch 
are �n central or western ch�na. em�ss�on levels of four pollut�on �nd�cators �n 
Guangdong, �nclud�ng ‘water’, ‘cod’ (chem�cal oxygen demand), ‘smoke’ and 
‘solid’, have a mean value s�m�lar to those �n hube�; however, the mean value 
of FdI �n hube� �s less than one-tenth of that �n Guangdong. Add�t�onally, even 
w�th�n the eastern reg�on, the performance of �nd�v�dual prov�nces var�es. For 
�nstance, dur�ng 1992–2004, the em�ss�on levels of three pollutants, exclud�ng 
cod, showed an �ncreas�ng trend �n Guangdong, wh�ch �mpl�es that �t em�ts more 
pollut�on to the local env�ronment than other eastern prov�nces. In compar�son, 
shangha� behaves much better than Guangdong, as �ts em�ss�on levels of the 
four pollutants all decl�ne, except solid. such casual observat�on demonstrates 
that, �n terms of local env�ronmental qual�ty, wh�le some prov�nces benefit from 
the entry of fore�gn firms, others lose. In other words, the potent�al relat�onsh�p 
between FdI and the local env�ronment could be non-l�near rather than the 
l�near one assumed prev�ously. 

Model specification and data description

To exam�ne the non-l�near �mpact of fore�gn �nvestment on ch�na’s pollut�on 
em�ss�ons, we use ch�na’s panel data from 29 prov�nces dur�ng 1992–2004. 
T�bet �s excluded from the sample due to the unava�lab�l�ty of data for certa�n 
�nd�cators. chongq�ng became a mun�c�pal�ty only �n 1997, so we �ntegrate �ts 
data �nto that for s�chuan Prov�nce as a whole. our est�mat�on model �s set 
as follows. 

Pit=ci+ γt+ α1 fdiit+ α2 fdiit
2+ α3scaleit+ α4compit+ α5techit+ βCVit+ εit   (1)

�n wh�ch Pit denotes var�ous pollutant em�ss�ons �n prov�nce i for year t; fdiit 
denotes FdI �n prov�nce i for year t; ci and γt denote reg�onal and t�me-spec�fic 
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Table 11.2 FDI and pollution emissions among different provinces

 FDI cod smoke gas water solid
 Us$100  (10 (10 (10 (100 (100
 m�ll�on m�ll�on kg) m�ll�on kg) m�ll�on kg) b�ll�on kg) b�ll�on kg)
Guangdong 113.76 29.51 (-12) 23.63 (2.4) 72.96 (61.51) 12.89 (2.27) 0.17 (0.08)
J�angsu 61.73 35.01 (-13.43) 46.03 (-14) 112.92 (-1.46) 22.38 (3.86) 0.31 (0.22)
shangha� 37.77 10.02 (-15.84) 10.24 (-9.56) 38.82 (-16.41) 9.29 (-8.06) 0.13 (0.06)
shandong 34.73 68.79 (-28.03) 55.13 (-6.6) 174.73 (-71.28) 10.42 (4.22) 0.53 (0.39)
Fuj�an 34.25 14.67 (-9.81) 8.24 (3.00) 18.55 (16.93) 6.79 (5.18) 0.19 (0.26)
l�aon�ng 22.44 29.66 (-23.82) 56.54 (-33.1) 81.38 (-42.48) 11.96 (-6.12) 0.75 (0.08)
Zhej�ang 20.86 29.12 (-6.55) 20.27 (2.80) 56.80 (27.71) 12.45 (4.86) 0.13 (0.13)
Be�j�ng 16.21 4.79 (-9.07) 7.65 (-7.7) 22.16 (-24.38) 2.90 (-2.70) 0.11 (0.04)
T�anj�n 15.70 6.29 (-5.74) 8.12 (-0.40) 22.18 (-2.88) 2.04 (0.15) 0.05 (0.03)
hube� 10.72 27.77 (-19.8) 24.86 (4.40) 49.38 (11.95) 11.95 (4.71) 0.24 (0.13)
hebe� 7.76 36.18 (11.78) 54.12 (8.60) 109.27 (28.56) 9.53 (3.73) 0.77 (1.11)
hunan 7.47 31.43 (-12.4) 33.97 (17.5) 57.67 (21.86) 13.41 (-5.52) 0.22 (0.12)
ha�nan 6.27 3.30 (-5.32) 1.39 (-0.10) 2.21 (-0.26) 0.76 (-0.34) 0.01 (-0.00)
J�angx� 6.11 11.95 (-13.11) 21.72 (-8.50) 31.86 (15.23) 5.51 (-1.97) 0.44 (0.31)
Guangx� 6.10 56.85 (27.14) 36.82 (25.00) 66.91 (28.02) 9.37 (2.89) 0.20 (0.19)
henan 5.02 45.06 (-5.76) 52.33 (27.70) 71.50 (53.55) 10.10 (2.23) 0.33 (0.29)
s�chuan 4.82 49.32 (7.29) 73.23 (20.50) 153.40 (6.25) 17.90 (0.32) 0.49 (0.31)
he�longj�ang 4.14 19.56 (-15.23) 43.63 (-11.9) 26.41 (-2.48) 6.04 (-3.22) 0.31 (-0.06)
Anhu� 3.69 22.15 (-25.8) 23.74 (-3.5) 38.74 (1.82) 7.30 (-3.32) 0.29 (0.12)
J�l�n 3.16 20.69 (-14.13) 29.63 (-3.3) 22.32 (-1.87) 3.94 (-1.18) 0.16 (0.05)
shaanx� 3.03 11.03 (6.68) 35.21 (-2.9) 63.57 (3.79) 3.40 (-0.14) 0.23 (0.22)
shanx� 1.82 16.98 (-21.67) 64.72 (49.4) 94.27 (35.05) 3.76 (-0.91) 0.61 (0.62)
ne�menggu 1.26 17.04 (5.24) 40.40 (-48.40) 66.78 (29.61) 2.46 (-0.41) 0.27 (0.26)
Yunan 1.06 19.56 (-7.35) 17.93 (-1.20) 31.31 (15.07) 3.97 (-0.56) 0.26 (0.22)
X�nj�ang 0.75 12.46 (5.83) 12.80 (0.10) 23.01 (7.95) 1.73 (-0.09) 0.07 (0.07)
Gu�zhou 0.69 5.26 (-2.99) 27.37 (-5.70) 66.04 (-11.50) 2.40 (-1.28) 0.22 (0.32)
Gansu 0.61 5.06 (-2.40) 14.57 (-1.30) 36.21 (8.35) 2.98 (-1.92) 0.15 (0.09)
Q�ngha� 0.52 0.40 (-0.34) 4.60 (2.10) 2.87 (4.30) 0.45 (-0.18) 0.03 (0.02)
n�ngx�a 0.25 6.57 (2.33) 9.93 (-2.40) 20.63 (4.23) 0.92 (0.16) 0.04 (0.02)

Note: We l�st the mean value of each �nd�cator dur�ng 1992–2004, and the values �n 
parentheses are the em�ss�on levels �n 2004 m�nus those �n 1992 for each pollutant—measur�ng 
the change �n pollut�on em�ss�ons. water �s �ndustr�al polluted water; solid �s �ndustr�al sol�d 
wastes; cod �s chem�cal oxygen demand �n �ndustr�al water pollut�on; gas �s sulphur d�ox�de 
em�ss�ons; smoke �s �ndustr�al smoke.  
Source: Authors’ own calculat�ons, us�ng pollut�on em�ss�ons data from var�ous �ssues of 
state env�ronmental Protect�on Adm�n�strat�on (sePA), var�ous years. China Environment 
Yearbook, ch�na env�ronment Yearbook Press; and FdI data from nat�onal Bureau of stat�st�cs 
(nBs), var�ous years. China Statistical Yearbook, ch�na stat�st�cs Press, Be�j�ng.
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effects respect�vely; εit  �s a normally d�str�buted error term. What should be 
ment�oned here �s that we �nclude fdiit and fdiit

2 �n our est�mat�on model: �f the 
coeffic�ent of fdiit

2 �s est�mated as zero, α2=0, then only a l�near relat�onsh�p 
ex�sts between fore�gn �nvestment and pollut�on em�ss�ons. If α2<0, �t �mpl�es 
that there �s an �nverted-U curve relat�onsh�p between fdi and pollut�on 
em�ss�ons, wh�le a pos�t�ve α2 �nd�cates a U-shape relat�onsh�p. In the meant�me, 
we can further calculate the turn�ng-po�nt along the �nverted-U curve by tak�ng 
the first-order d�fferent�at�on of the emp�r�cal model as: 

fdi* = –   (2)

s�m�lar to Grossman and krueger (1995) and Antwe�ler et al. (2001), the 
�nd�cators scale, comp and tech measure the scale effect, compos�t�on effect 
and techn�que effect respect�vely, wh�le CV represents other var�ables that 
could affect the level of pollut�on em�ss�ons.

We choose the �nd�cators and prov�de our data descr�pt�on as follows.
F�ve pollutant �nd�cators are chosen �n th�s study to measure d�fferent 

pollut�on em�ss�ons—two water pollutants (�ndustr�al polluted water em�ss�ons 
and chem�cal oxygen demand �n �ndustr�al water pollut�on), two a�r pollutants 
(�ndustr�al smoke em�ss�ons and sulphur d�ox�de em�ss�ons) and one sol�d 
pollutant (�ndustr�al sol�d wastes)—from 1992 to 2004 �n 29 of ch�na’s prov�nces 
and mun�c�pal�t�es. Table 11.3 l�sts the descr�pt�on of all the pollutant var�ables 
and our data sources. We chose five d�fferent pollutant �nd�cators because 
we could not compare only the �mpacts of fore�gn �nvestment on d�fferent 

α1____
2α2

α1____
2α2

Table 11.3 Five indicators of pollution emissions in China

Pollutant  Un�t symbol
1 Industr�al polluted water em�ss�ons 100 b�ll�on kg water
2 chem�cal oxygen demand �n �ndustr�al water pollut�on 10 m�ll�on kg cod
3 sulphur d�ox�de em�ss�ons 10 m�ll�on kg gas
4 Industr�al smoke em�ss�ons 10 m�ll�on kg smoke
5 Industr�al sol�d wastes 100 b�ll�on kg solid

Sources: state env�ronmental Protect�on Adm�n�strat�on (sePA), 1993–2005. China 
Environment Yearbook, ch�na env�ronment Yearbook Press, Be�j�ng.
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pollutants; rather, we needed to also ensure the robustness of our est�mated 
�nverted-U curve. our or�g�nal pollutant data from 1992–97 were collected 
by d�v�d�ng all �ndustr�es �nto 18 sectors, wh�le the data for 1998–2004 were 
calculated based on 43 �ndustr�al sectors, due to changes �n env�ronmental 
pollut�on measurement methods �n ch�na.

It was Grossman and krueger (1995) who first �ntroduced three effects 
on env�ronmental qual�ty change. The first �s the scale effect, �n wh�ch a 
larger econom�c scale means more product�on act�v�ty and therefore h�gher 
requ�rements for natural resources, result�ng �n more pollut�on em�ss�ons. The 
second �s the compos�t�on effect, wh�ch reflects the �mpact of adjustments 
�n �ndustr�al compos�t�on and changes �n factor-�nput comb�nat�ons on 
env�ronmental pollut�on. The last �s the techn�que effect, �n wh�ch technolog�cal 
progress and the use of env�ronmentally fr�endly technology helps to decrease 
pollut�on em�ss�ons. 

l�ke copeland and Taylor (2003), our emp�r�cal model also cons�ders the three 
effects on pollut�on em�ss�ons. The scale effect �s measured us�ng reg�onal 
gross domest�c product (gdpit ), wh�ch �s the real gross domest�c product (GdP) 
after remov�ng the effect of �nflat�on. The compos�t�on effect �s �dent�fied as 
the comb�nat�on of factor �nputs—namely, phys�cal cap�tal per cap�ta, wh�ch 
�s the rat�o of phys�cal cap�tal (kit ) to labour �nputs (lit ). It �s found that cap�tal-
�ntens�ve �ndustr�es can generally cause more pollut�on em�ss�ons than other 
�ndustr�es; therefore, the coeffic�ent of phys�cal cap�tal per cap�ta �s expected to 
be pos�t�ve. Zhang et al. (2004) est�mated the phys�cal cap�tal stock for ch�na’s 
30 prov�nces by us�ng a long per�od of sample data from 1952 to 2000; here 
we follow the�r method �n obta�n�ng the cap�tal stock data. The role of human 
cap�tal accumulat�on �s also cons�dered. As �n Barro and lee (2001), we use the 
average educat�onal atta�nment to measure the level of human cap�tal stock 
among d�fferent reg�ons, wh�ch �s the rat�o of total educat�onal atta�nment to 
the total populat�on. spec�fically, the educat�onal atta�nment �s spec�fied as s�x 
years for pr�mary school graduates, and n�ne, 12 and 16 years for jun�or m�ddle 
school graduates, sen�or m�ddle school graduates and un�vers�ty graduates 
respect�vely. The un�t of human cap�tal stock (hc) �s therefore educat�onal years 
per cap�ta, and we expect �ts coeffic�ent to be negat�ve, as h�gher human cap�tal 
accumulat�on attracts cleaner �ndustr�es to �nvest. F�nally, s�m�lar to Antwe�ler 
et al. (2001), we use the lagged term of ch�na’s gross nat�onal product (GnP) 
per cap�ta to capture the role of the techn�que effect, s�nce �t �s acknowledged 
w�dely that a h�gher GnP per cap�ta reflects a h�gher level of technology use. 
due to data ava�lab�l�ty, here we use GdP per cap�ta as a proxy for the techn�que 
effect. 
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A number of pollut�on control var�ables are also �ncluded. The first �s 
populat�on dens�ty (densityit ), wh�ch �s the populat�on per square k�lometre; 
and, as Antwe�ler et al. (2001) po�nt out, �ts coeffic�ent could be negat�ve s�nce 
a h�gher populat�on dens�ty causes greater marg�nal pollut�on damage. The 
second �s env�ronmentally related research and development expend�ture (rdit ), 
wh�ch �s used to measure pollut�on abatement endeavours, and the rat�o of rdit 
to GdP �s used. Another �nd�cator �s the number of env�ronmentally related 
�nst�tut�ons (agencyit ). We expect that the coeffic�ents of rdit and agencyit  
w�ll be negat�ve, to reflect the role of env�ronmental regulat�on and pollut�on 
abatement efforts �n reduc�ng �ndustr�al em�ss�ons.

The data for the five pollutant em�ss�ons, as well as the other two control 
var�ables, rdit and agencyit, are collected from var�ous �ssues of the China 
Environment Yearbook (sePA, var�ous years). data for other �nd�cators were 
collected from the China Statistical Yearbook (nBs var�ous years). except for rdit, 
the logar�thm value of all other var�ables �s used. For our panel data est�mat�on 
method, the usual hausman test was employed to choose fixed-effect (Fe) or 
random-effect (re) models. If the value of the hausman test stat�st�c �s larger 
than the cr�t�cal value, the null hypothes�s can be rejected and fixed effects 
are preferred to random effects. The Wh�te cross-sect�on method �s der�ved by 
treat�ng the panel regress�on as a mult�-var�ance regress�on (w�th an equat�on 
for each cross-sect�on), and by comput�ng Wh�te-type robust standard errors 
for the system of equat�ons. Th�s est�mator �s robust for cross-equat�on 
(contemporaneous) correlat�ons as well as d�fferent error var�ances �n each 
cross-sect�on (Wooldr�dge 2002). The bas�c stat�st�cal �nformat�on �s shown �n 
Table 11.4.6 It can be seen that s�gn�ficant reg�onal d�spar�ty ex�sts �n terms not 
only of var�ous pollut�on em�ss�ons, but �n attract�ng fore�gn �nvestment. We 
therefore est�mate the �nverted-U cure not only for our nat�onal sample data, 
but for controll�ng d�fferent reg�ons �n the next sect�on.

Estimation results

The total sample est�mat�on result

We first est�mate the �mpact of fore�gn �nvestment on ch�na’s pollut�on em�ss�ons 
for the total sample of 29 prov�nces and the results are shown �n Table 11.5.

Among the five pollutant �nd�cators we have chosen, the �nverted-U curve 
relat�onsh�p between FdI and pollut�on em�ss�ons �s generally supported. 
The coeffic�ents of fdiit

2 are est�mated to be s�gn�ficantly negat�ve, wh�le 
the coeffic�ents of fdiit are pos�t�ve. such results demonstrate that fore�gn 
�nvestment has a non-l�near �mpact on env�ronmental pollut�on, rather than 
the l�near one assumed �n most stud�es. We can further calculate the threshold 
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Table 11.5 Total sample estimation results

 water cod gas smoke solid
fdiit 0.538*** 0.511** 0.192*** 0.319*** 0.098** 
 (6.983)  (4.575) (2.691) (3.539) (2.484)
fdiit

2 -0.025*** -0.025*** -0.009** -0.018*** -0.005***
 (-7.340) (-5.248)  (-2.481) (-3.742) (-2.297)
gdpit 0.450*** 0.816*** 0.538*** -0.819*** 0.408***
 (9.261) (12.46) (3.366) (-4.059) (4.426)
(k / l)it -0.792*** -0.367*** 0.023 0.826*** 0.221***
 (-16.01) (-6.169) (0.214) (6.129) (3.911)
hcit -0.011 -0.061* 0.042 0.001 0.079***
 (-0.352) (-1.823) (0.908) (0.016) (3.172)
techit 0.509*** -0.233*** -0.295*** 0.004 -0.148***
 (11.96) (-3.622) (-4.323) (0.051) (-3.471)
densityit 0.277*** 0.157*** -2.257*** -2.007*** -0.881***
 (9.009) (4.248) (-4.221) (-2.973) (-2.608)
rdit -0.087** -0.406* -0.250*** -0.224**  0.003
 (-2.521) (-2.984) (-3.072) (-2.186) (0.059)
agencyit 0.194*** 0.054 0.061 -0.059 -0.011
 (4.177) (0.984) (0.826) (-0.643) (-0.262)
adj – R2 0.876 0.731 0.958 0.923 0.964
χ2 216.58 253.05 188.74 207.60 192.23
Hausman 31.57 33.97 40.45 38.86 44.29
observations 377 377 377 377 377

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2–statistic �s used to test whether the spec�fic 
cross-sect�on and per�od effects are both s�gn�ficant at the same t�me; and Hausman–test �s 
used to spec�fy the est�mat�on panel model. 
Source: Authors’ own est�mat�ons.

Table 11.4 Basic statistical information on pollution and FDI

 Total sample coastal reg�on non-coastal reg�on
water 7.21 (5.57) 9.24 (5.91) 5.78 (4.85)
cod 22.29 (18.81) 27.02 (22.45) 18.96 (14.91)
gas 56.38 (43.28) 64.91 (50.18) 50.36 (36.58)
smoke 29.62 (22.04) 27.35 (21.64) 31.22 (22.21)
solid 0.27 (0.22) 0.28 (0.27) 0.26 (0.17)
FDI (Us$100 m�ll�on) 14.92 (23.91) 31.47 (30.55) 3.24 (2.91)

Note: We l�st the mean value for each �nd�ctor, and the values �n parentheses are the standard 
dev�at�ons.  
Source: Authors’ own calculat�ons.
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value of fore�gn �nvestment accord�ng to the est�mat�on results. let us take 
�ndustr�al polluted water em�ss�ons as an example. Table 11.5 shows that the 
coeffic�ents of fdiit

2 and fdiit are -0.025 and 0.538 respect�vely, wh�ch �mpl�es 
that the turn�ng-po�nt along �ts �nverted-U curve �s fdi*=7.68, mean�ng that �f 
the real fore�gn �nvestment for a certa�n reg�on �s lower than Us$768 m�ll�on, 
�ncreases �n fore�gn �nvestment w�ll cause local pollut�on em�ss�ons to r�se. 
on the other hand, �f the real fore�gn �nvestment �s larger than th�s threshold 
value, env�ronmental pollut�on w�ll fall as new fore�gn firms enter the area. 
compar�ng the real fore�gn �nvestment for ch�na’s 29 prov�nces w�th such 
threshold value fdi*, we can reach a rough conclus�on about the �mpact of 
fore�gn �nvestment on local �ndustr�al polluted water em�ss�ons. The mean value 
of fore�gn �nvestment for 18 prov�nces �s lower than Us$768 m�ll�on, among 
wh�ch the fore�gn �nvestment �n hunan Prov�nce �s Us$747 m�ll�on, wh�ch �s very 
near the turn�ng-po�nt along the �nverted-U curve. It demonstrates that fore�gn 
�nvestment generally causes local pollut�on em�ss�ons �n the 18 prov�nces to go 
up, and therefore has a negat�ve effect on local env�ronmental qual�ty. For the 
rema�n�ng 11 prov�nces, �ndustr�al polluted water em�ss�ons w�ll decl�ne w�th 
the entry of fore�gn �nvestors; fore�gn �nvestment �n hube� (Us$776 m�ll�on) �s 
a l�ttle larger than the threshold value.

We can further observe that even though an �nverted-U curve �s generally 
est�mated, the shape of �nverted-U curves for d�fferent pollutant �nd�cators 
var�es s�gn�ficantly, espec�ally for the�r turn�ng-po�nts ( fdi* ).7 let us compare 
the two water pollutants, water and cod. For the est�mat�on result for cod, the 
coeffic�ents of fdiit

2 and fdiit are -0.025 and 0.511 respect�vely, and we can 
calculate the turn�ng-po�nt along �ts �nverted-U curve, wh�ch �s fdi*=Us$334 
m�ll�on—much lower than the threshold value �n the �ndustr�al polluted water 
em�ss�on est�mat�on. For the other three �nd�cators, we obta�n the�r threshold 
values as Us$669 m�ll�on (gas), Us$122 m�ll�on (smoke) and Us$2.683 b�ll�on 
(solid). The threshold values for d�fferent pollutant �nd�cators determ�ne how 
fore�gn �nvestment affects local env�ronmental pollut�on among d�fferent 
reg�ons. For example, s�nce the turn�ng-po�nt for the est�mat�on of �ndustr�al sol�d 
wastes �s as h�gh as Us$2.683 b�ll�on, only five prov�nces have a larger mean 
value of fore�gn �nvestment than the threshold value: Guangdong (Us$11.376 
b�ll�on), J�angsu (Us$6.173 b�ll�on), shangha� (Us$3.778 b�ll�on), shandong 
(Us$3.473 b�ll�on) and Fuj�an (Us$3.425 b�ll�on). These five prov�nces are �n 
coastal eastern ch�na. In compar�son, as the turn�ng-po�nt for �ndustr�al smoke 
em�ss�ons �s only Us$122 m�ll�on, the value of fore�gn �nvestment for most 
prov�nces �s larger, �mply�ng that although an �nverted-U curve relat�onsh�p 
has been est�mated, most prov�nces have been �n the r�ght part along the 
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�nverted-U curve. Table 11.6 compares our est�mated threshold value of FdI 
for five pollutants w�th the mean of real ut�l�sed FdI among 29 prov�nces. It �s 
easy to see that five prov�nces—Guangdong, J�angsu, shangha�, shandong 
and Fuj�an—are located �n the r�ght part of the �nverted-U curve for all five 
pollutants, wh�le seven prov�nces from the western reg�on are st�ll located �n 
the left part of the curve, wh�ch �mpl�es that more fore�gn �nvestment �n those 
prov�nces could cause pollut�on em�ss�ons to r�se.

The effects of other pollut�on control var�ables are also shown �n Table 11.5. 
Accord�ng to Antwe�ler et al. (2003), scale effect and compos�t�on effect can 
cause pollut�on em�ss�ons to r�se, wh�le the techn�que effect leads pollut�on 
em�ss�ons to fall. our est�mat�ons, however, demonstrate that �t �s not 
stra�ghtforward to obta�n a clear-cut conclus�on concern�ng the three effects, 
s�nce the est�mated coeffic�ents of the three effects vary s�gn�ficantly for 
d�fferent pollutant �nd�cators (Table 11.7). For �nstance, s�nce cap�tal-�ntens�ve 
goods can cause a h�gher level of pollut�on em�ss�ons, the coeffic�ent of phys�cal 
cap�tal per cap�ta �s supposed to be pos�t�ve, wh�ch �mpl�es that the �ncrease 
�n the cap�tal/labour rat�o w�ll cause more pollut�on em�ss�ons. Accord�ng to  
Table 11.5, however, wh�le the coeffic�ents of gas, smoke and solid are est�mated 
to be pos�t�ve, they are s�gn�ficantly negat�ve for the other two �nd�cators, water 
and cod. For the other control var�ables, env�ronmentally related research and 
development expend�ture shows a s�gn�ficantly negat�ve effect on pollut�on 

Table 11.6 The threshold effect of FDI for five pollutants (Us$ b�ll�on)

solid (2.683)

Guangdong (11.376), J�angsu (6.173), shangha� (3.778), shandong (3.473), Fuj�an (3.425)

water (0.768)

hunan (0.747)

gas (0.669)

ha�nan (0.627), J�angx� (0.612), Guangx� (0.610), henan (0.503), s�chuan (0.482), he�longj�ang 
(0.414), Anhu� (0.369)

cod (0.334)

J�l�n (0.316), shaanx� (0.303), shanx� (0.182)

smoke (0.122)

ne�menggu (0.121), Yunan (0.107), X�nj�ang (0.075), Gu�zhou (0.070), Gansu (0.061), Q�ngha� 
(0.053), n�ngx�a (0.026)

Note: The numbers �n parentheses refer to our calculated threshold values of FdI for d�fferent 
pollutants, or the mean of ut�l�sed FdI among d�fferent prov�nces dur�ng the sample per�od. 
Source: Authors’ own calculat�ons.
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em�ss�ons, wh�ch ver�fies the role of the adopt�on of env�ronmentally fr�endly 
new technology and technolog�cal progress. The effects are, however, est�mated 
to be amb�guous for the two �nd�cators—namely, the number of env�ronmentally 
related �nst�tut�ons and populat�on dens�ty.

sub-sample regress�on results

As ment�oned already, s�nce s�gn�ficant reg�onal development d�spar�ty ex�sts 
among d�fferent reg�ons �n ch�na, we further est�mate the �mpacts of fore�gn 
�nvestment on local pollut�on em�ss�ons by d�v�d�ng our total sample �nto two 
sub-samples: the coastal eastern reg�on, and the �nland reg�on. By do�ng th�s, we 
can compare not only the effects of fore�gn �nvestment on local env�ronmental 
pollut�on for d�fferent reg�ons, we can exam�ne whether the �nverted-U curve 
st�ll holds robustly for our sub-sample est�mat�on. 

The est�mat�on results for the coastal eastern reg�ons are shown �n Table 11.8. 
F�rst, s�m�lar to our total sample est�mat�on results, the coeffic�ent of fdiit

2 �s 
est�mated to be s�gn�ficantly negat�ve, wh�ch means that the �nverted-U curve 
relat�onsh�p between FdI and pollut�on em�ss�ons holds true �f cons�der�ng 
only the coastal eastern reg�ons �n the model est�mat�on. meanwh�le, the 
three effects (scale, compos�t�on and techn�que) are also est�mated to be 
amb�guous. Take the compos�t�on effect measured by the rat�o of phys�cal 
cap�tal to labour as an example. Although �ts coeffic�ent �s negat�ve for the 
five pollutant �nd�cators, �t doesn’t show stat�st�cally s�gn�ficant est�mates for 
�ndustr�al smoke pollut�on and sol�d wastes. Furthermore, �t �s found that the 
negat�ve compos�t�on effect �s larger for cod than for �ndustr�al polluted water 
em�ss�ons and gas. F�nally, the role of the other control var�ables also d�ffers 
from that �n the total sample est�mat�on. Take env�ronmentally related research 
and development expend�ture as an example. s�m�lar to the results reported �n 
Table 11.5, the coeffic�ent of rd �s s�gn�ficantly negat�ve, as reported �n Table 11.8. 
Th�s find�ng supports the role of technolog�cal progress �n reduc�ng pollut�on 
em�ss�ons. It �s also found, however, that the est�mated role of research and 
development expend�ture �s generally larger than that obta�ned us�ng the total 
sample. s�nce most research and development act�v�t�es are tak�ng place �n 
the coastal eastern reg�ons, we can conclude that research and development 
act�v�t�es play a more s�gn�ficant role �n �mprov�ng env�ronmental qual�ty �n 
coastal reg�ons than �n �nland reg�ons.

We also est�mate whether the effects of fore�gn �nvestment on local pollut�on 
em�ss�ons for the 17 �nland prov�nces are non-l�near, and the results are shown 
�n Table 11.9. As for the relat�onsh�p between fore�gn �nvestment and pollut�on 
em�ss�ons, the �nverted-U curve st�ll holds true for two �nd�cators: �ndustr�al 
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Table 11.8 Estimation results for coastal eastern regions

 water cod gas smoke solid
fdiit 1.264**  0.694***  0.717** 0.998***  0.326* 
 (2.054) (2.678)  (2.492) (3.562) (1.719)
fdiit

2 -0.054**  -0.037*** -0.033***  -0.052***  -0.016*
 (-2.209)  (-3.695) (-2.681) (-4.471)  (-1.670)
gdpit -0.306  0.613 0.398*  -0.050 0.831***
 (-1.174)  (3.896) (1.924)  (-0.204)  (7.516)
(k / l)it -0.097**  -0.174** -0.093*** -0.032 -0.003
 (-1.997)  (-2.401)  (-2.749)  (-0.926)  (0.828)
hcit 0.029  -0.142* -0.005 0.056 0.103***
 (0.314)  (-1.782)  (-0.089) (0.786)  (2.926)
techit 0.267**  -0.512** -0.165* 0.279* -0.148*** 
 (2.144)  (-3.718)  (-1.843)  (1.947) (-2.884)
densityit -6.289***  0.385*** -1.242*** -3.770***  -2.052***
 (-7.204)  (3.363)  (-2.947) (-5.313)  (-5.280)
rdit -0.313**  -0.504** -0.270***  -0.493*** -0.075
 (-2.032)  (-2.076) (-2.801)  (-5.402)  (-0.883)
agencyit 0.454***  0.401*** 0.201** 0.102 -0.007 
 (3.092)  (2.675)  (1.993)  (1.381) (-0.138)
χ2  201.78 168.24 159.91 179.57 213.07
Hausman  36.76 27.40 31.19 40.77 35.54
adj – R2  0.936 0.782 0.932 0.959 0.921
observations 156 156 156 156 156

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2 �s used to test whether the spec�fic cross-sect�on 
and per�od effects are both s�gn�ficant at the same t�me; and Hausman �s used to spec�fy the 
est�mat�on panel model. 
Source: Authors’ own est�mat�ons.

Table 11.7 Estimation results of the three effects 

 water cod gas smoke solid
scale effect +*** +*** +*** +*** +***
compos�t�on effect –*** +*** + +*** +***
Techn�que effect +*** –*** –*** + –***

Note: The compos�t�on effect �s measured as the rat�o of phys�cal cap�tal to labour. ***, **, * 
mean that the est�mated co-effic�ent of var�ous effects �s stat�st�cally s�gn�ficant at 1, 5 and 10 
per cent level respect�vely. 
Source: Authors’ own summary, based on the est�mat�on results reported �n Table 11.5.
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polluted water em�ss�ons and �ndustr�al smoke em�ss�ons. The est�mat�on results 
demonstrate, however, a U-curve for the other three �nd�cators. Th�s find�ng could 
�mply that �n the �n�t�al stage, fore�gn �nvestment helps to reduce env�ronmental 
pollut�on and, once certa�n turn�ng-po�nts are passed, further �ncreases �n fore�gn 
�nvestment cause a deter�orat�on �n local env�ronmental qual�ty. Furthermore, 
the role of other var�ables also var�es �n compar�son w�th the results reported �n 
Tables 5 and 8. Aga�n, take the effect of env�ronmentally related research and 
development expend�ture as an example. It �s found that more env�ronmentally 
related research and development expend�ture s�gn�ficantly decreases the level 
of pollut�on em�ss�ons; however, �ts coeffic�ent �s est�mated to be �ns�gn�ficant 
for the �nland prov�nces, wh�le �t �s pos�t�ve for the pollutant cod.

compar�sons of est�mat�on results among d�fferent reg�ons

The reg�onal d�spar�ty on the FdI–pollut�on nexus can be determ�ned by 
compar�ng the est�mat�on results for d�fferent prov�nces, and the results are 
shown �n Table 11.10. 

By compar�ng the est�mat�on results for the total sample and the coastal 
eastern reg�ons, we find that although an �nverted-U curve relat�onsh�p �s 
generally est�mated to hold for all five pollutant �nd�cators, the shape and 
espec�ally the levels of the turn�ng-po�nt of d�fferent �nverted-U curves for the 
two samples vary s�gn�ficantly. Generally speak�ng, although the threshold 
value of the �ndustr�al sol�d wastes curve �s obv�ously larger �n the total sample 
(Us$2.683 b�ll�on) than �n the coastal reg�ons (Us$1.598 b�ll�on), the threshold 
values �n coastal reg�ons are larger than �n the total sample for the other four 
pollutant �nd�cators. Accord�ng to Bao et al. (2007), the threshold value of 
fore�gn �nvestment �s poss�bly determ�ned by the follow�ng factors: the first �s 
the �ndustr�al structure of fore�gn �nvestment—that �s, the sector �nto wh�ch 
fore�gn �nvestment flows. spec�fically, �f more fore�gn firms enter the pollut�on-
�ntens�ve sectors �n the host country, the threshold value of fore�gn �nvestment 
�s expected to be h�gher; �n other words, there �s a pos�t�ve relat�onsh�p between 
the pollut�on �ntens�ty of fore�gn �nvestment and the threshold value of fdi*. 
The second factor �s how FdI affects the marg�nal pollut�on damage �n host 
countr�es, wh�ch depends essent�ally on the �ncome levels of local res�dents. 
Generally speak�ng, a h�gher �ncome level leads to a h�gher requ�rement for 
a clean env�ronment, and hence the marg�nal damage caused by pollut�on 
em�ss�ons w�ll be accord�ngly more severe. The th�rd factor �s the contr�but�on 
of fore�gn �nvestment to local econom�c development. Generally, w�th the 
accumulat�on of fore�gn �nvestment, the marg�nal contr�but�on of fore�gn firms 
to the local economy w�ll fall accord�ngly. Therefore, to compare the threshold 
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values of fore�gn �nvestments among d�fferent reg�ons, we need to know how 
fore�gn �nvestments affect local env�ronmental pollut�on through the above 
three effects. s�nce the �ncome level �n coastal reg�ons �s generally much 
h�gher than �n the �nland prov�nces, �t holds true that the marg�nal pollut�on 
damage must be larger for coastal prov�nces. comb�n�ng the other two effects, 
however, our est�mat�on results show that the threshold values for coastal 
prov�nces are unexpectedly h�gher. due to data l�m�tat�on, we cannot measure 
the �ndustr�al compos�t�on effect of fore�gn �nvestment w�thout the �ndustr�al 
locat�on data for fore�gn �nvestment for d�fferent prov�nces, wh�ch could be a 
top�c for future research. 

Table 11.9 Estimation results for inland provinces

 water cod gas smoke solid
fdiit 1.170***  -0.156* -0.085* 0.247** -0.087**
 (8.085)  (-1.633)  (-1.701)  (2.120)  (-1.949)
fdiit

2 -0.056***  0.009* 0.008** -0.012**  0.006** 
 (-7.356)  (1.654)  (2.251) (-1.980) (2.331)
gdpit -0.014  -0.912*** 0.874*** -0.056 0.410***
 (-0.150)  (-3.843)  (3.307)  (-0.576)  (5.619)
(k / l)it -0.160**  0.140*** -0.061** -0.067  0.055*** 
 (-2.064)  (2.936)  (-2.127) (-1.011) (3.343)
hcit -0.073  -0.097 0.033 0.303*** -0.009
 (-1.321)  (-0.974)  (0.329)  (5.067)  (-0.266)
techit -0.038 0.136 -0.505*** -0.499***  -0.124***
  (-0.605) (1.364)  (-4.444) (-9.239)  (-3.184)
densityit 0.253***  4.389***  -1.728**  -0.009  3.895***
 (5.934) (2.534) (-2.409) (-0.215)  (5.591)
rdit -0.248  0.004 -0.080 -0.165 -0.010
 (-1.286)  (0.027)  (-0.744)  (-0.791)  (-0.139)
agencyit 0.742***  0.077 0.072 0.737*** -0.064
 (6.776)  (0.516)  (0.689)  (7.259)  (-0.943)
χ2  239.03 188.37 173.69 214.06 226.51
Hausman  34.65 37.21 29.06 32.78 37.93
adj – R2  0.781 0.901 0.908 0.916 0.928
observations 221 221 221 221 221

*** stat�st�cally s�gn�ficant at 1 per cent level 
** stat�st�cally s�gn�ficant at 5 per cent level 
* stat�st�cally s�gn�ficant at 10 per cent level  
Note: t-stat�st�c values are �n parentheses; χ2 �s used to test whether the spec�fic cross-sect�on 
and per�od effects are both s�gn�ficant at the same t�me; and Hausman �s used to spec�fy the 
est�mat�on panel model. 
Source: Authors’ own est�mat�ons.
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We can also compare the est�mat�on results for �nland prov�nces w�th those 
obta�ned us�ng the total sample. spec�fically, although �t �s found that the 
threshold value for the �nverted-U curve among �nland prov�nces �s generally 
smaller, most �nland prov�nces are st�ll located along the left s�de of the 
�nverted U-curve—that �s, fore�gn �nvestment �n those reg�ons �s st�ll caus�ng 
�ncreased pollut�on em�ss�ons. Take �ndustr�al polluted water em�ss�ons as an 
example: the threshold value for the �nland prov�nces �s est�mated to be Us$344 
m�ll�on—much smaller than the value for our total sample (Us$1.211 b�ll�on). 
We find, however, that 10 of 17 �nland prov�nces have a mean value of fore�gn 
�nvestment lower than the threshold value. Th�s suggests that a s�gn�ficant 
reg�onal d�spar�ty ex�sts �n terms of the�r ab�l�ty to attract fore�gn �nvestment. 
Wh�le the mean value of fore�gn �nvestment for the coastal prov�nces �s Us$3.147 
b�ll�on, the mean value for the 17 �nland prov�nces �s much smaller (Us$324 
m�ll�on). s�nce most �nland prov�nces are st�ll �n the �n�t�al stage of attract�ng 
fore�gn �nvestment, a pos�t�ve relat�onsh�p generally occurs between fore�gn 
�nvestment and local pollut�on em�ss�ons, suggest�ng that fore�gn �nvestment 
has a negat�ve effect on local env�ronmental qual�ty �n those �nland reg�ons.

Conclusions 

In th�s chapter, we �nvest�gate the poss�ble non-l�near �mpact of fore�gn 
�nvestment on local pollut�on em�ss�ons �n ch�na. The hypothes�s that an 
�nverted-U curve relat�onsh�p ex�sts between fore�gn �nvestment and pollut�on 
�s supported emp�r�cally us�ng the panel data for 29 ch�nese prov�nces. The 
fact that an �nverted U-curve ex�sts between fore�gn �nvestment and pollut�on 

Table 11.10 Comparisons of the FDI–pollution nexus among different 
regions (Us$ m�ll�on)

 water cod gas smoke solid
Total sample Inverted-U  Inverted-U Inverted-U Inverted-U Inverted-U
 (768) (334)  (669) (122) (2,683)
coastal reg�ons Inverted-U  Inverted-U Inverted-U Inverted-U Inverted-U
 (1,211) (3,966) (1,105) (181)  (1,598)
Inland reg�ons Inverted-U U curve U curve Inverted-U U curve
 (344) (58) (20)  (295) (14)

Note: The figures �n parentheses are the est�mated threshold values for the turn�ng-po�nt for 
d�fferent shapes of the est�mated curves. 
Source: Authors’ own summary.
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em�ss�ons suggests that fore�gn �nvestment helps, �n general, to reduce pollut�on 
em�ss�ons �n ch�na. The emp�r�cal results also show that there are s�gn�ficant 
reg�onal d�spar�t�es w�th respect to the �mpact of fore�gn �nvestment on local 
pollut�on levels. more spec�f�cally, those threshold values for most of the 
pollutants are much h�gher �n some of the most developed coastal reg�ons than 
�n those relat�vely less developed �nland reg�ons �n ch�na. Th�s �mpl�es that for 
those more developed reg�ons, more fore�gn �nvestment �nflows w�ll contr�bute to 
further reduct�on of pollut�on levels, wh�le further �ncreases �n fore�gn �nvestment 
�n �nland prov�nces w�ll cont�nue to a worsen�ng of the�r env�ronment. 

These find�ngs do not, however, �mply that the only effect�ve way to allev�ate 
env�ronmental protect�on pressure �n the early stages of development—
espec�ally �n those less developed �nland reg�ons—�s to attract more fore�gn 
�nvestment, unt�l a certa�n threshold value along the �nverted-U curve �s passed. 
In other words, �t �s m�slead�ng to conclude that the env�ronmental damage 
caused by the entry of fore�gn firms �n the �n�t�al stage can be remed�ed naturally 
by the cont�nual accumulat�on of fore�gn �nvestment. Th�s �s ma�nly because, 
as the emp�r�cal results show, most ch�nese prov�nces have a long way to go 
�n attract�ng fore�gn �nvestment before they reach the turn�ng-po�nt along the 
�nverted-U curve, as the real value of fore�gn �nvestment �n these reg�ons �s 
much lower than the est�mated threshold value—namely, the�r FdI–pollut�on 
relat�onsh�p �s st�ll located along the left s�de of the �nverted-U curve. In other 
words, they have to cont�nue to pay a s�gn�ficantly h�gh cost of env�ronmental 
degradat�on as a result of attract�ng fore�gn �nvestment and econom�c growth. 
G�ven that ch�na has set a target of reduc�ng overall pollut�on em�ss�ons, whether 
these �nland prov�nces can ach�eve the�r object�ves �n reduc�ng em�ss�ons along 
the path of growth and development w�ll be cruc�al for ch�na to meet �ts targets. 
These �nland prov�nces w�ll need financ�al and technolog�cal support to enable 
them to comply w�th toughened government em�ss�ons regulat�ons, s�m�lar to 
the way develop�ng countr�es are treated �n fulfill�ng the�r obl�gat�ons to reduce 
em�ss�ons. F�rms �n the more developed reg�ons �n ch�na and fore�gn �nvestment 
can help �nland prov�nces to fulfil the�r obl�gat�ons.

It �s also �n the �nterest of �nland reg�ons to reduce em�ss�ons by �mprov�ng 
env�ronmental standards, even though pollut�on abatement endeavours w�ll 
�nvolve add�t�onal costs, wh�ch usually �ncrease w�th pollut�on em�ss�ons. 
The costs assoc�ated w�th pollut�on damage, however, could be much h�gher, 
espec�ally �n cases where env�ronmental damage cannot be remed�ed �n the 
short term. land eros�on, deforestat�on, rad�at�on pollut�on, the loss of spec�es 
d�vers�ty and even the ext�nct�on of certa�n spec�es are a few examples. These 
cons�derat�ons requ�re that governments regulate and mon�tor env�ronmental 
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pollut�on even �n the early phase of �ndustr�al�sat�on when env�ronmental 
qual�t�es are most comprom�sed. Furthermore, the shape and threshold value 
of the turn�ng-po�nt of the �nverted-U curve depend essent�ally on the �ndustr�al 
compos�t�on of fore�gn �nvestment (Bao et al. 2007). Therefore, �n order to avo�d 
the trap of a race to the bottom, more attent�on should be pa�d to the �ndustr�al 
structure of fore�gn �nvestment rather than to the scale of those �nvestments. 
F�nally, s�nce the role of pollut�on control var�ables �s �ncorporated �n th�s study, 
the results suggest that the comb�nat�on of complementary pol�c�es should 
also be cons�dered �n order for ch�na to better deal w�th the trade-off between 
econom�c growth and env�ronmental pollut�on—by �mplement�ng pol�c�es a�med 
at allev�at�ng env�ronmental pressures, such as �ncreases �n env�ronmentally 
related research and development and prov�s�on of techn�cal support.

Notes

1 For example, �n 2006, the share of FdI �n secondary �ndustry was as large as 63.59 per cent; 
�t was 2.03 per cent for electr�c�ty, gas and water product�on, 1.09 per cent for the bu�ld�ng 
�ndustry and 0.73 per cent for the m�n�ng �ndustry. All four �ndustr�es are commonly regarded 
as be�ng pollut�on �ntens�ve.

2 For a rev�ew of the l�terature on emp�r�cal stud�es of the pollut�on haven hypothes�s, see dean 
et al. (2004) and copeland and Taylor (2004).

3 For example, �n the�r emp�r�cal stud�es of the relat�onsh�p between fore�gn �nvestment and 
env�ronmental regulat�on and pollut�on em�ss�ons, the est�mat�on results rema�n puzzl�ng. 
Wh�le some authors—such as l�st and co (2000), keller and lev�nson (2002) and Fredr�ksson 
et al. (2003)—emp�r�cally support the pollut�on haven hypothes�s, others deny the effect of 
the str�ngency of env�ronmental pol�c�es on the locat�on cho�ce of fore�gn firms, or the Phh 
ex�sts only under certa�n cond�t�ons (for example, lev�nson 1996; l�st et al. 2004; henderson 
and m�ll�met 2007). A rev�ew of the l�terature on the Phh tests can be found �n copeland and 
Taylor (2004).

