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Preface

It is not hard to appreciate the influence that Richard Grove has had 
on historical and environmental scholarship in the twenty-first century. 
At the time of writing the Centre for World Environmental History, at 
the University of Sussex, that Richard founded has sixty-eight members, 
associates and graduate students from around the world. In the last two 
decades Richard’s ideas have informed the ‘cultural turn’ in climate sci-
ence, which incorporated physical climatologists as much as histori-
ans and social scientists.1 The Palgrave Series in World Environmental 
History, in which this book is published, derives from Richard’s 
vision. New networks such as the ACRE (Atmospheric Circulation 
Reconstructions over the Earth) and IHOPE (Integrated History and 
future of People on Earth) are taking this vision in new directions.

This book derives originally from Richard Grove’s work on the envi-
ronmental history of the British Empire and his increasing awareness dur-
ing the 1990s that climate extremes in diverse locations could be explained 
by the El Niño Southern Oscillation (ENSO) phenomenon. Richard 
commenced his pioneering project to uncover the ‘millennial history of 
El Niño’ after the devastating El Niño of 1997–98, a project designed to 
trace El Niño’s impact from first appearance in the mid-Holocene to the 
end of the twentieth century. This became Richard’s life work, resulting 
in peer-reviewed journal publications in Nature and the Medieval History 
Journal,2 as well as five book chapters3 and an edited book with John 
Chappell entitled El Niño: History and Crisis.4 Tragically Richard was 
never able to finish the project. Whilst in Australia in late-2006 Richard 
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suffered a severe car accident that has since left him unable to work. The 
monograph that was to underpin this project remained dormant.

My involvement in this project began in 2012 when I was working as a 
postdoctoral research assistant on a research network Collaborative research 
on the meteorological and botanical history of the Indian Ocean, a network 
created by Richard and coordinated by his partner, the environmental his-
torian Vinita Damodaran, on the natural history collections of the British 
Empire. The network built on the extensive international contacts that 
Richard had developed during his career as an environmental historian and 
represented a continuance of his vision to generate an environmental his-
tory of the world. The diversity of researchers involved reflected Richard’s 
wide interdisciplinary interests: geographers, anthropologists, climatolo-
gists, art historians, archivists, digital archivists, librarians, NGO-workers 
and environmental activists. Whilst working on the project I was humbled 
to be offered the opportunity by Vinita to finish the manuscript, due to 
the interest shared by Richard and me in the history of El Niño and its 
effects on the Indian subcontinent and southern Africa.

I had first become aware of Richard Grove when researching for 
a Ph.D. at the University of Brighton in 2009. His writings have had 
an incredible influence on my work, particularly his 1997 monograph 
Ecology, Climate and Empire. It is not an exaggeration to say that 
Richard’s work has changed the way that I regard climate and what is 
possible from historical climate research. In particular, Richard has 
demonstrated the overwhelming potential of the East India Company 
archives, seeing them as not merely the dry bureaucratic records of a 
colonial state or trading company but as a remarkably diverse set of writ-
ings on meteorology, botany, environment, demographics, trade, history, 
language and culture, written by an organisation whose desire for knowl-
edge was almost as strong as its appetite for revenue and power.

More fundamentally, Richard has also shown—through articulate and 
well-reasoned argument derived from a number of geographical and his-
torical contexts—that climate cannot be detached from context. Or, to 
adopt a terminology that has become more common during the last dec-
ade, climate has a dyadic relationship with culture.5 Climate is not just a 
set of physical processes for individuals to respond to: it is loaded with 
cultural meaning and this meaning is as important in informing the way 
people respond to variability as is the intensity of a drought or flood or 
the dynamics of a socio-political system. This has had profound implica-
tions both for the way we understand how societies responded to the 
climates of the past and the challenges posed by climate today.6
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It is this element of the culture of climate that I have chosen to explore 
in my contributions to this book. It was an early decision of mine not to 
try to ‘finish’ Richard’s work. I would not like to second-guess what his 
final ideas were for the project, and neither would Richard have approved 
if I had. I have instead framed my contributions as a complement to 
Richard’s, attempting to elucidate in more detail society’s understand-
ing of the El Niño phenomenon. Some of these contributions have built 
directly on sections that Richard had planned or partially completed, 
including the introduction, a section on El Niño in the twentieth century, 
and the history of El Niño’s scientific discovery. My final section—on El 
Niño in the public imagination—is entirely new. The narratives provided 
by Richard and me are designed to be complementary and I hope that any 
tension between chapters strengthens the book rather than diminishing it.