4 It was Grossman and krueger (1991) who first proposed the ex�stence of such an �nverted-U 
curve �n the�r study of the env�ronmental consequences of the north Amer�can Free Trade 
Agreement (nAFTA). For a rev�ew of the l�terature on ekc stud�es, see stern (1998) and d�nda 
(2004).

5 In one of our recent work�ng papers (Bao et al. 2007), by �ntroduc�ng �nternat�onal cap�tal flows 
�nto the or�g�nal framework of copeland and Taylor (2003), we prov�de mathemat�cal proof of 
such an �nverted-U curve relat�onsh�p between fore�gn �nvestment and pollut�on em�ss�ons 
�n host countr�es. Add�t�onally, as long as the env�ronment �s regarded as a normal good, th�s 
�nverted-U shape conclus�on �s very robust—whether fore�gn firms �nvest �n pollut�on-�ntens�ve 
or clean sectors. 

6 As usual, the coastal reg�on �ncludes 12 prov�nces and mun�c�pal�t�es, such as Be�j�ng, T�anj�n 
and hebe�. The rema�n�ng 17 prov�nces all belong to the �nland reg�ons, wh�le chongq�ng �s 
comb�ned w�th s�chuan’s prov�nc�al data.

7 some authors, such as Wang and J�n (2002) and l�ang (2006), emp�r�cally find a negat�ve effect 
of fore�gn �nvestment on pollut�on em�ss�ons �n ch�na. s�m�larly, we also est�mate the l�near 
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effect of fore�gn �nvestment on the five pollutants, and our est�mat�on results are cons�stent 
w�th those authors’ find�ngs—except that the coeffic�ent of fore�gn �nvestment �s �ns�gn�ficant 
for �ndustr�al sol�d wastes; �t �s s�gn�ficantly negat�ve for the other four pollutants: -0.018 (water), 
-0.049 (cod), -0.168 (gas), -0.008 (smoke).
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The adopt�on of modern var�et�es and the �ncreased use of �rr�gat�on and 
fert�l�sers dur�ng the ‘Green revolut�on’ dramat�cally �ncreased crop y�elds 
all over the world (evenson and Goll�n 2003b; rosegrant and cl�ne 2003). The 
Green revolut�on enabled food product�on �n develop�ng countr�es to keep 
pace w�th populat�on growth (conway and Toenn�essen 1999). crop y�eld 
growth has slowed s�nce the 1990s (evenson and Goll�n 2003b; rosegrant and 
cl�ne 2003), but cont�nued crop y�eld �ncreases are requ�red to feed the world 
�n the twenty-first century (rosegrant and cl�ne 2003; cassman 1999) g�ven 
the cont�nu�ng decl�ne �n the amount of land su�table for gra�n product�on due 
to urban�sat�on and �ndustr�al�sat�on. Food secur�ty, �n part�cular �n develop�ng 
countr�es, rema�ns a challenge. Th�s challenge �s made worse by the adverse 
effects of pred�cted cl�mate change �n most food-�nsecure develop�ng countr�es 
(rosenzwe�g and Parry 1994). 

G�ven the large body of research that has been done to quant�fy the 
contr�but�ons of crop product�v�ty (evenson and Goll�n 2003a; evenson and 
Goll�n 2003b), we know factors such as modern var�et�es, �ncreas�ng �nput 
use and better farm management contr�bute greatly to crop y�eld growth. our 
knowledge on the �mpact of cl�mate on crop product�v�ty, however, rema�ns 
qu�te uncerta�n. Wh�le many researchers have evaluated the poss�ble �mpact 
of global warm�ng on crop y�elds us�ng ma�nly �nd�rect crop-s�mulat�on models 
(for example, rosenzwe�g and Parry 1994; Brown and rosenberg 1997; re�lly 
et al. 2003), there have been relat�vely few d�rect assessments of the �mpact 
of observed cl�mate change on past crop y�elds and growth, except for a few 
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stud�es (n�challs 1997; carter and Zhang 1998; naylor et al. 2002; lobell and 
Asner 2003; Peng et al. 2004). In a recent study, Peng et al. (2004) reported 
that r�ce y�elds decl�ned w�th h�gher n�ght-t�me temperatures. lobell and Asner 
(2003) showed that corn and soybean y�elds �n the Un�ted states could drop 
by as much as 17 per cent for each degree of �ncrease �n the grow�ng-season 
temperature. Although cl�mate �s the major uncontrollable factor that �nfluences 
crop development, �t �s d�fficult to separate th�s �nfluence from other factors 
such as the �ncreased use of modern �nputs and �ntens�fied crop management, 
wh�ch were �ntroduced dur�ng the Green revolut�on. In fact, one major concern 
w�th the above-ment�oned stud�es �s the s�mpl�ficat�on of approx�mat�ng such 
non-cl�mate contr�but�ons as a l�near trend (Gu 2003; Godden et al. 1998).

In th�s paper, we use crop-spec�fic panel data to �nvest�gate the cl�mate 
contr�but�on to ch�nese wheat-y�eld growth. We find that global warm�ng has 
a s�gn�ficantly negat�ve �mpact on wheat y�elds �n ch�na, but the magn�tude of 
�mpact �s less than that reported by prev�ous stud�es �n other reg�ons.

Data and method

We use t�me ser�es and cross-sect�on data from 1979 to 2000 for 22 major 
wheat-produc�ng prov�nces �n ch�na and the correspond�ng cl�mate data such 
as temperature, ra�nfall and solar rad�at�on dur�ng th�s per�od. Wheat �nput and 
output data are from ch�na’s State Statistical Yearbook and the Rural Statistical 
Yearbook (nBs 1979–2002a, 1979–2002b), and China Agricultural Cost and Return 
Yearbook (state Pr�ce Bureau 1979–2002). cl�mate data are from the cl�mat�c 
research Un�t at the Un�vers�ty of east Angl�a. The data-set used �s crU Ts 
2.0 (m�tchell et al. 2004). The prov�nc�al cl�mate parameters are calculated by 
averag�ng all the values of those p�xels w�th�n the prov�nces. ch�na grows w�nter 
wheat and spr�ng wheat. The major�ty of wheat product�on �n ch�na, about 80–90 
per cent, �s w�nter wheat. W�nter wheat �s grown throughout most of eastern and 
southern ch�na, wh�le spr�ng wheat �s grown �n northeast and western ch�na. 
W�nter and spr�ng wheat are grown �n northern ch�na. The grow�ng season for 
wheat var�es from prov�nce to prov�nce. The annual cl�mate data are monthly 
averages dur�ng the wheat-grow�ng seasons, tak�ng account of the chang�ng 
grow�ng seasons by prov�nce. 

The analyt�cal challenge �s to separate the non-cl�mate effects on crop 
y�elds from the cl�mate change effects. We hypothes�se the crop y�eld as a 
funct�on of crop �nputs, technology, management, land qual�ty and cl�mate 
factors. The �n�t�al explanatory var�ables for the y�eld equat�on �nclude �nputs 
such as land, labour, chem�cal fert�l�ser, seeds, pest�c�de, mach�nery, �rr�gat�on 
and other phys�cal �nputs; reg�onal product�on spec�al�sat�on; cl�mate var�ables 
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such as temperature, prec�p�tat�on and solar rad�at�on; a set of reg�onal dummy 
var�ables; and two �nst�tut�onal change dummy var�ables. In th�s study, the 
labour �nput �s measured �n terms of work�ng days from the survey data. The 
prev�ous study (stav�s 1991) found the marg�nal return to labour �nput was 
negl�g�ble due to the huge labour surplus �n agr�culture �n ch�na. our own 
est�mat�on confirms th�s find�ng: labour and draft an�mals have a negat�ve s�gn 
for the wheat-y�eld equat�on, �nd�cat�ng that the �mpact of these two var�ables 
on y�eld was negl�g�ble. The �nputs of labour and draft an�mals are therefore not 
�ncluded �n the model. The phys�cal �nputs are measured �n expenses per un�t 
of harvested area, and are selected based on the s�gn and level of stat�st�cal 
s�gn�ficance. We �ncluded chem�cal fert�l�ser, seeds, pest�c�de and mach�nery 
�nd�v�dually, and comb�ned the rest of the �nputs �nto an aggregated category 
of ‘other �nputs’. The reg�onal product�on spec�al�sat�on var�able �s represented 
by the share of wheat �n the total crop area �n that prov�nce. Th�s var�able �s 
created to reflect the other factors such as so�l qual�ty and other reg�onal 
government supports to wheat product�on. It �s expected that the reg�ons w�th a 
h�gh share of crop product�on have more su�table land and a better env�ronment 
for wheat product�on and therefore h�gher wheat y�elds than other reg�ons. 
Adm�ttedly, th�s var�able could potent�ally be an endogenous var�able, as the 
trade-off between the amount of area to sow w�th a gra�n crop and the amount 
of area to sow w�th a cash crop depends on trade-offs that �nvolve y�elds and 
relat�ve product�v�ty and profitab�l�ty. The hausman–Wu procedure (Wu 1973; 
hausman 1978) was used to test the exogene�ty of the share of area planted 
w�th wheat. Pred�cted wheat areas are not s�gn�ficant �n the test equat�on, 
�nd�cat�ng that �t �s exogenous for the y�eld equat�on. A set of reg�onal dummy 
var�ables �s used to represent t�me-pers�stent, reg�onal d�fferences �n soc�al, 
econom�c and natural endowments not accounted for by the other var�ables. 
dur�ng our study per�od (1979–2000), ch�na undertook major pol�cy reforms: the 
household respons�b�l�ty system �n the early 1980s and the new development �n 
agr�cultural pol�cy �n the late 1990s. We used t�me-spec�fic dummy var�ables to 
reflect these two major pol�cy changes. F�nally, a t�me trend �s used to represent 
the factor due to technolog�cal change dur�ng th�s per�od. 

F�nally, a cobb-douglas form of wheat-y�eld funct�on �s spec�fied as follows

InYieldit = (α0 + α1t) + Σ
j

βj In Xjit + γInSit + wInClimateit  

                 + Σ
7

r=2
δγ Dγ+ Σ

2

I =1
rI DI + εit (1)
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�n wh�ch ln �s natural log, t = 1, 2…22 denotes observat�ons from the years 
from 1979 to 2000. Yieldit refers to the wheat y�eld for ch�nese prov�nce i at 
t�me t (the t�me trend from 1979–2000); X represents the convent�onal �nputs 
per hectare of sown wheat area �nclud�ng seeds, fert�l�ser, pest�c�de, mach�nery 
and other �nputs such as �rr�gat�on, manure and an�mal power; S denotes 
the share of area under wheat �n the total sown area, reflect�ng the reg�onal 
spec�al�sat�on (�nclud�ng land qual�ty) �n wheat product�on; Climate �s the 
cl�mate var�ables �nclud�ng temperature, ra�nfall and solar rad�at�on dur�ng 
the wheat-grow�ng season. We approx�mate solar rad�at�on w�th cloud cover 
expressed �n percentages. Therefore, the h�gher the cloud cover, the weaker 
�s the sun’s rad�at�on. We �nclude a set of reg�onal dummy var�ables, Dr, to 
represent t�me-pers�stent, reg�onal d�fferences �n soc�al, econom�c and natural 
endowments not accounted for by other var�ables.1 T�me-spec�fic dummy 
var�ables, DI , capture the effects of two major pol�cy reforms �n agr�culture 
from 1979 to 1985, and from 1995 to 2000. α, β, γ, w, δ and r are parameters to 
be est�mated and ε �s the error term. 

Estimation and results

We f�rst perform an augmented d�ckey-Fuller un�t root test to test the 
stat�onar�ty of dependent and �ndependent var�ables. no problems are found. 
The model �s est�mated by an sAs package. s�nce the ord�nary l�near square 
(ols) est�mat�on has auto-correlat�on problems, we also est�mate equat�on 1 
us�ng an auto-regress�ve error model w�th a one-year lag (Ar1). The constant 
var�ance error (no heteroscedast�c�ty) assumpt�ons are exam�ned by plots 
between the pred�cted values and res�duals us�ng the Ar1 est�mat�on. The plot 
(not reported here) shows that the assumpt�ons for equat�on 1 are reasonably 
held. We also exam�ned another plot between the pred�cted value and the t�me 
trend and found no auto-correlat�on problem. Another potent�al problem could 
be an om�tted-var�able b�as, where some temperature-related var�ables (such 
as d�seases or pests) that affect wheat y�eld have been left out of equat�on 1. 
We perform the ramsey (1969) regress�on spec�ficat�on error test (reseT) for 
om�tted var�ables. The test �s passed (P > 28 per cent). The assumpt�ons of 
normal d�str�but�on for errors, outl�ers and l�near�ty are also d�agnosed and these 
assumpt�ons are found to st�ll hold. In add�t�on, we est�mated the equat�on w�th 
fixed effects and random effects but found l�ttle d�fference. 

The est�mated results are reported �n Table 12.1. The ols est�mates for all 
parameters for phys�cal �nputs are s�gn�ficant at the 10 per cent level or below 
w�th the expected s�gns.
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The Ar1 est�mates d�ffer sl�ghtly from ols w�th some �mprovements, and all 
parameters are st�ll s�gn�ficant at or below the 10 per cent level. We w�ll therefore 
refer only to the Ar1 results �n the rest of the paper. As expected, the reg�onal 
spec�al�sat�on �s correlated pos�t�vely w�th wheat product�v�ty. The reg�onal 
dumm�es �n northeast, northwest, central and southwest ch�na are stat�st�cally 
s�gn�ficant. Wh�le the �nst�tut�onal dummy between 1979 and 1985 has a pos�t�ve 
s�gn—mean�ng that the pol�cy reforms dur�ng th�s per�od d�d contr�bute to wheat 
product�v�ty growth—�t �s not s�gn�ficant. on the other hand, the changes �n 
agr�cultural pol�cy after 1995 had a negat�ve �mpact on wheat product�v�ty, wh�ch 
was measurable at the 10 per cent level of stat�st�cal s�gn�ficance. We find no 
s�gn�ficant relat�onsh�ps between wheat y�eld and ra�nfall or solar rad�at�on. 

Table 12.1 Estimated wheat-yield function in China, 1979–2000

explanatory var�ables ols Ar1
constant 7.534 (32.12)*** 7.482 (33.22)***
ln fert�l�ser 0.127 (1.60)*** 0.136 (4.47)***
ln seeds 0.180 (4.64)*** 0.153 (4.19)***
ln pest�c�de 0.056 (4.71)*** 0.051 (4.66)***
ln mach�nery 0.024 (1.95)** 0.027 (2.29)**
ln other �nputs 0.043 (1.60)* 0.042 (1.76)*
ln share of wheat 0.065 (2.32)** 0.057 (2.41)**
ln temperature –0.269 (–10.01)*** –0.268 (–11.97)***
ln prec�p�tat�on –0.043 (–1.34) –0.039 (–1.26)
ln cloud cover 0.083 (0.96) 0.067 (0.78)
T�me  0.021 (4.96)*** 0.021 (4.15)***
reg�onal dummy (northeast) –0.141 (–2.29)** –0.193 (–3.44)***
reg�onal dummy (north) –0.113 (–0.29) –0.120 (–0.35)
reg�onal dummy (northwest) –0.414 (–9.88)*** –0.407 (–9.47)***
reg�onal dummy (central)  –0.119 (–2.49)*** –0.107 (–2.63)***
reg�onal dummy (southeast) –0.011 (–0.27) –0.015 (–0.43)
reg�onal dummy (southwest) –0.387 (–7.74)*** –0.403 (–9.16)***
Inst�tut�onal dummy (1979–85) 0.051 (1.40) 0.048 (1.03)
Inst�tut�onal dummy (1995–2000) –0.093 (–2.54)*** –0.098 (–2.11)*
  
degree of freedom 462 461
Adjusted r2 0.801 0.835

* 0.10 level of stat�st�cal s�gn�ficance 
** 0.05 level of stat�st�cal s�gn�ficance 
*** 0.01 level of stat�st�cal s�gn�ficance 
Note: The dependent var�able �s ln (wheat y�eld). numbers �n parentheses are t-values.
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The temperature has, however, a s�gn�ficantly negat�ve effect on wheat y�eld. 
Because we use a double-log funct�onal form, the est�mated coeffic�ents are 
elast�c�t�es �n the above equat�on. The coeffic�ent for temperature, –0.27, means 
a 1 per cent �ncrease �n the grow�ng-season temperature could reduce wheat 
y�eld by 0.27 per cent. 

s�nce our major focus �s to measure the contr�but�on of grow�ng-season 
temperatures on wheat y�elds, �t �s conven�ent to treat other terms �n equat�on 
1 as ‘res�dual’ effects. By subtract�ng the non-cl�mate terms from the wheat 
y�eld, we s�ngle out the wheat-y�eld change due to cl�mate change. We define 
YieldClimate as

InYield Climate = InYieldit – (α0 + α1t) –  Σ
5

j=1
βj In Xjit – γ InSit  

                                         – Σ
7

r=2
δγ Dγ – Σ

2

I =1
rI DI  (2)

F�gure 12.1 shows the relat�onsh�p between th�s net wheat-y�eld change and 
the relat�ve change �n wheat grow�ng-season temperatures. The downward 
slope of the trend l�ne shows clearly the negat�ve �mpact of r�s�ng temperatures 
on wheat y�elds �n ch�na.

F�gure 12.1 Correlation between growing-season temperatures and 
wheat-yield change due to climate change
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Note: The slope for the regress�on l�ne �s –0.268, R2=0.84, n=461.
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Across wheat-grow�ng prov�nces �n ch�na, the grow�ng-season temperatures 
vary from 5ºc to 18ºc. A one-degree �ncrease �n temperature �s therefore 
equ�valent to 5.6–20 per cent of relat�ve change. s�nce our result shows that a 
1 per cent �ncrease �n grow�ng-season temperature could reduce wheat y�eld 
by 0.27 per cent, th�s means a 1.5 to 5.4 per cent decl�ne �n wheat y�eld for each 
1ºc �ncrease �n temperature �n ch�na. Th�s est�mated effect of temperature on 
wheat y�eld �s smaller than that found �n the prev�ous three stud�es of: r�ce �n 
the Ph�l�pp�nes (Peng et al. 2004), wheat �n Austral�a (n�challs 1997) and corn 
and soybean �n the Un�ted states (lobell and Asner 2003). Table 12.2 shows 
a compar�son of these stud�es. The reasons for th�s d�fference are twofold: �t 
could reflect the non-l�near effect of phys�cal �nputs and crop management on 
crop y�elds (Gu 2003; Godden et al. 1998), or �t could �mply that the temperature 
effect on crop y�elds var�es from one reg�on to another, or from crop to crop.

To assess the relat�ve contr�but�on of r�s�ng grow�ng-season temperatures 
on the wheat y�eld, we take the first der�vat�ve of equat�on 1 w�th respect to t 
(l�n 1992; Fan and Pardey 1997).

∂InYieldit = α1  +  Σ
j

βj  ∂InXjit + γ ∂InSit  + w ∂InClimateit + 
 ∂t  ∂t  ∂t  ∂t
.......................Σ

7

r=2
δγ  

∂Dr
  + Σ

2

r =1
rI  

∂DI
  + ∂εit

 
 ∂t ∂t ∂t (3)

Table 12.3 reports the growth account�ng based on the est�mate of the 
wheat-y�eld funct�on �n column 1 of Table 12.1. The total wheat-y�eld growth 
from 1979 to 2000 was 85.41 per cent. From the account�ng �n Table 12.3, �t 

 — — — —  — — — — 

 — — — — — —

Table 12.2 Comparison: impact of 1ºC increase in growing-season 
temperature

study crop locat�on Impact (%)
n�challs (1997) Wheat Austral�a +30~+50
lobell and Asner (2003) corn, soybean Un�ted states –17
Peng et al. (2004) r�ce Ph�l�pp�nes –10
our study Wheat ch�na –2~–5
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appears that 75.23 per cent of th�s y�eld growth comes from the �ncreased use 
of phys�cal �nputs. r�s�ng temperatures attr�buted to 2.37 per cent of the decl�ne 
�n wheat y�eld. Th�s negat�ve contr�but�on �s relat�vely small compared w�th that 
of phys�cal �nputs, wh�ch underl�nes the necess�ty of �nclud�ng phys�cal �nputs 
�n the regress�on analys�s of crop y�eld–cl�mate �nteract�ons.2

Conclusion

s�nce the �ntroduct�on of rural reforms �n ch�na �n the late 1970s, agr�cultural 
product�on of and product�v�ty for wheat have �ncreased s�gn�ficantly. Wh�le the 
major�ty of wheat product�v�ty �ncrease �s due to the �ncreased use of phys�cal 
�nputs and �nst�tut�onal change, the gradual �ncrease �n grow�ng-season 
temperatures �n the past few decades has had a measurable effect on wheat 
product�v�ty. In th�s paper, we have evaluated the �mpacts of cl�mate and non-
cl�mate factors on wheat-y�eld growth �n ch�na, and found that a 1 per cent 
�ncrease �n wheat grow�ng-season temperatures reduced the y�eld by about 0.3 
per cent. The r�s�ng temperatures from 1979 to 2000 cut wheat-y�eld growth by 
2.4 per cent. There �s a defic�ency �n the current l�terature about how to measure 

Table 12.3 Accounting for wheat-yield growth

 1979–2000
explanatory  est�mated  change �n contr�but�on
var�able coeffic�ent explanatory var�able to growth (%)
 (1) (2) (3)=(1)X(2)
Inputs   64.25 (75.23)

chem�cal fert�l�ser 0.136 255.00 34.68 (40.60)
Pest�c�de 0.051 220.33 11.13 (13.03)
mach�nery 0.027 324.62 8.70 (10.19)
seeds 0.153 64.39 9.85 (11.53)
other �nputs 0.043 –2.43 –0.10 (–0.12)

spec�al�sat�on 0.057 –7.80  0.44 (–0.52)
Temperature –0.268 7.57 –2.03 (–2.37)
res�dual*   23.63 (27.67)
Total growth   85.41 (100)

* an account�ng res�dual der�ved by nett�ng out the effects of �nputs, spec�al�sat�on and 
temperature. here �t reflects ma�nly the �mpact of agr�cultural research and development and 
�nst�tut�onal change. 
note: The est�mated coeffic�ents are taken from Table 12.1, and the change �n explanatory 
var�able refers to percentage growth of that var�able from 1979–81 to 1998–2000 (three-year 
averages are taken to avo�d atyp�cal years). The numbers �n parentheses are the percentage 
shares of contr�but�on to total wheat-y�eld growth, w�th total y�eld growth set at 100.
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the �nfluence of cl�mate on product�v�ty. Authors fa�l frequently to d�st�ngu�sh 
between cl�mate factors and the �nfluence of modern �nputs and management 
pract�ces on product�v�ty. We emphas�se the necess�ty of �nclud�ng such major 
�nfluenc�ng factors as phys�cal �nputs �nto crop y�eld–cl�mate funct�ons �n 
order to have an accurate est�mat�on of cl�mate �mpact on crop y�elds. W�th so 
much uncerta�nty about the potent�al �mpacts of cl�mate change, �t �s essent�al 
to first evaluate the �mpacts past cl�mate changes have had on agr�cultural 
product�v�ty. our study demonstrates a clear need to synthes�se cl�mate and 
crop-spec�fic management and �nputs data �n order to �nvest�gate the �mpact 
of cl�mate change. 

In ch�na, prov�d�ng enough food to feed more than 1.3 b�ll�on people �s always 
a challenge. There �s �ncreas�ng concern about the �mpacts of cl�mate change 
on ch�nese food secur�ty. our study shows that cl�mate change does have a 
measurable negat�ve �mpact on wheat product�v�ty. Th�s negat�ve �mpact w�ll 
probably become worse w�th accelerat�ng cl�mate change �n the future. our 
study demonstrates the need to cons�der cl�mate change and �ts effects on 
crop product�v�ty �n order to meet the food-secur�ty goals �n ch�na as well as 
�n other develop�ng countr�es. There �s also a need to extend such stud�es to 
other reg�ons—�n part�cular, to food-�nsecure countr�es where cl�mate change 
w�ll have the most severe adverse �mpacts on crop product�v�ty. 

Notes

1 The seven reg�ons �n ch�na are: northeast (he�longj�ang, l�aon�ng, J�l�n), north (Be�j�ng, 
T�anj�n, hebe�, henan, shandong, shanx�, shaanx�), northwest (ne� menggu, n�ngx�a, X�nj�ang, 
T�bet, Q�ngha�, Gansu), central (J�angx�, hunan, hube�), southeast (shangha�, J�angsu, 
Zhej�ang, Anhu�), southwest (s�chuan, Gu�zhou, Yunnan), south (Guangx�, Fuj�an, ha�nan, 
Guangdong).

2 s�mple de-trend�ng of wheat y�elds and temperature wh�le �gnor�ng the phys�cal �nputs finds 
no s�gn�ficant relat�onsh�p between wheat y�eld and temperature (R2 < 0.001).
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Understanding the water  
crisis in northern China
how do farmers and the government respond?

Jinxia Wang, Jikun Huang, Scott Rozelle, Qiuqiong Huang 
and Lijuan Zhang

Increas�ng ev�dence �nd�cates that ch�na �s fac�ng ser�ous water shortages, 
espec�ally �n the north of the country. These shortages are a result not only of 
fall�ng water suppl�es, but of r�s�ng water demand. There �s ev�dence of fall�ng 
suppl�es of surface-water resources and the related closure of r�vers. Because 
of cl�mate change and human act�v�ty, �n the past two decades, run-off �n some 
major r�ver bas�ns �n northern ch�na has decl�ned s�gn�ficantly, result�ng �n the 
decrease of ava�lable surface-water resources. For example, run-off �n the ha� 
r�ver Bas�n has decreased by 41 per cent (m�n�stry of Water resources 2007). 
run-off �n other r�ver bas�ns has also decreased—from 9–15 per cent �n the 
l�ao, Yellow and hua� r�ver Bas�ns. Because of decl�n�ng surface-water suppl�es 
and �ncreas�ng compet�t�on for water among reg�ons, the water �n some r�ver 
bas�ns (such as those of the Yellow and ha� r�vers) �n northern ch�na cannot 
flow to the lower reg�ons (Wang and huang 2004). 

W�th decl�n�ng surface-water resources, farmers �n northern ch�na have 
begun to explore ground-water resources and ground water has become the 
dom�nant source of water for �rr�gat�on �n northern ch�na. In the early 1950s, 
ground-water �rr�gat�on was almost non-ex�stent �n northern ch�na (Wang et 
al. 2007a); �n the 1970s, �t rose to 30 per cent of the total �rr�gat�on water. After 
the econom�c reforms �n the late 1970s, ground-water �rr�gat�on cont�nued to 
expand, reach�ng 58 per cent �n 1995. In 2004, most �rr�gat�on �n northern ch�na 
came from ground-water resources, and the share of ground-water �rr�gated 
areas �ncreased to nearly 70 per cent.
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Unfortunately, the development of the use of ground water has resulted �n 
an overdraft of these resources and many env�ronmental problems. Accord�ng 
to a comprehens�ve survey completed by the m�n�stry of Water resources �n 
1996, the overdraft of ground water was one of ch�na’s most ser�ous resource 
problems (m�n�stry of Water resources and nanj�ng Water Inst�tute 2004). In 
the late 1990s, the annual rate of overdraft exceeded 9 b�ll�on cub�c metres. 
more than one-th�rd of the volume of overdraft �s from deep wells, many of 
wh�ch m�ght not be renewable. Ground-water overdraft also causes many 
env�ronmental problems. The most obv�ous effect of ground-water overdraft �s 
the fall�ng water table. For example, based on our research �n hebe� Prov�nce, 
the shallow water table has dropped about 1 metre per annum (Wang and huang 
2004); the deep water table has also dropped qu�ckly as a result. The drop rate of 
the deep water table was more than 2 metres per annum. overdraft of ground-
water resources can also cause other env�ronmental problems, such as land 
subs�dence, the �ntrus�on of seawater �nto freshwater aqu�fers, desert�ficat�on 
and the deplet�on of stream flows prev�ously suppl�ed by natural ground-water 
d�scharge (Wang et al. 2007a).

The rap�dly grow�ng �ndustr�al sector, an expand�ng farm�ng sector and an 
�ncreas�ngly wealthy urban populat�on also compete for ch�na’s l�m�ted water 
resources. Between 1949 and 2004, total water use �n ch�na �ncreased by 430 
per cent, wh�ch was s�m�lar to the global average �ncrease of 400 per cent, but 
greater than the average for develop�ng countr�es (Wang et al. 2005a). r�s�ng 
�ndustr�al and urban growth rates have caused ch�na’s water allocat�ons to be 
d�rected �ncreas�ngly to non-agr�cultural uses. From 1949 to 2004, the share of 
water use for �rr�gat�on decl�ned from 97 per cent to 65 per cent of total water 
use (m�n�stry of Water resources 2004). At the same t�me, the share of �ndustr�al 
water use �ncreased from 2 to 22 per cent; the share of domest�c water use 
�ncreased from 1 to 13 per cent.

Faced w�th the decl�ne of water ava�lab�l�ty and �ncreased water demand, 
many people th�nk ch�na has a water cr�s�s—at least, th�s �s the percept�on of 
some scholars and pol�cymakers w�th�n and outs�de ch�na. For example, even 
back �n 1999, ch�nese Pr�me m�n�ster Wen J�abao warned of the d�re water 
s�tuat�on �n ch�na and of loom�ng water shortages (mcAl�ster 2005). sen�or 
offic�als from the m�n�stry of Water resources po�nted out that ch�na was 
fight�ng for every drop of water, and the water cr�s�s was threaten�ng nat�onal 
gra�n product�on. Brown (2000) pred�cted that fall�ng water tables �n ch�na m�ght 
soon ra�se food pr�ces everywhere. nank�vell (2004) demonstrated that ch�na 
was now at a po�nt where cr�t�cal dec�s�ons must be made to resolve water 
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�ssues. Although some other observers have made more moderate pred�ct�ons, 
they also suggest that many agr�cultural producers w�ll have to forgo �rr�gat�on 
(crook and d�ao 2000). 

desp�te many ex�st�ng d�scuss�ons and d�re pred�ct�ons, some researchers 
(�nclud�ng ourselves) are not sure whether ch�na �s fac�ng a water cr�s�s. The 
major problem �s that most d�scuss�ons about water are based on observat�ons 
of producers or users �n a s�ngle locat�on, not on large-scale field-level data. 
It �s d�fficult to judge, based only on these observat�ons, the ser�ousness of 
water shortages and �t �s also d�fficult to conclude whether ch�na �s fac�ng a 
water cr�s�s. In add�t�on, rely�ng only on some observat�ons does not allow us 
an overall p�cture of water-shortage �ssues, espec�ally reg�onal d�fferences. 

The overall goal of our research �s to establ�sh the facts about whether there 
�s a water cr�s�s �n ch�na, espec�ally �n the north of the country. In order to real�se 
our overall goal, we w�ll pursue the follow�ng object�ves. F�rst, we w�ll �dent�fy 
the status and trend of water shortages. second, we want to understand the 
response of government and �ts effect�veness �n address�ng the water cr�s�s. 
Th�rd, we want to understand the responses of farmers and whether the�r role 
�s help�ng or hurt�ng.

Th�s chapter  �s organ�sed as follows. In the next sect�on, based on our 
large field survey �n northern ch�na, we prov�de some facts about the water 
cr�s�s by measur�ng several �nd�cators relevant to water shortages. In the 
follow�ng sect�on, we d�scuss the response of government to the water cr�s�s, 
�nclud�ng ground-water pol�cy and �rr�gat�on management reform of surface-
water resources. In sect�on four, we w�ll further d�scuss farmers’ responses to 
�ncreas�ng water scarc�ty, focus�ng on the follow�ng �ssues: the d�gg�ng and 
pr�vat�sat�on of tube-wells, develop�ng ground-water markets, behav�oural 
change to �ncreas�ng water charges and the adopt�on of water-sav�ng 
technolog�es. 

Data

our analys�s �s based on the data we collected as part of two recent surveys 
des�gned spec�fically to address �rr�gat�on pract�ces and agr�cultural water 
management. The first, the ch�na Water Inst�tut�ons and management (cWIm) 
survey, was conducted �n september 2004. enumerators conducted surveys of 
commun�ty leaders, ground-water managers, surface-water �rr�gat�on managers 
and households �n 80 v�llages �n hebe�, henan and n�ngx�a Prov�nces. The 
v�llages were chosen accord�ng to geograph�c locat�on (wh�ch, �n the ha� r�ver 
Bas�n, often correlated w�th water-scarc�ty levels). In hebe�, v�llages were 
chosen from count�es near the coast, near the mounta�ns and �n the central 
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reg�on between the mounta�ns and the coast. In henan and n�ngx�a Prov�nces, 
v�llages were chosen from count�es border�ng the Yellow r�ver and from count�es 
�n �rr�gat�on d�str�cts vary�ng d�stances from the Yellow r�ver. The 2004 cWIm 
survey was the second round of a panel survey, the first phase of wh�ch was 
conducted �n 2001.

We conducted a second survey, the north ch�na Water resource (ncWr) 
survey, �n december 2004 and January 2005. Th�s survey of v�llage leaders from 
400 v�llages �n Inner mongol�a, hebe�, henan, l�aon�ng, shaanx� and shanx� 
Prov�nces used an extended vers�on of the commun�ty-level v�llage �nstruments 
of the cWIm survey. Us�ng a strat�fied random sampl�ng strategy for the pur-
pose of generat�ng a sample representat�ve of northern ch�na, we first sorted 
count�es �n each of our reg�onally representat�ve sample prov�nces �nto one 
of four water-scarc�ty categor�es: very scarce, somewhat scarce, normal and 
mounta�n/desert. We randomly selected two townsh�ps w�th�n each county and 
four v�llages w�th�n each townsh�p. comb�n�ng the cWIm and ncWr surveys, we 
v�s�ted a total of s�x prov�nces, 60 count�es, 126 townsh�ps and 448 v�llages. 

The scope of the surveys was qu�te broad. each of the survey quest�onna�res 
�ncluded more than 10 sect�ons. Among the sect�ons, there were those that 
focused on the nature of rural ch�na’s water resources, the common types of 
wells and pump�ng technology. There were several sect�ons that exam�ned the 
most �mportant water problems, government water pol�c�es and regulat�ons 
and a number of �nst�tut�onal responses (for example, tube-well pr�vat�sat�on). 
Although sect�ons of the survey asked about surface and ground-water 
resources, we w�ll focus mostly on those v�llages that have ground-water 
resources (�n some cases, whether they are us�ng them or not). The survey 
collected data on many var�ables for two years: 2004 and 1995. By we�ght�ng 
our descr�pt�ve and mult�var�ate analys�s w�th a set of populat�on we�ghts, we 
are able to generate po�nt est�mates for all of northern ch�na. 

Facts about water shortages

The water-shortage s�tuat�on can be gauged by exam�n�ng some relevant 
�nd�cators, �n add�t�on to the assessment of farmers, who are d�rectly �nfluenced 
by water. In th�s sect�on, we w�ll exam�ne the water s�tuat�on �n northern ch�na 
from the follow�ng three aspects. F�rst, we w�ll exam�ne the overall s�tuat�on of 
water shortages through farmers’ judgements based on the�r �ntu�t�on. second, 
we w�ll exam�ne th�s �ssue by check�ng the status and changes of the supply 
rel�ab�l�ty of surface and ground-water resources. F�nally, we w�ll analyse 
changes �n the water table over t�me.
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Farmers’ judgements of water shortages

dur�ng our field survey, enumerators asked v�llage leaders to character�se the 
nature of water resources �n the�r v�llage �n 1995 and 2004. The leaders chose 
one of three answers: water �s not short (at least currently); water �s short but the 
shortage �s not severe; and water �s short and frequently constra�ns agr�cultural 
product�on (or water scarc�ty �s very severe). Based on the responses of v�llage 
leaders, we can make a prel�m�nary judgement of the s�tuat�on and trend of 
water shortages �n northern ch�na. 

Based on farmers’ judgements, most v�llages �n northern ch�na are fac�ng 
water shortages, and the outlook �s not pos�t�ve. survey results show that �n 
2005, 70 per cent of v�llages �n our samples reported that they were fac�ng water 
shortages—at least, farmers �n these v�llages felt there were problems w�th 
water ava�lab�l�ty (Table 13.1). only 30 per cent of v�llages d�d not have water-
supply problems. In add�t�on, among those v�llages where farmers reported 
water shortages, 16 per cent of v�llages were fac�ng severe water shortages. 

more �mportantly, water shortages have become more ser�ous �n the past 
decade. survey results show that from 1995 to 2004, the degree of water shortage 
cont�nued to �ncrease, and the share of v�llages short of water �ncreased by 
5 per cent. The share of v�llages w�th severe water shortages also �ncreased, 
by 2 per cent. Therefore, based on the farmers’ judgements, water shortages 
were very ser�ous. Though not all v�llages are fac�ng such problems, most are. 
In some v�llages, the water shortage �s so ser�ous �t has become one of the 
�mportant constra�n�ng factors on agr�cultural product�on.

changes �n surface and ground-water supply rel�ab�l�ty

The rel�ab�l�ty of the water supply �s another �nd�cator that can measure the 
degree of water shortages �n rural areas. If the surface-water supply �s rel�able, 
water w�ll not be a constra�n�ng factor on agr�cultural product�on �n the short 
term. 

survey results show that surface-water rel�ab�l�ty �s very low �n northern 
ch�na. Presently, most v�llages �n northern ch�na do not have a rel�able surface-
water supply (Table 13.2). dur�ng the per�od 2001–04, 61 per cent of v�llages d�d 
not have rel�able surface-water resources. 

In the past 10 years, water rel�ab�l�ty has decl�ned remarkably. From 1991 
to 1995, surface-water suppl�es �n most v�llages were very rel�able; 64 per cent 
of v�llages reported that they could access a rel�able water supply at that t�me 
(Table 13.2). From 2001 to 2004, however, the share of v�llages w�th a rel�able 
supply of surface water decl�ned to 39 per cent—a decrease of 25 per cent. 
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At the same t�me, the share of v�llages w�thout a rel�able supply of water also 
�ncreased s�gn�ficantly—from 36 to 61 per cent. The decl�ne of surface-water 
rel�ab�l�ty represents an �ncrease �n the degree of water shortage.

The rel�ab�l�ty of ground-water suppl�es has also decl�ned (Table 13.2). Unl�ke 
surface-water resources, ground water has always been cons�dered a rel�able 
water resource. Ground water has, however, become a less rel�able resource 
for farmers. For example, from 1991 to 1995, 91 per cent of v�llages reported that 
the�r ground-water suppl�es were very rel�able, and only 9 per cent �nd�cated that 
there were problems w�th the rel�ab�l�ty of the�r ground-water supply. From 2001 
to 2004, however, v�llages w�th a rel�able ground-water supply decl�ned by 5 per 
cent. The v�llages w�thout a rel�able ground-water supply �ncreased—from 9 to 
15 per cent. The rel�ab�l�ty of supply has therefore worsened—for surface and 
ground-water resources—wh�ch �nd�cates that there �s an �ncreas�ng shortage 
of water �n northern ch�na.

Table 13.1 Farmers’ judgements of water shortages in villages in 
northern China

Water-shortage s�tuat�on share of sample v�llages (%)
 1995 2004
no shortage 35 30
shortage 65 70
When short, severly short 14 16

Source: Authors’ survey �n 2004 (ncWr survey data set).

Table 13.2 Water-supply reliability in villages in northern China

Water-supply rel�ab�l�ty share of sample v�llages (%)
 surface-water rel�ab�l�ty Ground-water rel�ab�l�ty
 1991–95 2001–04 1991–95 2001–04
rel�able 64 39 91 85
not rel�able 36 61 9 15
Total 100 100 100 100

Source: Authors’ survey �n 2004 (ncWr survey data set).
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decl�ne of the water table

F�eld surveys reveal that not all reg�ons �n northern ch�na are exper�enc�ng 
fall�ng water tables (Wang et al. 2007a). Accord�ng to our data, there was no 
fall �n the water table �n 25–33 per cent of the v�llages �n northern ch�na us�ng 
ground water �n 1995 and 2004.1 In 8.5–16 per cent of v�llages (one-th�rd to 
one-half of v�llages report�ng no fall �n the water table), respondents told the 
enumerators that the water table was h�gher �n 2004 than �n 1995. In another 
10–17 per cent of v�llages, the average annual fall �n the water table was less 
than 0.25 metres. In other words, �n more than one-th�rd to one-half of northern 
ch�na’s v�llages us�ng ground water �n the past decade, ground-water resources 
have shown l�ttle or no decl�ne s�nce the m�d 1990s. 

Although, based on our data, most v�llages are �n, or are nearly �n, balance, 
we are not argu�ng that ground-water problems do not ex�st. In fact, there are st�ll 
a large number of v�llages �n wh�ch the water table �s fall�ng. Before class�fy�ng 
these v�llages as �nappropr�ate ground-water resource explo�ters (although some 
of them m�ght be), �t �s �mportant to remember that a v�llage’s water resources 
m�ght not be overexplo�ted, even �f the water table �s fall�ng. even under the 
most rat�onally planned ground-water ut�l�sat�on strategy, therefore, there w�ll 
be a share of v�llages �n ch�na �n wh�ch we can expect the water table to be 
fall�ng. In add�t�on, �f we follow the m�n�stry of Water resources’ defin�t�on of 
ser�ous overdraft, only 10 per cent of v�llages us�ng ground water �n the past 
decade had water tables fall�ng at a rate greater than 1.5 metres per annum. 
of course, such a rate of decl�ne �s not just ser�ous; �t �s a cr�s�s. 

In summary, then, the po�nt we want to make �s that �n many places—�ndeed, 
�n most places �n northern ch�na—�t �s poss�ble that water resources are not 
be�ng m�sused. We do not, however, want to m�n�m�se the problems that are 
occurr�ng �n some places. There are a large number of rural areas �n wh�ch 
the water table appears to be fall�ng at a dangerously fast pace. Where the 
resource �s be�ng m�sused, steps w�ll eventually be requ�red to protect the 
long-term value and use of the resource. It �s, however, �mportant to real�se 
that many of the requ�red measures (d�scussed �n the next sect�on) w�ll have 
a number of assoc�ated costs �n the�r adopt�on, affect�ng product�v�ty and 
perhaps reduc�ng �ncomes. Because measures to counter overdraft are not 
needed �n all v�llages, leaders should not take a ‘one-s�ze-fits-all’ approach; 
do�ng so could �nfl�ct unnecessary costs on producers �n commun�t�es where 
overdraft cond�t�ons do not ex�st.



283

Understanding the water crisis in northern China

Government responses

Faced w�th �ncreas�ng water shortages, the ch�nese government has taken many 
steps to �mprove the management of surface and ground-water resources. It 
has responded not only by �ssu�ng many laws, regulat�ons and pol�c�es, �t has 
tr�ed to encourage local reg�ons to reform the�r water management. In th�s 
sect�on, we w�ll focus on two major responses that the government has made: 
�ts ground-water pol�c�es, and reform of the management of surface-water 
resources for �rr�gat�on. We w�ll also try to exam�ne the effect�veness of the 
�mplementat�on of these responses �n resolv�ng water-shortage problems �n 
northern ch�na.

Issu�ng ground-water pol�c�es

Government offic�als �n ch�na have put some effort �nto �ssu�ng laws, regulat�ons 
and pol�c�es to manage ground-water resources, although they have been 
l�m�ted (Wang et al. 2007b). For example, accord�ng to ch�na’s nat�onal Water 
law, wh�ch was rev�sed �n 2002, all property r�ghts to ground-water resources 
belong to the state. Th�s means that the r�ght to use, sell and/or charge for water 
rests ult�mately w�th the government. The law does not allow ground-water 
extract�on �f pump�ng �s go�ng to be harmful to the long-term susta�nab�l�ty of 
ground-water use. Beyond the formal laws, a number of pol�cy measures (such 
as regulat�ons controll�ng the r�ght to dr�ll tube-wells, the spac�ng of tube-wells 
and the collect�on of water-resource fees) have been set up, �n part to rat�onally 
manage use of the nat�on’s ground-water resources. compared w�th regulat�ons 
concern�ng other �ssues, however, such as flood control, the construct�on of 
water-related �nfrastructure projects and surface-water management �n�t�at�ves, 
the number of regulat�ons relevant to ground-water management �s very small. 
more �mportantly, at the nat�onal level, there �s not one water regulat�on that �s 
focused spec�fically on ground-water management �ssues.

even more �mportant than the lack of offic�al laws and pol�cy measures 
for ground-water management has been the �nsuff�c�ent effort put �nto 
�mplement�ng ex�st�ng laws (Wang et al. 2007a). certa�nly, part of the problem 
�s a h�story of neglect. In fact, at the m�n�ster�al level, the d�v�s�on of ground-
water management �s st�ll relat�vely small. There are far fewer offic�als work�ng 
�n th�s d�v�s�on than �n other d�v�s�ons, such as flood control, surface-water 
system management and water transfer. moreover, unl�ke the case of surface-
water management (lohmar et al. 2003), there has been no effort to br�ng 
management of aqu�fers that span jur�sd�ct�onal boundar�es under the ult�mate 
control of an author�ty cover�ng government and pr�vate ent�t�es that use water 



284

China’s Dilemma

extracted from d�fferent parts of the aqu�fer. Accord�ng to negr� (1989), w�thout 
a s�ngle body controll�ng the ent�re resource, �t becomes d�fficult to �mplement 
pol�c�es that attempt to manage the resource �n a manner that �s susta�nable, 
or opt�mal, �n the long term.

Whether due to lack of personnel or other �mplementat�on-related 
d�fficult�es, few regulat�ons have had any affect w�th�n ch�na’s v�llages (Wang 
et al. 2007b). For example, accord�ng to our survey data, less than 10 per cent 
of well owners obta�ned a perm�t before dr�ll�ng, desp�te the nearly un�versal 
regulat�on requ�r�ng a perm�t. only 5 per cent of v�llage respondents bel�eved 
that well-dr�ll�ng dec�s�ons requ�red cons�derat�on of the spac�ng between wells. 
even more tell�ngly, water-extract�on charges were not charged �n any v�llage, 
and there were no quant�ty l�m�ts put on well owners. In fact, �n most v�llages 
�n ch�na, ground-water resources are all but completely unregulated. Th�s does 
not mean, however, that pol�cy and governance do not have an �mpact, at least 
�nd�rectly, on agr�cultural ground-water use.

reform�ng management of surface-water resources for �rr�gat�on

s�nce the early 1990s, faced w�th �ncreas�ng water shortages, ch�nese leaders 
have begun to cons�der commun�ty-level �rr�gat�on management reform as a 
key part of the�r strategy to combat ch�na’s water problems. Accord�ng to our 
survey �n n�ngx�a Prov�nce, s�nce the early 1990s and espec�ally after 1995, 
reform has success�vely establ�shed Water User Assoc�at�ons (WUAs) and 
contract�ng systems �n place of collect�ve management (F�gure 13.1) (Wang et 
al. 2007c).2 The share of commun�t�es that manage water by collect�ve. decl�ned 
from 91 per cent �n 1990 to 23 per cent �n 2004. contract�ng has developed more 
rap�dly than WUAs. By 2004, 57 per cent of v�llages managed the�r water under 
contract and 19 per cent managed the�rs through WUAs. our survey �n s�x 
prov�nces also found a s�m�lar reform trend for �rr�gat�on management (F�gure 
13.2) (huang et al. 2007). From 1995 to 2004, collect�ve management decl�ned 
from 90 to 73 per cent, wh�le at the same t�me, WUAs �ncreased from 3 to 10 
per cent and contract�ng management �ncreased from 5 to 13 per cent. 

Although reform�ng the �nst�tut�on �n name m�ght be �mportant, the nature of 
�ncent�ves w�th�n the �nst�tut�on m�ght be more �mportant (Wang et al. 2005c).3 

Accord�ng to our data, not all reformed management �nst�tut�ons (WUAs or 
contract�ng management) can establ�sh �ncent�ve mechan�sms. For example, 
�n 2001, on average, leaders �n only 41 per cent of v�llages offered WUA and 
contract�ng (or non-collect�ve) managers w�th �ncent�ves that could be expected 
to �nduce them to save water �n order to earn excess profit. In the rema�n�ng 
v�llages, although there was a nom�nal sh�ft �n the �nst�tut�on type (that �s, lead-
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ers cla�med that they were �mplement�ng WUAs or contract�ng), �n fact, from 
an �ncent�ve po�nt of v�ew, the WUA and contract�ng managers were operat�ng 
w�thout �mposed �ncent�ves. In these v�llages, managers are s�m�lar to leaders 
�n a collect�vely managed v�llage �n that they do not have a financ�al �ncent�ve 
to save water. 

research results show that nom�nally reform�ng �rr�gat�on management has 
no s�gn�ficant �mpact on water use; however, when �rr�gat�on managers face 
effect�ve �ncent�ves, they are able to reduce water use (Wang et al. 2005c). our 
results, based e�ther on descr�pt�ve stat�st�cs or econometr�c analys�s, show that 
there �s no s�gn�ficant relat�onsh�p between water use and nom�nal �rr�gat�on 
management reform. We found, however, that �n v�llages that prov�ded water 
managers w�th strong �ncent�ves, water use fell sharply. The �ncent�ves must 
also have �mproved the effic�ency of the �rr�gat�on systems s�nce the output of 
major crops, such as r�ce and ma�ze, d�d not fall, and rural �ncomes and poverty 
rema�ned unchanged stat�st�cally. Although our study needs to be undertaken 
�n other areas before the results can be general�sed to the rest of ch�na, at 
least �n the sample s�tes that prov�ded the�r managers w�th �ncent�ves, water 
management reform has been a w�n-w�n pol�cy �n resolv�ng water shortage 
problems.

Farmers’ responses

Although the government response has not been very effect�ve �n resolv�ng 
water shortages, th�s does not mean that farmers w�ll not respond on the�r 
own. In fact, farmers have already begun to act. In th�s subsect�on, we w�ll 
exam�ne farmers’ responses to �ncreas�ng water shortages. These �nclude 
d�gg�ng tube-wells, pr�vat�sat�on of tube-wells, the emergence of ground-water 
markets, behav�oural changes to �ncreas�ng water pr�ces and the adopt�on of 
water-sav�ng technolog�es.
Digging tube-wells. The most obv�ous response by farmers to �ncreas�ng 
water shortages �s to d�g tube-wells. Accord�ng to nat�onal stat�st�cs, the 
�nstallat�on of tube-wells began �n the late 1950s (Wang et al. 2007a). s�nce the 
m�d 1960s, the �nstallat�on and expans�on of tube-wells across ch�na has been 
noth�ng less than phenomenal. In 1965, there were only 150,000 tube-wells �n 
all of ch�na (sh� 2000). s�nce then, the number has grown stead�ly. By the late 
1970s, there were more than 2.3 m�ll�on tube-wells. After stagnat�ng dur�ng the 
early 1980s, a per�od when the area of land under �rr�gat�on—espec�ally that 
serv�ced by surface water—fell, the number of tube-wells cont�nued to r�se. By 
1997, there were more than 3.5 m�ll�on tube-wells; by 2003, the number rose to 
4.7 m�ll�on. 
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F�gure 13.2 Changes in water management institutions, 1995–2004
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F�gure 13.1 Evolution of irrigation management in Ningxia Province, 
1990–2004
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Wh�le the growth of the use of tube-wells reported by the offic�al stat�st�cal 
system �s �mpress�ve, we have reason to bel�eve that the numbers are 
s�gn�ficantly understated (Wang et al. 2007a). Accord�ng to the ncWr survey, on 
average, each v�llage �n northern ch�na had 35 wells �n 1995. When extrapolated 
reg�onally, th�s means that there were more than 3.5 m�ll�on tube-wells �n the 14 
prov�nces �n northern ch�na by 1995. Accord�ng to our data, the rate of �ncrease 
�n the number of wells has also grown rap�dly. By 2004, the average v�llage �n 
northern ch�na had 70 wells, suggest�ng that the r�se �n tube-well construct�on 
s�nce the m�d 1990s has r�sen even faster than �nd�cated �n the offic�al stat�st�cs. 
We est�mate that, by 2004, there were more than 7.6 m�ll�on tube-wells �n 
northern ch�na. At least �n our sample v�llages, the number of tube-wells grew 
by more than 12 per cent annually between 1995 and 2004. Accord�ng to our 
data, a s�gn�ficant share of the new wells are located �n areas that are mak�ng 
allowances for the expans�on of cropp�ng area, �ncreased �ntens�ty of cropp�ng 
and r�s�ng y�elds. Wh�le the r�se �n tube-wells w�ll not necessar�ly result �n 
�ncreased consumpt�on of water �n all areas, �n some cases �t w�ll. The d�gg�ng 
of new tube-wells �s therefore one reason for �ncreas�ng water shortages.
Privatisation of tube-wells. Faced w�th �ncreas�ng water shortages, farmers 
respond not only by d�gg�ng new tube-wells that can susta�n the�r product�on, 
they demand changes to �nst�tut�ons that can �mprove the�r water management. 
Among all the �nst�tut�onal responses, the pr�vat�sat�on of tube-wells �s perhaps 
the most prom�nent response by farmers �n more than two decades. Accord�ng 
to our survey, s�nce the early 1980s, the ownersh�p of tube-wells �n northern 
ch�na began to sh�ft sharply. For example, �n hebe� Prov�nce, collect�ve 
ownersh�p of tube-wells d�m�n�shed from 93 per cent �n the early 1980s to 
56 per cent �n the late 1990s (Wang et al. 2006). At the same t�me, the share 
of pr�vate tube-wells �n the total �ncreased from 7 to 64 per cent. data from 
the ncWr survey largely support these find�ngs (Wang et al. 2006). In 1995, 
collect�ve ownersh�p accounted for 58 per cent of tube-wells �n the average 
ground-water-us�ng v�llage. From 1995 to 2004, however, collect�ve ownersh�p 
of tube-wells d�m�n�shed and accounted for only 30 per cent of wells �n 2004. 
In contrast, dur�ng the same per�od, the share of pr�vate tube-wells �n the total 
�ncreased from 42 to 70 per cent.

our find�ngs also demonstrate that the pr�vat�sat�on of tube-wells has 
promoted the adjustment of cropp�ng patterns wh�le hav�ng no adverse �mpacts 
on crop y�elds; more �mportantly, pr�vat�sat�on has not accelerated the drop 
of water tables. econometr�c results show that, after pr�vat�sat�on, farmers 
expanded the area of land sown w�th water-sens�t�ve and h�gh-value crops, 
such as wheat and non-cotton cash crops (wh�ch are ma�nly hort�cultural crops) 
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(Wang et al. 2006). It �s perhaps because of the r�s�ng demand for hort�cultural 
crops that some �nd�v�duals have become �nterested �n �nvest�ng �n tube-wells. 
such results are cons�stent w�th the hypothes�s that when tube-well ownersh�p 
sh�fts from collect�ve to pr�vate and water �s managed more effic�ently (as 
shown �n Wang and huang 2002), producers are able to cult�vate relat�vely 
h�gh-value crops, wh�ch �n some cases demands greater attent�on from tube-
well owners. In add�t�on, our research �nd�cates that the sh�ft from collect�ve 
to pr�vate tube-well management does not accelerate the drop �n water tables. 
W�th the expans�on of pr�vate ownersh�p of tube-wells, however, and ground-
water markets, water table levels w�ll cont�nue to decl�ne. how farmers choose 
to respond can, therefore, contr�bute to the water cr�s�s. effect�ve management 
of ground-water resources �s needed urgently. 
The growing importance of ground-water markets. In response to demand 
for water �n an env�ronment �ncreas�ngly dom�nated by pr�vate and pr�vat�sed 
wells, ground-water markets have begun to emerge �n recent years as a way for 
many producers �n rural ch�na to access water (Zhang et al. 2008a). Wh�le th�s 
�s new �n ch�na, �t appears to be follow�ng a pattern s�m�lar to that observed �n 
parts of south As�a (shah 1993). In the 1980s, ground-water markets were all 
but non-ex�stent �n ch�na and, even by the m�d 1990s, accord�ng to the ncWr 
survey data, only a small share of v�llages (21 per cent) had ground-water 
markets. By 2004, however, tube-well operators �n 44 per cent of v�llages were 
sell�ng water. Across all v�llages, about 15 per cent of pr�vate tube-well owners 
sold water. Although ground-water markets ex�st �n less than half of northern 
ch�na’s v�llages, the numbers are st�ll s�gn�ficant: we est�mate that farmers �n 
more than 100,000 v�llages are access�ng water through ground-water markets. 
moreover, �n v�llages that have them, these markets play an �mportant role �n 
transferr�ng large volumes of water to a large share of households.

our research further �nd�cates that ground-water markets have not only 
�mproved the equ�ty of water use, they have �mproved the effic�ency of water 
use �n northern ch�na. Accord�ng to the survey data, ground-water markets 
have prov�ded poorer farmers w�th opportun�t�es to access water and have 
therefore reduced potent�al �ncome gaps (Zhang et al. 2008b). spec�fically, 
households �n the sample that buy water from ground-water markets are poorer 
than water-sell�ng households (F�gure 13.3). In add�t�on, when farmers buy 
water from ground-water markets, they use less water than those who have 
the�r own tube-wells or those who use collect�ve wells (Zhang et al. 2008b). 
crop y�elds, however, do not fall because of th�s. In add�t�on, our results show 
that ground-water markets �n the north ch�na Pla�n do not have a negat�ve 
effect on �ncomes.
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In summary, ground-water markets help farmers access water (that �s, they 
do not need to �nvest �n the�r own well) and, when they do so, the�r water use 
�s reduced, but crop y�elds and �ncome are not negat�vely �nfluenced. W�th 
�ncreas�ng water scarc�ty, �ncreas�ng water-use effic�ency �s a very �mportant 
�ssue and has been addressed by pol�cymakers. The emergence of water 
markets �s therefore an effect�ve way to prov�de �rr�gat�on serv�ces. 
Farmers’ responses to increasing water prices. As the water table falls, pr�ces 
�n the ground-water market �ncrease. For �nstance, accord�ng to the cWIm 
survey data, when the level of the water table �n our hebe� v�llages decl�ned 
from 4.4 metres below the surface to 77.5 metres, the pr�ce of ground water 
for wheat-produc�ng households �ncreased from 0.08 to 0.56 yuan per cub�c 
metre (Wang et al. 2007b). s�nce pump�ng costs r�se as the water table falls, th�s 
�nd�cates that, to some extent, ground-water pr�ces reflect the scarc�ty value of 
water resources. Across our cWIm survey sample of hebe� wheat producers, 
we est�mated that pump�ng costs rose by 0.005 yuan per cub�c metre of ground 
water extracted for each add�t�onal metre of pump�ng depth.

F�gure 13.3 Differences of per capita cropping income and total income 
between water-selling households and water-buying 
households, 2004 (yuan)
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more �mportantly, as ground-water pr�ces r�se and water becomes scarce, 
farmers respond by reduc�ng the�r water use and chang�ng the�r cropp�ng 
patterns. Analys�s of the behav�our of hebe� wheat farmers �n the cWIm 
survey data set �nd�cates that, when ground-water pr�ces �ncreased from 0.08 
to 0.56 yuan/cub�c metre, water use per hectare decreased from 6,433 cub�c 
metres to 2,154 cub�c metres (Wang et al. 2007b). In add�t�on, we found that, 
as water tables fell, there was an �ncrease �n the share of cash crops (such as 
hort�cultural crops, cotton and peanuts). That �s, when the depth of the water 
table �ncreases from 4.7 to 79 metres below the surface, the area’s share of 
cash crops �ncreases from 13 to 41 per cent. our results therefore �mply that 
as the water table falls, water becomes �ncreas�ngly scarce and the costs of 
acqu�s�t�on r�se, farmers cons�der not only how much water to use, but how 
much value can be produced by that water use.

desp�te potent�al resource conservat�on benefits, the r�se of water pr�ces (or 
costs to farmers for acqu�s�t�on of self-pumped water) w�ll have an �nev�table 
negat�ve �mpact on farmers (Wang et al. 2007b). In other work that we have 
undertaken us�ng the same data set, we est�mate that doubl�ng the pr�ce of 
ground water �n hebe� Prov�nce causes 75 per cent of wheat-produc�ng farmers 
to lose money on cropp�ng act�v�t�es and has a negat�ve effect on agr�cultural 
output (huang et al. 2006). G�ven the government’s �nterest �n ma�nta�n�ng rural 
�ncomes, any use of a pr�c�ng pol�cy must be accompan�ed by complementary 
pol�c�es that can offset the negat�ve effect of pr�ce �ncreases. 
Adopting water-saving technologies. Another poss�ble response to water 
shortages �s the adopt�on of water-sav�ng technolog�es (Blanke et al. 2007). The 
ncWrs survey covered three sets of water-sav�ng technolog�es: trad�t�onal, 
household based and commun�ty based. Trad�t�onal technolog�es—such 
as border, furrow and levell�ng technolog�es—are agronomy based, h�ghly 
d�v�s�ble and have generally been used by farmers �n ch�na even before the 
establ�shment of the commun�st state. household-based technolog�es—such 
as surface p�p�ng, plast�c film, conservat�on t�llage and drought-res�stant plant 
var�et�es—are h�ghly d�v�s�ble, requ�re low fixed costs and l�ttle collect�ve 
act�on. commun�ty-based technolog�es—such as ground p�pes and l�ned 
canals—requ�re not only collect�ve act�on for adopt�on and ma�ntenance, they 
requ�re h�gh fixed costs.

results show that although water-sav�ng technolog�es for agr�culture have 
been emphas�sed by many pol�cymakers and researchers, the adopt�on rate 
�s st�ll very low. desp�te a relat�vely h�gh �n�t�al level of adopt�on (35 per cent �n 
the 1950s), �n 2004, only 52 per cent of v�llages adopted trad�t�onal water-sav�ng 



291

Understanding the water crisis in northern China

technolog�es (Table 13.3). household-based and commun�ty-based water-
sav�ng technolog�es have been adopted ma�nly s�nce the 1980s. In 2004, half 
of all v�llages adopted household-based water-sav�ng technolog�es and only 
24 per cent of v�llages adopted commun�ty-based water-sav�ng technolog�es. 
compar�ng the adopt�on rate w�th the share of sown areas, the adopt�on rate 
of these three k�nds of water-sav�ng technolog�es �s even lower. For example, 
the share of sown areas adopt�ng commun�ty-based water-sav�ng technolog�es 
was only 7 per cent; even trad�t�onal water-sav�ng technolog�es reached only 25 
per cent. The low adopt�on rate of water-sav�ng technolog�es also �nd�cates that 
�n ch�na, there �s st�ll much pol�cy space �n wh�ch to promote such technology 
uptake. how to effect�vely promote the adopt�on of water-sav�ng technolog�es 
�s one of the �mportant challenges for pol�cymakers.

The �ncrease �n the rate of adopt�on of household-based water-sav�ng 
technolog�es �s much h�gher than for the other two types of technolog�es. 
s�nce the 1980s, the share of v�llages adopt�ng household-based water-sav�ng 
technolog�es �ncreased 669 per cent (Table 13.3). Although not very low, the 
�ncrease �n the rate of adopt�on of commun�ty-based water-sav�ng technolog�es 
was only 64 per cent of household-based water-sav�ng technolog�es. dur�ng the 
reform per�od, the adopt�on of trad�t�onal technolog�es grew slowly compared 
w�th the other two technolog�es—only 16 per cent. The low �ncrease �n the rate 
of adopt�on of trad�t�onal water-sav�ng technolog�es was poss�bly due to the�r 
already h�gh adopt�on rate �n the pre-reform and early reform eras. The h�gh 
�ncrease �n the rate of adopt�on of household-based water-sav�ng technolog�es 
�mpl�es that, faced w�th �ncreas�ng water scarc�ty, farmers are more respons�ve 
than commun�t�es �n general and government �n ch�na. 

Based on these descr�pt�ve contours, �t �s unclear what �s dr�v�ng the path 
of adopt�on of commun�ty-based technolog�es; however, work by Blanke et al. 
(2006) suggests that �t �s l�kely that there are two sets of forces that are both 
encourag�ng and hold�ng back adopt�on (Wang et al. 2007b). on the one hand, 
the �ncreased scarc�ty of water resources �s almost certa�nly push�ng up demand 
for commun�ty-based technolog�es. on the other hand, the predom�nance of 
household farm�ng �n ch�na (rozelle and sw�nnen 2004) and the weaken�ng 
of the collect�ve’s financ�al resources and management author�ty (l�n 1991) 
has made �t more d�fficult to gather the resources and coord�nate the effort 
needed to adopt technolog�es that have h�gh fixed costs and that �nvolve many 
households �n the commun�ty. In contrast, household-based technolog�es m�ght 
be adopted more w�dely because of the�r relat�vely low fixed costs, d�v�s�b�l�ty 
and m�n�mal coord�nat�on requ�rements.
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Conclusion

The pr�mary goal of th�s chapter was to sketch a general p�cture of ch�na’s water-
shortage s�tuat�on, and to establ�sh the facts, espec�ally for northern ch�na. our 
find�ngs show that, based on farmers’ judgements, 70 per cent of v�llages are 
fac�ng �ncreas�ng water shortages. Among the v�llages short of water, 16 per 
cent find the�r agr�cultural product�on severely constra�ned by the shortage. 
suppl�es of surface and ground water have become less rel�able than before. 
In more than one-th�rd to one-half of ch�na’s v�llages us�ng ground water �n 
the past decade, ground-water resources have shown l�ttle or no decl�ne s�nce 
the m�d 1990s. Though most v�llages are �n, or are nearly �n, balance, there �s 
st�ll a large number of v�llages �n wh�ch the water table �s fall�ng. If we follow 
the m�n�stry of Water resources’ defin�t�on of ser�ous water overdraft, 10 per 
cent of v�llages us�ng ground water �n the past decade have water tables that 
are fall�ng at a rate greater than 1.5 metres per annum. 

Table 13.3 Adoption rate of water-saving technologies over time in 
northern China’s villages

 Trad�t�onal commun�ty-based household-based
  water-sav�ng  water-sav�ng water-sav�ng
 technolog�es technolog�es technolog�es
Adopt�on rate (%)   

share of v�llages   
 1950  35  0  4 
 1980  45  5  7 
 1995  49  15  27 
 2004  52  24  50 
share of sown areas   
 1995  20 3 8
 2004  25 7 21

Increase �n rate of adopt�on (%)   
share of v�llages 
 (2004/1980) 16  433  669 

share of sown areas
 (2004/1995) 25  133  163 

Source: Authors’ survey �n 2004 (ncWr survey data set).
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There �s, therefore, a water cr�s�s �n northern ch�na; however, the cr�s�s does 
not affect all areas. There are many parts of ch�na �n wh�ch water resources 
have not deter�orated, but half of northern ch�na �s suffer�ng from rap�dly fall�ng 
water tables. Pol�c�es to address water-shortage problems should therefore be 
targeted carefully.

Faced w�th a water cr�s�s, the ch�nese government has begun to make a 
number of pol�cy responses, but �mplementat�on has not been very effect�ve. It 
has responded to the �ssue w�th many laws, regulat�ons and pol�c�es, and has 
also tr�ed to encourage local reg�ons to reform water management. Whether 
due to a lack of personnel or other �mplementat�on-related d�fficult�es, few 
regulat�ons have had any effect w�th�n ch�na’s v�llages. Although there has 
been some progress �n the reform of surface-water �rr�gat�on management �n 
northern ch�na, much of th�s has been nom�nal. nom�nal reform cannot real�se 
the pol�cy goal of �ncreas�ng water-use effic�ency. only those reforms that 
prov�de managers w�th �ncent�ves can reduce crop water use. Unfortunately, 
only a small percentage of reform can establ�sh effect�ve �ncent�ve mechan�sms. 
In the future, the water cr�s�s w�ll cont�nue to grow, espec�ally as compet�t�on 
among water users �ncreases, and �f there �s no effect�ve �mplementat�on of 
water pol�c�es and management reform.

Where water �s becom�ng scarce, farmers and commun�ty leaders have been 
respond�ng. The most obv�ous response from farmers �s the d�gg�ng of new 
tube-wells. In add�t�on, farmers have taken control of most of the well and pump 
assets; and farmers are �ncreas�ngly tak�ng on respons�b�l�ty for transferr�ng 
water from those who have wells to those who demand water. Farmers also 
are �ncreas�ngly figur�ng out ways to conserve th�s scarce resource. Farmers 
do not, however, always respond �n a manner that conserves water. Why? The 
major reason �s that farmers do not always face good �ncent�ves. our research 
shows that when they are g�ven good �ncent�ves, they do save water. The 
government therefore cannot �gnore the response of farmers; �n fact, �t needs 
to use th�s respons�veness to reduce the adverse effects of the water cr�s�s and 
encourage conservat�on. 

F�nally, we th�nk most of the blame for the water cr�s�s should be put on 
the government, because �ts response has been largely �neffect�ve. It has not 
created the �nst�tut�ons and �nfrastructure that w�ll prov�de the �ncent�ves to 
make farmers save water. We bel�eve a susta�nable env�ronment needs to be 
bu�lt on effect�ve water pr�c�ng and water r�ghts pol�c�es; to make these work, 
a huge comm�tment �s needed to set up the �nst�tut�ons and �nfrastructure to 
�mplement them. Although th�s �s a huge job, we bel�eve �t w�ll be more effect�ve 
and much cheaper than the south to north Water Transfer Project. 
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Notes

1 In our survey, we asked v�llage leaders about the average ground-water depth dur�ng the year 
and the ‘stat�c’ ground-water level. We told v�llage leaders that the stat�c level of the water table 
was the level that ex�sted at a t�me �mmed�ately before the �rr�gat�on season (for example, �n 
the north ch�na Pla�n th�s would be about march). Accord�ng to our respondents, there were 
d�fferences �n the stat�st�cs for the changes �n the water table when us�ng average or stat�c 
ground-water levels. Accord�ng to our data, the stat�c level produced numbers that suggested 
there were fewer v�llages �n wh�ch the water table was fall�ng. 

2 ‘collect�ve management’ �mpl�es that the v�llage leadersh�p takes respons�b�l�ty d�rectly 
through the v�llage comm�ttee for water allocat�on, canal operat�on and ma�ntenance and 
fee collect�on; WUAs are theoret�cally a farmer-based, part�c�patory organ�sat�onal system 
that �s set up to manage the v�llage’s �rr�gat�on water; ‘contract�ng’ �s a system �n wh�ch the 
v�llage leadersh�p establ�shes a contract w�th an �nd�v�dual to manage the v�llage’s water.

3 When managers have part�al or full cla�m on the earn�ngs of the water management act�v�t�es 
(for example, on the value of the water saved by water management reform), we say that they 
face strong �ncent�ves (or that the manager �s manag�ng ‘w�th �ncent�ves’). If the �ncome from 
the�r water management dut�es �s not l�nked to water sav�ngs, they are sa�d to manage ‘w�thout 
�ncent�ves’.
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cl�mate change, a�r pollut�on and �mprov�ng publ�c health are some of the 
most ser�ous challenges fac�ng humank�nd at the beg�nn�ng of the twenty-first 
century. Wh�le cons�derable effort has been made to understand the �mpact 
of chang�ng cl�mat�c cond�t�ons and a�r qual�ty on populat�on health, our 
knowledge of the�r relat�onsh�p �s st�ll rather l�m�ted, and th�s �s espec�ally the 
case �n develop�ng countr�es, where deta�led and rel�able data for env�ronmental 
cond�t�ons and populat�on health are often d�fficult to find.

To further �mprove our knowledge of decl�n�ng mortal�ty rates �n the past 
half-century, the major character�st�cs of current mortal�ty patterns and the�r 
future changes �n ch�na, researchers from The Austral�an nat�onal Un�vers�ty, 
Fudan Un�vers�ty, shangha� mun�c�pal�ty centre for d�seases control and 
Prevent�on and the Un�vers�ty of cambr�dge have been conduct�ng a deta�led 
study of health and mortal�ty trans�t�on �n shangha�. Th�s project, wh�ch has 
been funded by a research grant from the Wellcome Trust, a�ms to ach�eve the 
follow�ng object�ves: to prov�de deta�led �nformat�on about changes �n causes 
of death and mortal�ty levels �n shangha� �n recent decades, to ga�n a better 
understand�ng of chang�ng mortal�ty patterns and the�r relat�onsh�p w�th major 
soc�oeconom�c and env�ronmental factors, and to further exam�ne the process 
of ch�na’s ep�dem�olog�cal trans�t�on and some proposed mortal�ty patterns 
and the�r changes.

The project has collected and d�g�tal�sed deta�led populat�on and mortal�ty 
data collected from seven urban d�str�cts �n shangha� from the late 1950s to 
the beg�nn�ng of the twenty-first century. In add�t�on, �t has gathered deta�led 
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�nformat�on on weather for the past four decades and a�r-qual�ty data for recent 
years. These data are used �n th�s study to explore the relat�onsh�p between a�r 
pollut�on, weather and mortal�ty �n shangha�.

shangha�, l�ke many large c�t�es �n develop�ng countr�es, has been exper- 
�enc�ng a rap�d trans�t�on. Fast econom�c growth and urban expans�on have 
led to cons�derable changes �n people’s l�v�ng env�ronments, wh�ch �n turn 
could greatly �nfluence �mprovements �n populat�on health and soc�oeconom�c 
development. The �mpact of chang�ng a�r qual�ty and cl�mate on populat�on 
health �s an �ssue that has attracted great attent�on �n recent years. compared 
w�th some other ch�nese c�t�es, shangha�’s a�r qual�ty has been reasonably 
good; however, �n compar�son w�th �ndustr�al�sed countr�es and the a�r-qual�ty 
gu�del�nes recommended by the World health organ�zat�on (Who), there �s 
st�ll a long way to go to control a�r pollut�on �n shangha� (Brajer and mead 2004; 
kan et al. 2007; Who 2005). For example, out of 3,149 days between 1998 and 
2007, when the data were ava�lable, the level of part�culate matter less than 
10 m�crometres (μm) �n aerodynam�c d�ameter (Pm10) reached the standard 
recommended by the Who a�r-qual�ty gu�del�nes on only 29.1 per cent of days; 
the levels of n�trogen d�ox�de and sulphur d�ox�de reached the�r standards on 
50 per cent and 10 per cent of the days, respect�vely. The s�tuat�on was worse 
�n cool seasons when the proport�on of days when these pollutants were lower 
than or reached the level recommended by the Who gu�del�nes fell to 23.9 per 
cent (for Pm10), 39.2 per cent (for n�trogen d�ox�de) and 6.8 per cent (for sulphur 
d�ox�de). The proport�on of days when the levels of these three pollutants all 
reached the Who gu�del�nes was even lower: about 5 per cent.

An �ncreas�ng number of stud�es explor�ng the l�nk between a�r pollut�on and 
populat�on health have been conducted �n recent years, and they have shown 
that a�r pollut�on has cons�derable effects on morb�d�ty and mortal�ty �n most 
of the populat�ons be�ng �nvest�gated (kenney and ozkaynak 1991; Xu et al. 
1994, 2000; ostro et al. 1996; Touloum� et al. 1997; lee et al. 1999; Wong et al. 
2001; kan et al. 2003, 2007). desp�te th�s, there �s st�ll cons�derable uncerta�nty 
about the nature and the strength of such effects, wh�ch �s partly attr�butable to 
the follow�ng facts. F�rst, the number of stud�es, part�cularly those conducted 
�n develop�ng countr�es, �s st�ll l�m�ted. second, most ava�lable s�ngle-c�ty 
stud�es use d�fferent stat�st�cal models. Because real t�me-ser�es data such as 
a�r qual�ty and mortal�ty often have greater complex�ty than many commonly 
used models allow, conclus�ons drawn from these stud�es tend to be sens�t�ve 
to model spec�ficat�on (erbas and hyndman 2005).

To �mprove our knowledge about the relat�onsh�p between a�r qual�ty and 
populat�on health, espec�ally �n the context of rap�d urban development �n 
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develop�ng countr�es, th�s study systemat�cally analyses the �mpact of a�r 
pollut�on on mortal�ty �n shangha�. on the bas�s of th�s analys�s, �t also compares 
the �mpact of a�r pollut�on on da�ly mortal�ty between shangha� and hong 
kong—two major c�t�es �n As�a.

Data and methods

mortal�ty data collected by shangha� mun�c�pal�ty centre for d�seases control 
and Prevent�on are used �n th�s study. W�th financ�al support prov�ded by the 
Wellcome Trust, the health and mortal�ty Trans�t�on �n shangha� Project has 
d�g�tal�sed nearly 300,000 death cert�ficates �ssued between 1956 and 2001 �n 
seven urban d�str�cts: nansh�, luwan, Xuhu�, changn�ng, Zhabe�, hongkou 
and Yangpu. These death cert�ficates record the follow�ng �nformat�on for each 
deceased: name, sex, date of b�rth, date of death, race, personal Id number, 
home address, educat�onal level, occupat�on, mar�tal status, age at death, the 
pr�nc�ple cause of death and place of death (although there are var�at�ons �n 
the amount of �nformat�on �ncluded over t�me). They also record the level of the 
hosp�tal (prov�nc�al, county or townsh�p) that cert�fied the death, major methods 
of d�agnos�s (autopsy, b�opsy, laboratory test, cl�n�cal d�agnos�s or �nference 
on the bas�s of ava�lable ev�dence) and other useful �nformat�on. In th�s study, 
deaths are class�fied �nto groups accord�ng to the Internat�onal class�ficat�on 
of d�seases rev�s�on n�ne (Icd-9). s�nce �nformat�on on the date of death �s 
ava�lable, da�ly mortal�ty patterns can be exam�ned.

The meteorolog�cal data for shangha� between 1956 and 2001 are extracted 
from a data set made ava�lable by ch�na’s meteorolog�cal Bureau. They 
prov�de �nformat�on on da�ly average a�r temperature, relat�ve hum�d�ty and 
atmospher�c pressure for most years. The collect�on of a�r-qual�ty data started 
late �n shangha�. deta�led �nformat�on of levels of major pollutants such as Pm10, 
sulphur d�ox�de and n�trogen d�ox�de, wh�ch can be accessed d�rectly from the 
web s�te of the shangha� env�ronmental Protect�on Bureau, became ava�lable 
only from the late 1990s. For th�s reason, our analys�s of the relat�onsh�p between 
a�r qual�ty and mortal�ty has to be restr�cted to the years 2000 and 2001 when 
deta�led data for mortal�ty, weather and a�r qual�ty were all ava�lable.

s�nce one of the object�ves of th�s chapter �s to compare the �mpact of 
a�r pollut�on on da�ly mortal�ty between shangha� and hong kong, we have 
chosen to use the method used �n Wong et al. (2001). In the analys�s, Po�sson 
regress�on was used w�th da�ly mortal�ty counts as the dependent var�able. To 
obta�n the core model for the mortal�ty outcomes �n wh�ch we are �nterested, 
smoothed (through the use of the loess smooth�ng funct�on) terms for trends 
on days, seasonal�ty, temperature, hum�d�ty and dummy var�ables for days 
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of the weeks were fitted as the �ndependent var�ables. l�ke Wong et al., we 
cons�dered lag effects of temperature and hum�d�ty, but other factors such as 
the effects of hol�days and �nfluenza ep�dem�cs (measured by a large number 
of hosp�tal adm�ss�ons for �nfluenza) were not �ncluded �n our est�mat�on. A 
deta�led d�scuss�on of the method can be found �n Wong et al. (2001).

The analys�s was conducted �n the follow�ng steps. After obta�n�ng expected 
mortal�ty counts (ξ) from the core model, Po�sson regress�on was fitted on 
pollutant concentrat�ons �n the form of

log[E(Yt)] – log(ξt) = α + βxτ (1)

to obta�n the log relat�ve r�sk (β) est�mated w�th offset on log (ξ). In exam�n�ng 
the �mpact of each pollutant on mortal�ty, we est�mated the effect of pollutant 
concentrat�on for the current and prev�ous days, and �dent�fied the best lagged 
day by ‘Aka�ke’s �nformat�on cr�ter�on’ (AIc). (We also exam�ned the effect of 
the average level of pollutant concentrat�on on the current and prev�ous days; 
these results correlate h�ghly w�th those est�mated from the pollutant level for 
a s�ngle day and are not reported here.) The effect of each pollutant was then 
adjusted for auto-correlat�on us�ng general least square regress�on and for the 
co-pollutant, wh�ch was determ�ned us�ng l�near regress�on. 

We then further est�mated the effect of pollutant concentrat�on on mortal�ty 
�n warm and cold seasons and the effect of the �nteract�on between the season 
and the pollutant be�ng exam�ned. To make the d�v�s�on of seasons cons�stent 
w�th those used �n Wong et al. (2001), we �ncluded the s�x months from october 
to march �n the cold season, and those from Apr�l to september �n the warm 
season. Because shangha�’s cl�mat�c cond�t�ons d�ffer from those �n hong 
kong, �t m�ght be more appropr�ate to d�v�de the seasons �n d�fferent ways; th�s 
has been exam�ned �n our analys�s, but the results are not reported here. When 
est�mat�ng the effect of a s�ngle pollutant, we used the same model as that 
descr�bed above but w�th two add�t�onal �ndependent var�ables: a dummy var�able 
for the season (1 for the warm season and 0 for the cold season) and a var�able 
represent�ng the �nteract�on between the season and the pollutant. We then add 
two more var�ables—the concentrat�on of the co-pollutant �dent�fied earl�er and 
the �nteract�on of the co-pollutant and the season—�nto the model to est�mate 
the effect of the major pollutant adjust�ng for the effect of the co-pollutant. In the 
analys�s, we have further exam�ned the exposure–response relat�onsh�p between 
the concentrat�on level of the pollutant and mortal�ty outcomes �n warm and 
cold seasons, although deta�led results w�ll not be d�scussed �n th�s chapter. 
All analyses were conducted us�ng the stat�st�cal software R.
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Results

Table 14.1 presents summar�sed stat�st�cs of mortal�ty counts, weather and 
major pollutants for the study per�od, by the two seasons spec�fied earl�er. 
Wh�le th�s seasonal d�v�s�on m�ght not be the best way to group months, �t has 
been adopted to make the analys�s cons�stent w�th that used �n the hong kong 
study. Alternat�ve ways of d�v�d�ng seasons have been cons�dered �n the data 
analys�s, but the�r �nfluence on the results �s relat�vely small.

Table 14.1 Summary statistics of mortality outcome, air pollution 
levels and meteorological measures by season

 no. (days) mean standard m�n�mum P10 med�an P90 max�mum
   dev�at�on
mortal�ty counts       
non-acc�dental

cool 365 110.2 18.5 62 86 109 134 164
Warm 366 85.3 11.2 58 72 84 101 119

card�ovascular d�sease        
cool 365 40.1 9.3 16 28 39 53 65
Warm 366 28.6 5.9 14 21 28.5 36 50

resp�ratory d�sease        
cool 365 13.9 5.5 3 7 13 21 32
Warm 366 8.5 3.4 2 4 8 13 22

A�r pollut�on concentrat�ons (μg/m3)       
n�trogen d�ox�de        

cool 365 61.9 36.1 20 32 48 100 222
Warm  366 43.6 29.5 13 20 34 82 190

sulphur d�ox�de        
cool 365 44.8 16.2 12 24 45 67 98
Warm  366 37.6 13.2 10 20 38 55 74

Pm10        
cool 365 73.9 45.7 9 33 62 131 358
Warm 366 65.1 30.5 16 38 59.5 95 338

meteorolog�cal measurements:       
Temperature (ºc)        

cool 365 10.6 5.9 -2.1 3.6 9.8 20.1 24.4
Warm 366 23.8 5.1 9.8 16.3 24.2 30 33.2

hum�d�ty (%)        
cool 365 74.5 12.9 36 57 76 92 99
Warm  366 77.5 10.9 46 62 79 90 98

sources: Authors’ calculat�ons. 
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shangha� �s located on ch�na’s east coast and has a subtrop�cal monsoon 
cl�mate. As shown �n Table 14.1, shangha�’s average a�r temperature was 23.8 
degrees cels�us (ºc) �n the warm months and 10.6 ºc �n the cold months �n 2000 
and 2001—about 3 ºc and 8 ºc lower than the average temperatures recorded 
�n hong kong �n the two respect�ve seasons over the per�od from 1995 to 1997. 
shangha� has a greater seasonal d�fference �n a�r temperature than hong kong. 
In shangha�, the average relat�ve hum�d�ty for the cold months was close to that 
for the warm months. These levels and the�r seasonal d�fference are s�m�lar to 
those observed �n hong kong.

stat�st�cs for pollutant concentrat�ons are presented �n the m�ddle panel of 
Table 14.1. In compar�son w�th warm seasons, �n cold seasons, h�gher levels of 
concentrat�on of all three l�sted pollutants were found. The average levels of 
a�r pollut�on �n the cold and warm seasons are 61.9 and 43.6 m�crograms (μg) 
per cub�c metre for n�trogen d�ox�de, 44.8 and 37.6 μg/cub�c metre for sulphur 
d�ox�de and 73.9 and 65.1 μg/cub�c metre for Pm10, respect�vely. The compar�son 
between these results and those recorded �n hong kong between 1995 and 
1997 suggests that, �n shangha�, the level of n�trogen d�ox�de was sl�ghtly lower 
than �n hong kong, but the level of sulphur d�ox�de was much h�gher, and the�r 
seasonal d�fference was greater than that observed �n hong kong. In shangha�, 
the level of Pm10 was also markedly h�gher than �n hong kong, espec�ally �n 
the warm months. Another notable d�fference found between the two c�t�es �s 
that shangha�’s max�mum levels of n�trogen d�ox�de and Pm10 are much h�gher 
than those recorded �n hong kong.

In shangha�, a larger number of non-acc�dental deaths took place �n cold 
seasons than �n warm seasons; th�s �s part�cularly true for deaths caused by 
card�ovascular and resp�ratory d�seases. The rat�os of cold-month to warm-
month deaths for the three mortal�ty groups spec�fied �n Table 14.1 were 1.29 
(non-acc�dental deaths), 1.40 (card�ovascular d�sease) and 1.64 (resp�ratory 
d�sease). These rat�os were h�gher than those recorded �n hong kong between 
1995 and 1997, wh�ch were 1.17 (non-acc�dental deaths), 1.34 (card�ovascular 
d�sease) and 1.15 (resp�ratory d�sease).

Table 14.2 presents stat�st�cal results show�ng the effect of l�sted pollutants 
on the number of all non-acc�dental deaths and the number of deaths due to 
card�ovascular and resp�ratory d�seases. These pollutants and the three types 
of deaths are l�sted �n the first column of the table. The second column of the 
table presents the lag day, wh�ch �s the day on wh�ch the level of the g�ven 
pollutant has the strongest assoc�at�on w�th the number of deaths recorded 
on the day of observat�on. We compared the lag effects for up to three days, 
and the best s�ngle lagged day was �dent�fied by the AIc.
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The effect of the g�ven pollutant on mortal�ty outcomes, �n the form of 
relat�ve r�sks (rrs) and the�r 95 per cent confidence �nterval (cI), �s shown �n 
column three and �ts s�gn�ficant level �s shown �n column four. These results 
show that the concentrat�on of sulphur d�ox�de on the best s�ngle lagged 
day �s s�gn�ficantly assoc�ated w�th all three mortal�ty outcomes on the day 
of observat�on, and the levels of Pm10 are s�gn�ficantly related to the deaths 
caused by resp�ratory d�seases. These results are not, however, adjusted for 
auto-correlat�on and co-pollutants. After adjust�ng for auto-correlat�on (us�ng 
the general least square method made ava�lable by the stat�st�cal software R), 
some changes were observed �n the results—shown �n columns five and s�x of 
the table. These changes are generally small, �nd�cat�ng that the �nfluence of 
auto-correlat�on on the results �s moderate or weak. We then further adjusted 
the model to take �nto account the �mpact of co-pollutants (l�sted �n column 
seven), wh�ch were �dent�fied through the use of l�near regress�on. These results 
are presented �n columns e�ght and n�ne. After the model has been adjusted for 
auto-correlat�on and co-pollutants, the effects of n�trogen d�ox�de and Pm10 on 
mortal�ty outcomes are stat�st�cally �ns�gn�ficant. The concentrat�on of sulphur 
d�ox�de �s, however, st�ll assoc�ated s�gn�ficantly w�th the number of all non-
acc�dental deaths and those caused by resp�ratory d�seases. These results are 
broadly s�m�lar to those �n Wong et al. (2001).

Table 14.3 presents stat�st�cal results for the effects of spec�fied pollutants on 
mortal�ty outcomes �n the warm and cold seasons, wh�ch have been est�mated 
us�ng a model s�m�lar to that descr�bed above. To est�mate the �mpact of a 
s�ngle pollutant w�thout tak�ng �nto account the effect of the co-pollutant, two 
add�t�onal var�ables—a dummy season var�able and the �nteract�on between 
the g�ven pollutant and the season—were added �nto the model. When the 
�mpact of the co-pollutant was adjusted, two further var�ables—the co-
pollutant and the �nteract�on of the co-pollutant and the season—were also 
�ncluded �n the model. These results show that, �n the warm season, the effect 
of all l�sted pollutants on mortal�ty outcomes �s not stat�st�cally s�gn�ficant, 
regardless of whether the effect of the co-pollutant �s adjusted. In the cold 
season, however, the concentrat�on of n�trogen d�ox�de and sulphur d�ox�de �s 
related s�gn�ficantly to all mortal�ty outcomes �f the effect of the co-pollutant 
�s not adjusted. After the �mpact of the co-pollutant was taken �nto account, 
most of these s�gn�ficant assoc�at�ons rema�ned except that between the 
concentrat�on of n�trogen d�ox�de (after be�ng adjusted for the co-pollutant 
sulphur d�ox�de) and the number of deaths caused by resp�ratory d�seases. 
There �s no s�gn�ficant assoc�at�on between the concentrat�on of Pm10 and 
spec�fied mortal�ty outcomes, regardless of whether the model was adjusted 
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for co-pollutants. As �nd�cated by the stat�st�cs shown �n the last column of  
Table 14.3, the between-season d�fferences are stat�st�cally s�gn�ficant �n est�m-
at�ng the effect of n�trogen d�ox�de on all non-acc�dental deaths and deaths 
caused by resp�ratory d�seases �f the �mpact of the co-pollutant �s not adjusted. 
The between-season d�fference �s also s�gn�ficant when the effect of Pm10 on 
deaths due to card�ovascular d�seases �s est�mated w�th no adjustment for the 
co-pollutant.