One area of science that has moved on significantly since 2006 is the 
reconstruction of past El Niño behaviour. This is the only area where I 
have made alterations to Richard’s draft. In general the new evidence for 
El Niño’s behaviour in the past overwhelmingly supports and strength-
ens Richard’s arguments on El Niño’s role in human history. In these 
cases I have referenced the new evidence as appropriate but left the nar-
rative the same. In one or two cases new evidence has suggested that 
events previously considered to be related to El Niño were in fact caused 
by other factors. Here I have adjusted Richard’s writing accordingly, 
but these adjustments are rare and very minor. Otherwise I have left his 
contributions as they were.

I hope this book proves to be a worthy addition to Richard’s impor-
tant legacy.

George AdamsonFebruary 2017
London, UK
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1

There is a debate occurring within climate science. It is an argument 
between scientists: esoteric disagreements played out in discussions at 
conferences and on the opinion pages of scientific journals. It may look, 
on the surface, of little interest beyond the academy. Yet it speaks to a 
broader question that should interest all with a stake in climate, or natu-
ral disasters, or even global geopolitics. It is a question of relevance to 
researchers across disciplines, to journalists involved in the multifaceted 
and contradictory world of science communication, and to the political 
worlds of development and risk management. Most importantly it speaks 
to millions of people whose livelihoods are threatened by drought or 
flood or cyclones the world over. What exactly is El Niño?

To understand this debate we must look back at the most severe El Niño 
event to have been recorded. The 1997–1998 El Niño saw record-breaking 
sea temperatures, the so-called ‘climate event of the century’. El Niño was, 
at this point, considered to be a phenomenon that was well understood. Its 
codification at the turn of the twentieth century had precipitated decades 
of research—slowly at first, then from the 1980s onwards in huge quanti-
ties—on the global climate anomaly, on its mechanisms and impacts, why 
it was formed and how it developed, where it produces rainfall and where 
it leads to drought. Of the latter issue one of the most heavily studied areas 
was El Niño’s impact on the Indian monsoon, a relationship that had been 
postulated in 1932 and explained in the 1980s.1 Long-term El Niño fore-
casts introduced in the late 1980s had allowed the 1997–1998 El Niño 
to be the first ‘severe’ event to be correctly forecast 6 months in advance, 

CHAPTER 1

Introduction

© The Author(s) 2018 
R. Grove and G. Adamson, El Niño in World History, 
Palgrave Studies in World Environmental History, 
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enabling policies to be implemented across the world to prepare for antici-
pated hazards. In India this meant the planting of drought-resistant crops. 
In Zimbabwe development loans usually provided to farmers against the 
collateral of forthcoming harvests were refused in anticipation of poor 
harvest.2

Meteorological anomalies in 1997 and 1998 were severe. In Peru and 
California, devastating floods caused destruction to property and infra-
structure and multiple deaths. In Mexico and Indonesia, drought caused 
wildfires that could be seen in neighbouring countries, and which briefly 
raised Indonesia to the highest per capita global emitter of carbon diox-
ide.3 Rainfall in India and southern Africa, however, remained around 
average, and drought-resistant crops yielded poorly. Indeed, during the 
early part of the Indian monsoon in 1997 rainfall was slightly above aver-
age. Neither did the expected droughts materialise in Australia, with the 
exception of parts of the east coast.

Why did rains in India not fail when the relationship between El Niño 
and the monsoon was apparently so clear? Why then again did drought 
occur in 2002 and 2004, years technically classified as El Niño but so 
weak as to barely register under accepted scientific definitions?4 No 
drought was forecast in India during these years, yet drought did occur, 
with devastating impacts on food supplies and cascading effects across 
the Indian economy. Perhaps inevitably, given current climatic anxieties, 
the explanations first provided for this apparent ‘breakdown’ in the rela-
tionship between El Niño and the monsoon concerned anthropogenic 
climate change (an idea that was subsequently dropped).5 Dr. K. Krishna 
Kumar of the Indian Institute of Tropical Meteorology posited another 
explanation in 2006. Through statistical analysis he suggested that there 
were in fact two El Niños, with quite different global impacts. These 
were the El Niño ‘flavours’: the classic El Niño such as 1997–1998, 
which did not produce drought in India, and the alternative El Niño 
such as 2004 which did. The differences in their characteristics related 
to the location of Pacific warming: mostly to the east or mostly in the 
equatorial centre. Subsequent authors called these flavours Central and 
Eastern Pacific El Niño, or El Niño and El Niño Modoki, the latter a 
Japanese word meaning ‘similar but different’.6