Discussion

The results reported �n the prev�ous sect�on show that a�r pollut�on �n shangha� 
has a notable �mpact on populat�on health and mortal�ty. Th�s �s part�cularly the 
case for sulphur d�ox�de, wh�ch, after adjust�ng for auto-correlat�on and for co-
pollutants, st�ll s�gn�ficantly affects the relat�ve r�sk for all non-acc�dental deaths 
and those caused by resp�ratory d�seases. The health �mpact of a�r pollut�on �s 
more observable �n cold months, when the level of pollut�on concentrat�on �s 
markedly h�gher, than �n warm months. As �nd�cated by the results, �n the cold 
season, the pos�t�ve exposure–response relat�onsh�ps between sulphur d�ox�de, 
n�trogen d�ox�de and spec�fied mortal�ty outcomes are much stronger than �n 
the warm season. These results are supported by ev�dence presented by other 
researchers, desp�te the var�at�on �n the reported magn�tude of such effects 
between d�fferent stud�es (kan et al. 2007; chen et al. 2007). ep�dem�olog�cal 
and med�cal research have also found that lower temperatures are assoc�ated 
w�th an �ncrease �n hosp�tal adm�ss�ons for congest�ve heart fa�lure. ‘Both lower 
temperatures and h�gh a�r pollutant concentrat�ons were related to �ncreased 
blood v�scos�ty. changes �n blood rheology may be caused by an �nflammatory 
process �n the lung �nduced by a�r pollut�on or by thermoregulatory adjustment 
to m�ld surface cool�ng �n cold weather’ (Wong et al. 2001:338; see also keat�nge 
et al. 1984; Peters et al. 1997; Tsa� et al. 2003).

shangha�’s mun�c�pal government has made some progress �n controll�ng 
a�r pollut�on. our analys�s of a�r qual�ty �n shangha� between 1998 and 2007 
shows that the concentrat�on of Pm10 reached �ts peak �n 2003 and started to 
decl�ne thereafter. The level of n�trogen d�ox�de also d�splayed a trend of slow 
decrease desp�te a rap�d �ncrease �n the number of motor veh�cles. The level 
of sulphur d�ox�de, however, seems to have �ncreased sl�ghtly �n recent years; 
th�s �s part�cularly noteworthy g�ven the adverse health �mpacts of sulphur 
d�ox�de. Further �mprov�ng �ts a�r qual�ty w�ll not only make shangha� a clean 
c�ty, �t w�ll contr�bute greatly to �mprovements �n the health of �ts populat�on. 
Brajer and mead (2004) recently est�mated the number of deaths that could be 
averted through controll�ng a�r pollut�on �n ch�nese c�t�es, �nclud�ng shangha�. 
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Wh�le the�r est�mat�on procedures are quest�onable, the �ssues addressed �n 
the�r paper certa�nly deserve some attent�on.

Wh�le the conclus�ons drawn from th�s study are broadly s�m�lar to those 
reported by the study conducted �n hong kong by Wong et al. (2001), there 
are a few d�fferences �n the results. For example, wh�le the concentrat�ons 
of sulphur d�ox�de and n�trogen d�ox�de (after controll�ng for auto-regress�on 
and co-pollutants) �n both c�t�es have a marked �mpact on major mortal�ty 
outcomes, espec�ally �n the cold season, the best lag days of such �mpact are 
not the same. The �mpact of sulphur d�ox�de on major mortal�ty outcomes 
�s read�ly observable �n both c�t�es, but the level of �ts concentrat�on �s more 
closely related to deaths caused by resp�ratory d�seases �n shangha�, wh�le �t 
shows a stronger assoc�at�on w�th deaths due to card�ovascular d�sease �n hong 
kong. Furthermore, the health �mpact of the concentrat�on of n�trogen d�ox�de 
�s s�m�lar �n the two c�t�es �n the cold season, but �t has a stronger assoc�at�on 
w�th deaths caused by card�ovascular d�seases �n hong kong �f the �mpact of the 
season �s not taken �nto cons�derat�on �n the model. some of these d�fferences 
can be expla�ned by var�at�ons �n the levels of a�r pollut�on between shangha� 
and hong kong; others m�ght be related to the d�fferent �nteract�on between 
var�ous cl�mat�c and env�ronmental factors �n the two c�t�es—or the select�on 
and spec�ficat�on of stat�st�cal models. These poss�b�l�t�es w�ll be exam�ned �n 
our future �nvest�gat�ons.

The results reported �n th�s chapter were obta�ned from our prel�m�nary 
data analys�s of death records and weather and a�r-qual�ty data gathered �n 
shangha� �n 2000 and 2001. To make the results comparable w�th those reported 
by Wong et al. (2001) �n the�r study conducted �n hong kong, we have appl�ed 
a method s�m�lar to the one they used. Th�s approach has some advantages 
�n fac�l�tat�ng comparat�ve research, but �t m�ght have �ntroduced or �mposed 
some restr�ct�ons and l�m�tat�ons, espec�ally �n the select�on and appl�cat�on 
of the most appropr�ate stat�st�cal methods that could be used effect�vely to 
exam�ne the quest�ons under �nvest�gat�on and to analyse the large amount 
of data collected from shangha�. We are now explor�ng the poss�b�l�ty of 
us�ng more effect�ve stat�st�cal methods to analyse the data, and hope th�s 
w�ll lead to a more comprehens�ve exam�nat�on and contr�bute to a better 
understand�ng of the relat�onsh�p between weather, a�r qual�ty, populat�on 
health and mortal�ty.



308

China’s Dilemma

References

Brajer, V. and mead, r.W., 2004. ‘Valu�ng a�r pollut�on mortal�ty �n ch�na’s c�t�es’, 
Urban Studies, 41(8):1567–85.

chen, B., kan, h. and Zhang, Y., 2007. ‘energy, a�r pollut�on and health: a case 
study �n shangha�’, Japanese Journal of Hygiene, 62(2):125–9.

erbas, B. and hyndman, r.J., 2005. ‘sens�t�v�ty of the est�mated a�r pollut�on–
resp�ratory adm�ss�on relat�onsh�p to stat�st�cal model cho�ce’, International 
Journal of Environmental Health Research, 15(6):437–48.

kan, h., chen, B. and J�a, J., 2003. ‘A case-crossover study of amb�ent a�r 
pollut�on and da�ly mortal�ty �n shangha�’, Chinese Journal of Epidemiology 
(�n ch�nese), 24(10):863–7.

kan, h., london, s.J., chen, G., Zhang, Y., song, G., Zhao, n., J�ang, l. and chen, 
B., 2007. ‘d�fferent�at�ng the effects of fine and coarse part�cles on da�ly 
mortal�ty �n shangha�, ch�na’, Environment International, 33(3):376–84.

keat�nge, W.r., coleshaw, s.r.k., cotter, F., mattock, m., murphy, m. and 
chell�ah, r., 1984. ‘Increases �n platelet and red cell counts, blood v�scos�ty, 
and arter�al pressure dur�ng m�ld surface cool�ng: factors �n mortal�ty from 
coronary and cerebral thrombos�s �n w�nter’, British Medical Journal (Clinical 
Research Edition), 289:1405–8. 

kenney, P.l. and ozkaynak, h., 1991. ‘Assoc�at�ons of da�ly mortal�ty and a�r 
pollut�on �n los Angeles county’, Environmental Research, 54(2):99–120.

lee, J., sh�n, d. and chung, Y., 1999. ‘A�r pollut�on and da�ly mortal�ty �n seoul 
and Ulsan, korea’, Environmental Health Perspectives, 107(2):149–54.

ostro, B., sanchez, J.m., Aranda, c. and eskeland, G.s., 1996. ‘A�r pollut�on 
and mortal�ty: results from a study of sant�ago, ch�le’, Journal of Exposure 
Analysis and Environmental Epidemiology, 6(1):97–114.

Peters, A., dor�ng, A., W�chmann, h.e. and keon�g, W., 1997. ‘Increased plasma 
v�scos�ty dur�ng an a�r pollut�on ep�sode: a l�nk to mortal�ty?’, Lancet, 
349:1582–7.

Touloum�, G., katsouyann�, k., Zm�rou, d., schwartz, J., sp�x, c., Ponce de 
leon, A., Tob�as, A., Quennel, P., rabcsenko, d. and Bacharova, l., 1997. 
‘short-term effects of amb�ent ox�dant exposure on mortal�ty: a comb�ned 
analys�s w�th�n the APheA project’, American Journal of Epidemiology, 
146(2):177–85. 

Tsa�, s., Gogg�ns, W., ch�u, h. and Yang, c., 2003. ‘ev�dence for an assoc�at�on 
between a�r pollut�on and da�ly stroke adm�ss�ons �n kaohs�ung, Ta�wan’, 
Stroke, 34:2612–16.

Wong, c., ma, s., hedley, A.J. and lam, T., 2001. ‘effect of a�r pollut�on on da�ly 
mortal�ty �n hong kong’, Environmental Health Perspectives, 109(4):335–40.



309

The impact of air pollution on mortality in Shanghai

World health organ�zat�on (Who), 2005. World Health Organization air quality 
guidelines global update 2005, report on a Work�ng Group meet�ng, Bonn, 
Germany, 18–20 october.

Xu, X., Gao, J., dockery, d.W. and chen, Y., 1994. ‘A�r pollut�on and da�ly mortal�ty 
�n res�dent�al areas of Be�j�ng, ch�na’, Archives of Environmental Health, 
49(4):216–22.

Xu, Z., Yu, d., J�ng, l. and Xu, X., 2000. ‘A�r pollut�on and da�ly mortal�ty �n 
shenyang, ch�na’, Archives of Environmental Health, 55(2):115–20.

Acknowledgments

researchers �nvolved �n prepar�ng th�s chapter �nclude Zhongwe� Zhao, X�zhe 
Peng, Yuan cheng, Xuehu� han, Gu�x�ang song, Feng Zhou, Yuhua sh� and 
r�chard sm�th. correspondence should be d�rected to Professor Zhongwe� 
Zhao, Austral�an demograph�c and soc�al research Inst�tute, The Austral�an 
nat�onal Un�vers�ty, AcT 0200, Austral�a. The shangha� mortal�ty research 
Team would l�ke to thank the Wellcome Trust for �ts support for th�s project 
(Project reference no.070318). We would also l�ke to thank Pfizer Inc. and the 
hong kong research Grants counc�l for the�r support for the research.



310

China’s Dilemma

15

Energy and environment in China

Kejun Jiang and Xiulian Hu 

Energy use in China

due to rap�d econom�c growth, ch�na’s total pr�mary energy consumpt�on 
�ncreased from 400 mega-tonnes of o�l equ�valent (mtoe) �n 1978 to nearly 1,820 
mtoe �n 2007, w�th an annual average rate of �ncrease of 5.3 per cent (F�gure 15.1) 
(nBs 2006a, 2006b, 2007a). coal �s the major energy source, prov�d�ng 70.7 per 
cent of total pr�mary energy use �n 1978 and 71 per cent �n 2006 (F�gure 15.2). 
There has been a dramat�c surge �n recent years �n the rate of �ncrease of energy 
use �n ch�na, as well as w�despread energy shortages.

ch�na’s energy development strategy g�ves h�gh pr�or�ty to conservat�on and  
�mprovements �n energy effic�ency, as well as to the effic�ent and clean use of 
coal and other foss�l-fuel energy sources. The object�ve of develop�ng clean-coal 
technology �s to �mprove the effic�ency of coal ut�l�sat�on, reduce env�ronmental 
pollut�on and promote econom�c development. h�gh effic�ency and clean tech- 
nology w�ll be cruc�al for ch�na to ach�eve a low-em�ss�on development path. 

energy-effic�ency �mprovements �n the steel-mak�ng �ndustry have been 
dr�ven by the d�ffus�on of advanced technology (F�gure 15.3). desp�te these 
�mprovements, steel mak�ng �n ch�na rema�ns about 20 per cent less effic�ent 
than �n Japan. 

To real�se ch�na’s susta�nable development, the nat�onal energy development 
strategy �ncludes a pol�cy of energy conservat�on pr�or�t�sat�on, as well as 
v�gorously develop�ng renewable energy and new energ�es �n ch�na.
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F�gure 15.1 Energy production and consumption in China, 1960–2007
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F�gure 15.2 Primary energy use in China by energy type, 1957–2006
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F�gure 15.4 Energy-efficiency improvement in China, 1960–2006
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F�gure 15.3 Introduction of energy-efficiency improvements in  
steel making in China, 1970–2000
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ch�na has �mplemented a ser�es of econom�c and technolog�cal pol�c�es 
for energy conservat�on and has also establ�shed a three-t�er system of 
energy sav�ng w�th�n the central government, local governments and �ndustry 
and enterpr�ses s�nce the 1980s. The 1998 energy conservat�on law further 
establ�shed the energy-management system. ch�na has �mplemented a ser�es 
of energy-sav�ng technolog�cal pol�c�es, �nclud�ng start�ng a nat�onal ‘energy 
conservat�on Propaganda Week’, energy-effic�ency standards, a mark�ng and 
authent�cat�on system, and �s effect�vely advanc�ng energy-sav�ng pract�ces 
and �mprov�ng energy effic�ency.

To promote the appl�cat�on of new and renewable energ�es �n the long term, 
ch�na has g�ven financ�al subs�d�es and support to techn�cal development. 
It also prov�des d�scount loans for the development and use of small hydro-
power and w�nd-power plants, �n add�t�on to �mplement�ng tax preferences 
and protect�ve pr�ce pol�c�es. W�th the �mplementat�on of these measures, the 
energy-consumpt�on structure �s be�ng constantly opt�m�sed and the qual�ty of 
energy supply has �mproved. The rap�d development of clean energ�es and the 
growth of the proport�on of h�gh-qual�ty energy �n the total play an �mportant 
role �n enhanc�ng energy effic�ency and �mprov�ng atmospher�c qual�ty.

As a result, energy effic�ency �mproved s�gn�ficantly after 1980. From 1980 to 
2000, the annual average energy �mprovement rate was 5.4 per cent (F�gure 15.4). 
due to the rap�d development of �ndustry �n ch�na after 2000, however, espec�ally 
of energy-�ntens�ve products, �mprovements �n energy effic�ency w�th regard 
to gross domest�c product (GdP) were negat�ve.

Energy supply in China

s�nce the per�od of reform and ‘open�ng-up’, the energy �ndustry has ach�eved 
rap�d growth, contr�but�ng to the susta�nable development of the nat�onal 
economy. ch�na has set up an energy-supply framework that g�ves pr�or�ty to 
coal and focuses on electr�c�ty generat�on and the development of renewable 
energy. It has bu�lt an �ntegrated energy-supply system; there are many 
large coal-m�nes w�th an output capac�ty of more then 10 m�ll�on tonnes and 
petroleum-produc�ng bases have been set up �n daq�ng, shengl�, l�aohe and 
Tal�mu. At the same t�me, gas product�on has �ncreased rap�dly, the proport�on 
of commerc�al�sed renewable resources �n the pr�mary energy structure has 
�mproved, and remarkable progress has been made �n electr�c�ty generat�on.   

In 2004, ch�na replaced russ�a as the second-b�ggest energy produc�ng 
country �n the world. In 2006, pr�mary energy output was 2,201.56 mega-tonnes 
of coal equ�valent (mtce)—an �ncrease of 251 per cent from 1978. coal output 
was up to 2,373 mt, ma�nta�n�ng ch�na’s first-place rank�ng �n the world; gas 
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output reached 58.55 b�ll�on cub�c metres; and o�l output was 185 mt, wh�le 
power generat�on was 2,865.7 terrawatt hours (TWh)—both of wh�ch ranked 
second �n the world.

due to the nature of ch�na’s energy-resource reserves, coal has long 
accounted for a large proport�on of pr�mary energy—up to 70 per cent—and, 
s�nce 2001, the proport�on has �ncreased stead�ly, to 76.7 per cent �n 2006. The 
elast�c�ty coeffic�ent for electr�c power became more than 1 after 2000.

Tables 15.1 and 15.2 show energy output by fuel from 1990 to 2006, the 
rank of ch�nese energy output, and the gross and structure of ch�nese energy 
product�on from 1978 to 2006. 

After 2003, ch�na became a net �mporter of o�l, and, by 2007, a net �mporter 
of energy. At present, ch�na �s the th�rd-largest o�l �mporter �n the world. In 2006, 
ch�na �mported 145.18 mt of crude o�l and 46.01 mt of petroleum products, wh�le 
�t exported 6.34 mt of crude o�l and 15.51 mt of petroleum products; therefore, 
net crude o�l �mports were 138.84 mt and net �mports of petroleum products 
were 30.5 mt. In 2006, the volume of �mports of crude o�l and o�l products was 
worth Us$68 b�ll�on, account�ng for 7.02 per cent of ch�na’s total volume of 

Table 15.1 Chinese energy output by fuel, 1990–2006

Year raw coal  crude o�l Gas (hundred electr�c power hydro-power
 (mt) (mt)  m�ll�on m3)  (TWh) (TWh)
1990 1,080 138.3 153.0 621.2 126.7
1991 1,087 141.0 160.7 677.5 124.7
1992 1,116 142.1 157.9 753.9 130.7
1993 1,150 145.2 167.7 839.5 151.8
1994 1,240 146.1 175.6 928.1 167.4
1995 1,361 150.1 179.5 1,007.0 190.6
1996 1,397 157.3 201.1 1,081.3 188.0
1997 1,373 160.7 227.0 1,135.6 196.0
1998 1,250 161.0 232.8 1,167.0 198.9
1999 1,280 160.0 252.0 1,239.3 196.6
2000 1,299 163.0 272.0 1,355.6 222.4
2001 1,381 164.0 303.3 1,480.8 277.4
2002 1,455 167.0 326.6 1,654.0 288.0
2003 1,722 169.6 350.2 1,910.6 283.7
2004 1,992 175.87 414.6 2,203.3 353.5
2005 2,205 181.35 493.2 2,500.3 397.0
2006 2,373 184.77 585.5 2,865.7 435.8

Source: nat�onal Bureau of stat�st�cs (nBs), 2007b. China Statistical Yearbook 2007, ch�na 
stat�st�cs Press, Be�j�ng. 
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�mports, wh�le the volume of exports of crude o�l and o�l products was worth 
Us$17.48  b�ll�on, account�ng for 2.21 per cent of ch�na’s total volume of exports. 
s�nce 2001, ch�na has �mported much more coal than ever before—up to 38.25 
mt �n 2006, wh�ch was 20 t�mes more than �n 2000. 

Energy and environmental development 

coal �s the ma�n energy source �n ch�na, and the coal-based energy structure 
w�ll be d�fficult to change �n the long term. The relat�vely backward modes of coal 
product�on and consumpt�on have �ncreased the pressure for env�ronmental 
protect�on. coal consumpt�on �s the ma�n reason for ch�na’s a�r pollut�on and �s 
the ma�n source of the country’s greenhouse gas em�ss�ons. W�th the constant 
�ncrease of motor veh�cles �n ch�na, a�r pollut�on �n some c�t�es has become a 
comb�nat�on of soot and veh�cle exhausts. 

The ma�n pollutant em�ss�ons 

Pollution emissions from energy production in China. The �mpact of energy 
product�on on the env�ronment �s man�fested �n the dust pollut�on and gas 
em�ss�ons from coal-m�n�ng and process�ng, and atmospher�c pollut�on from 
the spontaneous combust�on of coal gangue. Accord�ng to data from the China 

Table 15.2 Gross and structure of Chinese energy production, 1978–2006

Year Gross output  Proport�on of energy product�on (%)
 (10,000 tonnes  raw coal crude o�l Gas hydro-power, nuclear
 of standard coal)    power, w�nd power

1978 62,770 70.3 23.7 2.9 3.1
1980 63,735 69.4 23.8 3.0 3.8
1990 103,922 74.2 19.0 2.0 4.8
1995 129,034 75.3 16.6 1.9 6.2
2000 128,978 72.0 18.1 2.8 7.2
2001 137,445 71.8 17.0 2.9 8.2
2002 143,810 72.3 16.6 3.0 8.1
2003 163,842 75.1 14.8 2.8 7.3
2004 187,341 76.0 13.4 2.9 7.7
2005 206,068 76.5 12.6 3.2 7.7
2006 221,056 76.7 11.9 3.5 7.9

Source: nat�onal Bureau of stat�st�cs (nBs), 2007b. China Statistical Yearbook 2007, ch�na 
stat�st�cs Press, Be�j�ng.
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Statistical Yearbook 2007 (nBs 2007b), ch�na’s coal-m�n�ng and wash�ng �ndustry 
�n 2006 em�tted 145,000 tonnes of sulphur d�ox�de, 122,000 tonnes of smoke and 
176,000 tonnes of �ndustr�al dust, w�th removal rates of 38 per cent (sulphur 
d�ox�de), 88 per cent (smoke) and 40 per cent (�ndustr�al dust). In add�t�on, �n 
2006, coal-m�n�ng and process�ng em�tted 5 b�ll�on cub�c metres of methane 
and 2.3 b�ll�on cub�c metres of m�ne water, w�th m�ne-water ut�l�sat�on of less 
than 40 per cent. In 2006, there were more than 1,600 waste dumps conta�n�ng 
4,200 mt of coal gangue, cover�ng 17,000 hectares. more than 700,000 hectares 
have been lost to land collapse caused by m�n�ng.

The other major atmospher�c pollutants �n the energy-product�on process 
are sulphur d�ox�de, n�trogen ox�des and soot from thermal power plants. 
Because of the rap�d �ncrease �n coal consumpt�on �n recent years, ch�na’s 
thermal power �ndustry uses mostly unwashed steam coal, mak�ng the power 
�ndustry the ma�n source of a�r pollut�on. Accord�ng to the China Environmental 
Yearbook 2007 (sePA 2007), �n 2006, the thermal power �ndustry em�tted 12.041 
mt of sulphur d�ox�de (59 per cent of the total for ch�na), 3.467 mt of soot and 
14,000 tonnes of �ndustr�al dust. 
Pollutant emissions from energy consumption in China. The h�gh growth 
of energy consumpt�on �n the �ndustr�al sector �s st�ll the ma�n source of 
em�ss�ons of sulphur d�ox�de. In 2006, the �ndustr�al sector em�tted 10.18 mt of 
sulphur d�ox�de, 18 per cent of wh�ch came from the product�on of non-metall�c 
m�neral products, 15 per cent from ferrous and non-ferrous metal smelt�ng and 
process�ng and 11 per cent from the chem�cal �ndustry.

The ma�n coal-consum�ng prov�nces are shandong, hebe�, shanx� and 
J�angsu, and other h�gh-sulphur coal-consum�ng prov�nces are Gu�zhou, 
s�chuan and chongq�ng �n the southwest, wh�ch are the lead�ng prov�nces for 
sulphur d�ox�de em�ss�ons.

ch�na’s state env�ronmental Protect�on Adm�n�strat�on (sePA) mon�tored 
522 c�t�es �n 2005: 77.4 per cent of the c�t�es had an average annual concentrat�on 
of sulphur d�ox�de at ‘standard II’ (0.06 m�ll�grams per cub�c metre), wh�le 6.5 
per cent were above standard III (0.10 m�ll�grams per cub�c metre). The c�t�es 
w�th the h�ghest levels of sulphur d�ox�de pollut�on were d�str�buted ma�nly 
�n the prov�nces, autonomous reg�ons and mun�c�pal�t�es of shanx�, hebe�, 
Gansu, Inner mongol�a, Yunnan, Guangx�, hube�, shaanx�, henan, hunan, 
s�chuan, l�aon�ng and chongq�ng. In add�t�on, based on compar�sons of coal 
consumpt�on and urban a�r qual�ty �n key c�t�es, the c�t�es w�th the lowest sulphur 
d�ox�de concentrat�ons and best urban env�ronmental qual�ty were ha�kou, 
sanya, Zhaoq�ng, Be�ha�, Zhanj�ang and Zhuha�—all of wh�ch had low levels 
of coal consumpt�on and a good-qual�ty energy structure.
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em�ss�ons of n�trogen ox�des and energy act�v�t�es are closely related. The 
ma�n sources for the em�ss�on of these gases are power-generat�on bo�lers, 
�ndustr�al bo�lers and k�lns us�ng natural gas, coal and heavy o�l as the�r ma�n 
fuel source, as well as the product�on of n�tr�c ac�d, n�trogen fert�l�ser and 
explos�ves and veh�cle exhausts. As there are a var�ety of factors related to 
n�trogen ox�des em�ss�on and combust�on processes, such as the technolog�cal 
level of the product�on process, �t �s d�fficult for sePA to mon�tor these 
em�ss�ons, and there are no accurate data among the env�ronmental stat�st�cs 
for the em�ss�ons of n�trogen ox�des. Accord�ng to a prel�m�nary est�mate, �n 
2006, ch�na em�tted a total of about 14 mt of n�trogen ox�des—an �ncrease of 
8.5 per cent compared w�th 2000. In the total amount of n�trogen ox�des, thermal 
power accounted for 40 per cent and �ndustr�al bo�lers and k�lns, chem�cal 
product�on processes and veh�cle exhausts made up the rema�nder.

In 2006, the ma�n sources of �ndustr�al dust em�ss�ons �n ch�na were as 
follows: thermal power, 45 per cent; non-metall�c m�neral product�on, 18 per 
cent; ferrous and non-ferrous metals smelt�ng and press�ng, 15 per cent; 
chem�cal raw mater�als and chem�cal product�on, 10 per cent. 

In 2005, mon�tor�ng of ac�d ra�n was carr�ed out �n 696 ch�nese c�t�es. Ac�d 
ra�n was recorded �n 357 c�t�es, w�th the average annual ra�nfall ph value �n 
the range of 3.87–8.35, account�ng for 51.3 per cent of c�ty stat�st�cs. The c�t�es 
w�th an average annual ra�nfall ph value of less than 5.6 accounted for 38.4 per 
cent, w�th an �ncrease of 1.8 per cent compared w�th 2004. The proport�on of 
c�t�es w�th an average annual ra�nfall ph value of 5.6 or less �ncreased by 0.7 per 
cent, wh�le the proport�on of c�t�es w�th a ph value of less than 4.5 �ncreased 
by 1.9 per cent. The c�t�es w�th frequency of ac�d ra�n over 80 per cent have 
�ncreased by 2.8 per cent. The c�t�es w�th low ph value of the average annual 
prec�p�tat�on and a h�gher frequency of ac�d ra�n than that of 2004 shows that 
ch�na’s ac�d ra�n pollut�on became more ser�ous �n 2005. Table 15.3 shows the 
major pollut�on em�ss�ons �n ch�na from 1995 to 2006. 

Greenhouse gas em�ss�ons 

The rap�d �ncrease of energy use �n ch�na has caused large quant�t�es of carbon 
d�ox�de em�ss�ons. F�gure 15.5 presents recent carbon d�ox�de em�ss�ons �n 
ch�na. ch�na �s now the world’s second-largest em�tter of greenhouse gases, 
after the Un�ted states. It �s bel�eved that, �f there �s no change �n the trend of 
�ncreas�ng energy use, ch�na’s carbon d�ox�de em�ss�ons w�ll overtake those 
of the Un�ted states �n the near future—mak�ng ch�na the largest em�tter �n 
the world. 
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Table 15.3 Major pollution emissions in China, 1995–2006

Year sulphur  dust (mt) Industr�al Waste  chem�cal Industr�al
 d�ox�de (mt)   dust (mt) water (100 oxygen sol�d waste
    m�ll�on m3) demand (mt)   (mt)
1995 23.70 17.44 17.31 415.3 .. 22.27
2000 19.95 11.65 10.92 415.2 14.45 31.86
2001 19.48 10.70  9.91 432.9 14.05 28.94
2002 19.27 10.13  9.41 439.5 13.67 26.35
2003 21.59 10.48 10.21 460.0 13.34 19.41
2004 22.55 10.95 9.05 482.4 13.39 17.62
2005 25.49 11.82 9.11 523.0 14.14 16.55
2006 25.89 10.89 8.08 536.8 14.28 13.02

Source: state env�ronmental Protect�on Adm�n�strat�on (sePA), 2007. China Environmental 
Year Book 2007, ch�na env�ronmental Yearbook Press, Be�j�ng.

F�gure 15.5 Carbon dioxide emissions in China, 1990–2006
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ch�na’s mass�ve explo�tat�on of foss�l fuels has resulted �n a rap�d �ncrease �n 
em�ss�ons of methane, wh�ch �s the second most �mportant greenhouse gas after 
carbon d�ox�de. natural processes and human act�v�t�es can generate methane 
em�ss�ons. The ma�n human-made sources of methane �nclude r�ce cult�vat�on, 
cattle and sheep breed�ng, decompos�ng garbage �n landfill, and coal-m�n�ng, 
gas and o�l extract�on, process�ng and transportat�on. Global annual methane 
em�ss�ons caused by an�mal �ntest�nal fermentat�on are 60–100 mt, account�ng 
for 22 per cent of the anthropogen�c total; methane em�ss�ons from an�mal dung 
amount to 20–30 mt, account�ng for 5.5–8 per cent of the anthropogen�c total. 
ch�na �s the lead�ng country for an�mal breed�ng, and an�mal enter�c fermentat�on 
and an�mal dung are ch�na’s largest sources of methane em�ss�ons. ch�na’s r�ce 
plantat�ons account for about 21 per cent of the global total, and r�ce grow�ng �s 
one of the ma�n sources of methane em�ss�ons. 

ch�na �s the world’s largest coal-m�n�ng country, most of wh�ch �s under-
ground m�n�ng, account�ng for 95 per cent of the total coal product�on. coal-
m�n�ng �s the key source of energy product�on-related methane em�ss�ons. 
Accord�ng to the China Climate Change Initial National Communication 
subm�tted �n 2004 by the ch�nese government to the Un Framework convent�on 
on cl�mate change conference, �n l994, ch�na’s methane em�ss�ons were about 
34.29 mt—9.37 mt (27 per cent) of wh�ch were caused by energy-generat�on 
act�v�t�es. W�th the rap�d �ncrease �n ch�na’s coal and natural gas product�on 
�n recent years, methane em�ss�ons caused by energy act�v�ty have also been 
�ncreas�ng greatly. It �s est�mated that gas produced �n the coal-m�n�ng process 
(the ma�n component of wh�ch �s methane) �n ch�na �ncreased from about 
9.6 b�ll�on cub�c metres �n 2000 to about 12 b�ll�on cub�c metres �n 2004—an 
�ncrease of 25 per cent. The large volume of coal-m�ne gas em�ss�ons �s not 
only a waste of a valuable clean-energy resource, �t has caused a rap�d r�se �n 
methane gas em�ss�ons �n ch�na. 

Policy measures for environmental and energy development

The ch�nese Government attaches great �mportance to env�ronmental protect�on, 
and strengthen�ng env�ronmental protect�on has become a bas�c nat�onal pol�cy. 
commun�ty awareness of env�ronmental protect�on has generally �mproved. 
After the Un conference on the env�ronment and development �n 1992, ch�na 
formulated the China Agenda 21, and took comprehens�ve measures �n the fields 
of law and econom�cs and appl�ed other means to strengthen env�ronmental 
protect�on, ach�ev�ng pos�t�ve progress. The ma�n components of ch�na’s energy 
pol�cy are the reduct�on and effect�ve management of env�ronmental damage 
and pollut�on �n the process of energy development and ut�l�sat�on. 
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Adher�ng to the strategy of econom�cal, clean and safe development

ch�na’s energy development adheres to a pol�cy of econom�cal, clean and 
safe development and solves problems through development and reform. The 
government �mplemented the sc�ent�fic development concept, adheres to the 
people-centred pol�cy or strategy, changes the concept of development to g�ve 
pr�or�ty to human development, �nnovates the mode of development, �mproves 
the qual�ty of growth and development. The government �ns�sts that energy 
development follow a path of h�gh technology, low resource consumpt�on, less 
env�ronmental pollut�on, good econom�c returns and publ�c safety �n order to 
ach�eve comprehens�ve, coord�nated and susta�nable development.

ch�na’s energy development adheres to the bas�c pr�nc�ples of rely�ng on 
the domest�c market and open�ng up to the global economy, wh�le ensur�ng a 
steady supply of energy and promot�ng global energy development along w�th 
the steady growth of domest�c energy. ch�na’s energy development w�ll br�ng 
more development opportun�t�es to other countr�es �n the world, open space 
for development �n the �nternat�onal market and make a pos�t�ve contr�but�on 
to the secur�ty and stab�l�ty of the world’s energy suppl�es. 

The bas�c contents of ch�na’s energy strategy are: to g�ve pr�or�ty to conservat�on; 
to rely on the domest�c market; to attach �mportance to d�vers�fied development 
and env�ronmental protect�on; to rely on sc�ence and technology; to strengthen 
�nternat�onal cooperat�on; and to make efforts to bu�ld a stable, econom�cal, 
clean and safe energy-supply system to support susta�nable econom�c and soc�al 
development. 
Giving priority to conservation. resource conservat�on �s a bas�c nat�onal 
pol�cy �n ch�na, comb�n�ng energy development and conservat�on. Pr�or�ty �s 
g�ven to conservat�on, chang�ng the mould of econom�c development, adjust�ng 
the �ndustr�al structure and encourag�ng research and development of energy-
sav�ng technology. Pr�or�ty �s also g�ven to the �mplementat�on of energy-sav�ng 
products, �mproved energy management and energy-sav�ng regulat�ons and 
cont�nu�ng �mprovements �n energy effic�ency. 
Domestic supply. ch�na w�ll rely ma�nly on domest�c energy suppl�es to meet 
�ts grow�ng demand for energy by stead�ly �mprov�ng the secur�ty and capac�ty 
of the domest�c supply. 
Diversified development. ch�na w�ll ensure a steady supply of energy 
through an orderly development of coal-generated electr�c�ty, accelerat�ng the 
development of energy generat�on from o�l and natural gas and encourag�ng the 
development of coal-bed methane product�on. It w�ll also develop renewable 
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energy sources such as hydro-power, and promote nuclear power development, 
the sc�ent�fic development of alternat�ve energy sources, the opt�m�sat�on of 
energy structures and the �mplementat�on of mult�-source energy.
Science and technology. ch�na rel�es on the sc�ent�fic and technolog�cal 
progress of energy development, wh�le strengthen�ng the capac�ty for 
�ndependent �nnovat�on, �mprov�ng the absorpt�on of �mported technology 
and re-�nnovat�on capab�l�t�es, ach�ev�ng breakthroughs �n the development 
of new energy technology, �mprov�ng key technology and major equ�pment 
manufactur�ng, creat�ng new methods of energy development and enhanc�ng 
�ts development potent�al. 
Environmental protection. ch�na has a goal of bu�ld�ng a resource-sav�ng and 
env�ronmentally fr�endly soc�ety. It act�vely promotes coord�nat�on between 
energy and env�ronmental development, prov�d�ng protect�on �n the course of 
development and str�v�ng for susta�nable development. 
Mutually beneficial cooperation. ch�na adheres to a pr�nc�ple of equal�ty 
and mutual benefit. It has strengthened �ts energy cooperat�on w�th the 
Internat�onal energy Agency and the �nternat�onal commun�ty. It �s work�ng 
act�vely to �mprove the mechan�sms for global cooperat�on to ach�eve and 
ma�nta�n �nternat�onal energy secur�ty and stab�l�ty. 

The seventeenth nat�onal People’s congress of the commun�st Party of 
ch�na, held �n october 2007, �dent�fied a need to speed up the transformat�on of 
development, to quadruple per cap�ta GdP from 2000 levels by 2020 by opt�m�s�ng 
the �ndustr�al structure, �mprov�ng effic�ency and lower�ng consumpt�on wh�le 
protect�ng the env�ronment. Gu�del�nes for the eleventh F�ve-Year Plan (2006–10) 
for nat�onal econom�c and soc�al development clearly propose that, by 2010, 
the un�t of energy use of GdP be reduced by 20 per cent from 2005 levels, and 
the em�ss�on of major pollutants should be reduced by 10 per cent. 

To ach�eve the goals of econom�c and soc�al development, the energy 
development object�ves �n the eleventh F�ve-Year Plan are: by the end of the F�ve-
Year Plan, the energy supply w�ll meet the bas�c needs of the nat�onal economy 
and soc�al development; progress w�ll be made �n energy conservat�on; energy 
effic�ency w�ll be �ncreased; �ndustr�al structures w�ll be further opt�m�sed; 
technolog�cal progress, econom�c effic�ency and market compet�t�veness w�ll 
be enhanced s�gn�ficantly; macroeconom�c regulat�on and control of the energy 
sector, market superv�s�on, laws and regulat�ons, and the emergency warn�ng 
system adapted for the soc�al�st market economy w�ll gradually be perfected; 
and coord�nat�on between energy, econom�c, soc�al and env�ronmental 
development w�ll be ach�eved. 



322

China’s Dilemma

Promot�on of energy conservat�on 

ch�na �s a develop�ng country w�th a large populat�on and a relat�ve shortage 
of resources. To ach�eve susta�nable econom�c and soc�al development, ch�na 
must take the road of resource conservat�on. ch�na planned and carr�ed out 
energy-conservat�on efforts �n the early 1980s, through the �mplementat�on 
of the pol�cy of ‘development and conservat�on s�multaneously, conservat�on 
first’, and, by the end of last century, �t had ach�eved �ts goal of a doubl�ng of 
econom�c and energy-consumpt�on growth. To cont�nue to promote energy 
conservat�on, the ch�nese government has further proposed to adopt resource 
conservat�on as a bas�c nat�onal pol�cy and �t has �ssued a dec�s�on called ‘work 
of the state counc�l on strengthen�ng energy sav�ng’. The ch�nese government 
has always regarded energy conservat�on as the ma�n component of macro-
regulat�on and control, to change the development mould and opt�m�se the 
�ndustr�al structure. In the course of promot�ng energy sav�ngs, the government 
emphas�ses rely�ng on restructur�ng, on sc�ent�fic and technolog�cal progress, 
strengthen�ng management and the legal system, deepen�ng reforms and the 
part�c�pat�on of all c�t�zens. The government formulated and �mplemented a 
‘spec�al long-term plan for energy sav�ng’, set goals to reduce energy consumpt�on 
dur�ng the eleventh F�ve-Year Plan and to �mplement energy-sav�ng tasks �n the 
prov�nces, autonomous reg�ons and mun�c�pal�t�es, as well as �n key enterpr�ses. 
ch�na �s �mprov�ng �ts system of GdP and energy-consumpt�on �nd�cators, and 
energy consumpt�on w�ll be �ncluded �n comprehens�ve evaluat�ons and annual 
assessments of econom�c and soc�al development. ch�na w�ll �mplement a 
bullet�n of un�ts of GdP energy consumpt�on �ndexes, �mplement energy-sav�ng 
respons�b�l�t�es and accountab�l�ty, construct an energy-effic�ent �ndustr�al system 
and promote fundamental changes �n econom�c development. ch�na’s measures 
for full �mplementat�on of energy conservat�on measures �nclude the follow�ng. 

Promote structural readjustment. For a long t�me, the ma�n reason for 
ch�na’s low-energy effic�ency has been that the mode of econom�c growth 
�s extens�ve and h�gh-energy �ndustr�es takes too large a part. ch�na 
�ns�sts on chang�ng the mode of development, adjust�ng the �ndustr�al 
structure and the �nternal structure of �ndustry as the strateg�c focus for 
energy conservat�on, and creat�ng an econom�c development mould w�th 
low �nput, low consumpt�on, low em�ss�ons and h�gh effic�ency. ch�na 
w�ll accelerate the opt�m�sat�on and upgrad�ng of the �ndustr�al structure, 
act�vely develop�ng h�-tech and serv�ce �ndustr�es, str�ctly l�m�t�ng 
the development of h�gh-energy and h�gh water use �ndustr�es, and 
el�m�nat�ng backward product�on capac�ty. It w�ll promote fundamental 
changes �n econom�c development to speed up construct�on of an energy-
effic�ent �ndustr�al system. 

•
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Strengthen industrial energy conservation. Industry �s the key area 
of ch�na’s energy consumpt�on. ch�na has dec�ded to take the road 
to h�gh sc�ent�fic and technolog�cal content, good econom�c returns, 
low resource consumpt�on, less env�ronmental pollut�on, less human 
resources, faster development of h�gh-tech �ndustr�es, and the use of 
new and advanced appl�cable technolog�es to transform trad�t�onal 
�ndustr�es and �mprove the overall level of �ndustr�al development. 
The government w�ll focus on strengthen�ng energy sav�ngs �n the 
product�on of �ron and steel, non-ferrous metals, coal, electr�c�ty, o�l, 
petrochem�cals, chem�cals and construct�on mater�als. energy sav�ngs 
w�ll be �mplemented �n 1,000 enterpr�ses, w�th a focus on �mprov�ng the 
management of energy sav�ngs �n �ndustr�al enterpr�ses that consume 
more than 10,000 tonnes of standard coal. The�r product structure w�ll 
be adjusted, accelerat�ng technolog�cal transformat�on and �mprov�ng 
the�r management, to reduce energy consumpt�on. The government 
supports a number of major energy-sav�ng demonstrat�on projects, 
promot�ng �ndustr�al energy-effic�ency levels and el�m�nat�ng backward, 
h�gh-energy products, as well as �mprov�ng access to an effic�ent 
energy market. 

Implementation of energy-saving projects. ch�na �s �mplement�ng 
10 key energy-sav�ng projects, such as o�l conservat�on, cogenerat�on 
and waste-heat ut�l�sat�on; demonstrat�on projects focused on energy-
sav�ng construct�on; and encourag�ng the use of energy-sav�ng products. 
The government w�ll push for transformat�on of the ex�st�ng energy-
conservat�on measures �n construct�on, and promote the extens�ve use 
of new bu�ld�ng mater�als. It w�ll �mplement measures for conservat�on 
and alternat�ve petroleum eng�neer�ng and sc�ent�fic development of 
alternat�ve fuels. It w�ll speed up the phas�ng out of old automob�les 
and sh�ps, wh�le act�vely develop�ng publ�c transport, restr�ct�ng h�gh 
fuel use veh�cles and develop�ng energy-sav�ng and env�ronmentally 
fr�endly veh�cles. ch�na w�ll speed up the transformat�on of coal-fired 
�ndustr�al bo�lers and furnaces and reg�onal cogenerat�on and waste-
heat capture programs to �ncrease the effic�ency of energy use. The 
government w�ll promote ‘green’ l�ght�ng projects and the use of effic�ent 
electr�cal appl�ances, h�gh-effic�ency coal stoves and energy-sav�ng 
hous�ng technology. In rural areas, old h�gh-energy farm mach�nery 
and fish�ng boats w�ll be phased out, and agr�cultural and rural energy-
sav�ng measures w�ll be promoted. The government and the commun�ty 
w�ll play lead�ng roles �n energy conservat�on, mon�tor�ng and techn�cal 
serv�ce systems. 

•

•
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Strengthening of energy management. The ch�nese government has 
establ�shed a system of compulsory purchases of energy-sav�ng products, 
and act�vely promotes the pr�or�t�sed procurement of energy-conservat�on 
products (�ncluded water-related products). Government procurement 
w�ll play an act�ve role �n gu�d�ng these pol�c�es, lead�ng the soc�ety 
towards the use of energy-sav�ng products. It w�ll study and formulate 
fiscal and taxat�on pol�c�es to encourage energy conservat�on, �mplement 
preferent�al taxat�on pol�c�es for comprehens�ve ut�l�sat�on of resources 
and establ�sh a mult�-channel energy financ�ng mechan�sm. ch�na w�ll 
deepen the reform of energy pr�ces, create a s�tuat�on favourable to the 
energy pr�ce format�on mechan�sm, �mplement fixed-asset �nvestment 
project assessment and ver�ficat�on of energy-sav�ng systems, and 
restr�ct the source of energy-consumpt�on growth. The government w�ll 
establ�sh new mechan�sms for energy-sav�ng enterpr�ses, labell�ng of 
energy-effic�ent products, and promote energy management and energy-
sav�ng voluntary agreements. It w�ll establ�sh sound energy-sav�ng laws 
and regulat�ons, and step up law enforcement. 

Creating an energy-saving society. ch�na publ�c�ses the �mportance 
of energy conservat�on �n a var�ety of forms, cont�nuously �mprov�ng 
people’s awareness of resource conservat�on. It promotes a culture of 
energy conservat�on, and works hard to create healthy, c�v�l�sed and 
econom�cal consumpt�on patterns. energy conservat�on �s an �ntegral 
part of bas�c educat�on, vocat�onal educat�on, h�gher educat�on and 
the techn�cal tra�n�ng system. The government uses newspaper, rad�o, 
telev�s�on and other med�a to promote knowledge of energy conservat�on; 
�t holds an energy conservat�on publ�c�ty week, and mob�l�ses the 
commun�ty to part�c�pate �n establ�sh�ng long-term energy-sav�ng 
mechan�sms throughout soc�ety.

recent �ncreases �n energy demand have caused shortages and env�ronmental 
problems. recogn�s�ng th�s, the ch�nese government has made efforts to soften 
energy pressure, by �ntroduc�ng var�ous pol�c�es and �nstruct�ons. energy has 
become one of the government’s top concerns, espec�ally s�nce 2004. recent 
energy pol�c�es �nclude the med�um and long-Term energy conservat�on Plan, 
the eleventh F�ve-Year energy Plan, the renewable energy law and the Fuel 
effic�ency standard for Passenger Veh�cles. 

In 2005, the government set a target of reduc�ng energy �ntens�ty by 20 per 
cent between 2005 and 2010. In order to reach the target, several programs were 
�ntroduced, �nclud�ng 10 key energy-conservat�on projects (Table 15.4) and a 
mon�tor�ng program for 1,000 large energy users. The government regulates 

•

•
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subs�d�es for renewable energy and a fuel tax and an energy tax are under d�sc- 
uss�on. The fuel tax w�ll be �mplemented as part of the eleventh F�ve-Year 
Plan.

Promot�ng coord�nat�on of energy development w�th env�ronmental 
protect�on 

cl�mate change �s a major global problem concern�ng the �nternat�onal comm- 
un�ty. It �s not, however, just an env�ronmental problem; ult�mately, �t �s a develop- 
ment problem. The �ncreas�ng development and ut�l�sat�on of energy are the 
ma�n causes of env�ronmental pollut�on and cl�mate change. All countr�es must 
find ways to correctly handle the relat�onsh�p between the development and 
ut�l�sat�on of energy, env�ronmental protect�on and cl�mate change.

ch�na �s a develop�ng country �n the early stages of �ndustr�al�sat�on. ch�na’s 
carbon d�ox�de em�ss�ons from foss�l fuels represent only 9.3 per cent of global 

Table 15.4 Energy-conservation projects approved by the Chinese 
government in 2005

Program Potent�al annual energy sav�ngs

coal-fired �ndustr�al bo�ler convers�on and  70 mtce (convers�on) 
�ncreases �n energy effic�ency 35 mtce (effic�ency)

heat–power cogenerat�on 5 mtce
res�dual heat and pressure usage 2.66 mtce (steel �ndustry)
 3 mtce (cement �ndustry)
 1.35 mtce (coal-m�n�ng �ndustry)
o�l conservat�on and subst�tut�on 35 mt o�l 
electr�cal mach�nery system energy 20 b�ll�on k�lowatt hours of electr�c�ty

conservat�on
energy system opt�m�sat�on str�ve to ach�eve �nternat�onal benchmarks for  
 energy effic�ency �n steel, petrochem�cal and  
 chem�cal �ndustr�es
energy conservat�on �n construct�on 50 mtce
Green l�ght�ng 29 b�ll�on k�lowatt hours of electr�c�ty
energy conservat�on by government reduce energy consumpt�on per cap�ta and  

organ�sat�ons per area of office space by 20 per cent 
 between 2002 and 2010

energy conservat�on mon�tor�ng and  Implementat�on began �n 2006
technology serv�ces system construct�on

Source: nat�onal development research comm�ss�on.
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em�ss�ons, wh�le �ts per cap�ta carbon d�ox�de em�ss�ons put �t at number 92 �n 
the world; �ts un�t of GdP carbon d�ox�de em�ss�on elast�c�ty coeffic�ent �s also 
very small. As a respons�ble develop�ng country, ch�na has pa�d great attent�on 
to env�ronmental protect�on and global cl�mate change.

Treat�ng env�ronmental protect�on as a bas�c nat�onal pol�cy, the ch�nese 
government has s�gned the Un Framework convent�on on cl�mate change, has 
set up a nat�onal body to coord�nate cl�mate change measures, subm�tted a 
‘nat�onal commun�cat�on of �nformat�on on �n�t�al cl�mate change’, establ�shed the  
‘clean development mechan�sm management approach’, developed a nat�onal 
program to cope w�th the effects of cl�mate change, and has �mplemented a 
ser�es of pol�c�es and measures related to env�ronmental protect�on and cl�mate 
change.

Goals for the per�od of the eleventh F�ve-Year Plan �nclude conta�n�ng the  
bas�c trend of ecolog�cal deter�orat�on, reduc�ng the total d�scharge of major pollu-
tants by 10 per cent and effect�vely controll�ng greenhouse gas em�ss�ons.

ch�na �s act�vely adjust�ng �ts econom�c and energy structure, comprehens�vely 
promot�ng energy conservat�on, focus�ng on the prevent�on and control of env�r-
onmental pollut�on, and effect�vely controll�ng pollut�on em�ss�ons, to promote 
the coord�nated development of energy and protect�on of the env�ronment.

cl�mate change pol�c�es

on 4 June 2007, the National Program for Climate Change (NPCC) was relea-
sed—the first such program �n the develop�ng world. Th�s document spec�fied 
ch�na’s object�ves, bas�c pr�nc�ples, key act�v�t�es and projects, as well as 
pol�c�es and measures for the country as a response to cl�mate change up to 
the year 2010. ch�na w�ll comm�t to complet�ng all the tasks set out �n NPCC, 
wh�le construct�ng a resource-conservat�ve and env�ronmentally fr�endly 
soc�ety, bu�ld�ng nat�onal capac�ty to m�t�gate and adapt to the effects of cl�mate 
change, and contr�but�ng further to the protect�on and understand�ng of the 
global cl�mate system.

The NPCC �ncludes the follow�ng
• ch�na’s current and future efforts to deal w�th cl�mate change 
• the �mpacts and challenges of cl�mate change �n ch�na
• gu�del�nes, pr�nc�ples and object�ves for ch�na to respond to cl�mate 

change 
• pol�c�es and measures to address cl�mate change 
• ch�na’s pos�t�on on key cl�mate change �ssues and the need for 

�nternat�onal cooperat�on. 
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In the short term, em�ss�on-m�t�gat�on pol�c�es w�ll be �mplemented ma�nly 
through domest�c energy-effic�ency pol�c�es, renewable energy development, 
nuclear energy development, domest�c susta�nable development and energy 
secur�ty. In the long term, ch�na’s cl�mate change pol�c�es w�ll focus on further 
reduct�ons �n greenhouse gas em�ss�ons and pol�c�es such as a carbon tax, carbon  
pr�c�ng and so on. ch�na w�ll work together w�th other countr�es by jo�n�ng an 
�nternat�onal em�ss�ons-reduct�on reg�me.

Energy and emission scenarios

Accord�ng to the IPAc-em�ss�on model, the pr�mary energy demand �n the 
basel�ne scenar�o w�ll reach 4.5 b�ll�on tce �n 2020 and 5.36 b�ll�on tce �n 2030, 
w�th an annual growth rate of 3.6 per cent and an energy demand elast�c�ty of 
0.58. coal st�ll accounts for the major part of ch�na’s energy consumpt�on (2.2 
b�ll�on tce �n 2030, or 58 per cent of the total pr�mary energy demand) and the 
need for natural gas w�ll have a rap�d �ncrease, from 4 per cent to 12.3 per cent 
of the total energy demand from 2000 to 2030 (Table 15.4). 

By assum�ng the adopt�on of energy and env�ronmental pol�cy measures, 
the pr�mary energy demand �n pol�cy scenar�o results �s descr�bed �n table 5. 
compared to the basel�ne scenar�o, there �s 385 m�ll�on tce energy demand by 
2020, 4280 mtce �n by 2030. There are 668 m�ll�on tce reduct�on �n 2020 and 1082 
m�ll�on tce �n 2030. There are pressures to apply these pol�cy opt�ons �n order 
to reach the lower energy demand scenar�o, and these should be �ntroduced 
at the earl�est opportun�ty to take advantage of the long l�fespan of energy 
technolog�es.

energy demands �n the basel�ne and pol�cy scenar�os are g�ven �n Table 15.6 
and Table 15.7. coal use �n final energy keep go�ng up due to energy �ntens�ve 
products’ �ncrease, such as steelmak�ng, and demand for space heat�ng �n the 
serv�ce and res�dent�al sector. natural gas and electr�c�ty �ncreased qu�ckly w�th 
a share 9.2 per cent and 23.9 per cent �n 2030, �ncreas�ng from 2.7 per cent and 17 
per cent �n 2005. Industry �s major sector for energy consumpt�on. The �ncrease 
for energy demand �n �ndustry up to 2020 cont�nues due to �ncreas�ng of energy 
�ntens�ve sector, but the growth rate �s smaller than between 2000–2005.

co2 em�ss�ons �n 2020 and 2030 w�ll reach 2.72 b�ll�on tons and 3.08 
b�ll�on tons respect�vely. In the pol�cy scenar�o, the co2 em�ss�on w�ll be 
lowered by 28.3 per cent dur�ng the same per�od.

A package of pol�cy opt�ons could be adopted now to reduce the growth 
rate of energy demand. Pol�c�es that would help ch�na move to a low-energy 
demand scenar�o �nclude promot�on of the penetrat�on of h�gh energy-effic�ency 
technolog�es; fiscal energy and env�ronment pol�c�es, veh�cle fuel taxes; 



328

China’s Dilemma

Ta
bl

e 
15

.5
 

P
ri

m
ar

y 
en

er
g

y 
d

em
an

d
 in

 b
as

el
in

e 
sc

en
ar

io
, m

tc
e

 
c

oa
l 

o
�l 

n
.G

as
 

h
yd

ro
 

n
uc

le
ar

 
W

�n
d 

B
�o

m
as

s 
P

ow
er

 
B

�o
-l

�q
u�

d 
B

�o
-d

�e
se

l 
To

ta
l

20
00

 
92

3.
2 

 
27

8.
6 

 
30

.2
  

82
.0

  
6.

1 
 

0.
4 

 
1.

0 
 

0.
0 

 
0.

0 
 

13
21

.4
 

20
05

 
15

55
.9

  
45

1.
4 

 
60

.2
  

13
1.

5 
 

17
.6

  
0.

8 
 

1.
9 

 
1.

8 
 

0.
6 

 
22

21
.8

 
20

10
 

23
39

.3
  

64
5.

3 
 

10
8.

1 
 

20
8.

3 
 

42
.9

  
8.

7 
 

14
.7

0 
 

9.
7 

 
0.

6 
 

33
77

.6
 

20
20

 
26

88
.1

  
10

92
.2

  
23

8.
2 

 
32

3.
5 

 
10

6.
8 

 
22

.6
  

26
.5

  
21

.5
  

3.
1 

 
45

22
.6

 
20

30
 

26
31

.8
  

15
82

.4
  

44
8.

3 
 

39
7.

2 
 

17
8.

7 
 

43
.7

  
38

.9
  

33
.4

  
7.

9 
 

53
62

.1
 

S
o

u
rc

e:
 A

ut
ho

rs
’ p

ro
je

ct
�o

ns
.

Ta
bl

e 
15

.6
 

P
ri

m
ar

y 
en

er
g

y 
d

em
an

d
 in

 p
ol

ic
y 

sc
en

ar
io

, m
tc

e

 
c

oa
l 

o
�l 

n
.G

as
 

h
yd

ro
 

n
uc

le
ar

 
W

�n
d 

B
�o

m
as

s 
P

ow
er

 
et

ho
na

l 
B

�o
-d

�e
se

l 
To

ta
l

20
00

 
90

9.
2 

 
32

7.
9 

 
32

.8
  

84
.6

  
6.

3 
 

0.
4 

 
1.

0 
 

0.
0 

 
0.

0 
 

13
62

 
20

05
 

15
55

.9
  

46
5.

0 
 

60
.2

  
13

1.
5 

 
17

.6
  

0.
9 

 
1.

7 
 

1.
5 

 
0.

6 
 

22
34

 
20

10
 

20
33

.7
  

53
7.

8 
 

11
4.

6 
 

17
8.

8 
 

24
.4

  
10

.4
  

3.
5 

 
7.

8 
 

1.
0 

 
29

12
 

20
20

 
21

67
.1

  
81

8.
5 

 
33

7.
6 

 
33

3.
9 

 
12

1.
4 

 
27

.4
  

16
.1

  
25

.9
  

5.
8 

 
38

53
 

20
30

 
19

37
.5

  
98

5.
9 

 
51

3.
0 

 
41

4.
2 

 
26

3.
6 

 
75

.3
  

43
.3

  
35

.1
  

12
.0

  
42

80
 

S
o

u
rc

e:
 A

ut
ho

rs
’ p

ro
je

ct
�o

ns
.



329

Energy and environment in China

subs�d�es for renewable energy; em�ss�on taxes; resource taxes; promot�on of 
publ�c �nvolvement (Table 15.8).

A package of pol�cy opt�ons could be adopted now to reduce the growth 
rate of energy demand. Pol�c�es that would help ch�na move to a low-energy 
demand scenar�o �nclude promot�on of the penetrat�on of h�gh energy-effic�ency 
technolog�es; fiscal energy and env�ronment pol�c�es, veh�cle fuel taxes; 
subs�d�es for renewable energy; em�ss�on taxes; resource taxes; promot�on of 
publ�c �nvolvement (Table 15.8).

Conclusion 

ch�na’s energy demand �s �ncreas�ng rap�dly as a result of rap�d econom�c 
development. Th�s trend �s expected to cont�nue for several decades.

The ch�nese government has announced a package of energy-effic�ency 
pol�c�es, renewable energy pol�c�es and env�ronmental em�ss�on-control 
pol�c�es to reach �ts env�ronmental targets. There �s, however, st�ll s�gn�ficant 
pressure to prov�de energy secur�ty and to control env�ronmental pollut�on. The 
�ncrease �n energy demand means ch�na w�ll have to work hard to ma�nta�n 
�ts energy supply and energy �mports. The �ncrease �n demand also �ncreases 
the em�ss�ons of pollutants.

Table 15.7 Final energy demand in baseline scenario

 coal coke coal gas o�l n.Gas heat electr�c�ty Total
2000 421.6  81.2  12.8  265.2  22.2  59.5  148.7  1011.2 
2005 670.5  196.8  26.7  405.5  44.9  90.5  269.8  1704.7 
2010 934.1  224.8  31.2  614.3  77.8  158.8  407.3  2448.3 
2020 1087.6  211.3  33.0  1039.2  145.9  273.1  566.4  3356.6 
2030 1136.6  164.7  23.8  1504.5  246.0  400.3  720.4  4196.3 

Source: Authors’ project�ons.

Table 15.8 Final energy demand in policy scenario

 coal coke coal gas o�l n.Gas heat electr�c�ty Total
2000 394.8  82.9  12.8  271.3  22.2  54.0  153.3  991.4 
2005 616.7  192.1  26.7  405.1  45.0  83.4  280.2  1649.2 
2010 684.8  212.8  26.3  501.6  67.0  110.7  411.2  2014.4 
2020 801.9  187.8  29.7  823.7  178.0  174.4  588.1  2783.6 
2030 757.1  125.0  18.9  951.4  283.1  202.9  735.4  3073.8 

Source: Authors’ project�ons.
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ch�na �s pay�ng great attent�on to cl�mate change �ssues. domest�c act�on on 
energy effic�ency and renewable energ�es has contr�buted to ch�na’s m�t�gat�on 
of greenhouse gas em�ss�ons.

Analys�s of var�ous scenar�os for the future shows that such a h�gh level of 
energy demand and �mports w�ll put heavy pressure on ch�na’s energy-supply 
system. A well-des�gned strategy for the energy system and energy-�ndustry 
development should therefore be prepared. That strategy should cons�der the 
follow�ng opt�ons.

Because technolog�cal progress �s key to reduc�ng energy demand and 
ensur�ng a clean future, much more emphas�s should be placed on 
new-generat�on technolog�es. In the s�mulat�ons, technolog�cal progress 
contr�butes much of the energy sav�ngs wh�le hav�ng no negat�ve effects 
on publ�c welfare. 

export taxes are �mposed on energy-�ntens�ve products. energy, resource 
and s�m�lar taxes have s�gn�ficant effects on energy sav�ng and opt�m�sat�on 
of the econom�c structure. They should be g�ven much more attent�on.

l�ke other develop�ng countr�es w�th h�gh levels of energy �mports, ch�na 
should establ�sh an energy secur�ty system. The s�ze of strateg�c storage 
should be determ�ned based on a global o�l market s�tuat�on.

If there �s no strong control of em�ss�ons, pollut�on w�ll �ncrease qu�ckly �n  
the short term. In the longer term, some pollutant em�ss�ons could 
be controlled by �mplement�ng var�ous measures adopted by the 
government.

clean-coal technology should be emphas�sed to m�t�gate em�ss�ons from 
coal combust�on. only a few countr�es �n the world are us�ng coal on a 
large scale; development of clean-coal technolog�es therefore depends 
on them. ch�na �s the largest user of coal �n the world, and �ts use of coal 
w�ll �ncrease �n the future (by 2020, ch�na could account for more than 40 
per cent of global coal consumpt�on). Therefore, clean-coal technology 
�s cruc�al. ch�na should have a clear development plan to promote clean-
coal technology, work�ng closely w�th other countr�es to develop a new 
generat�on of clean-coal technolog�es.

Because of �ts low product�on costs, ch�na �s l�kely to become a major 
manufactur�ng centre, produc�ng energy and resource-�ntens�ve products. 
ch�na must ensure �t does not become excess�vely rel�ant on raw mater�als, the 
extract�on of wh�ch causes damage to the env�ronment. external costs should be 
�ncluded �n product�on costs. Plann�ng for energy and resource-�ntens�ve products 
should �nclude measures to avo�d env�ronmental and econom�c damage.

•

•

•

•

•
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Chinese urban household energy 
requirements and CO2 emissions

 
Jane Golley, Dominic Meagher and Xin Meng

much of the l�terature on ch�nese energy focuses on the �nsat�able demand of 
ch�na’s rap�dly grow�ng �ndustr�al sector. G�ven that �n 2005 �ndustry accounted 
for close to 70 per cent of ch�na’s energy demand that was consumed d�rectly 
by the var�ous sectors of the economy, th�s focus �s not unwarranted. l�kew�se, 
g�ven that res�dent�al consumpt�on accounted for only 11 per cent of th�s d�rect 
energy demand �n 2005, perhaps �t �s not surpr�s�ng that there has been so 
l�ttle research on th�s aspect of ch�na’s total energy demand.1 What tends to 
be overlooked, however, �s that whatever �s produced w�th�n ch�na �s ult�mately 
used for household or government consumpt�on, �nvestment or exports. Th�s 
g�ves r�se to a number of �nterest�ng quest�ons regard�ng the end users of 
energy. Th�s paper focuses on one of those end users, urban households, and 
cons�ders the consequences of d�fferent household consumpt�on patterns 
for energy requ�rements and carbon d�ox�de em�ss�ons (henceforth carbon 
em�ss�ons). 

draw�ng on nat�onal-level energy and output data for all product�on sectors 
and on the Urban household Income and expend�ture survey (nat�onal Bureau 
of stat�st�cs 2005), we address three related �ssues. F�rst, us�ng nat�onal-level 
data, we extend the not�on of household energy consumpt�on to �nclude 
‘�nd�rect’ energy requ�rements, defined �n terms of the energy �nputs used �n 
the product�on of goods consumed ult�mately by households. Add�ng th�s to 
d�rect energy consumpt�on y�elds cons�derably h�gher total energy requ�rements 
and, therefore, h�gher contr�but�ons to aggregate em�ss�ons, than account�ng 
for d�rect energy requ�rements alone, support�ng the find�ngs of many others 
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(We� et al. 2007; Pachaur� and spreng 2002; cohen et al. 2005). Th�s suggests 
that understand�ng household consumpt�on patterns could be more �mportant 
for understand�ng ch�na’s future energy demand than has been recogn�sed 
prev�ously. 

second, us�ng the urban household survey data, we exam�ne the extent of 
var�at�on �n total energy requ�rements and em�ss�ons across households w�th 
d�fferent �ncome levels. It seems obv�ous that r�cher households should generate 
more em�ss�ons, s�mply because they have more money to spend and v�rtually 
no expend�ture �s em�ss�on free. more cruc�ally though, we are concerned w�th 
household var�at�ons �n energy requ�rements and em�ss�ons per yuan—that �s, 
energy and em�ss�on �ntens�t�es. G�ven that households w�th d�fferent levels 
of per cap�ta �ncome are l�kely to have d�fferent consumpt�on bundles, and 
that d�fferent goods clearly requ�re d�fferent quant�t�es of energy �n order to 
produce one yuan of output, var�at�ons are h�ghly l�kely. A s�mple exam�nat�on 
of how expend�ture and em�ss�on shares of each sector vary across �ncome 
brackets enables us to �dent�fy that wh�le r�cher households do �ndeed em�t 
more per cap�ta, poorer households tend to be more em�ss�ons �ntens�ve—that 
�s, generat�ng h�gher em�ss�ons per yuan spent. The�r heavy rel�ance on coal 
as a source of d�rect energy also makes poorer households s�gn�ficantly less 
‘energy effic�ent’, as reflected �n h�gher em�ss�ons/energy rat�os.

Th�rd, econometr�c analys�s prov�des est�mates of the extent of var�at�ons 
�n energy requ�rements and em�ss�ons that can be attr�buted to household 
var�at�ons �n per cap�ta �ncome and a var�ety of other household-spec�fic 
character�st�cs. Beyond per cap�ta �ncome, other var�ables of �nterest �nclude 
household s�ze and the level of educat�on. smaller households m�ght be expected 
to em�t more per cap�ta based on econom�es of scale �n the d�rect use of energy: 
electr�c�ty, fuel for cook�ng and so on. It �s poss�ble—although perhaps overly 
opt�m�st�c—that h�gher levels of educat�on could result �n successful efforts 
to reduce per cap�ta em�ss�ons. other factors that m�ght cause var�at�ons �n 
household energy requ�rements �nclude dwell�ng s�ze, the age of household 
members and the prov�nce �n wh�ch households are located. The comb�ned 
find�ngs that emerge g�ve r�se to some cr�t�cal pol�cy �mpl�cat�ons. 

Background

F�rst, �t �s necessary to clar�fy some key terms. ‘d�rect’ energy requ�rements of 
households are defined as the consumpt�on of energy carr�ers (coal, petroleum, 
natural gas and electr�c�ty) purchased by households �n order to cater for energy 
serv�ces, such as space heat�ng, heat�ng tap water, l�ght�ng, appl�ances, cook�ng 
and motor fuel. ‘Ind�rect’ energy requ�rements refer to the consumpt�on of 
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energy that occurs dur�ng the product�on process of a good or serv�ce before 
�ts use (Weber and Perrels 2000; We� et al. 2007). d�rect energy requ�rements 
are relat�vely easy to calculate. As long as phys�cal quant�t�es consumed of, say, 
petroleum, can be observed (wh�ch they can �n the survey data used below), �t 
�s poss�ble to convert those quant�t�es �nto tonnes or grams of ‘coal equ�valent’ 
us�ng the appropr�ate convers�on factors. The carbon em�ss�ons assoc�ated w�th 
each form of energy can be der�ved read�ly us�ng ‘carbon coeffic�ents’, wh�ch 
are constants that vary across d�fferent energy forms (and across countr�es and 
over t�me as well).2 mult�ply�ng the petroleum quant�ty—expressed �n tonnes 
of coal equ�valent (tce)—by the appropr�ate carbon coeffic�ent prov�des a 
measure of the total amount of carbon em�ss�ons assoc�ated w�th that quant�ty 
of petroleum consumpt�on. 

calculat�ng �nd�rect energy requ�rements and the�r assoc�ated carbon em�ss- 
�ons �s more complex. kok et al. (2006) survey the relevant l�terature and note the 
obv�ous but �mportant po�nt that d�fferent methods, all based on �nput–output 
(Io) analys�s but us�ng d�fferent data sources and d�fferent levels of aggregat�on, 
produce d�fferent results. They �dent�fy three bas�c methods: first, bas�c Io 
energy analys�s draws on monetary data based ent�rely on nat�onal accounts. 
The �nd�rect energy requ�rements of households are calculated by mult�ply�ng 
‘sectoral cumulat�ve energy �ntens�t�es’ w�th monetary data on the final demand 
of households, wh�ch are ava�lable from the Io table. energy �ntens�t�es do not 
�nclude d�rect energy del�ver�es to households, wh�ch are calculated separately 
us�ng phys�cal energy data from energy stat�st�cs at the nat�onal level. second, 
‘Io plus household expend�ture’ d�ffers from the bas�c method �n that �t rel�es on 
expend�ture surveys rather than Io tables to determ�ne household expend�ture. 
expend�ture on each consumpt�on �tem �s mult�pl�ed w�th the correspond�ng 
value of energy �ntens�ty for that �tem. The d�rect energy requ�rements of 
households are also calculated separately, but here they are based on energy-
use data collected at the household level. Th�s �s essent�ally the methodology 
adopted below, and has been used by many others (Weber and Perrels 2000; 
Pachaur� 2004; cohen et al. 2005; B�n and dowlatabad� 2005). The th�rd method 
�s called ‘hybr�d energy analys�s’, wh�ch �nvolves a comb�nat�on of process 
and Io analys�s. In process analys�s, the l�fe cycle of a product �s descr�bed �n 
phys�cal terms, delv�ng �n great deta�l �nto the var�ous stages of the product�on 
process, such as d�str�but�on, storage, transport, waste and recycl�ng, and so 
on. It �s the most accurate and t�me-consum�ng method and, as a consequence, 
appears to have been used only for european analys�s where such deta�led data 
are ava�lable (see, for example, re�nders et al. 2003). Th�s method �s s�mply out 
of the quest�on at th�s stage for a ch�na-focused analys�s. 
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Th�s var�ety of methods (often referred to by d�fferent names) has been 
appl�ed to address a range of �ssues �n s�ngle-country and cross-country 
analyses.3 Weber and Perrels (2000) assess the energy and em�ss�ons conse-
quences of consumer act�v�t�es �n West Germany, the netherlands and France, 
cons�der�ng how alternat�ve l�festyles—such as slower econom�c growth or the 
adopt�on of cleaner technolog�es—�mpact on projected household consump-
t�on patterns. Pachaur� and spreng (2002) use a 115-sector class�ficat�on of 
Io tables for Ind�a �n three d�fferent years, enabl�ng them to conduct cross-
sect�onal and t�me-ser�es analyses. They find that total energy consumpt�on 
by Ind�an households �s d�v�ded evenly between d�rect and �nd�rect energy 
requ�rements and accounts for 75 per cent of total energy consumpt�on �n 
Ind�a. The�r t�me-ser�es analys�s enables them to �dent�fy the ma�n dr�vers of 
�ncreas�ng energy requ�rements �n total and per cap�ta terms—namely, grow-
�ng expend�ture per cap�ta and �ncreas�ng energy �ntens�ty �n the food and 
agr�cultural sectors. Pachaur� (2004) bu�lds on th�s to cons�der cross-sect�onal 
var�at�ons �n household energy requ�rements �n 1993–94, find�ng that the s�ze 
of the household dwell�ng, the number of members �n the household and the 
l�teracy level of the head of the household all effect household energy requ�re-
ments—the first two pos�t�vely, the last one negat�vely. cohen et al. (2005) 
�nvest�gate the p�cture of equ�ty that emerges w�th�n a develop�ng country, 
us�ng expend�ture data on d�fferent �ncome levels across 11 c�t�es �n Braz�l. 
They show that 61 per cent of household energy �s consumed �nd�rectly and 
find that there are fa�rly constant energy �ntens�t�es across �ncome classes. 
re�nders et al. (2003) conduct a deta�led exam�nat�on of household energy 
�ntens�t�es for a range of consumer goods �n 11 european Un�on countr�es, 
show�ng that the d�rect energy share var�es across countr�es, rang�ng from 
34 to 64 per cent. 

The analys�s of ch�na by We� et al. (2007) �s closest �n sp�r�t to th�s paper. 
They first quant�fy the d�rect and �nd�rect energy requ�rements and related 
carbon em�ss�ons of urban and rural res�dents between 1999 and 2002. They 
find that 26 per cent of ch�na’s total energy consumpt�on and 30 per cent of �ts 
em�ss�ons are the ‘consequence of res�dents’ l�festyles and econom�c act�v�t�es 
to support these demands’ (We� et al. 2007:247). Us�ng the Io plus expend�ture 
approach, they find that for urban res�dents, the �nd�rect contr�but�on of energy 
consumpt�on �s 2.44 t�mes greater than the d�rect contr�but�on (account�ng for 
71 per cent of the total), wh�le for rural res�dents �t �s smaller (account�ng for 
35 per cent of the total). The sectors covered are food, cloth�ng, res�dence, 
household fac�l�t�es and serv�ces, med�c�ne and med�cal serv�ces, transport 
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and commun�cat�on serv�ces, educat�on, cultural and recreat�on serv�ces 
and m�scellaneous commod�t�es and serv�ces. Wh�le these sectors d�ffer 
s�gn�ficantly from the ones used below, and the methodology �s not �dent�cal, 
th�s chapter prov�des a useful benchmark for compar�son.

Before turn�ng to a deta�led descr�pt�on of the methodology adopted �n th�s 
chapter, a few caveats should be noted. one regards the problem of us�ng ex-
pend�ture as the key var�able for calculat�ng energy and em�ss�on �ntens�t�es. 
As noted by Weber and Perrels (2000), calculat�ng an average energy requ�re-
ment per dollar spent on ‘food’ does not allow a d�st�nct�on between h�gh and 
low-qual�ty product cho�ces w�th�n that category. They argue that h�gh qual�ty 
usually comes at a h�gh pr�ce, wh�le the embod�ed energy �ncrease �s not com-
mensurate, result�ng �n a lower energy �ntens�ty per monetary un�t spent on 
h�gh-qual�ty products. regardless, to �mprove on th�s would requ�re a much 
more deta�led treatment that �s very d�fficult to comb�ne w�th a dynam�c de-
scr�pt�on of consumpt�on and product�on �n a soc�ety (Weber and Perrels 2000). 
As�de from the qual�ty �ssue, h�gh levels of aggregat�on are also problemat�c. 
If we had data on the energy �nputs for, say, r�ce, pork and tofu, �t would be 
(relat�vely) reasonable to assume that each of these �s a homogeneous group 
and that pr�ce �s also homogeneous w�th�n each group. G�ven that �nstead all 
we can do �s aggregate these �nto ‘food’, because that �s the extent of energy 
data ava�lable, �t �s true that we could overest�mate or underest�mate the energy 
and em�ss�on �ntens�t�es assoc�ated w�th each sub-group: r�ce, pork and tofu. 
G�ven data constra�nts, there �s l�ttle to be done about th�s problem other than 
to emphas�se that the d�scuss�on �s necessar�ly about average �ntens�t�es, and 
to concede the shortcom�ngs of th�s approach.4 

other problems ra�sed �n the l�terature �nclude the h�gh level of uncerta�nty 
for countr�es that rely heav�ly on �mports, where �mports are assumed to be 
produced us�ng the same technology and structure as domest�c �ndustr�es, 
and also the �ncompleteness of sectoral env�ronmental stat�st�cs (for example, 
small and med�um enterpr�ses m�ght be reg�stered only �n part and fa�l to be 
recorded accurately) (suh et al. 2004). hondo et al. (2002) �dent�fy numerous 
sources of uncerta�nty �n carbon �ntens�ty calculat�ons us�ng Io tables, �nclud�ng 
data errors, mult�ple goods �n one sector, mult�ple pr�ces of one good, mult�ple 
technolog�es of one good and mult�ple producers of one good, presumably 
us�ng d�fferent technolog�es. The household survey data used below do not 
�nd�cate the share of �mports �n household expend�ture and, l�kew�se, �t �s beyond 
the scope of th�s paper to assess just how �mportant these var�ous sources 
of uncerta�nty m�ght be. Instead, we s�mply acknowledge these �ssues and 
concede that the analys�s �s necessar�ly approx�mate rather than prec�se.
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National-level energy requirements and carbon emissions

ch�na’s d�rect energy consumpt�on was 2.14 b�ll�on tonnes of coal equ�valent 
(tce) �n 2005 (Table 16.1). Industry (�nclud�ng m�n�ng and quarry�ng, 
manufactur�ng and the product�on and supply of electr�c power, heat power 
and water) accounted for the l�on’s share of th�s consumpt�on, at 69.8 per cent. 
res�dent�al consumpt�on accounted for the next h�ghest share, at 10.9 per cent, 
w�th urban and rural res�dents account�ng for 6.6 and 4.3 per cent respect�vely. 
Th�s places aggregate res�dent�al d�rect energy consumpt�on above transport, 
storage, postal and telecommun�cat�on serv�ces, agr�culture, construct�on 
and wholesale, reta�l trade and cater�ng serv�ces. The dom�nance of �ndustry 
�n terms of d�rect energy consumpt�on expla�ns why much of the l�terature has 
focused on the relat�onsh�p between ch�na’s rap�d �ndustr�al development and 
energy demand.5 Th�s, however, overlooks a cr�t�cal po�nt, wh�ch �s that ch�na’s 
households ult�mately consume a large share of �ndustr�al output, and �ndeed 
the output of other sectors as well. Th�s �s where the not�on of ‘�nd�rect’ energy 
consumpt�on comes �nto play. 

Input–output tables prov�de the value of each product�ve sector used 
(e�ther as a final product or �n the product�on of another product) by the 
var�ous sectors of the economy, wh�ch are: each of those product�ve sectors 
(agr�culture, m�n�ng and quarry�ng, foodstuff, and so on); rural, urban and 
government consumpt�on expend�ture; gross fixed-cap�tal format�on and 
changes �n �nventor�es; and net exports. The sum of these values �s equal to the 
total output value for each product�ve sector. The shares of each sector’s total 
output consumed by rural and urban households are l�sted �n Table 16.2. our 
not�on of �nd�rect energy consumpt�on follows from observ�ng these shares, 
wh�ch are as h�gh as 49.5 per cent of the total output �n the case of foodstuffs 
and average 16.8 per cent across all sectors. G�ven that the foodstuff sector, for 
example, used 43.3 m�ll�on tce as d�rect energy �nputs �n the product�on process, 
households �nd�rectly consumed 21.4 m�ll�on tce through the�r consumpt�on 
of foodstuffs. In terms of total energy requ�rements, then, �n add�t�on to the 
10.9 per cent of total energy consumed d�rectly by urban and rural households 
(as shown �n Table 16.1), another 16.8 per cent of ch�na’s total energy—or 
360 m�ll�on tce—was consumed through the�r expend�ture on other products  
(Table 16.3). Th�s �mpl�es that 27.7 per cent of ch�na’s total energy can be traced 
to household consumpt�on (very close to We� et al.’s [2007] figure of 26 per cent). 
For urban households, �nd�rect energy requ�rements of close to 248 m�ll�on 
tce are 1.75 t�mes h�gher than the�r d�rect energy requ�rements (account�ng 
for 64 per cent of total urban household energy consumpt�on), wh�le for rural 
households �nd�rect requ�rements are 1.2 t�mes h�gher (account�ng for 55 per 
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cent of the total). As urban�sat�on progresses �n ch�na, th�s �s �nd�cat�ve of the 
fact that �nd�rect energy demand w�ll become an �ncreas�ngly dom�nant source 
of ch�na’s consumer-dr�ven em�ss�ons trends.

In order to look more closely at the energy requ�rements and carbon em�s-
s�ons of households �n ch�na �n the next sect�on, �t �s first necessary to calculate 
the ‘energy �ntens�ty’, defined as the energy requ�rements per yuan of output 
�n each sector, and the ‘carbon �ntens�ty’, defined as the carbon em�ss�ons per 
yuan of output �n each sector. d�v�d�ng the total energy consumed �n each sector 
by the gross value of output �n that sector g�ves sector-level energy �ntens�t�es, 
wh�ch are prov�ded �n Table 16.4 �n terms of grams of coal equ�valent (gce) per 
yuan for each of the sectors for wh�ch data are ava�lable for 2005.6 one po�nt 
that �s �mmed�ately clear �s that energy �ntens�t�es vary substant�ally across 
sectors, rang�ng from 1,178 gce per yuan �n the ‘m�n�ng of other ores’, to just 5.47 

Table 16.1 China’s direct energy consumption in 2005

 ‘000 tonnes of coal share
 equ�valent (tce) (per cent)
Total  2,144,794  100.0

Agr�culture  79,783  3.7
Industry  1,496,389  69.8
m�n�ng and quarry�ng  118,283  5.5
Foodstuff  43,277  2.0
Text�le, sew�ng, leather and fur products  58,416  2.7
other manufactur�ng  58,500  2.7
Product�on and supply of electr�c power, heat power and water  109,278  5.1
cok�ng, gas and petroleum refin�ng  104,715  4.9
chem�cal �ndustry  244,744  11.4
Bu�ld�ng mater�als and non-metal m�neral products  215,151  10.0
metal products  462,770  21.6
mach�nery and equ�pment  81,255  3.8

construct�on  34,111  1.6
Transport, postal and telecommun�cat�on serv�ces  162,793  7.6
Wholesale and reta�l trades, hotels and cater�ng serv�ces   50,311  2.3
other serv�ces  86,912  4.1
res�dent�al consumpt�on  234,495  10.9

Urban  142,205  6.6
rural 92,290 4.3

Note: ‘other serv�ces’ comb�nes real estate, leas�ng and bus�ness serv�ces, bank�ng and 
�nsurance and other serv�ces. 
Source: nat�onal Bureau of stat�st�cs (nBs), 2006. China Energy Statistical Yearbook, ch�na 
stat�st�cs Press, Be�j�ng.
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Table 16.3  Indirect energy requirements for rural and urban households 
(‘000 tonnes of coal equ�valent)

 rural Urban All
Total  111,347   248,397   359,744 
Agr�culture  13,771   15,441   29,212 
m�n�ng and quarry�ng  893   2,377   3,269 
Foodstuff  7,440   13,998   21,439 
Text�le, sew�ng, leather and fur products  2,428   9,643   12,071 
other manufactur�ng  1,037   4,551   5,588 
Product�on and supply of electr�c power, heat and water  2,952   13,471   16,423 
cok�ng, gas and petroleum refin�ng  674   4,066   4,741 
chem�cal �ndustry  5,653   10,774   16,427 
Bu�ld�ng mater�als and non-metal m�neral products  3,689   17,061   20,750 
metal products  1,640   6,875   8,514 
mach�nery and equ�pment  1,128   4,272   5,399 
Transport, postal and telecommun�cat�on serv�ces  5,220   14,516   19,736 
Wholesale and reta�l, hotels and cater�ng serv�ces   2,931   10,054   12,985 
other serv�ces 6,952 16,773 23,726

Note: ‘other serv�ces’ comb�nes real estate, leas�ng, bus�ness, bank�ng, �nsurance and other 
serv�ces. 
Source: Tables 16.1 and 16.2 and authors’ calculat�ons.

Table 16.2  Shares of household consumption expenditure in total 
output (per cent)

 rural Urban subtotal
Total 5.2 11.6 16.8

Agr�culture 17.3 19.4 36.6
m�n�ng and quarry�ng 0.8 2.0 2.8
Foodstuff 17.2 32.3 49.5
Text�le, sew�ng, leather and fur products 4.2 16.5 20.7
other manufactur�ng 1.8 7.8 9.6
Product�on and supply of electr�c power, heat power and water 2.7 12.3 15.0
cok�ng, gas and petroleum refin�ng 0.6 3.9 4.5
chem�cal �ndustry 2.3 4.4 6.7
Bu�ld�ng mater�als and non-metal m�neral products 1.7 7.9 9.6
metal products 0.4 1.5 1.8
mach�nery and equ�pment 1.4 5.3 6.6

construct�on 0.0 0.0 0.0
Transport, postal and telecommun�cat�on serv�ces 3.2 8.9 12.1
Wholesale and reta�l trades, hotels and cater�ng serv�ces  5.8 20.0 25.8
real estate, leas�ng and bus�ness serv�ces 12.8 18.9 31.7
Bank�ng and �nsurance 7.3 12.9 20.2
other serv�ces 5.4 21.1 26.5

Source: nat�onal Bureau of stat�st�cs (nBs), 2007. China Statistical Yearbook, ch�na stat�st�cs 
Press, Be�j�ng. 
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gce per yuan �n the ‘manufactur�ng of commun�cat�on, computers and other 
electron�c equ�pment’. In aggregate, the construct�on sector has the lowest 
energy requ�rements per yuan of output at 9.87 gce, compared w�th 20.22 gce 
�n agr�culture, 58.25 gce �n manufactur�ng and 79.36 gce �n m�n�ng.7

calculat�ng the carbon �ntens�t�es �s a l�ttle more �nvolved because not all 
forms of energy are assoc�ated w�th the same carbon em�ss�ons. To resolve th�s, 
we first need to know how much of each type of energy �s used by each produc-
t�on sector. These data are ava�lable from the China Energy Statistical Yearbook 
(nat�onal Bureau of stat�st�cs 2006) and prov�de the energy requ�rements (that 
�s, d�rect energy �nputs) for product�on �n 48 sectors. e�ghteen d�fferent fuels are 
spec�fied, wh�ch we then aggregate �nto s�x categor�es: coal, cok�ng products, 
petroleum products, natural gas, heat and electr�c�ty.8

s�nce the data are measured �n cons�stent un�ts, �t �s poss�ble to calculate 
the share of energy from each category used �n product�on �n each of the 48 
sectors.9 For example, agr�culture consumed 79.8 m�ll�on tce �n 2005. of that, 30.1 
per cent was coal, 1.5 per cent was cok�ng products, 50.4 per cent was petroleum 
products, 0 per cent was natural gas, 0.05 per cent was heat and 17.9 per cent 
was electr�c�ty. Based on data from the energy Informat�on Adm�n�strat�on (eIA 
2008) of the Us department of energy, Table 16.5 prov�des the carbon em�ss�on 
coeffic�ents for ch�na �n 2005, measured �n tonnes of carbon equ�valent (tcae).10 
It �s then stra�ghtforward to calculate the carbon �ntens�ty for each sector by 
mult�ply�ng each em�ss�on coeffic�ent by the proport�on of each fuel used �n 
product�on and summ�ng over all fuels, g�v�ng the em�ss�ons �ntens�t�es �n 
grams of carbon per yuan reported �n Table 16.4. G�ven that d�fferent sectors 
use d�fferent types of energy �n d�fferent proport�ons, there �s not a perfect 
correlat�on between energy �ntens�ty and em�ss�ons �ntens�ty. Although the 
correlat�on at th�s sectoral level �s extremely h�gh, at 0.999, a closer look at 
the household data below reveals �mportant d�fferences �n across-�ncome 
dec�les. 

Urban household energy requirements and carbon emissions

The data used �n th�s sect�on are drawn from the Urban household Income 
and expend�ture survey (nat�onal Bureau of stat�st�cs 2005). Although the 
survey covered all 31 prov�nces �n ch�na, we have access only to the data 
for 16 prov�nces. In the survey, household expend�ture �s d�v�ded �nto seven 
categor�es: current-per�od consumpt�on; expend�ture on hous�ng bu�ld�ng 
or purchas�ng; transfer expend�ture (�nclud�ng tax, donat�ons, buy�ng lottery 
t�ckets, pay�ng for expend�ture of non-cores�d�ng fam�ly members [parents or 
ch�ldren], expend�ture on non-sav�ng �nsurance, and other transfer expend�ture); 
�nterest-only mortgage repayments; soc�al welfare sav�ngs; sav�ng and 
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mortgage repayments (pr�nc�ples only); and end-of-per�od cash �n hand. The 
part of household expend�ture that we are able to convert �nto d�rect and �nd�rect 
energy consumpt�on and carbon em�ss�ons �s the first category: current-per�od 
consumpt�on, wh�ch, on average, accounts for 75 per cent of total household 
expend�ture (see column 5 �n Append�x Table A16.1). To the extent that any of 
the other categor�es requ�re energy �nputs and therefore generate em�ss�ons, 
the calculat�ons below w�ll underest�mate households’ �nd�rect contr�but�ons 
to ch�na’s energy demand. The survey prov�des deta�ls of household current-
per�od consumpt�on on a range of h�ghly d�saggregated goods. We aggregate 
these accord�ng to the sectors �n Table 16.4, and are therefore able to calculate 
the urban household energy requ�rements and carbon em�ss�ons that occur 
�nd�rectly v�a each household’s consumpt�on bundle.11 Th�s �s the not�on 
of �nd�rect energy �ntroduced above, but now appl�ed to household-level 
expend�ture data. In add�t�on to these �nd�rect energy requ�rements, each 
household also consumes energy d�rectly, �n the form of coal, gas, petroleum 
and electr�c�ty. The survey data prov�de the quant�t�es of each of these 
consumed by each household, wh�ch are read�ly converted �nto tonnes of coal 
equ�valent (tce), from wh�ch the carbon em�ss�ons can be obta�ned. We also 
have expend�ture data for each of these forms of d�rect energy consumpt�on, 
from wh�ch energy and em�ss�on �ntens�t�es can be obta�ned. 