At the time of writing this debate is still ongoing. Have we been 
defining El Niño wrongly for the past 100 years, when we should really 
be talking about two El Niños, or even more? Counter arguments con-
tinue: whether El Niño Modoki is a ‘partially-formed’ or weak El Niño; 
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whether it is expedient to develop separate indices for El Niño and 
Modoki; whether Modoki is simply a statistical anomaly or the outcome 
of bad mathematics.7 The debates are characterised by the intricacies of 
complex statistical analyses. No doubt they will continue into the future.

The El Niño Southern Oscillation

Despite widespread media coverage, the El Niño Southern Oscillation 
(shortened to ENSO in this book) has actually been understood for a 
relatively short period of time. The oceanic component of ENSO—
the El Niño current—was discovered in the 1890s. The atmospheric 
the Southern Oscillation was first isolated in the 1920s; yet the two 
were not linked until the 1960s and the global significance of the phe-
nomenon not appreciated until much later. Only a relatively few El 
Niños have been observed in detail, a factor that has created the con-
fusion over the exact dimensions of the phenomenon. The three 
severe events that have been observed—1982–1983, 1997–1998 and 
2015–2016—demonstrated a climatic event that can exhibit unpredict-
able behaviour, but one which has unusual severity and global influence.

As with many scientific phenomena, the accepted definition of El 
Niño has emerged through scientific consensus. Although now consid-
ered to be a global system with global effects, the El Niño that was first 
identified and researched was the manifestation of the global phenom-
enon off the coast of northern Peru. This is a region of unusually cold 
water and a shallow thermocline, which allows cold, nutrient-rich bot-
tom water to upwell to the surface, supporting marine plankton blooms 
and rich anchovy fisheries. The predominant ocean direction is from the 
south, caused by the southerly Humboldt Current, which brings further 
cold water from the southern tip of the continent. This combination of 
factors limits evaporation and hence rainfall making coastal Peru one of 
the driest regions on Earth.8

The term ‘El Niño’ was first used in scientific literature in the 1890s 
to apply to the occasional years when the direction of ocean flow reverses 
and unusually warm surface water flows in from the north. During these 
years native fish species migrate southwards and tropical crab and fish 
species arrive from the north. Seabirds migrate westwards to follow their 
anchoveta catch and can sometimes die in large numbers. Populations 
of seal and penguin around the coast and nearby Galapagos Islands can 
decline dramatically. Moisture evaporating off the unusually warm water 
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causes heavy rain, which is fundamental to the desert ecosystem but 
can be destructive to crops, property and infrastructure. This phenom-
enon was named ‘El Niño’ in Peru as it arrived around Christmas and 
was associated with the Christ Child, a term taken from local fishermen 
(although its original meaning was somewhat different).9

The Peruvian scientists who first analysed the El Niño phenome-
non considered it to be a local event and it was considered as such for 
around 50 years after its discovery. Later scientists studying the phenom-
enon after the Second World War—equipped with observations from 
ocean vessels, buoys, weather balloons, satellites and complex computer 
models—realised that the event is a local manifestation of a Pacific-
wide phenomenon with global effects. In 1969 the climatologist Jacob 
Bjerknes linked the El Niño with the Southern Oscillation, a ‘see-saw’ 
pressure relationship between the Indian and Pacific Oceans that had 
been identified by the British meteorologist Gilbert Walker in the 1920s. 
The whole phenomenon was named the El Niño Southern Oscillation 
or ENSO,10 with El Niño one extreme of the system and the opposite—
where the ocean is unusually warm in the western Pacific and the eastern 
Pacific unusually cold—called La Niña.11