Three �mportant assumpt�ons are made �n calculat�ng household energy 
consumpt�on and carbon em�ss�ons. F�rst, a s�zeable amount of household 
food consumpt�on comes from eat�ng out. We assume that one-th�rd of the 
cost of eat�ng out �s due to food consumpt�on, wh�le the rema�nder �s serv�ce 
cost.12 We further assume that half of the cost of food eaten out stems from 
food processed from agr�cultural products, wh�le the other half stems from 
manufactured food. second, we assume that 25 per cent of total expend�ture 
on publ�c transportat�on fees, such as expend�ture on tax�, bus, a�r and tra�n 
t�ckets, �s related to petrol consumpt�on, wh�le the rest �s attr�buted to serv�ces. 

Table 16.5 Carbon coefficients by fuel

 coal 0.7018
 o�l 0.4876
 Gas 0.3999
 electr�c�ty 0.5631

Source: Authors’ calculat�ons and energy Informat�on Adm�n�strat�on (eIA), 2008. International 
Energy Annual. Ava�lable from www.e�a.doe.gov.�ea (accessed 15 January 2008).
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Th�rd, all serv�ce fees are assumed to be energy free, due to data l�m�tat�ons. 
exclud�ng serv�ce costs, the proport�on of current-per�od consumpt�on that �s 
counted for as d�rect and �nd�rect energy consumpt�on �s about 73 per cent 
of current-per�od consumpt�on and 55 per cent of per cap�ta total household 
expend�ture (see Table A16.1). As w�th the above excluded categor�es �n total 
household expend�ture, om�tt�ng serv�ces from the analys�s w�ll mean that we 
underest�mate households’ �nd�rect contr�but�ons to ch�na’s energy demand. 

Table 16.6 presents summary stat�st�cs by �ncome dec�les for urban house- 
holds’ total energy consumpt�on, carbon em�ss�ons, d�rect and �nd�rect 
em�ss�ons, per cap�ta energy consumpt�on and carbon em�ss�ons, and d�rect 
em�ss�ons by d�fferent energy sources. The table shows that the urban ch�nese 
households surveyed consume an average of 1.71 tce per annum, wh�ch �n 
turn generates an average of 0.9 tonnes of carbon em�ss�ons (tcae). Average 
per cap�ta energy consumpt�on across all households �s 0.61 tce per annum, 
wh�ch generates 0.32 tcae. energy consumpt�on and carbon em�ss�ons are 
much h�gher for r�cher households than for poorer ones. households �n the 
top-10 percent�le �ncome group (the tenth dec�le) consume an average of 2.48 
tce, some 86 per cent more than the amount consumed by households �n the 
poorest group (the first dec�le), at 1.34 tce. s�m�larly, the r�chest dec�le em�ts, 
on average, 66 per cent more carbon than the poorest.

By separat�ng total energy consumpt�on �nto d�rect and �nd�rect sources, 
�t �s revealed that only 32 per cent of household energy consumpt�on �s from 
d�rect sources.13 nevertheless, w�th regard to carbon em�ss�ons, �nd�rect sources 
account for a larger proport�on, espec�ally for the r�chest dec�le, �n wh�ch close 
to 40 per cent of carbon em�ss�ons are from �nd�rect sources.14 Th�s compares 
w�th just 20 per cent for the poorest dec�le (see Table A16.3). Why does �nd�rect 
energy demand account for a h�gher proport�on of total em�ss�ons generated 
by r�cher households than by poorer ones? When compar�ng carbon em�ss�ons 
across �ncome groups, �t �s clear that r�ch households em�t more per cap�ta than 
poor households; however, �f compar�ng d�rect em�ss�ons, the poor generate 
only sl�ghtly less carbon than the r�ch. Further �nvest�gat�on shows that the h�gh 
d�rect em�ss�ons for poor households are due ma�nly to the�r relat�vely h�gh 
levels of coal consumpt�on—the most em�ss�on-�ntens�ve form of energy. The 
poorest �ncome dec�le’s carbon em�ss�ons from coal consumpt�on are about 
seven t�mes as h�gh as the r�chest dec�le’s. Th�s, �n turn, �s due to the fact that the 
pr�ce of coal �s one-th�rd of the pr�ce of gas, one-n�nth of the pr�ce of electr�c�ty 
and one-tenth of the pr�ce of petrol, as shown �n Table 16.7. 

A closer look at the data reveals some �nterest�ng po�nts regard�ng var�at�ons 
�n the level of carbon em�ss�ons per un�t of energy consumed across households. 
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Th�s em�ss�ons/energy rat�o prov�des a measure of the extent of the carbon 
�ntens�ty of energy, or energy effic�ency, w�th lower levels �mply�ng that energy 
use �s relat�vely energy effic�ent. To sum up the d�scuss�on of Table 16.6 and 
further exam�ne th�s energy effic�ency, we present a group of graphs that prov�de 
v�sual relat�onsh�ps between energy and em�ss�ons on the one hand, and �ncome 
on the other. F�gure 16.1 presents per cap�ta total energy consumpt�on, carbon 
em�ss�ons and the rat�o of carbon em�ss�ons over energy consumpt�on, by 
�ncome percent�le. The figure shows that wh�le r�ch households consume more 
energy and produce more carbon em�ss�ons per cap�ta, the�r em�ss�ons/energy 
rat�o �s lower than poor households’. That �s, r�cher households are relat�vely 
energy effic�ent.

We then plot separately d�rect and �nd�rect energy, em�ss�ons and the�r 
rat�o �n F�gures 16.2 and 16.3a. The two figures �nd�cate that the major source 
of lower energy effic�ency for the poor �s d�rect energy consumpt�on, wh�ch 
generates substant�ally more em�ss�ons for the poor than for the r�ch. For �nd�-
rect energy consumpt�on and em�ss�ons, there �s almost no d�fference across 
�ncome groups.

The data presented �n Table 16.6 �nd�cate that the ma�n reason for h�gh 
levels of d�rect energy consumpt�on and carbon em�ss�ons for people �n poor 
households �s the�r h�gh level of coal consumpt�on. We therefore exclude 
coal from d�rect energy consumpt�on and consequent em�ss�ons and plot the 
rema�n�ng d�rect energy and em�ss�ons by �ncome group aga�n (F�gure 16.3b). 
The new figure shows almost the same level of energy effic�ency for poor and 
r�ch households. In fact, there �s a sl�ghtly h�gher em�ss�ons/energy rat�o for 
the top �ncome dec�le compared w�th the other �ncome groups. 

The next quest�on of �nterest �s whether there �s any var�at�on �n r�ch and poor 
households’ per yuan carbon em�ss�ons. F�gure 16.4 plots average em�ss�ons 

Table 16.7 Price per tonne of coal equivalent

 Yuan/tonne Proport�on of coal pr�ce
coal 374 1
Gas 1,070 2.9
electr�c�ty 3,246 8.7
Petrol 4,033 10.8

Source: der�ved from nat�onal Bureau of stat�st�cs (nBs), 2005. Urban Household Income and 
Expenditure Survey, ch�na stat�st�cs Press, Be�j�ng.



349

Chinese household consumption, energy requirements and CO2 emissions

F�gure 16.2 Indirect energy, carbon emission and energy efficiency,  
by income
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F�gure 16.1 Total energy, carbon emissions and energy efficiency,  
by income
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F�gure 16.3b Direct energy, carbon emission and energy efficiency 
excluding coal, by income
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F�gure 16.3a Direct energy, carbon emission and energy efficiency, 
by income
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d�v�ded by total expend�ture per household. The top sol�d l�ne �n F�gure 16.4 
�s total em�ss�ons per yuan. The figure �nd�cates that every yuan spent by the 
poorest household generates 120 grams of carbon equ�valent (gcae), wh�le one 
yuan spent by the r�chest household generates only 20 gcae. Almost the ent�re 
d�fference �n these em�ss�ons �ntens�t�es �s due to d�rect energy consumpt�on, 
as can be seen by the fact that the curve for d�rect em�ss�ons per yuan follows 
the total em�ss�ons curve closely wh�le the curve for �nd�rect em�ss�ons per yuan 
�s almost flat. Th�s, �n turn, �s due to the h�gh level of coal consumpt�on by the 
poor (as seen by the curve for d�rect em�ss�ons exclud�ng coal, wh�ch �s also 
very flat). In other words, the most �mportant d�screpancy between r�ch and 
poor households l�es �n the d�fferent shares of expend�ture allocated to d�rect 
coal consumpt�on and the em�ss�ons generated as a result. 

Th�s �s not to say that the sources of �nd�rect em�ss�ons do not vary across 
�ncome brackets. For example, food (processed from agr�culture, manufactured 
and eat�ng out comb�ned) accounts for 75 per cent of the poorest dec�le’s 
em�ss�ons, compared w�th just 48 per cent for the r�chest dec�le, wh�le 10 per 
cent of the r�chest dec�le’s �nd�rect em�ss�ons stem from the manufactur�ng of 
raw chem�cals and chem�cal mater�als, compared w�th 5 per cent for the poorest 
dec�le. These d�fferences do not, however, amount to s�gn�ficant d�fferences 
�n em�ss�ons per yuan spent for each of these �ncome groups. Instead, �t �s all 

F�gure 16.4 Yuan carbon emissions by income percentile (kg)
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about d�rect em�ss�on shares, and those generated from coal consumpt�on �n 
part�cular: 58 per cent of the poorest households’ d�rect em�ss�ons stem from 
coal consumpt�on compared w�th just 6.5 per cent for the r�chest households.15 
Wh�le r�ch households therefore consume more energy and produce more 
carbon em�ss�ons than poor households, poor households produce more 
em�ss�ons per un�t of energy consumpt�on and more em�ss�ons per yuan spent 
than r�ch households.

An econometric analysis

The above analys�s �s based ent�rely on s�mple averages by �ncome group. 
energy consumpt�on and em�ss�ons can also be affected by other factors, such 
as household compos�t�on and dwell�ng s�ze. Further, households’ res�dent�al 
locat�on can also have a s�gn�ficant effect due to weather cond�t�ons and 
reg�onal energy pr�ce var�at�ons. In th�s sect�on, we est�mate s�mple energy and 
em�ss�ons determ�nat�on equat�ons, wh�ch allows us to tease out other factors 
and to �dent�fy the pure �ncome effect of urban household energy requ�rements 
and em�ss�ons.

In our econometr�c model, �n add�t�on to per cap�ta �ncome and �ts squared 
term, we control for household s�ze, the gender, age and years of school�ng of 
the household head, a group of household compos�t�on var�ables relat�ng to 
gender and age, dwell�ng s�ze, and dummy var�ables for each of the 15 prov�nces 
other than Be�j�ng, wh�ch �s the benchmark prov�nce and therefore the om�tted 
dummy var�able.

Tables 16.8 and 16.9 present the results for the determ�nants of per cap�ta 
energy consumpt�on and per cap�ta em�ss�ons respect�vely. We observe almost 
the same pattern of determ�nants �n both and therefore focus the rema�n�ng 
d�scuss�on on the energy consumpt�on results �n Table 16.8. on average, larger 
households consume less energy per cap�ta, ver�fy�ng an economy-of-scale 
effect. cook�ng for five people should consume less energy than cook�ng for one 
person five t�mes. s�m�larly, five people watch�ng TV requ�res the same amount 
of energy as one person watch�ng TV. our results also show that males and 
older household heads are assoc�ated w�th h�gher energy consumpt�on, wh�le 
households w�th more educated heads consume less energy. Th�s last effect 
�s, however, appl�cable only to total energy and d�rect energy consumpt�on.16 
Th�s lends some support to the opt�m�st�c cla�m that people w�th h�gher levels 
of educat�on are more aware of the �mpact of the�r energy consumpt�on on total 
em�ss�ons and account for th�s �n the�r consumpt�on dec�s�ons. The household 
compos�t�on var�ables �nd�cate that relat�ve to the om�tted category (male and 
female adults aged 20–65), ch�ldren �n most age groups consume less energy, 
wh�le older people (male and female above 65) consume more energy. Th�s could 
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be related to the fact that old people spend more t�me at home. Further, the 
larger the s�ze of the house, the more energy consumed. on average, every 100 
square metres requ�res 44.3 kg of coal equ�valent energy. Th�s �s due ma�nly to 
d�rect energy consumpt�on and, �n part�cular, coal consumpt�on; however, larger 
hous�ng �s assoc�ated w�th h�gher �nd�rect energy consumpt�on as well.

The final part of Table 16.8 presents results for the prov�nc�al dummy var�ables. 
relat�ve to Be�j�ng, the follow�ng prov�nces (c�t�es) consume more energy (�n 
descend�ng order): shanx�, shangha�, chongq�ng, s�chuan, he�longj�ang, 
henan, l�aon�ng and Anhu�. Th�s order �s almost the same for d�rect energy 
consumpt�on. For non-coal d�rect energy consumpt�on, there �s a sl�ght d�fference 
�n consumpt�on orders. For example, shangha� ranks first, wh�le shanx� ranks 
second. In terms of �nd�rect energy consumpt�on, only Guangdong and shangha� 
exceed Be�j�ng, wh�le the rema�n�ng prov�nces all consume less d�rect energy 
than Be�j�ng. These energy consumpt�on d�fferences across prov�nces could be 
related to the d�fferences �n energy pr�ce levels and resource reserves across 
reg�ons. For example, �t �s understandable that households �n shanx� would 
consume more energy, espec�ally coal, g�ven �ts abundance �n shanx�. r�cher 
reg�ons appear to be the largest consumers of �nd�rect energy, as ev�denced by 
the pos�t�ve coeffic�ents on shangha� and Guangdong �n the final column. Th�s 
compounds the earl�er cla�m that as ch�nese households and reg�ons become 
r�cher, �nd�rect energy patterns become �ncreas�ngly �mportant. 

To capture potent�al d�m�n�sh�ng marg�nal energy requ�rements and carbon 
em�ss�ons as �ncome �ncreases, we �nclude a squared term for the latter �n 
the regress�ons. The results �nd�cate that the relat�onsh�p between energy 
consumpt�on/carbon em�ss�ons and �ncome for urban ch�nese households 
�s essent�ally l�near across the �ncome range of our sample. For example, 
w�th regard to total per cap�ta energy consumpt�on, every add�t�onal yuan of 
�ncome �ncreases energy consumpt�on by 20 gde, but the rate of �ncrease falls 
by just 0.00006 gce. For �nd�rect energy consumpt�on, the d�m�n�sh�ng po�nt �s 
not reached unt�l 158,000 yuan per cap�ta, wh�ch �s more than five t�mes the 
current average per cap�ta �ncome level. For total energy consumpt�on, the 
po�nts of d�m�n�sh�ng marg�nal energy requ�rements and carbon em�ss�ons are 
reached at �ncome levels of 174,000 and 363,000 yuan respect�vely. To v�sual�se 
the est�mated relat�onsh�p between energy consumpt�on/carbon em�ss�ons and 
�ncome, F�gures 16.5 and 16.6 plot the pred�cted relat�onsh�p for 99 per cent of 
the range of �ncome levels �n our sample (100–42,100 yuan). The figures show 
that w�th�n our sample �ncome range, the relat�onsh�p between �ncome and 
all types of energy/em�ss�ons �s almost l�near. one of the �nterest�ng results 
�s that �ncome has a stronger effect on non-coal d�rect energy consumpt�on 
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and carbon em�ss�ons than on total d�rect energy consumpt�on and carbon 
em�ss�ons, confirm�ng yet aga�n that coal �s ma�nly a poor peoples’ energy. 

Conclusions

Th�s chapter focused on three �nterrelated �ssues. F�rst, we drew on nat�onal-
level data to establ�sh the not�on that the total energy requ�rements of 
households are substant�ally h�gher when the�r �nd�rect energy requ�rements 
are added to the�r d�rect energy consumpt�on. Indeed, the calculat�ons showed 
that th�s allocated an add�t�onal 16.8 per cent of ch�na’s total energy demand 
to households, 11.2 per cent of wh�ch was attr�buted to urban households. If 
the eleventh F�ve-Year Plan succeeds �n �ts object�ve of sh�ft�ng the ch�nese 
economy towards consumpt�on-led growth, �nd�rect energy shares are l�kely to 
r�se �n the future, thereby becom�ng �ncreas�ngly �mportant for understand�ng 
future energy demand and consumer-dr�ven em�ss�ons trends.

second, us�ng urban household survey data, we exam�ned the extent of 
var�at�on �n total energy requ�rements and em�ss�ons across households w�th 
d�fferent �ncome levels. Wh�le there were clear d�fferences �n the shares of 
�nd�rect em�ss�ons attr�butable to the d�fferent consumpt�on bundles of r�ch 
and poor households, these were overshadowed by overwhelm�ng ev�dence 
that the share of em�ss�ons attr�buted to d�rect energy consumpt�on matters 
most: poorer households are more em�ss�ons �ntens�ve because of the�r 
heavy dependence on coal. The most cr�t�cal �mpl�cat�on �s, therefore, that 
poor households are g�ven the opportun�ty to reduce th�s coal dependence. 
Th�s could occur as a consequence of �ncome growth, g�ven our observat�on 
that r�cher households consume less coal; therefore, pol�c�es target�ng poor 
household �ncome growth rema�n cruc�al. It �s equally �mportant, however, 
to ensure that adequate �nvestment �s d�rected towards cleaner energy 
alternat�ves �n the near future so that the sw�tch away from coal �s a feas�ble 
opt�on.

The survey-based analys�s produced a share of �nd�rect energy for urban 
households of 32 per cent, just half the share that we found us�ng nat�onal-
level aggregate data. Th�s d�screpancy stemmed from a number of �ssues, 
�nclud�ng the need to use per cap�ta consumpt�on rather than expend�ture and 
the exclus�on of serv�ces from the survey-based analys�s. moreover, throughout 
the chapter, we overlooked the processes that del�ver final goods to household 
doorsteps, �nclud�ng the storage and d�str�but�on of goods—all of wh�ch requ�re 
cons�derable energy �nputs. These �nadequac�es only strengthen the cla�m 
that the �nd�rect energy requ�rements of ch�nese households matter more 
to the future of ch�na’s contr�but�ons to global env�ronmental pressures than 
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F�gure 16.5 Predicted relationship between household energy 
consumption per capita and income
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F�gure 16.6  Predicted relationship between household carbon 
emissions per capita and income
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many people real�se, and that more deta�led research �n th�s area �s therefore 
warranted. 

Th�rd, the econometr�c analys�s focused on the determ�nants of var�at�on �n 
per cap�ta energy requ�rements and em�ss�ons. The v�rtually l�near relat�onsh�p 
between per cap�ta �ncome and energy demand �s �nd�cat�ve of the d�lemma 
ch�na �s fac�ng as per cap�ta �ncomes cont�nue to grow, s�nce there �s no 
�nd�cat�on of d�m�n�sh�ng marg�nal energy requ�rements happen�ng over 
the w�de range of current �ncome levels. Th�s find�ng stresses the need for 
pol�cymakers to promote ways to reduce the em�ss�ons �ntens�t�es of all of the 
goods consumed by ch�nese households and, for that matter, used by the other 
end users as well. The h�gher energy requ�rements of r�cher prov�nces even 
after controll�ng for per cap�ta �ncome further compound th�s need, as poorer 
prov�nces cont�nue to grow and str�ve towards l�v�ng standards comparable 
w�th the�r r�cher ne�ghbours. Wh�le there �s some ev�dence that households 
w�th h�gher levels of educat�on consume less energy per cap�ta, th�s result 
does not hold up �n the regress�on us�ng �nd�rect energy only. Whether or not 
educat�on has a role to play �n promot�ng cleaner consumpt�on patterns �n the 
future therefore rema�ns an open quest�on, although �t �s hard to th�nk that such 
efforts would prove detr�mental. Th�s po�nt extends to thoughts about whether 
‘green’ consumpt�on pol�c�es stand any chance of reduc�ng ch�na’s em�ss�ons 
path below current trajector�es.

To end on a br�ght note, assum�ng that serv�ces are relat�vely energy effic�ent 
(wh�ch �s certa�nly the case compared w�th d�rect coal consumpt�on) and not�ng 
the above ev�dence that r�cher ch�nese households spend a h�gher share of the�r 
�ncome on serv�ces, the future for ch�na could well look cleaner �f �ncomes can 
be ra�sed across the board to the po�nt at wh�ch serv�ces dom�nate consumpt�on 
patterns. That future cannot arr�ve qu�ckly enough.

Notes

1 We� et al. (2007) and l�ang et al. (2007) are the only engl�sh-language papers we have found, 
after an extens�ve l�terature search, that focus expl�c�tly on ch�nese household energy 
consumpt�on.

2 By focus�ng on carbon �ntens�t�es only, we overlook other greenhouse gases, such as methane, 
n�trous ox�de and chlorofluorocarbons. Wh�le these other greenhouse gases could be equally, 
or even more, �mportant for certa�n env�ronmental problems, data restr�ct�ons prevent a more 
hol�st�c analys�s at th�s stage.

3 For example, kok et al.’s Io plus household expend�ture approach �s referred to by B�n and 
dowlatabad� (2005) as ‘env�ronmental Io l�fe-cycle analys�s’, wh�le Weber and Perrels (2000) 
refer to the same method as the ‘m�xed monetary energet�c approach’.

4 see suh et al. (2004) for further d�scuss�on of th�s po�nt.
5 see, for example, l�ao et al. (2007) and F�sher-Vanden et al. (2006).
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6 Unfortunately, th�s precludes ‘transport, postal and telecommun�cat�on serv�ces’, ‘wholesale 
and reta�l trades, hotels and cater�ng serv�ces’ and ‘other serv�ces’, as the gross value of 
output for these sectors �s not ava�lable. expend�ture on transport w�ll be accounted for �n 
the d�rect energy calculat�ons, d�scussed further below. serv�ces are, however, om�tted from 
the analys�s as there �s no alternat�ve g�ven data ava�lab�l�ty at th�s stage.

7 As ment�oned earl�er, the sectors are not comparable d�rectly w�th those used by We� et al 
(2007). note, however, that they calculate energy and carbon �ntens�t�es �n the�r ‘food’ sector 
of 28 grams and 23 grams per yuan respect�vely. Th�s sector �ncorporates the food process�ng, 
manufactur�ng and beverages sectors used above and, tak�ng s�mple averages across these 
sectors, reassur�ngly puts our calculat�ons �n the same ballpark as the�rs.

8 coal �ncludes raw coal, clean coal and other washed coal. cok�ng products �nclude coke, coke 
oven gas, other gas and other coke products. Petroleum products �nclude crude o�l, gasol�ne, 
kerosene, d�esel o�l, fuel o�l, petroleum l�qu�d gas, refinery gas and other petroleum products. 
natural gas, heat and electr�c�ty stand alone.

9 To compl�cate matters sl�ghtly, the relevant table �n the China Energy Statistical Yearbook (nBs 
2006) reports total final energy consumpt�on �n each sector �n two cons�stent forms: coal 
equ�valent calculat�on and calor�fic value calculat�on. It prov�des, however, only the breakdown 
of energy sources �n terms of calor�fic value calculat�ons, so we use these to calculate the 
shares of each source. In terms of shares, the results are equ�valent wh�chever measure �s 
used.

10 The electr�c�ty coeffic�ent �s a we�ghted sum of the coal, o�l and gas coeffic�ents, based on 
the shares of coal, o�l and gas used �n ch�na’s electr�c�ty generat�on be�ng 78 per cent, 2.4 
per cent and 1 per cent respect�vely (IeA 2007). The rema�nder of ch�na’s electr�c�ty �s fuelled 
by hydro-power (16 per cent), nuclear (2.1 per cent) and w�nd, b�omass and other renewables 
(0.5 per cent). These are all assumed to have zero carbon coeffic�ents. cok�ng products and 
heat are assumed to have the same carbon coeffic�ent as coal.

11 see Table A16.2 �n the Append�x for deta�ls. due to the data l�m�tat�ons d�scussed �n prev�ous 
footnotes, not all sectors �n Table 16.4 are �ncluded �n the analys�s �n th�s sect�on. 

12 Although the nutr�t�on l�terature normally assumes a 50 per cent prem�um to reflect process�ng 
marg�ns, stud�es also find that th�s assumpt�on �s not sens�t�ve to the est�mated �ncome 
elast�c�ty of nutr�t�on �ntake (see, for example, subraman�an and deaton 1996 and G�bson 
and rozelle 2002).

13 Th�s �s qu�te a departure from the aggregate figures �n the preced�ng sect�on, wh�ch show that 
d�rect energy demand accounts for only 36 per cent of urban households’ total energy demand. 
Two obv�ous reasons why we understate �nd�rect energy demand are that we do not �ncorporate 
all sectors or all expend�ture �n our analys�s. The figure also d�ffers s�gn�ficantly from We� et 
al. (2007), who find that d�rect energy accounts for just 29 per cent of urban household energy 
requ�rements. The�r figure �s at the lowest end of the l�terature surveyed �n the prev�ous sect�on, 
wh�le ours here �s towards the h�gh end. one reason for the d�screpancy could be the d�fferent 
consumpt�on categor�es that we assess, part�cularly as we d�v�de consumpt�on �nto more 
than 20 categor�es compared w�th We� et al.’s e�ght. Another clear d�fference �s that �n We� et 
al. (2007), the ‘res�dence’ category dom�nates urban �nd�rect energy demand, account�ng for 
more than 60 per cent of �t. Included �n th�s category are the product�on and supply of electr�c 
power, steam, hot water and gas, all of wh�ch are assumed to be d�rect energy demand �n our 
analys�s.   



362

China’s Dilemma

14 In add�t�on, g�ven that r�cher households spend a h�gher proport�on of the�r �ncome on serv�ces 
than poorer households, and these are largely excluded from our story here, the share of 
energy and em�ss�ons that can be attr�buted to �nd�rect sources �s l�kely to be understated 
more for r�ch than for poor. our sample households spend, on average, 2,243 yuan per cap�ta 
on serv�ces, wh�ch accounts for 27 per cent of per cap�ta current-per�od consumpt�on. For the 
poorest group, serv�ce expend�ture �s 727 yuan per cap�ta, account�ng for 23 per cent of the total 
current-per�od consumpt�on, wh�le for the r�chest group th�s figure �s 5,592 yuan, account�ng 
for 30 per cent of the current-per�od consumpt�on (see columns 3 and 6 �n Append�x Table 
A16.1).

15 see Append�x Table A16.3 for deta�ls.
16 When, however, only non-coal d�rect energ�es are �ncluded, the effect of the household head’s 

educat�on sw�tches s�gn and becomes pos�t�ve and stat�st�cally s�gn�ficant. These contrad�ctory 
results are puzzl�ng, but are perhaps related to h�gh correlat�ons between per cap�ta �ncome 
and educat�on levels �n comb�nat�on w�th the h�gh coal content of poorer households’ d�rect 
energy consumpt�on.
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Table A16.2 Aggregation of survey sectors into Table 16.4 sectors

Table 16.4 sector survey sectors �ncluded
Process�ng of food from agr�cultural products Gra�n, starch, meat, poultry, eggs, seafood,  
 vegetables, fru�ts
manufacture of foods manufacture of gra�n, beans, meat, poultry,  
 eggs, seafood, sugar, vegetables, fru�ts, m�lk,  
 cake, canned food and sem�-cooked food plus  
 one-th�rd of eat�ng-out expenses
manufacture of beverages Alcohol and dr�nks
manufacture of tobacco Tobacco
manufacture of text�les cloth�ng mater�als
manufacture of text�le apparel, footwear  clothes, shoes, bedclothes, text�le decorat�on

and caps
Process�ng of t�mber and wood products Furn�ture mater�als
manufacture of furn�ture Furn�ture
manufacture of paper and paper products Paper and stat�onery 
Pr�nt�ng, reproduct�on of record�ng med�a newspapers, magaz�nes, books, textbooks,  
 educat�on software
manufacture of art�cles for culture, educat�on  sports equ�pment, electron�c d�ct�onar�es, aud�o

and sports  and v�deo products, culture decorat�ons
manufacture of raw chem�cal mater�als and  detergent and cosmet�c goods for ha�rdress�ng 

chem�cal products  and bath�ng 
manufacture of med�c�nes med�c�ne, nutr�ments
 
manufacture of metal products l�ght�ng, cutlery, tea sets, small tools
manufacture of transport equ�pment cars, b�kes, motors and the�r components
manufacture of electr�cal mach�nery  electr�cal, med�cal and health equ�pment

and equ�pment
manufacture of measur�ng �nstruments and  P�anos, other mus�cal �nstruments, body-

office mach�nery  bu�ld�ng equ�pment, watches
manufacture of artwork and other Jewellery and other m�scellaneous �tems

manufactur�ng
Product�on and d�str�but�on of water Water
construct�on  hous�ng decorat�on and bu�ld�ng mater�als
serv�ces serv�ces: sew�ng, housekeep�ng, med�cal  
 treatment, commun�cat�on fees, recreat�on fees,  
 educat�on fees, rent, �mputed rent, hous�ng  
 management fees; transportat�on fees * 0.75;  
 eat�ng-out expend�ture * 0.67
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Table A16.3 Emission shares of consumption goods by income decile

 share of total share of �nd�rect 
 em�ss�ons em�ss�ons 

 F�rst Tenth F�rst Tenth
Ind�rect em�ss�ons    

Process�ng of food from agr�cultural products 0.045 0.046 0.223 0.117
manufacture of foods 0.104 0.123 0.513 0.312
one-th�rd of eat�ng out 0.003 0.019 0.015 0.048
manufacture of beverages 0.004 0.011 0.021 0.027
manufacture of tobacco 0.002 0.003 0.008 0.007
manufacture of text�les 0.000 0.001 0.002 0.002
manufacture of text�le apparel, footwear, caps 0.007 0.026 0.036 0.065
Process�ng of wood products 0.000 0.000 0.000 0.001
manufacture of furn�ture 0.000 0.004 0.001 0.009
manufacture of paper and paper products 0.002 0.002 0.009 0.006
Pr�nt�ng and record�ng med�a 0.002 0.003 0.008 0.009
manufacture of art�cles for culture, educat�on and sports 0.000 0.003 0.002 0.009
manufacture of raw chem�cal mater�als and products 0.011 0.041 0.052 0.103
manufacture of med�c�nes 0.001 0.014 0.005 0.036
manufacture of metal products 0.001 0.003 0.003 0.008
manufacture of transport equ�pment 0.001 0.023 0.002 0.059
manufacture of electr�cal mach�nery and equ�pment 0.001 0.005 0.002 0.012
manufacture of commun�cat�on, computers and electron�cs 0.000 0.004 0.001 0.011
manufacture of �nstruments, cultural and office mach�nery 0.000 0.001 0.000 0.002
manufacture of artwork and other manufactur�ng 0.009 0.038 0.045 0.097
Product�on and d�str�but�on of water 0.010 0.015 0.050 0.039
construct�on  0.001 0.009 0.003 0.024

    
d�rect em�ss�ons share of d�rect  
 em�ss�ons

coal 0.459 0.040 0.576 0.065
Petrol 0.029 0.144 0.036 0.237
Gas 0.222 0.295 0.279 0.487
electr�c�ty 0.087 0.128 0.109 0.211

    
share of d�rect em�ss�ons �n total 0.797 0.606
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Can China’s coal industry be 
reconciled with the environment?

Xunpeng Shi

coal prov�des 70 per cent of ch�na’s pr�mary energy, therefore �t �s no surpr�se 
that ch�na’s a�r pollut�on �s caused ma�nly by coal use. It has been reported 
that 85 per cent of the sulphur d�ox�de, 70 per cent of the smoke and 60 per 
cent of the n�trogen ox�des em�tted �nto the atmosphere �n ch�na come from 
the burn�ng of coal (Wang and Feng 2003). The correlat�on between �ncreased 
sulphur d�ox�de levels and coal consumpt�on �s above 95 per cent (he et al. 2002). 
emerg�ng concerns about cl�mate change add further pressure to the use of 
foss�l-fuel energy �n general and coal �n part�cular. As the world’s second-largest 
consumer of energy, ch�na’s demand for energy w�ll �ncrease due to �ts grow�ng 
populat�on and the rap�d �ncrease �n l�v�ng standards. G�ven that ch�na �s the 
world’s largest producer and consumer of coal, th�s �ssue �s of great concern 
and �mportance to the global commun�ty. 

To m�t�gate the env�ronmental �mpacts of rap�d econom�c growth, proposals 
to reduce waste-gas em�ss�ons (WGes) usually �nclude chang�ng the econom�c 
structure, reduc�ng energy �ntens�ty and enforc�ng waste-gas treatment (l�ang 
and Zhou 2008). These measures often lead to reduct�ons �n use of energy, 
part�cularly coal. Globally and �n ch�na—a country w�th ser�ous env�ronmental 
pollut�on, a grow�ng demand for a clean env�ronment, ser�ous concerns about 
cl�mate change and coal-dom�nated a�r pollut�on—many people th�nk that the 
coal �ndustry has no future; �n ch�na, the coal �ndustry �s somet�mes called 
xiyang gongye (‘the sunset �ndustry’) (coal enterpr�se management 2001). 
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many others are, however, argu�ng that there �s a prom�s�ng future for the 
coal �ndustry �n general and the ch�nese �ndustry �n part�cular (coal enterpr�se 
management 2001; l� 2003; sh� 2003, 2006; Wang 1999; huang 2001). A key 
argument for th�s �s that there �s a decreas�ng trend of pollut�on em�ss�ons 
per un�t of coal, or em�ss�on �ntens�ty, and therefore the coal �ndustry can 
harmon�se w�th the env�ronment (sh� 2003, 2006). The argument suggests that 
env�ronmental pressure w�ll �nduce �nnovat�ons �n clean-coal technolog�es. The 
ult�mate level of cleanl�ness w�ll be dec�ded by techn�cal progress and soc�o-
econom�c cond�t�ons. many coal experts are also argu�ng that coal can be a 
truly clean energy;1 however, no emp�r�cal ev�dence has been prov�ded w�th 
wh�ch to exam�ne th�s �ssue. 

Th�s study w�ll test the evolv�ng pattern of coal em�ss�ons �ntens�ty us�ng 
�ndustry WGe data for the per�od 1996–2006. The focus on �ndustr�al WGes 
only �s appropr�ate because �ndustr�al pollut�on plays a dom�nant role �n total 
em�ss�ons (Table 17.1): for example, 86 per cent of total sulphur d�ox�de em�ss�ons 
and 79 per cent of total smoke em�ss�ons came from �ndustr�al sources �n 2005 
(sePA var�ous years). The study w�ll focus on three a�r pollutants: sulphur d�ox�de 
em�ss�ons (SO2), �ndustr�al smoke em�ss�ons (Smoke) and dust em�ss�ons (Dust). 
carbon d�ox�de em�ss�ons, although a popular top�c and probably s�gn�ficant, 
are not �ncluded because there are no current data for them. Furthermore, 
although greenhouse gas em�ss�ons are a major concern, the most �mmed�ate 
env�ronmental phenomenon �s local amb�ent a�r pollut�on, wh�ch �s pred�cted 
to cause health damage worth 13 per cent of ch�na’s gross domest�c product 
(GdP) by 2020 (oecd 2007, c�ted �n IeA 2007). The l�terature (Ang and Pand�yan 
1997; Ang et al. 1998; Wang et al. 2005; Wu et al. 2006) often �nfers carbon d�ox�de 
em�ss�ons by assum�ng a constant em�ss�on �ntens�ty for each fuel, �nclud�ng 
coal—someth�ng that w�ll be challenged �n th�s study. 

The rest of th�s chapter �s organ�sed as follows. The second sect�on prov�des 
a general background of ch�na’s env�ronmental regulat�ons for a�r pollut�on. The 
th�rd sect�on �ntroduces the two study methods, followed by a sect�on descr�b�ng 
the data. The fifth sect�on presents the emp�r�cal results and the s�xth sect�on 
d�scusses some techn�cal �ssues. The last sect�on concludes the chapter.

Environmental regulations and the coal industry

The ch�nese government attaches great �mportance to env�ronmental protec-
t�on. The first nat�onal conference on env�ronmental protect�on �n 1973 set up 
the env�ronmental Protect�on office under the state counc�l and st�pulated 
the ‘three synchron�sat�ons’ system.2 The 1978 ch�nese const�tut�on stated the 
central government’s �ntent�on to protect and �mprove the env�ronment, and to 
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prevent and control pollut�on. env�ronmental protect�on was declared one of 
two ch�nese ‘nat�onal fundamental pol�c�es’ �n 1983.3 The env�ronmental Pro-
tect�on law (Tr�al Implementat�on) was promulgated �n 1979, wh�ch proposed 
the env�ronmental Impact Assessment (eIA) system and the polluter-pays 
pr�nc�ple. It was rev�sed and enacted offic�ally �n 1989. Between 1949 and 2005, 
ch�na leg�slated n�ne env�ronmental laws and 15 resource-protect�on laws, �t 
formulated and promulgated more than 50 adm�n�strat�ve regulat�ons and 660 
m�n�ster�al and local env�ronmental rules and regulat�ons related to env�ron-
mental protect�on (state news office 2006). 

W�th the development of env�ronmental protect�on, the control of WGes �s 
evolv�ng. The nat�onal Amb�ent A�r Qual�ty standards were publ�shed �n 1982, 
spec�fy�ng standards for a�r pollutants such as sulphur d�ox�de, total suspended 
part�culate matter (TsP), n�trogen ox�des and carbon (sePA 1982). In 1998, 
the ch�nese government (state counc�l 1998) approved the del�m�t�ng of two 
‘control areas’ (the ‘sulphur d�ox�de control area’ and the ‘ac�d ra�n control 
area’), wh�ch led to a s�gn�ficant �mprovement �n env�ronmental qual�ty (state 
news office 2006). In June 2007, ch�na’s state counc�l approved a nat�onal 
plan to address the challenges of cl�mate change, symbol�s�ng that cl�mate 
change was becom�ng �ncreas�ngly �mportant on ch�na’s nat�onal pol�cy agenda 
(ndrc 2007a). 

some financ�al �ncent�ve mechan�sms for reduc�ng a�r pollut�on are already 
�n place. Tax reduct�ons or exempt�ons are g�ven to enterpr�ses engaged �n en-
v�ronmental protect�on (state news office 2006). A pollut�on levy system based 
on the polluter-pays pr�nc�ple was �mplemented nat�onally �n 1982. Between 
1995 and 2005, the collect�on of sulphur d�ox�de d�scharge fees was expanded 
to �nclude all related enterpr�ses and the rate was ra�sed from 0.2 to 0.63 yuan 
per k�logram (state news office 2006). The rate has been �ncreased further �n 
some prov�nces.4 

mass�ve pollut�on control measures have also been �mplemented: 84,000 
small enterpr�ses that caused ser�ous waste and pollut�on were closed dur�ng 
the n�nth F�ve-Year Plan (1996–2000); e�ght resource pollut�on-�ntens�ve �ndus-
tr�es, �nclud�ng �ron and steel, cement, electrolyt�c alum�n�um and cok�ng, 
were restructured; and the construct�on of more than 1,900 projects was e�ther 
stopped or postponed (state news office 2006).

W�th these efforts �n place, the control of a�r pollut�on has been cons�derable. 
The volume of removed �ndustr�al sulphur d�ox�de reached 10.9 m�ll�on tonnes 
�n 2005, up from 2.34 m�ll�on tonnes �n 1998, wh�le the volumes for smoke and 
dust reached 205.87 m�ll�on tonnes and 64.54 m�ll�on tonnes respect�vely �n 
2005, compared w�th 86.70 m�ll�on tonnes and 30.98 m�ll�on tonnes �n 1998. The 
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amount of �ndustr�al sulphur d�ox�de, �ndustr�al smoke and dust d�scharged 
�n the generat�on of one un�t of GdP �n ch�na �n 2004 dropped by 42 per cent, 
55 per cent and 39 per cent, respect�vely, from the levels �n 1995 (state news 
office 2006).

W�th �ncreas�ng �mplementat�on of env�ronmental regulat�ons �n ch�na, the 
future of coal �s under susp�c�on as �t �s the most pollut�ng of the foss�l fuels 
and the key source of pollut�on �n ch�na. After 1998, ch�nese coal product�on 
exper�enced a three-year depress�on5 and state-owned coal m�nes (socms) 
suffered heavy defic�ts, wh�ch led to �ncreas�ngly w�despread pess�m�sm about 
the �ndustry’s future (sh� 2003, 2006; coal enterpr�se management 2001). Am�d 
the concerns and d�re pred�ct�ons about the future of the coal �ndustry, coal 
product�on and consumpt�on �ncreased dramat�cally after 2000.

Although coal consumpt�on has been soar�ng �n recent years, dust and 
smoke em�ss�ons are decl�n�ng. There has been a sl�ght �ncrease �n sulphur 
d�ox�de em�ss�ons, but the speed of the �ncrease �s far slower than that of coal 
consumpt�on. coal consumpt�on �ncreased nearly 92 per cent between 1997 
and 2006, yet em�ss�ons of sulphur d�ox�de �ncreased only sl�ghtly, by 10.35 per 
cent, dur�ng the same per�od. 

F�gure 17.1 Coal industry development and air pollution emissions, 
1997–2006
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Emission intensity trends

most stud�es of em�ss�on �ntens�ty focus on carbon d�ox�de em�ss�ons (see 
Ang and Zhang 2000 for a rev�ew). only a few stud�es address sulphur d�ox�de 
em�ss�ons (l�n and chang 1996; shrestha and T�m�ls�na 1997; V�gu�er 1999); 
among these, two (shrestha and T�m�ls�na 1997; V�gu�er 1999) address the 
em�ss�on �ntens�ty of �nd�v�dual energy sources, �nclud�ng coal, as a constant 
over t�me and focus only on changes �n the energy m�x—that �s, the �nter-energy 
compos�t�on of o�l, gas, coal and non-foss�l fuel energ�es. l�n and chang (1996), 
however, find a cont�nuous decrease �n pollut�on �ntens�ty and attr�bute �t to 
subst�tut�on for �mported low-sulphur coal and ‘desulphur�saton’ of fuel o�l, �n 
the case of Ta�wan. no study has, however, been done from the perspect�ve of 
a clean future for foss�l-fuel energy, and coal �n part�cular. em�ss�on �ntens�t�es 
for smoke and dust have also not been addressed. 

In th�s sect�on, two alternat�ve methodolog�es are presented to test the 
hypothes�s that coal em�ss�on �ntens�ty �s decl�n�ng. The econometr�c tech-
n�que �s used to test the em�ss�on �ntens�ty of coal w�th a focus on a long-term 
dynam�c aspect of th�s �ntens�ty. The �ndex decompos�t�on (Id) approach �s 
used to �dent�fy var�ous factors that determ�nate the final em�ss�ons and the�r 
�nd�v�dual contr�but�ons. 

The fixed-effects panel data model

The first method to be used �s a fixed-effects panel data model, wh�ch, together 
w�th econometr�c data, w�ll test the general trend of em�ss�on �ntens�ty—that 
�s, at t�me t, �n prov�nce i, the jth WGe, �s 

WGEitj = β0+(β1+β2T)FuelCit+(β3+β4T )MatCit+β5 Xit+αij+uitj (1)

�n wh�ch WGE denotes pollutant em�ss�ons; FuelC and MatC denote 
consumpt�on of fuel coal and mater�al coal, respect�vely; T �s a general t�me 
trend; αij �s the prov�nce-spec�fic effect �n the case of the jth pollutant; uitj �s 
a normally d�str�buted error term; j = 1,2,3 �s sulphur d�ox�de (SO2), smoke 
and dust respect�vely. of part�cular �nterest are the s�gns of β1and β4. If β2 or 
β4 were s�gn�ficantly negat�ve, we would find ev�dence of decreas�ng em�ss�on 
�ntens�ty. due to d�fferent character�st�cs between fuel and mater�al coal �n 
d�fferent cases of a�r pollut�on, β2 and β1 are expected to be d�fferent. 