During the last five decades the El Niño Southern Oscillation has 
become one of the most heavily studied climatic phenomena in the world. 
It is now considered the most important source of year-on-year ‘natural’ 
meteorological variability, its mechanism understood to be related to 
the position of the thermocline, the ocean region that marks the transi-
tion between warmer surface waters and the colder deep waters. In most 
oceans this is located around 100 m below the surface, but in the equato-
rial Pacific easterly trade winds drive the surface water westwards creating 
a huge ‘basin’ of warm water near Indonesia known as the Pacific Warm 
Pool. Here the thermocline is unusually deep and the surface waters par-
ticularly warm. Off Peru the thermocline is located at the surface and the 
waters are unusually cold. This differential in thermocline depth and sur-
face temperature causes distinct climatic variability. Near Indonesia and 
Australia, warm sea surface temperature causes evaporation, heavy rainfall 
and high humidity. Evaporated air moves eastward in the upper atmos-
phere and descends over the South American coast, where the region is a 
desert. Thus the whole system is stabilised and self-maintaining, compris-
ing an enormous ‘conveyor belt’ of air across the equatorial Pacific called 
the Walker Circulation.12
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El Niño events—in so far as they can be called events—are related 
to the breakdown of this circulation. This can be caused by minor fluc-
tuations in the trade winds, cyclones in the western Pacific or random 
changes in water currents. Once occurring, such minor changes can be 
self-reinforcing. Reduction in the strength of the trade winds causes the 
Pacific Warm Pool to flow east and the thermocline to depress, the area 
of low pressure moving correspondingly eastward. This further reduces 
the west–east pressure gradient and the intensity of the trade winds, 
allowing the warm water to flow even further east. During a developed 
El Niño phase, the region of evaporation can move to the central or east-
ern Pacific, which brings unusual rain to these regions. Indonesia and 
Northern Australia experience drought and often forest fires, and Peru 
and Ecuador serious floods. El Niño episodes occur approximately once 
every 3–7 years, often followed by La Niña as the rapid return of the 
Walker Circulation creates ‘extreme normal’ conditions (Fig. 1.1).

The El Niño Southern Oscillation is not the only global climatic 
mode of variability but it is considered unique in the scale of its influ-
ence. The Walker Circulation is one of many interlinking circulation 
patterns across the Earth and a change in its position can result in a 
major redistribution of tropical convective regions. El Niño has been 
associated with unusual rainfall in southern (and sometimes Sahelian) 
Africa, Ethiopia, South and Southeast Asia, parts of China, Australasia, 
Central America, northeast Brazil and Amazonia.13 It can result in low 
river discharge in the Nile,14 the Senegal, the Orange River, the Indus, 
the Narmada, the Murray-Darling and the Amazon, amongst others. In 
New Guinea and southeast Australia El Niño is associated with increased 
incidences of severe frosts. There are even some indications that El Niño 
is associated with forerunning cycles of cold winters in Europe and inner 
Asia.15 When other less frequent physical influences on global climate, 
such as large volcanic eruptions, add their impact to pre-existing El Niño 
effects, climatic variability can be even more marked.

In other parts of the world El Niño produces above-average rainfall. 
In Peru and central Chile rainfall can be particularly intense. Similar 
effects occur in northern Vietnam and southern China, in Japan and the 
South Island of New Zealand, Sri Lanka, north and east Africa, some 
of central and Western Europe, California, and in the Great Basin and 
Gulf regions of the United States. In the Caribbean region and North 
Atlantic, hurricane frequencies are reduced, but in the Pacific they are 
increased. During periods with La Niña conditions these global impacts 
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Fig. 1.1  Conceptual diagram of the Walker Circulation under neutral and 
El Niño conditions. Image courtesy of NOAA Pacific Marine Environmental 
Laboratory
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are usually reversed, although the inverse relationship is not uniform. 
River discharges are generally high and inland lake systems, especially in 
Australia, experience marked pluvial phases. Both phases of El Niño and 
La Niña tend to cause corresponding regional air temperature changes, 
which may be very severe in some seasons. These weather patterns often 
vary from one El Niño event to another, sometimes very greatly. It is 
thus necessary to refer to the historical record for detailed knowledge of 
the variations to the general pattern.16

El Niño in World History

The severity of the El Niño of 1997 and 1998, and the La Nina episode 
that followed on from it, tempted some observers (both journalists and 
scientists) to suggest that the event was the worst known in history.17 
Similar hasty claims had been made for the El Niños of 1982–1983 and 
1991–1995.18 Yet the historical as well as prehistoric records of El Niño 
tend to suggest otherwise.19 Historical evidence suggests that, even in 
the last thousand years, several El Niños of equal and arguably stronger 
intensity may have been experienced globally.20 Moreover, in the preced-
ing four millennia before that, even more severe and more protracted 
events may have taken place.

The reconstruction of historical El Niño in the past has been one 
major advance in El Niño science during the last two decades. Whilst the 
exact dynamics of El Niño are still being established, significant develop-
ments have been made in understanding the patterns of El Niño vari-
ability over long periods. This has been established from the written 
record,21 or revealed in the growth bands of trees or corals, or snow in 
deposits preserved in glaciers. This work is revealing important infor-
mation on the long-term variability of ENSO, which is itself affecting 
understanding of El Niño dynamics, particularly teleconnection pat-
terns and variations in strength. For most of the period of instrumental 
weather observations after about 1870 the El Niño Southern Oscillation 
appears to have operated on very short climatic time-scales, individual 
events lasting typically about one year.22 El Niño events of much longer 
duration may have occurred as recently as the end of the eighteenth cen-
tury. Detailed evidence is presented in this volume, for example, for a 
number of global El Niño events, in particular for an extended El Niño 
episode or series of linked events that ran from 1790 to 1794.
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Such long-term climatic trends have been too frequently dismissed 
by a large number of meteorologists, climatologists and global climate 
model-builders, who often confine their analysis to data generated dur-
ing the period of instrumental record keeping. Apart from the inherent 
problems of instrument representativeness,23 the very short period of this 
climatic record, when compared with what we now know from longer-
run data, means that excessive reliance placed on instrumental data col-
lected since 1870 can prevent a proper understanding of the long-term 
dynamics of El Niño. In summary, the El Niño phenomenon and its 
historic impact can only be meaningfully understood, and its behaviour 
predicted, by reference to the very long-run record held in both docu-
mentary and physical archives.

The research of the last few decades to uncover traces of past El 
Niños has opened up a new opportunity for historians to explore how 
extreme events associated with El Niño impacted on societies in the 
past. The survival of preindustrial societies had a great deal to do with 
climate, yet this survival related not so much to the ability to withstand 
long term variation in average conditions but the ability to adapt to vari-
ability involving extreme conditions. Because of this, the sudden climatic 
shock of a global El Niño or La Niña was probably more important than 
processes of climatic change or variability that operated more slowly. 
Extreme weather events such as those associated with El Niño or La 
Niña could plunge a society into great difficulties, radically reduce popu-
lation numbers, or even destroy it altogether. Adaptation to El Niño has 
of course been possible; indeed it has been central to the development 
of many societies in affected regions.24 Yet large or recurrent El Niños 
could cause significant disruption and in some cases even contribute to 
political change. Periods where the El Niño Southern Oscillation as a 
whole moved from low to high activity also created sudden climatic vari-
ability that some societies would have found difficult to adjust to.

Until recently the history of such shocks was sometimes known, but 
the existence of a global weather system linking them was not under-
stood. What is now being realised is that in many parts of the world the 
whole history of society and of political events cannot be fully or prop-
erly understood without a serious appreciation of the impact of global 
El Niño events. During the last 5000 years about 20 of these events 
appear to have been so severe as to have radically affected the history of 
many societies in quite different parts of the world in a year or within a 
very few years. This book is intended to constitute a brief guide to these 
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relationships, revealed between documented historical and economic 
change and El Niño-caused extreme events. The book is envisioned as a 
stimulus to new approaches to the explanation of economic periodicities 
and historical problems that have long troubled and puzzled scholars and 
the public alike.

This is not, however, the only history of El Niño included in this 
book. Whilst a picture of El Niño dynamics in the past is beginning to 
emerge, as is demonstrated by the story of El Niño Modoki described 
above, El Niño science is still developing. At various times since its dis-
covery, El Niño has been understood as an ocean current, an atmos-
pheric oscillation, a Pacific-wide quasiperiodic event, a global climate 
mode, and a complex phenomenon with multiple ‘flavours’. Moreover, 
the ways that societies have understood the phenomenon have always 
changed and this understanding has itself had implications.

To present a full picture of the role of El Niño in world history, it 
is therefore necessary to address both the effects of El Niño on society 
and the changing ideas of what El Niño constitutes. This book sets out 
to elucidate both of these histories, with the two histories represented 
broadly by the writings of the two authors. In Sections I and III, Richard 
Grove discusses the role of El Niño on economic and political changes 
in history and the human cost of the phenomenon. In Sections II and 
IV George Adamson discusses the different ways that El Niño has been 
understood and researched. These two histories are contingent upon 
each other: reconstruction of historical El Niños is reliant upon the sci-
entific understanding of El Niño at the time that the reconstruction was 
undertaken, and new insights into the behaviour of El Niño in the past 
shape cultural understandings of El Niño in the present. They are also 
occasionally competing, but they cannot be read in isolation.