X �s a vector of exogenous var�ables such as populat�on (PoP), average GdP 
and env�ronmental regulat�on and �mplementat�on var�ables, to �nvest�gate the 
�mpact of var�ous exogenous var�ables on the em�ss�ons funct�on. The more 
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str�ngent the env�ronmental regulat�on and enforcement, the less are the 
WGes because polluters are more l�kely to be pun�shed or charged. several 
var�ables have been used to test the �mpacts of leg�slat�on and enforcement. 
Bao and Peng (2006) used the number of cumulat�ve env�ronmental standards 
�ssued by prov�nc�al governments to measure the effect of env�ronmental 
pol�cy on em�ss�ons, but they fa�led to find a pos�t�ve role for such pol�c�es 
on a�r pollut�on. The compl�ance cost was used as a proxy for enforcement 
based on the assumpt�on that the two had a pos�t�ve correlat�on (Gray 1987). 
Gray (1987) uses the number of penalt�es (fines) to study safety regulat�ons. 
In th�s study, the cumulat�ve number of env�ronmental standards (Standard) 
�s used to approx�mate the effect of leg�slat�on; the operat�ng cost of waste-
gas treatment equ�pment (Cost) �s used to approx�mate the str�ngency of 
enforcement. env�ronmentally related research and development expend�ture 
(R&D) �s �ncluded to measure the technology progress effect, as �n Bao and 
Peng (2006). The GdP deflator �s used on all monetary value terms to the 1996 
constant pr�ce of 10,000 yuan. 

decomposed factors determ�n�ng em�ss�ons

s�nce most WGes �n ch�na come from the consumpt�on of fuel, they are affected 
by factors such as econom�c structure, energy �ntens�ty, econom�c development 
and populat�on growth. It would be helpful �f the WGe changes were broken down 
�nto var�ous factors. Index decompos�t�on has been a popular tool �n the past 40 
years to assess quant�tat�vely var�ous factors affect�ng WGes and energy demand. 
Ang and Zhang (2000) found that �t had been appl�ed �n at least 124 stud�es by 
2000. Th�s approach has advantages over econometr�c est�mat�ons �n that �t can 
apply to small samples and does not need any assumpt�ons about d�str�but�on. 
Th�s method �s appl�ed �n�t�ally to stud�es of �ndustr�al energy decompos�t�on and 
energy demand. Torvanger (1991) was the first to apply the �ndex-decompos�t�on 
methodology to study energy-related gas em�ss�ons, and was followed by many 
other stud�es (Ang and Zhang 2000). The types of gas em�ss�ons stud�ed �ncluded 
carbon d�ox�de, sulphur d�ox�de and n�trogen ox�des. compared w�th energy-
demand decompos�t�on, the em�ss�on decompos�t�on �ncludes more factors, 
�nclud�ng sectoral fuel share and fuel em�ss�ons (Ang and Zhang 2000).

The laspeyres method and the d�v�s�a �ndex (lmdI) are the most frequently 
used and preferred decompos�t�on methods �n energy-�nduced gas em�ss�on 
stud�es (Ang and Zhang 2000). In th�s study, the lmdI approach �s appl�ed 
because �t has the t�me-reversal property of an �deal �ndex and can perform a 
perfect decompos�t�on and accommodate zero values �n the data set, wh�ch �s 
preferable to the refined laspeyres method (Ang and Zhang 2000). 
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Two k�nds of �nd�cators are often used �n the �ndex-decompos�t�on stud�es 
of energy and env�ronmental �ssues. The first �s a quant�ty �nd�cator such as 
total energy consumpt�on or total gas em�ss�ons; the other �s a rat�o or �ndex 
�nd�cator, �nclud�ng aggregate energy �ntens�ty and aggregate gas em�ss�ons 
�ntens�ty (Ang and Zhang 2000). In th�s study, we chose the first, w�th total 
WGe as the �nd�cator. Total consumpt�on of coal (Tc), foss�l-fuel energy (Fe) 
and energy consumpt�on (Te) are evaluated at 10,000 tonnes of standard coal 
equ�valent (sce), wh�ch w�ll avo�d heterogene�ty of d�fferent coal qual�t�es. Y �s 
GdP and P �s populat�on. The expl�c�t �ntroduct�on of coal �nto the em�ss�ons 
funct�on �s an extens�on of the prev�ous l�terature. 

s�m�lar to Wang et al. (2005), the WGe �s expressed as an extended kaya 
Ident�ty (IPcc 2001; kaya 1990)—that �s

WGEi = WGE TC  FE TE Y P = ECFIGP (2) 
 

– – – – – 
 TC FE TE Y P 

�n wh�ch i �s the type of em�ss�on, �nclud�ng sulphur d�ox�de, smoke and dust; 
E �s the mean WGE em�ss�on �ntens�ty of coal (wh�ch �s the core �nterest 
of th�s study); C �s the share of coal �n total foss�l-fuel energy, or the foss�l-
fuel compos�t�on factor; F �s the share of foss�l-fuel energy �n total energy 
consumpt�on, or the energy component factor; I �s energy �ntens�ty; and G �s 
GdP per cap�ta.

As shown by Wang et al. (2005), us�ng the lmdI (Ang et al. 1998), the 
d�fference �n WGes between two per�ods, t and T, can be expressed as

ΔWGEtT = WGEiT – WGEit = EiTCiT FiT IiTGiT PiT – EitCit Fit IitGit Pit 

= ΣK ΔWGEK–effect , K = E, C, F, I, G, P (3)

In wh�ch, the k-effect on em�ss�on reduct�on �s

ΔWGEK–effect = L(WGEit ,WGEiT)In(KT  / Kt ) (4)

�n wh�ch 

L(x ,y) = (x – y) / In(x / y) (5)
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We also define the case of no change �n em�ss�on �ntens�ty (Non–CEI) as the 
bas�s for compar�son w�th the current study. Follow�ng equat�on 3, the Non–CEI 
of WGes can be der�ved by dropp�ng the em�ss�on �ntens�ty effect as 

Non - CEI = ΣK ΔWGEK–effect , K = C, F, I, G, P (6)

Data description

We study the t�me trend and determ�nants of WGes from coal consumpt�on 
us�ng ch�na’s prov�nc�al panel data from 1996–2006. We chose th�s per�od 
because data for coal consumpt�on broken down to combust�ng and mater�al 
�nputs were ava�lable only from 1996. data for three k�nds of a�r pollutants, 
consumpt�on of two k�nds of coal and var�ous env�ronmental var�ables were 
drawn from the var�ous �ssues of the China Environmental Yearbook (sePA 
var�ous years). Table 17.1 prov�des a summary.

The data for nat�onal total coal product�on (�n phys�cal quant�ty and �n 
standard coal equ�valent), energy consumpt�on and �ts m�x, GdP and �ts defla-
tors and populat�on are drawn from the var�ous �ssues of the China Statistical 
Yearbook (nBs var�ous years). The nat�onal GdP data are deflated to 1996 
constant pr�ces. When there �s more than one set of data, we prefer the most 
up-to-date one because ch�na’s state stat�st�cal Bureau s�gn�ficantly adjusted 
energy-use data �n 2006. A h�story of the evolut�on of these aggregate data �s 
shown �n F�gure 17.2. 

Empirical estimation and analysis of results

econometr�c results: ev�dence from the �ndustr�al sector

As �n the l�terature (shadbeg�an and Gray 2006), the ‘seem�ngly unrelated 
regress�ons’ (sUr) model �s employed to allow for correlat�ons �n the res�duals 
across equat�ons for the three a�r pollutants. sUr �s used because factors such 
as env�ronmental leg�slat�on, env�ronmental pol�cy and changes �n enforcement 
w�ll affect the outcomes for all a�r pollutants s�multaneously. To accompany 
both the fixed-effects, or unobserved reg�onal heterogene�ty and sUr, we use 
a dummy var�able vers�on of the sUr model—that �s, we create 31 dummy 
var�ables for 31 prov�nces and �nclude 30 of them �nto the regress�on funct�ons 
to accompany the fixed effect, or unobserved reg�onal heterogene�ty. est�mat�on 
results of the sUr model are shown �n Table 17.2. 

The results demonstrate that there �s a s�gn�ficant (at the 1 per cent level) 
decl�ne �n em�ss�on �ntens�ty �n the case of mater�al coal. For fuel coal, there �s 
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also a s�gn�ficant (at the 1 per cent level) decl�ne �n em�ss�on �ntens�ty, except �n 
the case of dust. We can calculate the em�ss�on �ntens�ty of these two k�nds of 
coal by tak�ng the part�al der�vat�ve of WGe w�th respect to coal consumpt�on. 
To test the robustness of th�s conclus�on, �n the second spec�ficat�on, we 
remove regulatory and econom�c var�ables and find the conclus�on unchanged  
(Table 17.2).

We can also calculate the t�me when overall em�ss�on �ntens�ty w�ll decl�ne 
to zero, wh�ch �s called the ‘zero em�ss�ons po�nt’ (Table 17.3). 

The decl�ne �n em�ss�on �ntens�ty �s unl�kely to be l�near �n t�me, as assumed 
here, because that would lead to negat�ve em�ss�on �ntens�ty. The actual decl�ne 
�s l�kely �n a non-l�near pace w�th d�m�n�sh�ng rate. Th�s hypothet�cal zero 
em�ss�ons po�nt, however, prov�des a relat�ve compar�son among d�fferent cases 
�n terms of the two k�nds of coal and the three types of a�r pollut�on em�ss�ons. 
It can be seen that �n the case of sulphur d�ox�de, the zero em�ss�ons po�nt for 
mater�al coal w�ll be reached more qu�ckly than that for fuel coal. The reasons 
for th�s could be: 1) econom�c, as mater�al-coal users can reduce WGes w�th a 

F�gure 17.2 Historical changes in the five factors in the index-
decomposition study, 1990 – 2006
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lower marg�nal cost than fuel-coal users; or 2) techn�cal, as mater�al-coal users, 
usually chem�cal producers, can produce by-products, such as sulphur, from 
WGes. The second reason could also expla�n why sulphur d�ox�de has the 
shortest zero em�ss�ons po�nt for mater�al coal among the s�x cases. 

leg�slat�on, approx�mated by cumulat�ve env�ronmental standards, has a 
s�gn�ficant �mpact on reduc�ng sulphur d�ox�de em�ss�ons, wh�le �ncreased use 
of WGe-treatment mach�nes can lead to a reduct�on of all three a�r pollutants. 
The var�able of cumulat�ve env�ronmental standards �s s�gn�ficant only at the 
1 per cent level �n the case of sulphur d�ox�de. Implementat�on, approx�mated 
by the operat�ng costs of WGe-treatment mach�nes, �s s�gn�ficant for smoke 
and dust at the 5 per cent level and for sulphur d�ox�de at the 10 per cent level. 
The s�gn�ficance of the effect of regulat�ons on the removal of sulphur d�ox�de 
could be the reason why env�ronmental regulat�ons have led to the �ncreased 
appl�cat�on of desulphur�sat�on equ�pment. It could also be due to the fact that 
env�ronmental regulat�ons have spurred a demand for low-sulphur coal, as noted 
by darmstadter (1999) �n the Us case. Whatever the reason, we can conclude 
that �mplementat�on �s more �mportant than leg�slat�on alone. The �ns�gn�ficant 
effect of leg�slat�on could also be due to the fact that much env�ronmental 
leg�slat�on �s not related to a�r pollut�on and th�s var�able �s therefore not a 
good proxy for th�s study. 

The technolog�cal effect, approx�mated by env�ronmentally related research 
�nputs, �s, however, negat�ve and s�gn�ficant at the 5 per cent level �n all 
three em�ss�ons cases, wh�ch �s cons�stent w�th the l�terature (Bao and Peng 
2006). Th�s demonstrates that techn�cal change has played a role �n reduc�ng 
em�ss�ons; therefore, �nvestment �n env�ronmentally related research �n general, 
and �n clean-coal technology �n part�cular, �s one way to reduce a�r pollut�on.

our find�ngs about the pollut�on–�ncome relat�onsh�p are not cons�stent w�th 
the l�terature. Bao and Peng (2006) found that all three a�r pollutants—sulphur 
d�ox�de, smoke and dust—had an �nverted-U shaped relat�onsh�p w�th econom�c 
growth. Grossman and krueger (1991) found that two pollutants—sulphur 
d�ox�de and smoke—exh�b�ted an �nverted-U shaped relat�onsh�p. We found 
an �nverted-U shaped relat�onsh�p only between econom�c growth and sulphur 
d�ox�de em�ss�ons—a find�ng made also by kaufmanna et al. (1998) and 
markandya et al. (2006). The reason for th�s could be that we have controlled 
the consumpt�on of coal, wh�ch captures a major�ty effect of econom�c growth 
on a�r pollut�on em�ss�ons. 

The var�able PoPUlATIon �s est�mated to have oppos�te s�gns between the 
case of sulphur d�ox�de and smoke. The reason for th�s could be that populat�on 
�s not �tself a dec�s�ve factor �n a�r pollut�on em�ss�ons when we control the 
use of coal. 
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Table 17.4 Estimated results of the provincial dummy of the SUR model*

 so2 smoke Indust
 coeffic�ent P-value coeffic�ent P-value coeffic�ent P-value
T�anj�n -74,712.42 0.23 -20,084.44 0.65 -71,001.17 0.32
hebe� 247,410.00 0.12 218,990.70 0.05 400,382.70 0.03
shanx� 278,565.60 0.08 -75,897.98 0.50 -318,093.00 0.08
ne�meng 441,203.70 0.00 -28,164.28 0.79 -156,646.80 0.35
l�aon�ng -10,285.15 0.93 239,425.30 0.00 257,120.80 0.05
J�l�n -15,106.05 0.91 49,665.25 0.59 -158,403.50 0.28
he�longj�ang -218,583.70 0.07 189,376.10 0.03 -90,686.61 0.51
shangha� 160,503.90 0.03 -76,023.68 0.15 -57,286.46 0.50
J�angsu -14,575.92 0.93 219,807.00 0.05 340,339.90 0.05
Zhej�ang -36,566.59 0.72 139,597.00 0.05 357,680.80 0.00
Anhu� 50,817.54 0.76 50,837.26 0.66 52,659.95 0.78
Fuj�an -41,882.53 0.67 4,805.48 0.95 48,122.38 0.67
J�angx� 238,842.00 0.12 -463.16 1.00 -57,798.59 0.74
shandong 227,807.40 0.23 280,067.40 0.04 473,812.70 0.03
henan -49,629.20 0.81 441,930.90 0.00 489,336.40 0.04
hube� 141,033.80 0.33 114,727.10 0.27 106,951.40 0.52
hunan 285,509.20 0.07 250,142.70 0.03 338,133.90 0.06
Guangdong -12,313.66 0.94 293,509.10 0.01 580,014.50 0.00
Guanx� 607,458.40 0.00 249,493.20 0.02 117,233.20 0.51
ha�nan 174,040.40 0.22 -175,703.70 0.08 -346,651.30 0.03
chongq�ng 563,091.50 0.00 -80,074.48 0.44 -138,723.30 0.40
s�chuan 417,942.00 0.03 530,490.10 0.00 213,966.10 0.34
Gu�zhou 725,534.20 0.00 -61,527.27 0.63 -244,188.10 0.24
Yunnan 232,539.60 0.13 -40,925.44 0.71 -220,664.40 0.21
X�zang 359,338.70 0.06 -285,079.70 0.03 -481,698.40 0.03
shaanx� 528,531.30 0.00 43,023.70 0.69 -91,783.74 0.59
Guansu 448,379.10 0.01 -134,572.20 0.26 -272,718.80 0.16
Q�ngha� 293,903.00 0.08 -220,338.80 0.06 -383,854.40 0.04
n�ngx�a 383,930.10 0.02 -203,961.60 0.08 -339,471.70 0.07
X�nj�ang 181,035.40 0.15 -71,052.97 0.42 -162,888.40 0.25

* based on est�mat�on results from spec�ficat�on 1. 
Source: Author’s own est�mat�ons.
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In term of reg�onal d�vers�ty, several prov�nces ach�eve the same results as 
Be�j�ng �n all three em�ss�ons cases: T�anj�n, J�l�n, Anhu�, Fuj�an, J�angx�, hube�, 
Yunnan and X�nj�ang. no prov�nce d�ffers from Be�j�ng for all three em�ss�ons.

In the case of sulphur d�ox�de em�ss�ons, the level �n Inner mongol�a, 
shangha�, Guangx�, chongq�ng, s�chuan, Gu�zhou, shaanx�, Gansu and n�ngx�a 
are est�mated s�gn�ficantly h�gher than Be�j�ng, wh�le only helongj�ang �s 
est�mated lower than Be�j�ng (at 10 per cent s�gn�ficant level). It can be seen 
that western ch�na performs worse than Be�j�ng for sulphur d�ox�de em�ss�ons. 
Th�s could be because Be�j�ng started to promote the use of low-sulphur coal 
�n 1998 (cao 1998). In the case of smoke, X�zang (s�gn�ficant at the 5 per cent 
level), Q�ngha�, n�ngx�a and henan (s�gn�ficant at the 10 per cent level) were all 
less polluted than Be�j�ng. The major�ty of the rema�n�ng prov�nces were more 
polluted than Be�j�ng. A s�m�lar pattern ex�sts �n the case of dust. 

Index decompos�t�on results

These results show that em�ss�on �ntens�ty has the b�ggest �mpact on em�ss�ons 
changes among all s�x factors dur�ng the per�od 1996–2006. As theory pred�cts, 
econom�c development and populat�on growth are key factors dr�v�ng the 
�ncrease �n em�ss�ons. 

The decrease �n smoke and dust em�ss�ons from 1996 to 2006 was due 
pr�mar�ly to the decrease �n em�ss�on �ntens�t�es. In the case of sulphur d�ox�de 
em�ss�ons, even though overall em�ss�ons are �ncreas�ng, em�ss�on �ntens�ty �s 
decreas�ng and th�s has the most s�gn�ficant �mpact. The chang�ng structure 
of coal among foss�l-fuel energy and the energy m�x also contr�butes to the 
decrease �n em�ss�ons. 

The foss�l-fuel compos�t�on effect and the energy compos�t�on effect were 
mostly negat�ve and were small for the ent�re per�od, except for a few years. 
The pos�t�ve s�gn means that coal has recaptured some of �ts share of foss�l-
fuel energy, wh�ch �s due to the h�gh demand for energy �n recent years. The 
negat�ve s�gn reflects the �mprovement �n the atmospher�c env�ronment due 
to the sw�tch from coal to other foss�l-fuel energ�es and from foss�l-fuel energy 
to non-foss�l fuel energy; th�s �mpact �s usually des�rable. In contrast, however, 
the small value reveals a relat�vely weak �mpact on WGe changes from the 
change of fuel compos�t�on and the use of renewable energy, ma�nly because 
the compos�t�on of energy consumpt�on �s stable.

It �s noteworthy that ch�na’s energy �ntens�ty �ncreased from 0.37 kg of coal 
equ�valent per renm�nb� (rmB) at the 1990 pr�ce (kgce/rmB) �n 1997 to 0.55 
kgce/rmB �n 2006—an �ncrease of 48.65 per cent for the per�od. As a result, 
the contr�but�on of energy �ntens�ty to em�ss�ons �ncreases �s h�gher than that 
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of trad�t�onal contr�butors such as econom�c development and populat�on 
growth. The energy �ntens�ty effect results �n �ncreases �n em�ss�ons of 947.65 
mt of sulphur d�ox�de, 512.16 mt of smoke and 438 mt of dust. The major reason 
for h�gh and �ncreas�ng energy �ntens�ty could be rap�d �ndustr�al�sat�on, wh�ch 
�ncreases not only total energy consumpt�on, but energy �ntens�ty. The b�g-
gest decrease �n em�ss�on �ntens�t�es occurred between 1998 and 1999, wh�ch 
m�ght have been due to �mprovements �n average coal qual�ty when there was 
an oversupply of coal and consumers would not accept coal w�th h�gh sulphur 
and ash content. 

compared w�th �ndustr�al�sed countr�es, where decreases �n the aggregate 
energy �ntens�ty and aggregate carbon d�ox�de �ntens�ty are expla�ned ma�nly 
by decl�nes �n energy �ntens�ty (Ang and Zhang 2000; Torvanger 1991), ch�na’s 
changes �n �ndustr�al WGes are to a large extent the result of the decl�ne �n 
coal em�ss�ons �ntens�ty. 

To s�mpl�fy the d�scuss�on, the results for the three WGes are normal�sed 
to the year 1997. The cumulat�ve change of em�ss�ons between 1997 and 2006 
�s decomposed to change each factor. 

In all three cases, �t �s clear that the non-ceI �ncrease of em�ss�ons �s much 
h�gher than the real em�ss�ons, wh�ch demonstrates that the decreas�ng 
em�ss�on �ntens�ty �s a s�gn�ficant contr�butor to em�ss�ons reduct�on. energy 
�ntens�ty �s next to em�ss�on �ntens�ty �n terms of scale, but �n the oppos�te 
d�rect�on. d�ffer�ng from the find�ngs �n the l�terature (shal�z� 2007; l�n and 
chang 1996), th�s study shows that energy �ntens�ty replaces econom�c growth 
as the major dr�ver of �ncreased em�ss�ons. 

Th�s result demonstrates that the real contr�but�on of decreased em�ss�on 
�ntens�ty has been covered by the popular �dea that em�ss�ons w�ll be reduced 
by the decrease �n energy �ntens�ty (l�n and chang 1996; shal�z� 2007). Th�s 
find�ng �s s�gn�ficant because �t shows another way of reduc�ng em�ss�ons. If 

Table 17.5 Summary of factors that affect the changes in sulphur 
dioxide, smoke and dust emissions, 1997–2006

 ΔWGe ΔWGee-effect ΔWGec-effect ΔWGeF-effect ΔWGeI-effect ΔWGeG-effect ΔWGeP-effect

so2 322.80 -1,005.54 -53.83 -25.98 947.65 311.02 148.70
smoke -495.00 -1,212.90 -29.09 -14.04 512.15 168.09 80.37
dust -697.50 -1,311.46 -24.88 -12.01 438.00 143.75 68.73

Source: Author’s own summary.
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F�gure 17.4 Decomposition of smoke emissions changes in China, 
1997–2006
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F�gure 17.3 Decomposition of sulphur dioxide emissions changes in 
China, 1997–2006
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energy �ntens�ty could be reduced, as has happened �n �ndustr�al�sed countr�es 
or as �t was �n ch�na before 1998 (F�gure 17.1), the decrease �n ch�na’s WGes 
could occur at double speed w�th the co-movement of these two dr�vers. 

reduced em�ss�on �ntens�ty �s, however, found to be �ns�gn�ficant �n ch�na 
�n the case of carbon d�ox�de �n the decade after 1980, but has �ncreas�ng 
s�gn�ficance �n Ind�a �n the 1990s, as reported by shal�z� (2007). 

Discussion: the role of technology 

It should be noted that the decrease �n em�ss�on �ntens�ty of coal would not 
occur automat�cally. In some cases, th�s could be due to the sw�tch from h�gh-
sulphur to low-sulphur coal; however, the major contr�butor �s techn�cal change, 
wh�ch �s st�mulated more or less by env�ronmental regulat�ons.  

The decrease �n coal pollut�on has been ach�eved s�gn�ficantly through three 
bas�c methods: coal clean�ng or wash�ng, a pre-combust�on method that can 
reduce sulphur content by as much as 30 per cent; post-combust�on treatments, 
such as flue-gas desulphur�sat�on (FGd) systems; and the use of electrostat�c 

F�gure 17.5 Decomposition of dust emissions changes in China,  
1997–2006
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prec�p�tators to remove a�rborne ash (nat�onal energy Foundat�on 2007). The 
flue-gas clean-up systems that are ava�lable commerc�ally and that have long 
been used �n power plants can remove 99.95 per cent of part�culates, 95 per 
cent of sulphur d�ox�de and 90 per cent of n�trogen ox�des (energy comm�ttee 
of the Asme counc�l of eng�neer�ng 2005). some of these methods, although 
stra�ghtforward now, seemed unreal�st�c �n the 1970s when the Us government 
started to �ntroduce a�r-qual�ty standards and regulat�ons (ePA 1971).

decl�n�ng carbon d�ox�de em�ss�on �ntens�ty of coal �s also techn�cally 
poss�ble, even though �t has not yet been commerc�al�sed. Zero or near-zero 
em�ss�ons from coal-fired power plants are technolog�cally feas�ble (energy 
comm�ttee of the Asme counc�l of eng�neer�ng 2005; keay 2003; sh�mkus 2005). 
many �nternat�onal cooperat�on programs and some exper�mental projects 
have been �n�t�ated (IeA 2007). carbon capture �s thought most prom�s�ng for 
�ntegrated gas�ficat�on comb�ned-cycle (IGcc) coal-fired plants, even though the 
cost and rel�ab�l�ty of IGcc have not been proved (sachs, 2008). The ‘FutureGen’ 
project, wh�ch �s ded�cated to bu�ld�ng near-zero em�ss�ons coal-fired power 
plants, �s ready to demonstrate carbon d�ox�de capture and storage (ccs) 
technology on a commerc�al scale; �ntegrated gas�ficat�on comb�ned-cycle 
(IGcc) coal power plants, wh�ch w�ll be the cleanest coal-fired plants �n the 
world, are expected to be operat�onal �n 2015 (doe 2008). r�o T�nto and BP are 
work�ng together on decarbon�sed energy projects, wh�ch can generate almost 
carbon-free electr�c�ty from coal (macal�ster 2007). Further progress m�ght mean 
that such techn�ques could be appl�ed commerc�ally. carbon d�ox�de can also 
be separated and stored or put �nto other commerc�al use �n the process of coal 
l�quefact�on. The shenhua Group �s cooperat�ng w�th some o�l compan�es to 
separate carbon d�ox�de and �nject �t �nto o�l fields to �ncrease the o�l-recovery 
rate, wh�ch w�ll be a double w�n: carbon d�ox�de w�ll not be released �nto the 
atmosphere and more o�l w�ll be extracted from fields.  

The ch�nese government treats ccs technology ser�ously; �t �s documented 
�n ch�na’s eleventh F�ve-Year Plan under the nat�onal h�gh Technolog�es 
Program and �n the National Medium and Long-Term Science and Technology 
Plan Towards 2020. The first ‘green’ power project, a 250-megawatt (mW) IGcc 
power stat�on, located �n T�anj�n, �s due to start operat�ng by the end of 2009 
(GreenGen 2008). 

s�nce technology �mprovements prov�de ways for the coal �ndustry to har-
mon�se w�th the env�ronment, �t �s �mportant to popular�se and ut�l�se clean-
coal technology to make coal use cleaner; �t �s also �mportant to study and test 
ccs technology. 
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one part�cular problem for ch�na �s not a shortage of feas�ble technology, 
but a lack of appl�cat�on—the result of �nsuffic�ent �ncent�ves and external 
pressures. For example, most of ch�na’s electr�c�ty �s produced from coal 
and most coal-fired plants are far d�rt�er than those found �n organ�sat�on for 
econom�c cooperat�on and development (oecd) countr�es (IeA 2007). Although 
ch�na has regulat�ons for the �nstallat�on of FGd requ�rements �n power plants, 
�n 2005, only 45 of 389 g�gawatts (GW) of �nstalled thermal capac�ty had an FGd 
un�t �nstalled, wh�ch helps expla�n why the target of the nat�on’s tenth F�ve-Year 
Plan for a 10 per cent reduct�on �n sulphur d�ox�de �n 2005 compared w�th 2000 
levels has not been ach�eved (IeA 2007). 

As a cheaper alternat�ve to FGd, coal wash�ng has not been used well. 
Washed coal accounted for only 32 per cent of total coal consumpt�on �n 2005 
(ndrc 2007b). Furthermore, coal-wash�ng effic�ency �n ch�na has ach�eved a 
removal rate of only 45 per cent (Watson et al. 2000). s�nce the use of washed 
coal depends on demand, �t �s necessary to create an �nst�tut�onal env�ronment 
that st�mulates and forces coal users—part�cularly large-scale users such as 
steel makers and power generators—to use washed coal. 

Among convers�on technolog�es, coal gas�ficat�on has been used for the 
product�on of town gas and �ts �ncreas�ng use �s help�ng to reduce local a�r 
pollut�on �n c�t�es. Th�s process �s further extended to coal l�quefact�on, wh�ch 
prov�des a clean way to use coal. The technology �s ava�lable and econom�cal 
energy use has found �ncreas�ng favour �n recent years due to surg�ng o�l pr�ces. 
many ch�nese compan�es are work�ng to produce coal from o�l, dur�ng the 
process of wh�ch pollut�ng elements are separated and ut�l�sed and em�ss�ons 
are m�n�m�sed. The shenhua Group, the largest coal producer �n ch�na, w�th 
the best safety record, �s bu�ld�ng the first d�rect coal-to-o�l plant. The plant 
a�ms to d�scharge zero pollut�on, other than carbon d�ox�de, and �s ded�cated to 
research�ng the technology of carbon d�ox�de capture and storage. The shenhua 
Group and southern Afr�can sasol energy company construct�on are plann�ng 
to construct several �nd�rect coal l�quefact�on plants for shaanx� and n�ngx�a. 
The shenhua Group plans to produce 100 m�ll�on tonnes of coal to o�l per annum 
by 2020. other l�quefy�ng technolog�es are also be�ng tested. Furthermore, coal 
gas�ficat�on w�ll reduce a large amount of pollut�on from coal combust�on. The 
shenhua Group has launched the world’s first coal-to-olefin plant �n Baotou 
c�ty, �n the Inner mongol�a Autonomous Adm�n�strat�on reg�on. 

Improvements �n combust�on effic�ency for large numbers of �ndustr�al 
bo�lers �n ch�na—where em�ss�ons reduct�on effic�ency �s just 65 per cent 
compared w�th 80 per cent �n europe (Watson et al. 2000)—could produce even 
more s�gn�ficant env�ronmental benefits.



386

China’s Dilemma

Ta
bl

e 
17

.6
 

C
oa

l-
b

as
ed

 p
ow

er
 g

en
er

at
io

n
 t

ec
h

n
ol

o
g

y 
in

 C
hi

n
a

Te
ch

no
lo

gy
 

Te
ch

no
lo

g�
ca

l a
va

�la
b�

l�t
y 

c
os

t (
$/

pe
r 

kW
) 

ef
fi

c�
en

cy
 (

%
) 

m
ar

ke
t s

ha
re

 �n
 c

h�
na

 
 

s
ub

-c
r�

t�
ca

l 
 

50
0–

60
0 

30
–6

 
m

a�
n 

ba
se

 o
f c

h�
na

’s
 c

ur
re

nt
 G

en
er

at
�n

g 
fl

ee
t

s
up

er
cr

�t
�c

al
 

n
ow

 
60

0–
90

0 
41

 
A

bo
ut

 h
al

f o
f c

ur
re

nt
 n

ew
 o

rd
er

s
U

lt
ra

-s
up

er
cr

�t
�c

al
 

n
ow

 b
ut

 n
ee

ds
 fu

rt
he

r 
re

se
ar

ch
 a

nd
  

60
0–

90
0 

43
 

Tw
o 

1,
00

0-
m

W
 p

la
nt

s 
�n

 o
pe

ra
t�

on
 

de
ve

lo
pm

en
t t

o 
�n

cr
ea

se
 e

ffi
c�

en
cy

 
 

 
IG

c
c

 
n

ow
 b

ut
 fa

ce
s 

h�
gh

 c
os

ts
 a

nd
 n

ee
ds

  
1,

10
0–

40
0 

45
–5

5 
Tw

el
ve

 u
n�

ts
 a

w
a�

t�n
g 

n
d

r
c

’s
 a

pp
ro

va
l  

 
m

or
e 

re
se

ar
ch

 a
nd

 d
ev

el
op

m
en

t 
 

 

S
o

u
rc

e:
 In

te
rn

at
�o

na
l e

ne
rg

y 
A

ge
nc

y 
(I

e
A

), 
20

07
. W

or
ld

 E
ne

rg
y 

O
ut

lo
ok

 2
00

7:
 C

hi
na

 a
nd

 In
di

a 
in

si
gh

ts
, I

nt
er

na
t�

on
al

 e
ne

rg
y 

A
ge

nc
y,

 P
ar

�s
.



387

Can China’s coal industry be reconciled with the environment?

Conclusion

rely�ng on current technology, the cont�nu�ng use of coal w�ll create �ncreased 
waste-gas and carbon d�ox�de em�ss�ons. The key factor �n resolv�ng the 
contrad�ct�on between env�ronmental protect�on and coal �ndustry development �s 
to use coal �n a clean way. Th�s could take a long t�me; however, �f �t �s poss�ble, we 
must see a decl�ne �n WGe �ntens�ty from coal dur�ng the trans�t�onal process. 

Th�s research clar�fies the m�sunderstand�ng that the same un�t of coal 
w�ll always cause the same amount of env�ronmental pollut�on. The emp�r�cal 
analys�s us�ng the data for ch�nese coal consumpt�on and WGes shows that 
there �s a trend of decl�n�ng WGe �ntens�ty, wh�ch �s demonstrated by us�ng two 
alternat�ve methods. The �ndex-decompos�t�on method further demonstrated 
that decl�n�ng em�ss�on �ntens�ty was the most �mportant factor affect�ng overall 
WGes. Th�s study reveals that energy �ntens�ty �n ch�na has been �ncreased 
and thus, bes�des of econom�c and populat�on growth, has led to an �ncrease 
�n final em�ss�ons. W�th a fall �n em�ss�on �ntens�ty, the coal �ndustry can be 
developed wh�le �mprovements are made to the env�ronment—prov�d�ng that 
em�ss�on �ntens�ty cont�nues to fall w�thout l�m�t. decl�n�ng em�ss�on �ntens�ty, 
wh�ch �s the key factor that allev�ates the tens�on between the use of coal and 
the env�ronment, has often been om�tted from prev�ous stud�es. 

Th�s find�ng sheds l�ght on the future of the coal �ndustry. In ch�na’s case, 
env�ronmental regulat�ons are needed and are welcome, even though they 
seem to �mpose some constra�nts on the coal �ndustry’s development �n�t�ally. 
A harmon�sed future for the coal �ndustry rel�es on the appl�cat�on of clean-coal 
technolog�es. The current coal-dom�nant pollut�on �n ch�na �s due �n part to 
�nsuffic�ent use of ava�lable clean-coal technolog�es, such as coal wash�ng and 
dust prec�p�tat�on. W�th proper env�ronmental regulat�ons, ch�na’s env�ronment 
can be �mproved because more clean-coal technolog�es w�ll be appl�ed. The 
confidence about the future of coal �ndustry also comes from the fact that 
non-foss�l alternat�ves have not been ava�lable �n a necessary scale �n the 
foreseeable future (sh� 2006).

The coal �ndustry �s not necessar�ly �ncompat�ble even w�th the worst-case 
scenar�o for the future: a carbon-constra�ned world. The b�ggest challenge 
for the future development of the coal �ndustry �s how to deal w�th carbon 
d�ox�de em�ss�ons and cl�mate change. The techn�cal poss�b�l�t�es have been 
explored. energy and carbon pr�ces can further accelerate the pace of techn�cal 
appl�cat�on. If energy pr�ces r�se due to the scarc�ty of foss�l-fuel resources, or a 
pr�ce �s put on carbon em�ss�ons, these carbon d�ox�de reduct�on technolog�es 
w�ll become econom�cally v�able and thus can lead to an accelerated occurrence 
of zero em�ss�on.
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Notes

1 Th�s op�n�on �s held by coal experts such as Y�n Wu, d�rector-general of the energy Bureau at 
ch�na’s nat�onal development and reform comm�ss�on, m�chael han at r�o T�nto’s Be�j�ng 
representat�ve office, and We�er Pan at the state Adm�n�strat�on of Work safety. 

2 Th�s system enta�led: 1) des�gn�ng ant�-pollut�on measures; 2) construct�ng ant�-pollut�on 
equ�pment s�multaneously w�th the construct�on of �ndustr�al plants; and 3) operat�ng ant�-
pollut�on equ�pment s�multaneously w�th the operat�on of �ndustr�al plants.

3 The other nat�onal fundamental pol�cy �s a�med at controll�ng populat�on growth.
4 In 2007, J�angsu Prov�nce doubled �ts pollut�on d�scharge fees to 1.26 yuan/kg for sulphur 

d�ox�de and to 1.2 yuan/kg for other WGes (J�angsu ePA 2007).
5 Total coal product�on dropped dramat�cally, wh�ch was magn�f�ed by the del�berate 

underreport�ng of product�on as a countermeasure aga�nst the nat�onal pol�cy that caps output 
for each prov�nce. The �n�t�al reported output for 2000 was 998 mt, wh�ch was corrected �n 
2006 to 1,299 mt. 

References

Ang, B.W. and Pand�yan, G., 1997. ‘decompos�t�on of energy-�nduced co2 
em�ss�ons �n manufactur�ng’, Energy Economics, 19:363–74.

Ang, B.W. and Zhang, F.Q., 2000. ‘A survey of �ndex decompos�t�on analys�s �n 
energy and env�ronmental stud�es’, Energy, 25:1149–76.

Ang, B.W., Zhang, F.Q. and cho�, k.-h., 1998. ‘Factor�z�ng changes �n energy and 
env�ronmental �nd�cators through decompos�t�on’, Energy, 23:489–95.

Bao, Q. and Peng, s., 2006. ‘econom�c growth and env�ronmental pollut�on: a 
panel data analys�s’, �n r. Garnaut and l. song (eds), The Turning Point in 
China’s Economic Development, As�a Pac�fic Press and AnU e Press, The 
Austral�an nat�onal Un�vers�ty, canberra.

Br�t�sh Petroleum (BP), 2007. BP Statistical Review of World Energy.
cao, Q., 1998. ‘Be�j�ng enforces the use of low sulfur coal’, Living Time, Be�j�ng.
coal enterpr�se management, 2001. ‘coal �ndustry �s not a “sunset �ndustry”’, 

Coal Enterprise Management, 2001:5–9.
darmstadter, J., 1999. ‘Innovat�on and product�v�ty �n Us coal m�n�ng’, �n r.d. 

s�mpson (ed.), Productivity in Natural Resource Industries: improvement 
through innovation, resources for the Future, Wash�ngton, dc.

department of energy (doe), 2008. FutureGen Clean Coal Projects, Us 
department of energy, Wash�ngton, dc.

energy comm�ttee of the Asme counc�l on eng�neer�ng, 2005. The Need for 
Additional US Coal-Fired Power Plants, Asme Internat�onal.

env�ronmental Protect�on Agency (ePA), 1971. EPA Sets National Air Quality 
Standards, Us env�ronmental Protect�on Agency, Wash�ngton, dc.



389

Can China’s coal industry be reconciled with the environment?

Gray, W.B., 1987. ‘The cost of regulat�on: oshA, ePA and the product�v�ty 
slowdown’, American Economic Review:998–1006.

GreenGen, 2008. Development Plan of the GreenGen Co., The GreenGen 
company, Be�j�ng.

Grossman, G.m. and krueger, A.B., 1991. Environmental impacts of a North 
American Free Trade Agreement, Work�ng Paper 3914, nat�onal Bureau of 
econom�c research, cambr�dge, mass.

he, k., huo, h. and Zhang, Q., 2002. ‘Urban a�r pollut�on �n ch�na: current 
status, character�st�cs and progress’, Annual Review of Energy and the 
Environment:397–431.

huang, Y., 2001. ‘coal w�ll st�ll be ch�na’s key energy �n the 21st century’, China 
Energy, 3.

Intergovernmental Panel on cl�mate change (IPcc), 2001. Special Report on 
Emissions Scenarios, cambr�dge Un�vers�ty Press, cambr�dge.

Internat�onal energy Agency (IeA), 2007. World Energy Outlook 2007: China and 
India insights, Internat�onal energy Agency, Par�s.

J�angsu Prov�nc�al env�ronmental Protect�on Agency (J�angsu ePA), 2007. 
Jiangsu Will Adjust Standards of Pollution Discharge Fees, J�angsu Prov�nc�al 
env�ronmental Protect�on Agency, nanj�ng.

kaufmanna, r.k., dav�dsdott�ra, B., Garnhama, s. and Paulyb, P., 1998. 
‘The determ�nants of atmospher�c so2 concentrat�ons: recons�der�ng the 
env�ronmental kuznets curve’, Ecological Economics, 25:209–20.

kaya, Y., 1990. Impact of carbon d�ox�de em�ss�on control on GnP growth: 
�nterpretat�on of proposed scenar�os, Presented to the Intergovernmental 
Panel on cl�mate change energy and Industry subgroup, response strate-
g�es Work�ng Group, Par�s.

keay, m., 2003. ‘The v�ew from europe—and elsewhere’, Oxford Energy Forum, 52.
l�, J., 2003. ‘coal �ndustry �s not a “sunset �ndustry”’, Journal of Coal Economics 

Research, 2003:10–12.
l�ang, d. and Zhou, Y., 2008. ‘Waste gas em�ss�on control and constra�nts of 

energy and economy �n ch�na’, Energy Policy, 36:268–79.
l�n, s.J. and chang, T.c., 1996. ‘decompos�t�on of so2, nox and co2 em�ss�ons 

from energy use of major econom�c sectors �n Ta�wan’, The Energy Journal, 
17:1–17.

macal�ster, T., 2007. ‘r�o T�nto and BP plan project to clean up’, The Guardian.
markandya, A., Golub, A. and Pedroso-Gal�nato, s., 2006. ‘emp�r�cal analys�s 

of nat�onal �ncome and so2 em�ss�ons �n selected european countr�es’, 
Environmental and Resource Economics, 35:221–57.



390

China’s Dilemma

nat�onal Bureau of stat�st�cs (nBs), var�ous years. China Statistical Yearbook, 
ch�na stat�st�cs Press, Be�j�ng.

nat�onal development and reform comm�ss�on (ndrc), 2007a. China’s 
National Climate Change Program, nat�onal development and reform 
comm�ss�on, Be�j�ng.

——, 2007b. op�n�ons on work towards energy conservat�on and em�ss�on 
reduct�on �n the coal �ndustry, nat�onal development and reform com-
m�ss�on, Be�j�ng.

nat�onal energy Foundat�on, 2007. Coal and the Environment, nat�onal energy 
Foundat�on, Be�j�ng.

sachs, J.d., 2008. ‘keys to cl�mate protect�on (extended vers�on)’, Scientific 
American Magazine, 18 march.

shadbeg�an, r. and Gray, W., 2006. ‘Assess�ng mult�-d�mens�onal performance: 
env�ronmental and econom�c outcomes’, Journal of Productivity Analysis, 
26:213–34.

shal�z�, Z., 2007. Energy and Emissions: local and global effects of the rise of 
China and India, World Bank, Wash�ngton, dc.

sh�, X., 2003. ‘The future of the coal �ndustry under the context of str�ct env�ron-
mental regulat�ons’, Journal of Coal Economics Research, 2003:6–11.

——, 2006. ‘harmon�s�ng the coal �ndustry w�th the env�ronment’, �n r. Garnaut 
and l. song (eds), The Turning Point in China’s Economic Development, 
As�a Pac�fic Press and AnU e Press, The Austral�an nat�onal Un�vers�ty, 
canberra.

sh�mkus, J., 2005. Press release from the office of congressman John sh�mkus, 
14 september.

shrestha, r.m. and T�m�ls�na, G.r., 1997. ‘so2 em�ss�on �ntens�t�es of the power 
sector �n As�a: effects of generat�on-m�x and fuel-�ntens�ty changes’, Energy 
Economics, 19:355–62.

state counc�l, 1998. ‘offic�al reply of the state counc�l concern�ng ac�d ra�n 
control areas and sulfur d�ox�de pollut�on control areas’, Guohan, 5.

state env�ronmental Protect�on Adm�n�strat�on (sePA), 1982. National Ambient 
Air Quality Standards, state env�ronmental Protect�on Adm�n�strat�on.

——, 1996–2006. State Public Release of Environmental Protection, state 
env�ronmental Protect�on Adm�n�strat�on.

——, var�ous years. China Environmental Yearbook, ch�na env�ronmental 
Yearbook Press, Be�j�ng.

state news off�ce, 2006. Environmental Protection in China (1996–2005), 
Be�j�ng.



391

Can China’s coal industry be reconciled with the environment?

Torvanger, A., 1991. ‘manufactur�ng sector carbon d�ox�de em�ss�on �n n�ne 
oecd countr�es, 1973–87’, Energy Economics, 13:168–86.

V�gu�er, l., 1999. ‘em�ss�ons of so2, nox and co2 �n trans�t�on econom�es: 
em�ss�on �nventor�es and d�v�s�a �ndex analys�s’, Energy Journal, 20:59–87.

Wang, c., chen, J. and Zou, J., 2005. ‘decompos�t�on of energy-related co2 
em�ss�ons �n ch�na: 1957–2000’, Energy, 30:73–83.

Wang, Q., 1999. ‘coal �ndustry �s not a “sunset �ndustry”’, China Coal, 25:7–9.
Wang, X. and Feng, Z., 2003. ‘energy consumpt�on w�th susta�nable development �n 

develop�ng countr�es: a case �n J�angsu, ch�na’, Energy Policy, 31:1679–84.
Watson, J., Xue, l., oldham, G., mackerron, G. and Thomas, s., 2000. International 

Perspectives on Clean Coal Technology Transfer to China, F�nal report to the 
Work�ng Group on Trade and env�ronment, ch�na counc�l for Internat�onal 
cooperat�on on env�ronment and development, Be�j�ng. 

Wu, l., kaneko, s. and matsuoka, s., 2006. ‘dynam�cs of energy-related co2 
em�ss�ons �n ch�na dur�ng 1980 to 2002: the relat�ve �mportance of energy 
supply-s�de and demand-s�de effects’, Energy Policy, 34:3549–72.

Acknowledgment

The author acknowledges the financ�al support for my Phd research prov�ded 
through the r�o T�nto-AnU ch�na Partnersh�p.



392

China’s Dilemma

18

Emissions and economic development
must ch�na choose?

Peter Sheehan and Fiona Sun

ch�na’s energy use has surged s�nce the turn of the century, almost doubl�ng 
between 2000 and 2007. The rate of growth �n energy use dur�ng th�s per�od (9.2 
per cent per annum) has been more than tw�ce that of the prev�ous two decades 
(4.5 per cent), �n sp�te of s�m�lar rates of econom�c growth. many factors were 
undoubtedly respons�ble for th�s sharp change �n trend. one was the post-2001 
development pattern, w�th a focus on heavy �ndustry, exports and fixed-asset 
�nvestment. Another was the fundamental change �n the structure, ownersh�p 
and operat�on of the energy �ndustry that took place dur�ng the 1990s, wh�ch 
rendered the controls of the planned economy no longer appl�cable. These and 
other factors on the demand s�de were supported by a mass�ve expans�on of 
energy supply, w�th electr�c�ty-generat�on capac�ty, for example, more than 
doubl�ng �n the per�od. 

The scale of th�s energy use, and of the �ndustr�al and �nfrastructure 
�nvestment assoc�ated w�th �t, �s now such as to have major ram�ficat�ons 
w�th�n ch�na and globally. Internally, the env�ronmental and soc�al costs of 
heavy �ndustry, construct�on and foss�l-fuel use have become onerous, and 
a major concern of the ch�nese people. As a result, a central pr�or�ty �n the 
eleventh F�ve-Year Plan (2006–10) �s to change the pattern of development and 
to reduce energy use per un�t of gross domest�c product (GdP) by 20 per cent. 
Greenhouse gas em�ss�ons from ch�na are also now of major s�gn�ficance 
for the global cl�mate: �n sp�te of �ts low per cap�ta em�ss�ons, ch�na has now 
passed the Un�ted states as the largest em�tter of carbon d�ox�de, and these 
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em�ss�ons cont�nue to r�se rap�dly. If present trends cont�nue, ch�na’s annual 
greenhouse gas em�ss�ons by 2030 could be comparable w�th total global 
em�ss�ons �n 2000. 

There can be no d�spute that the current atmospher�c concentrat�on of 
greenhouse gases �s due ma�nly to the past act�v�t�es of the �ndustr�al�sed 
countr�es, and that they have the pr�me respons�b�l�ty for address�ng th�s 
problem. The scale of ch�na’s foss�l-fuel use, however, and of �ts em�ss�ons, �s 
now such that no solut�on to global warm�ng can be found w�thout the act�ve 
�nvolvement of ch�na. more spec�fically, �t �s now clear that, �f rap�d global 
warm�ng �mpos�ng severe damage on many commun�t�es �s to be avo�ded, 
global em�ss�ons must peak w�th�n the next one to two decades at least, and 
then decl�ne. The scale of ch�na’s act�v�t�es now means that, even g�ven an 
urgent response by the �ndustr�al�sed world, ch�na’s em�ss�ons must also peak 
and then beg�n to fall w�th�n the foreseeable future. 

here the �ssue that ch�na faces, along w�th other develop�ng countr�es, �s 
often put �n terms of a cho�ce between econom�c development and em�ss�ons. 
In sp�te of rap�d growth, the bulk of ch�na’s populat�on rema�ns poor, w�th 
average GdP per cap�ta �n ch�na st�ll at only 15 per cent of organ�sat�on for 
econom�c cooperat�on and development (oecd) levels �n 2005, accord�ng to 
the new Internat�onal compar�son Program est�mates at purchas�ng power 
par�ty pr�ces (World Bank 2007). W�th �ncreas�ng energy use seen as essent�al 
to growth, and w�th coal form�ng the major�ty of ch�na’s energy resources, �t 
�s argued that ch�na can stab�l�se em�ss�ons w�th�n, say, 25–30 years only at 
the cost of sharply slow�ng growth, and hence g�v�ng up on �ts h�stor�cal goal 
of l�ft�ng �ts people out of poverty. 

Th�s chapter addresses the quest�on: does ch�na have to choose between 
rap�d econom�c growth and stab�l�s�ng em�ss�ons? Th�s quest�on �s posed w�th 
regard to the pr�or�ty be�ng g�ven �n the eleventh F�ve-Year Plan to the reduct�on 
of energy use per un�t of output, and more generally to the ch�nese government’s 
strong enunc�at�on of the need to move to a new development model—one that 
�s soc�ally and env�ronmentally susta�nable and that contr�butes to ma�nta�n�ng 
a harmon�ous soc�ety. could such a new model, w�th the many pol�cy �n�t�at�ves 
that �t conta�ns, be cons�stent w�th cont�nued rap�d growth and a stab�l�sat�on 
of greenhouse gas em�ss�ons?

To bu�ld a bas�s for prov�d�ng a tentat�ve answer to th�s quest�on, we 
undertake three tasks �n the next three sect�ons: we rev�ew ch�na’s energy 
use and em�ss�ons �n recent decades, w�th spec�al reference to the break �n 
the trend about 2001; we d�scuss the new development model and some of �ts 
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�mpl�cat�ons; and we outl�ne the scop�ng model that w�ll be used to project and 
analyse ch�na’s future em�ss�ons. We then use th�s s�mple model to est�mate 
the potent�al �mpact on energy use and carbon d�ox�de em�ss�ons to 2030 from 
�ntervent�ons �n s�x pol�cy areas cons�stent w�th the new development model, 
w�th conclus�ons presented �n the final sect�on.

China’s energy use and carbon dioxide emissions, 1979–2007

As noted above, the explos�ve growth �n energy use after 2001 was �n sharp 
contrast w�th earl�er trends. From the ‘open�ng to the market’ �n 1979 to 2001, 
energy use grew at a much lower rate than GdP, w�th average rates of growth 
of 4.1 per cent and 9.7 per cent for energy use and GdP, respect�vely, �mply�ng 
that the energy �ntens�ty of ch�na’s GdP fell cont�nuously through to 2001 and 
the elast�c�ty of energy use w�th respect to GdP was less than 0.5 on average 
for the per�od (F�gure 18.1). Th�s decl�ne �n reported energy �ntens�ty was 
espec�ally marked �n the second half of the 1990s, so that the sh�ft to rates of 
growth �n energy use �n excess of GdP growth after 2001 had profound and 
unexpected �mpl�cat�ons �n energy markets, and led to severe shortages �n 2003 
and subsequent years. Th�s apparent structural sh�ft �n the relat�onsh�p between 
GdP growth and energy use �n ch�na ra�ses ser�ous quest�ons �n several areas. 
For example, �s th�s a temporary aberrat�on or a fundamental structural sh�ft 
and, �f so, what caused �t? What bas�s should we use to �nterpret ch�na’s l�kely 
future energy demand on ex�st�ng pol�c�es? What pol�c�es are l�kely to be most 
effect�ve �n reduc�ng the rate of growth of ch�na’s demand for energy, �n the 
l�ght of th�s sh�ft? 

There �s an extens�ve l�terature on the reasons for the low �ncome elast�c�ty 
of energy use �n ch�na dur�ng 1979–2001, and hence the rap�dly decl�n�ng overall 
energy �ntens�ty. Th�s l�terature �s rev�ewed �n sheehan and sun (2007). much of 
the debate has been about the relat�ve roles of structural change �n the pattern 
of output and energy demand and of changes �n energy �ntens�ty w�th�n sectors 
�n expla�n�ng ch�na’s energy use. Although some earl�er stud�es emphas�sed 
structural change, all of the emp�r�cal stud�es from huang (1993) onwards found 
a major role for reduced energy �ntens�t�es at the sectoral level. In terms of 
structural effects, the results are much more m�xed, w�th some stud�es find�ng 
negat�ve effects of structural change on overall energy �ntens�ty but others 
(such as l�n and Polenske 1995; Garbacc�o et al. 1999) find�ng pos�t�ve effects. 
overall, �t seems clear that w�despread decl�nes �n energy �ntens�ty rather than 
a sh�ft �n the pattern of growth to less-�ntens�ve sectors was the ma�n factor 
dr�v�ng the fall �n overall energy �ntens�ty dur�ng 1979–2001.
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The reasons for the �ncreased energy effic�ency w�th�n sectors �n ch�na �n th�s 
per�od are another matter. Three ma�n reasons have been g�ven �n the l�terature 
for these sectoral effects: the �mpact of rat�on�ng and energy conservat�on 
programs �n a planned economy w�th an �n�t�ally h�gh level of energy use and 
l�m�ted growth �n energy suppl�es; the �mpact of technology, broadly defined, on 
energy use; and the �mpact of h�gher energy pr�ces on the demand for energy 
(s�nton and lev�ne 1994; s�nton et al. 1998; Andrews-speed 2004; l�n 2005). 
our �nterpretat�on of the l�terature therefore �s that, dur�ng the 1980s, the fall �n 
sectoral �ntens�t�es �s to be ascr�bed to a comb�nat�on of energy conservat�on 
programs and technolog�cal change be�ng dr�ven by a planned economy w�th 
energy rat�on�ng (sheehan and sun 2007). In the 1990s, those factors cont�nued 
to be of �mportance, wh�le r�s�ng relat�ve energy pr�ces also began to play a 
s�gn�ficant role as the economy was freed up. The l�terature does not g�ve an 
unequ�vocal answer to the quest�on about the role played by structural change 
�n re�nforc�ng or part�ally offsett�ng these decl�n�ng sectoral �ntens�t�es. 

F�gure 18.1 Energy intensity and the energy elasticity of GDP in China, 
1979–2006 
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It �s l�kely therefore that several �nterrelated factors are respons�ble for the 
w�despread fall �n sectoral energy �ntens�t�es �n the first two decades of rap�d 
econom�c growth �n ch�na: a comb�nat�on of energy rat�on�ng and strong energy 
conservat�on programs �n a planned economy w�th l�m�ted energy suppl�es; 
cont�nu�ng technolog�cal upgrad�ng, �n part spurred by these c�rcumstances; 
and, �n the 1990s, the �mpact of r�s�ng relat�ve pr�ces for energy. By the end 
of the 1990s, however, fundamental changes �n the structure, ownersh�p and 
operat�on of ch�nese �ndustry, �nclud�ng �n the energy sector, had taken place, so 
that the mechan�sms of the planned economy were no longer relevant. energy 
use per un�t of GdP reduced by two-th�rds between 1980 and 2000, and much 
technolog�cal upgrad�ng took place. W�thout the control mechan�sms of the 
planned economy, however, further major reduct�ons �n energy �ntens�ty could 
be ach�eved only by market forces and by strong pol�cy �n�t�at�ves. There are 
many reasons why, �n develop�ng countr�es, energy �s normally a super�or good,1 
as the development process sh�fts the pattern of product�on and of l�festyles 
towards more energy-�ntens�ve act�v�t�es and products. Beyond the command 
economy, strong market and pol�cy effects would be needed �n ch�na to offset 
th�s development effect.

In the aftermath of ch�na’s entry to the World Trade organ�zat�on (WTo) 
�n 2001, demand for ch�na’s products was very strong, the supply of energy 
�ncreased rap�dly and the pol�cy focus on energy effic�ency was l�m�ted. W�th 
structural effects contr�but�ng to r�s�ng energy use and the command-economy 
mechan�sms generat�ng fall�ng sectoral �ntens�t�es no longer operat�onal, �t 
�s not surpr�s�ng that an aggregate energy �ntens�ty of 1 or more re-emerged. 
Th�s analys�s �mpl�es that, go�ng ahead, there �s no reason to expect a return 
to an aggregate energy elast�c�ty of 0.5–0.6 to occur ‘naturally’; ach�ev�ng an 
aggregate elast�c�ty well below 1 w�ll be hard won by susta�ned pol�cy �n�t�at�ves, 
espec�ally wh�le structural change cont�nues to contr�bute to �ncreased energy 
use.

The development strategy in the eleventh Five-Year Plan

Wh�le fully recogn�s�ng the remarkable ach�evements of nearly three decades 
of rap�d growth, �t �s acknowledged w�dely w�th�n ch�na that some adjustment 
of the current development strategy �s necessary. In h�s march 2006 Report 
on the Work of the Government, Prem�er Wen J�abao sa�d of the �ssues ar�s�ng 
from the tenth F�ve-Year Plan per�od (2001–05):

The ma�n problems were an unbalanced econom�c structure, weak capac�ty 
for �ndependent �nnovat�on, slow change �n the pattern of econom�c growth, 
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excess�ve consumpt�on of energy and resources, worsen�ng env�ronmental 
pollut�on, ser�ous unemployment, �mbalance between �nvestment and 
consumpt�on, w�den�ng gaps �n development between urban and rural areas 
and between reg�ons, grow�ng d�spar�t�es between certa�n �ncome groups, 
and �nadequate development of soc�al programs. We need to work hard to 
solve all these problems. (Wen 2006)

The eleventh F�ve-Year Plan outl�ned a v�s�on of development that was 
soc�ally and env�ronmentally susta�nable and that contr�buted to ma�nta�n�ng 
a harmon�ous soc�ety, and outl�ned programs to be �mplemented to address 
these �ssues and to ach�eve such a form of development. As one observer 
(naughton 2006) wrote, the proposals �n ch�na’s eleventh F�ve-Year Plan for 
the per�od 2006–10 were str�k�ng:

There emerges from th�s Plan document a r�ch and comprehens�ve v�s�on 
of a susta�nable development process �n ch�na, and a gl�mpse of the k�nd of 
government role that would be requ�red by th�s development process. The 
v�s�on �s of a soc�ety that �s more creat�ve, more focused on human resource 
development, and treads w�th a l�ghter and more env�ronmentally ben�gn 
step. 

It �s one th�ng to outl�ne a v�s�on of a susta�nable economy and a harmon�ous 
soc�ety and qu�te another to define and �mplement a deta�led set of programs 
to g�ve effect to th�s v�s�on. Th�s �s espec�ally so �n such a d�verse, v�brant and 
�nternat�onally engaged soc�ety as contemporary ch�na. The forces shap�ng 
the current growth pattern—from the role of local governments and the l�m�ted 
power of the central government, the strong �nfluence of fore�gn compan�es and 
�nvestors and the level of the exchange rate to the popular des�re for a strong 
ch�na and a better l�fe—are complex and �nterrelated, and �t w�ll take a major 
effort to real�gn them. 

Ach�ev�ng th�s v�s�on w�ll requ�re susta�ned and effect�ve del�very of new 
pol�c�es �n many d�fferent areas, espec�ally g�ven the momentum that has bu�lt 
up beh�nd the current development strategy s�nce ch�na’s entry �nto the WTo. 
For example, four �mportant object�ves of current government pol�cy are:

•	 to make growth more susta�nable and env�ronmentally ben�gn, to reduce 
the rate of energy and water use and reduce pollut�on

•	 to �ncrease �nnovat�on w�th�n all sectors, �nclud�ng �ndustry, and to sh�ft 
the pattern of act�v�ty from low value-added output based on low labour 
costs towards h�gher value-added act�v�t�es based on knowledge
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•	 to change the structure of growth towards the serv�ce sector, and to 
accelerate the growth of part�cular serv�ce sectors that contr�bute d�rectly 
to �nd�v�dual welfare

•	 to �mprove the pos�t�on of people �n the countrys�de, and to bu�ld struc-
tures to ensure that the benefits of growth also flow to people �n rural 
areas and those reg�ons that are lagg�ng. 

Ach�evement of each of these object�ves would contr�bute, d�rectly or �n-
d�rectly, to reduced energy use and to env�ronmental susta�nab�l�ty. Th�s �s 
part�cularly true of the �ntent�on to sh�ft the pattern of econom�c act�v�ty from 
energy-�ntens�ve areas (such as spec�fic forms of heavy �ndustry) to �ndustry 
and serv�ce sectors that are knowledge �ntens�ve and rely less on energy and 
other resource �nputs; and to st�mulate the adopt�on of advanced technolog�es, 
processes and pract�ces that are energy effic�ent and more env�ronmentally 
ben�gn.

The attempt to change substant�ally the structure and technolog�cal base 
of a large, rap�dly grow�ng economy �s w�thout precedent and �s l�kely to prove 
d�fficult, espec�ally �n a country st�ll deal�ng w�th the trans�t�on from a planned 
to a market economy. our quest�on here �s whether there are �mplementat�on 
paths w�th�n th�s general approach that could enable ch�na to cont�nue rap�d 
growth wh�le also stab�l�s�ng em�ss�ons w�th�n 25–30 years.

A scoping model for China’s energy use and carbon dioxide 
emissions

The analys�s here �s based on what we refer to as a scop�ng model: a s�mple 
modell�ng framework �n wh�ch the key relat�onsh�ps and assumpt�ons are 
spelled out so that the results are h�ghly transparent. There �s a w�de range 
of global energy or �ntegrated assessment models that now �nclude ch�na, as 
well as a number of models appl�ed spec�fically to ch�na. These more complex 
models have many theoret�cal advantages over such s�mple models, but 
requ�re est�mat�on of, or assumpt�ons about, a large number of parameters, 
such as pr�ce and �ncome elast�c�t�es of demand, elast�c�t�es of subst�tut�on, 
supply curves and the rate and structure of econom�c growth. The ev�dence 
ava�lable for many of these parameters �s very l�m�ted �n ch�na, not only 
because of l�m�ted data but because of the sharp changes that have taken 
place �n econom�c �nst�tut�ons and �n the structure of the energy sector �n the 
past decade. For example, for much of the per�od s�nce the open�ng to the 
market �n 1979, energy use was supply constra�ned; th�s means that there are 
d�fficult�es �n obta�n�ng reasonable est�mates of var�ous demand elast�c�t�es. 
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The sw�ngs �n the aggregate �ncome elast�c�ty of energy use d�scussed above 
also �llustrate the level of uncerta�nty that preva�ls �n th�s area, as well as the 
need to �ncorporate recent trends.

In such a s�tuat�on, the use of a large, complex model m�ght requ�re hero�c 
assumpt�ons and d�sgu�se the key uncerta�nt�es, lead�ng to e�ther m�slead�ng 
or non-transparent results. complex models also requ�re more deta�led data, 
wh�ch are often assembled only w�th long t�me lags. sheehan (forthcom�ng) 
rev�ews the base cases �n s�mulat�ons w�th a w�de range of �ntegrated 
assessment models: those part�c�pat�ng �n the energy modell�ng Forum (emF 
21) modell�ng compar�son project (Weyant et al. 2006) and the three models 
used �n the synthes�s and Assessment Product 2.1a of the Us cl�mate change 
sc�ence Program (ccsP) (clarke et al. 2007). sheehan found that none of the 
10 models �n the emF 21 exerc�se that prov�ded data on ch�na and Ind�a or the 
three models used �n the ccsP report prov�ded a real�st�c assessment of recent 
and emerg�ng trends �n these two countr�es. 

For the Apr�l 2008 ed�t�on of the World Economic Outlook, the Internat�onal 
monetary Fund (ImF) used the G-cubed model to analyse global em�ss�on 
trends and pol�cy responses (ImF 2008), w�th surpr�s�ng results. The basel�ne 
scenar�o shows global energy-related carbon d�ox�de em�ss�ons stagnat�ng 
between 2002 and 2010 (a growth of only 0.5 per cent per annum), but then 
grow�ng rap�dly between 2010 and 2030 (3.1 per cent per annum). For ch�na, the 
annual growth rates of em�ss�ons for these two per�ods are 1.8 per cent and 6 
per cent, wh�le for non-Annex 1 countr�es as a whole the growth rates are 0.2 
per cent and 5.1 per cent (ImF 2008:Table 4.4). In fact, we know that em�ss�ons 
�n develop�ng countr�es have surged s�nce about 2001, espec�ally �n ch�na, 
where the growth �n energy use and energy-related carbon d�ox�de em�ss�ons 
for 2002–10 w�ll be about 10 per cent per annum. The ImF figure for ch�na �n 
2010 (3.8 g�ga-tonnes of carbon d�ox�de) �s therefore less than half the l�kely 
outcome, g�ven trends through to 2008. If global and ch�nese em�ss�ons had 
stab�l�sed s�nce 2002, rather than surged, the �nternat�onal cl�mate debate now 
would be much d�fferent. on the other hand, �f the ImF’s pred�cted basel�ne 
growth for 2010–30 �s added to the real exper�ence of th�s decade, the global 
problem w�ll be d�re �ndeed. These �ssues aga�n �llustrate the problems �nvolved 
�n us�ng large models to analyse complex, rap�dly chang�ng s�tuat�ons about 
wh�ch there �s l�m�ted knowledge.
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A s�mple scop�ng model

stud�es of the demand for energy frequently use a standard framework such as:

Eit = f (Yit , Pit , Zit), (1)

�n wh�ch Eit �s the demand for energy �n �ndustry sector i �n per�od t, Yit �s an 
�ncome or output var�able relevant to sector i, Pit �s the relat�ve pr�ce of energy 
�n sector i �n per�od t, and Zit �s a vector of other var�ables affect�ng energy 
demand �n sector i, such as technolog�cal change and government pol�cy 
�n�t�at�ves related to energy conservat�on. Assum�ng that from 2006 onwards 
supply constra�nts on energy demand �n ch�na have been removed, so that 
real energy use can be treated as demand determ�ned, we use th�s framework 
to construct the project�on model for ch�na, apply�ng �t to 11 sectors. In a log-
l�near spec�ficat�on, equat�on 1 becomes

Ln (Eit) = αit ln Yit + βit ln Pit + γit ln Zi (2)

�n wh�ch αit, βit and γit are the elast�c�t�es of energy use w�th respect to Y, P 
and Z, respect�vely. Part�al d�fferent�at�on of equat�on 2 w�th respect to t�me 
and rearrangement g�ves

δEit = αit δYit + βit δPit + γit δZit (3)

�n wh�ch �n the project�on model the change var�ables (δE and so on) represent 
rates of change w�th respect to t�me. 

To enable exam�nat�on of �ssues concern�ng the �mpact of the pattern 
of growth on energy use, we define two new elast�c�t�es relat�ng the rate of 
growth of value added �n sector i �n per�od t to the growth rate of a h�gher-level 
var�able, Ait; the rat�o of the growth rate of value added �n aggregate sector i 
�n per�od t to growth �n total GdP �n that per�od; and Iit, the rat�o of the growth 
rate of value added �n �ndustry sector i �n per�od t to growth �n total �ndustry 
value added �n that per�od (for the s�x sectors w�th�n �ndustry). Therefore, Ait 
defines the pattern of growth across s�x aggregate sectors (�n wh�ch �ndustry 
�s a s�ngle sector) for a g�ven rate of growth of aggregate GdP, and Iit defines 
the pattern of growth across the s�x �ndustry sectors for a g�ven rate of growth 
of �ndustry value added. That �s

δYit = δYt Ait Iit (4)
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�n wh�ch Ait takes a value of 1 �f i �s a d�saggregated �ndustry sector and Iit 
takes a value of 1 �f i �s an aggregate sector. 

subst�tut�ng equat�on 4 �nto equat�on 3 and convert�ng growth rates �nto 
levels, g�ves the follow�ng express�on for total energy use �n ch�na �n sector i 
�n per�od t

Eit = Eit-1 (1 + αit δYt Ait Iit + βit δPit + γit δZit) (5)

energy use �nvolves d�fferent types of fuels (coal, o�l, natural gas and 
var�ous types of non-foss�l and renewable fuels), and each of the foss�l fuels 
has a d�fferent propens�ty to generate carbon d�ox�de em�ss�ons. The share 
of fuel type j �n total energy use �n sector i (sij) w�ll vary over t�me, depend�ng 
on ava�lab�l�ty, relat�ve pr�ces, �nvestment patterns, pol�cy �n�t�at�ves and other 
factors. The energy use met by fuel j �n year t �n sector i can be denoted by Eijt 
= Eit. sijt, and total use of fuel j w�ll be g�ven by

Ejt = ∑ sijt Eit-1 (1 + αit δYt Ait Iit + βit δPit + γit δZit) (6)

F�nally, carbon d�ox�de em�ss�ons per un�t of use of fuel j (mjt) �n ch�na w�ll 
also vary over t�me, depend�ng, for example, on the qual�ty of fuel used and the 
technolog�cal processes �nvolved. Total carbon d�ox�de em�ss�ons from the use 
of fuel j �n year t w�ll then be g�ven by

Mjt = mjt Ejt = mjt Ejt  (7)

w�th total em�ss�ons g�ven by summ�ng over foss�l-fuel types. Th�s s�mple model 
�s used below to analyse and project ch�na’s future energy use and carbon 
d�ox�de em�ss�ons from energy use, g�ven su�table project�ons or assumpt�ons 
for the many parameters �nvolved. 

data and the �ndustr�al structure of ch�na’s energy use

The data for the analys�s are drawn from offic�al ch�nese stat�st�cs (from 
success�ve ed�t�ons of the China Statistical Yearbook; nBs var�ous years) and 
from the Internat�onal energy Agency (IeA) database and from the World Energy 
Outlook 2007 (IeA 2007). data for energy use and value added are taken from, or 
der�ved from, the China Statistical Yearbook (nBs var�ous years), wh�le data for 
fuel use by �ndustry and em�ss�ons �ntens�ty are sourced from the IeA. some 
�ssues ar�se �n �ntegrat�ng the two data sources: for example, �n terms of the 
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d�fferent treatment of renewable energy sources. Further �nformat�on on the 
�ssues �nvolved �n assembl�ng and us�ng these data can be found �n sheehan 
and sun (2007).

As noted above, �ssues concern�ng the structure of energy demand are at 
the heart of the ch�nese debate, and Table 18.1 prov�des some key stat�st�cs 
on ch�na’s energy use. energy use �s concentrated heav�ly �n five �ndustr�es: 
petroleum process�ng, chem�cals, non-metall�c m�nerals, ferrous metals and 
non-ferrous metals. These �ndustr�es together have energy use per un�t of value 
added more than four t�mes the nat�onal average, and nearly s�x t�mes that of all 
other �ndustr�es. In 2006, these �ndustr�es accounted for 44 per cent of nat�onal 
energy use but only 10 per cent of GdP. dur�ng 2001–06, real value added �n th�s 
group grew by 15.2 per cent per annum, compared w�th the nat�onal rate of 10.2 
per cent, and energy use grew by 15.7 per cent per annum, g�ven an elast�c�ty 
of 1.04. The five energy-�ntens�ve �ndustr�es accounted for 54.8 per cent of the 
�ncrease �n total energy use, wh�le prov�d�ng only 13.6 per cent of the �ncrease 
�n ch�na’s GdP dur�ng th�s per�od. 

G�ven the concentrat�on of energy use �n these �ndustr�es, they are cr�t�cal 
to the analys�s, and reduc�ng the rate of growth of these �ndustr�es and the�r 
energy �ntens�ty �s a key pr�or�ty for government pol�cy. on the other hand, the 
role of the serv�ces sector cannot be neglected. As Table 18.1 also shows, total 
energy use �n serv�ces grew by 10.2 per cent dur�ng 2001–06—�n l�ne w�th the 
growth �n value added—wh�le the energy �ntens�ty of the transport sector was 
h�gh and �ts energy use grew rap�dly.

Pol�cy �ntervent�on areas and s�mulat�on cases

The analys�s undertaken below makes use of a base or unchanged pol�cy case, 
and three alternat�ve pol�cy cases. In v�ew of the adopt�on of the target of a 
20 per cent reduct�on �n aggregate energy �ntens�ty �n the eleventh F�ve-Year 
Plan, the pol�cy env�ronment �n ch�na has been �n flux �n 2006 and 2007; new 
�n�t�at�ves �mplemented �n these years are �ncluded �n the pol�cy opt�ons cases. 
The pol�cy stance �n 2005 �s �nterpreted as one of cont�nued but modest efforts 
to conta�n energy use and carbon d�ox�de em�ss�ons from fuel use, through the 
�ntroduct�on of market mechan�sms, �ncreased energy pr�ces and programs to 
encourage energy conservat�on and the use of advanced technolog�es. These 
pol�c�es are �ncorporated �n the base case.

In shap�ng these cases, s�x pol�cy �ntervent�on areas are employed, and are 
�ncluded �n the model

•	 the rate of growth �n value added �n �ndustry relat�ve to that of overall GdP

•	 the �ndustry compos�t�on of the growth �n �ndustr�al output 
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•	 the rate of growth of energy pr�ces relat�ve to general output pr�ces 
•	 the reduct�on �n energy use from programs to promote energy 

conservat�on and the adopt�on of new technolog�es
•	 the compos�t�on of energy supply by fuel 
•	 the em�ss�ons �ntens�ty of the use of var�ous foss�l fuels.

We d�st�ngu�sh these pol�cy �ntervent�on areas from the spec�fic pol�cy 
�nstruments (such as export tar�ffs, energy taxes, research and development 
subs�d�es or changes �n relat�ve pr�ces) that m�ght be used to ach�eve a g�ven 
pol�cy object�ve �n a g�ven area. Pol�cy �nstruments are not addressed here, 
but the ch�nese government �s currently tak�ng some act�on �n each of these 
areas, some examples of wh�ch are prov�ded below. 

In tak�ng act�on to ach�eve the eleventh F�ve-Year Plan’s goal of reduced 
energy �ntens�ty, the government has rel�ed ma�nly on ‘command and control’ 
measures, rather than pr�ce or tax measures, and has �n part reverted to tr�ed 
and true methods that were successful �n very d�fferent c�rcumstances before 
1995. A number of measures have been taken to curta�l the growth of energy-
�ntens�ve �ndustr�es, and the ‘Top-1,000 energy consumers enterpr�se’ program 
has been establ�shed to reduce energy use �n large firms. In terms of structural 
change, �n�t�at�ves have centred on the �mpos�t�on of export tar�ffs, on the 
removal of support at all levels of government for energy-�ntens�ve �ndustr�es, 
and on clos�ng down �neffic�ent capac�ty and on expand�ng serv�ce �ndustr�es. 
s�nce 2004, the government has progress�vely removed �ts export �ncent�ves 
for energy and resource-�ntens�ve exports, and replaced them w�th export 
tar�ffs. export tar�ffs on 142 such products were �ncreased from 1 June 2007, 
w�th some mov�ng from a 5 per cent to a 10 per cent tar�ff and others mov�ng 
from 10 per cent to 15 per cent (moF 2007). The central government has also 
�ssued a ser�ous warn�ng to local governments that all pol�c�es that encourage 
energy-�ntens�ve developments must cease (ndrc 2007), and �t �s enter�ng �nto 
agreements w�th prov�nc�al governments to phase out �neffic�ent capac�ty �n 
energy-�ntens�ve �ndustr�es. For �ron and steel, for example, the object�ve �s to 
close 100 m�ll�on tonnes of �neffic�ent �ron product�on capac�ty by 2010 and 50 
m�ll�on tonnes of steel capac�ty; �n m�d 2007, an agreement w�th 10 prov�nces to 
close 40 m�ll�on tonnes of �ron capac�ty and 42 m�ll�on tonnes of steel capac�ty 
was announced (central Government Portal 2007). F�nally, the state counc�l has 
announced plans to accelerate the development of the serv�ce sector, and to 
�ncrease �ts share of GdP by 3 percentage po�nts, and �ts share of employment 
by 4 percentage po�nts, by 2010. 
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spec�ficat�on of the base and alternat�ve pol�cy cases

The three alternat�ve pol�cy cases, wh�ch are cumulat�ve �n the sense that 
add�t�onal pol�cy object�ves are added �n the second and th�rd cases, are as 
follows. 

•	 The new industrial structure case, �n wh�ch the relat�ve role of �ndustry 
�n total output and the role of energy-�ntens�ve �ndustr�es �n �ndustr�al 
output are reduced rap�dly. 

•	 The price and command measures case, �n wh�ch, �n add�t�on to the 
structural changes, there �s a more rap�d �ncrease �n relat�ve energy 
pr�ces and more aggress�ve act�on to promote energy conservat�on and 
the use of new technolog�es.

•	 The additional measures case, �n wh�ch further measures are taken 
to reduce energy use �n transport and other serv�ces and to reduce the 
level of em�ss�ons per un�t of foss�l-fuel use.

The full set of assumpt�ons and parameter spec�ficat�ons �s prov�ded �n 
Table 18.2 and �s descr�bed br�efly below.
GDP growth rate. A common rap�d growth path for GdP �s used �n all of the 
cases. GdP growth �s assumed to moderate progress�vely from the current 
h�gh levels to 8 per cent per annum by 2010 and to 7 per cent per annum by 
2020, ma�nta�n�ng that level unt�l 2030. 
Underlying elasticities of energy use with respect to value added. For the 
cr�t�cal �ssue of elast�c�t�es of energy use w�th respect to value added by �ndustry, 
we spec�fy a pattern of underly�ng elast�c�t�es that rema�ns unchanged dur�ng 
the project�on per�od, even though the real elast�c�t�es of energy use change 
as a result of the pol�c�es that are �n force—�n all cases. cons�stent w�th the 
argument above, for the eleven �ndustr�es we use the average elast�c�ty value 
for the �ndustry for 2001–06 as the underly�ng rate, w�th an upper bound of 
1.2. The upper bound �s used to ensure that unusually h�gh elast�c�ty values �n 
part�cular cases dur�ng 2001–06 do not d�stort the long-run p�cture. even us�ng 
th�s spec�ficat�on, the overall projected elast�c�t�es of energy use w�th respect 
to GdP are much less than 1 �n the longer term, fall�ng to below 0.8 by 2030 �n 
the base case and to 0.5 �n the fullest pol�cy case.
Relative prices for energy. Wh�le �nformat�on on overall energy pr�ces �n 
ch�na �s l�m�ted, there seems to have been a s�gn�ficant �ncrease �n we�ghted 
average energy pr�ces relat�ve to the general pr�ce level �n the 1990s and aga�n 
�n recent years, as h�gher global pr�ces have flowed through to some extent to 
ch�nese producers and consumers. on the bas�s of l�m�ted h�stor�cal data, we 
assume an �ncrease �n average relat�ve energy pr�ces of 6 per cent per annum 
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for each of the three years from 2006 to 2008 �n all cases, w�th a further 3 per 
cent per annum �n all subsequent years �n the base case. For the second and 
th�rd pol�cy cases, we assume that a much more aggress�ve pr�c�ng stance 
�s adopted �n the longer term, w�th the 6 per cent �ncrease �n relat�ve energy 
pr�ces be�ng cont�nued to 2030. 
Price elasticity of energy demand. The quest�on of the pr�ce elast�c�ty of 
energy demand �s an �mportant and a vexed one. est�mat�ng the pr�ce elast�c�ty 
of demand �s espec�ally d�fficult when, as �n ch�na dur�ng much of the per�od 
from 1980 to 2005, real energy use was supply constra�ned and pr�ces were 
partly respons�ve to the underly�ng supply–demand gap ar�s�ng from supply 
constra�nts. In v�ew of th�s fact, est�mates of the pr�ce elast�c�ty �n ch�na der�ved 
�n the l�terature from demand equat�ons est�mated on h�stor�cal data must be 
treated w�th caut�on for our purposes.  

There �s an extens�ve �nternat�onal l�terature on the est�mat�on of energy 
pr�ce elast�c�t�es across countr�es. For example, Gately and hunt�ngton (2002) 
found that the long-run pr�ce elast�c�ty for the oecd reg�on for 1971–97 was 
–0.24, and –0.08 for 14 develop�ng countr�es (not �nclud�ng ch�na) w�th above-
average per cap�ta �ncome growth, w�th ev�dence �n both cases of asymmetr�cal 
responses to r�s�ng and fall�ng pr�ces. Pesaran et al. (1998) found that the long-
run elast�c�ty was about –0.3 for 10 As�an countr�es (aga�n, exclud�ng ch�na). 
For ch�na, F�sher-Vanden et al. (2004) find an elast�c�ty of –0.368 from the�r 
cross-sect�onal analys�s of manufactur�ng firms �n 1997–99; sh� and Polenske 
(2006) find a long-run pr�ce elast�c�ty for the �ndustr�al sector of –0.78 for 
1980–2002; hang and Tu (2007) find an elast�c�ty of –0.54 for 1985–95 and of 
–0.65 for 1995–2005; wh�le chen et al. (2007) use a range of elast�c�t�es from 
–0.1 to –0.5 �n the�r mArkAl model analys�s. In the l�ght of the �nternat�onal 
l�terature and concerns about est�mat�ng demand elast�c�t�es for ch�na �n a 
supply-constra�ned market, we use an elast�c�ty of –0.4 for the energy-�ntens�ve 
�ndustr�es and –0.2 for other �ndustr�es. 
Sectoral growth elasticities. At the aggregate level, the key var�able �s the 
rate of growth of �ndustry value added (exclud�ng construct�on) relat�ve to the 
overall GdP growth rate. In 2006, and dur�ng 2001–06, growth �n �ndustry value 
added was 16 per cent greater than �n GdP (elast�c�ty of 1.16). It �s assumed, �n 
the base case, that the elast�c�ty of the growth of �ndustry relat�ve to GdP falls 
to 1.05 by 2015 and then decl�nes gradually to 1 by 2030. Growth �n agr�cultural 
value added �s set at 40 per cent of GdP growth, and tert�ary-sector growth �s 
the res�dual. These assumpt�ons �mply a gradual retreat from �ndustry-dr�ven 
growth, w�th the growth �n the tert�ary sector exceed�ng that of �ndustry after 
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2015. The new �ndustr�al structure opt�on �nvolves a much more rap�d move to a 
serv�ce-or�ented economy, w�th the elast�c�ty of �ndustr�al growth w�th respect 
to GdP be�ng reduced rap�dly to 0.9 by 2015 and to 0.8 by 2030.

The sectoral growth elast�c�t�es relate to relat�ve rates of growth w�th�n the 
�ndustr�al sector (exclud�ng construct�on). For 2001–06, real value added �n 
the five energy-�ntens�ve �ndustr�es taken as a whole grew by 15.2 per cent �n 
compar�son w�th overall �ndustr�al growth of 11.7 per cent—�mply�ng a growth 
elast�c�ty of 1.30. Growth patterns were, however, var�able across the �ndustr�es. 
For �nd�v�dual energy-�ntens�ve �ndustr�es, the elast�c�t�es of growth relat�ve to 
all �ndustry are set �n�t�ally at the average for 2001–06, bounded at 1.5 where 
the h�stor�cal figure exceeds that level. In the base case, these elast�c�t�es are 
assumed to decl�ne gradually to 1.1 by 2015, and then to 1 by 2030. In the new 
�ndustr�al structure case, the pattern of change �s more rap�d, w�th the growth 
elast�c�t�es of these �ndustr�es be�ng reduced rap�dly to 0.9 by 2015 and to 0.8 
by 2030. The comb�nat�on of these two sets of assumpt�ons �s that, �n th�s case, 
the structure of the ch�nese economy changes profoundly �n the next decade 
or so; by 2020, the growth rate of the energy-�ntens�ve �ndustr�es �s only about 
5 per cent �n compar�son w�th the assumed GdP growth rate of 7 per cent per 
annum at that t�me.
Technology and energy conservation policies. Wh�le there �s clear ev�dence 
that, dur�ng the per�od of l�m�ted energy suppl�es and a command economy 
�n the 1980s and 1990s, technology and energy conservat�on pol�c�es had a 
substant�al �mpact on energy use, no quant�tat�ve measure of that �mpact �s 
ava�lable. some of the command and control measures that have recently 
been �mplemented �n th�s area have been noted above. In the absence of more 
prec�se �nformat�on, we assume that the more l�m�ted pol�c�es �ncluded �n the 
base reduce energy use by 0.5 percentage po�nts per annum �n energy-�ntens�ve 
�ndustr�es and by 0.25 po�nts �n other �ndustr�es; and, �n the pr�ce and command 
measures strategy, these effects are doubled �n both �ndustry types. clearly, 
th�s �s only a prel�m�nary spec�ficat�on, and requ�res further work. 
Fuel use by type and emissions intensities of fuel types. The values for 
ch�na for the project�on per�od of sijt, the �ndustry-spec�fic shares of var�ous 
fuel types �n total energy use, and of mjt, the em�ss�ons �ntens�ty of d�fferent 
fuel types, are based on the values used �n IeA (2007)—vary�ng from those 
est�mates only for fuel use by type, where later �nformat�on and �ncreased 
knowledge of the emerg�ng energy-use path �s ava�lable. mass�ve expans�on of 
coal product�on and of coal-fired power stat�ons has been under way �n ch�na 
�n recent years, wh�le there �s clear ev�dence of fuel subst�tut�on away from o�l 
and cons�derable attent�on be�ng g�ven to renewable energ�es and to nuclear 
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energy. As the �ndustry-spec�fic fuel-use shares are held fixed but the pattern 
of value added sh�fts across d�fferent cases, the overall fuel-use shares also 
vary across the cases. 

The IeA’s project�ons of carbon d�ox�de em�ss�ons per un�t of fuel type used 
are adopted �n full, and held fixed for all scenar�os, other than for the add�t�onal 
measures case. here �t �s assumed that new technolog�es, such as advanced 
clean-coal generat�on methods and carbon geosequestrat�on, are �ntroduced 
gradually after 2010 and w�th �ncreas�ng effect after 2020. 

Reducing energy use and emissions with continued rapid 
development

The results of the model s�mulat�ons w�th the four cases are summar�sed �n 
Table 18.3 and F�gure 18.2. In the base case, energy use �s projected to �ncrease 
by 6.5 per cent per annum dur�ng 2005–30 and em�ss�ons r�se by 6.1 per cent 
to 6.8 g�ga-tonnes of carbon (Gtc) by 2030. The ma�n growth �s �n the per�od 
to 2015—w�th energy use grow�ng by 7.7 per cent per annum and em�ss�ons 
by 7.6 per cent per annum dur�ng 2005–15—w�th annual em�ss�ons growth 
slow�ng to 5.1 per cent dur�ng 2015–30. nevertheless, the scale of energy use 
and em�ss�ons �mpl�ed �n th�s project�on �s such as to have major �mpl�cat�ons 
for the env�ronment w�th�n ch�na, for the global cl�mate and for world resource 
markets.

In the new �ndustr�al structure case, the growth of energy use and em�ss�ons 
slows, but only by about 0.5 per cent per annum. Th�s �s somewhat surpr�s�ng 
�n the l�ght of the s�gn�ficant change �n �ndustr�al structure that �s assumed, 
but reflects the assumed cont�nu�ng reduct�ons �n energy �ntens�ty �n h�gh 
energy-us�ng �ndustr�es (�n the base case) and the �mportance of transport and 
the serv�ces sector (�nclud�ng households) �n the longer term. The add�t�onal 
measures �n the second alternat�ve case—h�gher cont�nu�ng �ncreases �n 
relat�ve energy pr�ces and more effect�ve measures to �ncrease effic�ency and 
to support the use of new technolog�es—have more effect, reduc�ng the rate 
of growth of em�ss�ons dur�ng 2015–30 to 3.3 per cent. even these assumpt�ons 
are not suffic�ent to approach stab�l�sat�on of em�ss�ons, because �n th�s case 
the use of foss�l fuels �n the serv�ces sector �s st�ll grow�ng strongly.

As a result, further measures to reduce energy use �n transport and other 
serv�ces, together w�th ga�ns from technolog�es that reduce the level of 
em�ss�ons per un�t of foss�l-fuel use, are necessary to make stab�l�sat�on of 
em�ss�ons ach�evable. In the add�t�onal measures case, em�ss�ons are held to 
3.5 Gtc �n 2030, l�ttle more than half that �n the base case, and grow by only 1.6 
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per cent dur�ng 2015–30, w�th the annual growth rate approach�ng zero towards 
the end of the per�od. Th�s �s �ndeed a scenar�o �n wh�ch em�ss�ons stab�l�se at 
less than 4 Gtc not long after 2030.

Conclusion

There are many uncerta�nt�es about ch�na’s future energy use, and about the 
effect�veness of the pol�c�es currently be�ng d�scussed and �mplemented to 
curta�l �t. What �s not uncerta�n �s that �t �s �n ch�na’s �nterest to curta�l the 
rap�d growth �n energy use, and hence curta�l the human and env�ronmental 
costs that �t creates, and such an outcome �s h�ghly des�rable �n terms of global 
cl�mate outcomes. can th�s be ach�eved wh�le cont�nu�ng rap�d econom�c 
development, or must ch�na choose between rap�d growth and acceptable 
env�ronmental outcomes?

Th�s scop�ng study offers only l�m�ted ev�dence about the answer to th�s 
quest�on, but �t does po�nt to several tentat�ve conclus�ons. F�rst, there m�ght 
be real�st�c opt�ons �n wh�ch ch�na does not have to choose; these forms of 

F�gure 18.2 Carbon dioxide emissions from fuel combustion in China, 
2005–30: the base case and alternative policy cases (Gtc per 
annum) 
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�mplementat�on of the alternat�ve development path sketched �n the eleventh 
F�ve-Year Plan certa�nly deserve further study. second, such a task w�ll be 
d�fficult, and w�ll requ�re extens�ve and susta�ned pol�cy �n�t�at�ves �n each of the 
s�x pol�cy areas d�scussed here. F�nally, ach�ev�ng such an outcome seems clearly 
to be �n the �nterests of the ch�nese people and the �nternat�onal commun�ty, 
so that strong measures by governments of �ndustr�al�sed countr�es to support 
th�s pol�cy �mplementat�on process �n ch�na would be well just�fied.

Notes

1 For example, for e�ght countr�es �n south east As�a (exclud�ng ch�na), the unwe�ghted mean 
elast�c�ty of energy use w�th respect to GdP for the per�od 1971–2002 was 1.12, wh�le for another 
61 develop�ng countr�es for wh�ch data were ava�lable the unwe�ghted mean elast�c�ty dur�ng 
th�s per�od was 1.45 (IeA 2006b). These figures exclude trad�t�onal b�omass energy, as do the 
figures used for ch�na. 
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