The first section of the book is written by Richard Grove and is enti-
tled A Millennial History of El Niño. This section is comprised of four 
chapters. Chapter 2, ‘El Niño in Prehistory’, discusses the evidence of 
El Niño’s impact on society in the deep past. In particular the chapter 
focuses on three periods of severe El Niño activity associated with pro-
longed droughts in El Niño teleconnection regions: around 4200, 3200 
and 1300 years ago. All of these periods were associated with profound 
social changes, including the climate crises of the ancient riverine socie-
ties of the Middle East and Asia around 2100 BCE (Before Common 
Era), the global impacts of droughts around 1200 BCE and the role 
of El Niño in major social changes in South Asia and Central America 

http://dx.doi.org/10.1057/978-1-137-45740-0_2
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during the first millennium CE (Common Era).25 Chapter 3 outlines 
the ‘El Niño Chronology and the Little Ice Age’.26 The focus here is 
primarily on famines and their effects on populations, particularly the 
influence of El Niño on the Seventeenth Century Crisis in South and 
Southeast Asia.27 Chapter 4 relates to one specific major El Niño towards 
the end of the Little Ice Age, ‘The “Great El Niño”, 1790–1794’. The 
impacts of this event are drawn together from multiple observers writing 
during the period, often working under the auspices of the British East 
India Company. Chapter 5 discusses ‘The Influence of El Niño on World 
Crises in the Nineteenth Century’, particularly the possible role of El 
Niño-related drought in the Great Agricultural Depression of Ethiopia 
and the Horn of Africa in about 1880.28

Section II by George Adamson is entitled The Science of El Niño and the 
Southern Oscillation. This section is comprised of two chapters, address-
ing El Niño’s discovery and its historical reconstruction. Chapter 6,  
‘The Discovery of El Niño’, discusses the history of El Niño science, a 
complex narrative consisting of the discovery of two entirely separate 
phenomena—the oceanic El Niño current and the atmospheric Southern 
Oscillation—and their eventual combination into ENSO. The evolution 
of these ideas through the different practices of knowledge generation 
that have categorised climate science and oceanography during the last 
100 years is also discussed. Chapter 7, ‘Cataloguing the El Niño’, can be 
read as both a history of the palaeoclimatology methods that have been 
used to reconstruct El Niño and an explanation of the techniques used to 
generate the scientific understanding of historical El Niño. This chapter 
therefore functions as both a narrative on its own and a reference point for 
other sections of the book.

Section III, El Niño and Epidemic Disease, is an extended essay by 
Richard Grove on the influence of El Niño events on the history of epi-
demic disease incidence, dating back to the Classical world. It addresses 
malaria, cholera, yellow fever, influenza and the plague, all of which tend 
to thrive under the specific climatic conditions that are associated with 
El Niño. In particular, Chap. 8 explores the possible role of El Niño in 
the fourteenth century Black Death, the transport of malaria to ancient 
Greece, and numerous influenza pandemics.29

Lastly, Section IV is concerned with El Niño in Contemporary Society, 
specifically the twentieth and twenty-first centuries. This is a period that 
witnessed several significant El Niño events, notably those of 1982–
1983 and 1997–1998. The twentieth century saw a massive reduction 
in deaths related to El Niño, but also the birth of the idea El Niño,  

http://dx.doi.org/10.1057/978-1-137-45740-0_3
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http://dx.doi.org/10.1057/978-1-137-45740-0_8
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that is, the El Niño that is written about by scientists and discussed in 
the media. This imaginative El Niño now has as much impact on society 
as the physical phenomenon. The first chapter in this section addresses 
the impacts of ‘El Niño in the Twentieth Century’ (Chap. 9). The sec-
ond discusses the emergence of ‘El Niño in the Public Imagination’ dur-
ing the last three decades and the way that this idea of El Niño continues 
to affect societies (Chap. 10). Finally, the postscript provides reflections 
on anthropogenic climate change and the future of El Niño and El Niño 
science.

The book is therefore intended to provide a concise introduction to 
El Niño in world history during the last five millennia, both as an idea 
and a physical phenomenon. It is not intended to advocate a new kind 
of climatic determinism, but to draw attention to a major new tool of 
historical analysis.
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Although it is still a hotly contested area of academic debate, most recent 
research indicates that the El Niño phenomenon as we know it today was 
preceded by a period of relative stability and is probably very little more 
than 5000 years old.1 This time span approximates to what has conven-
tionally been known as the age of the great civilisations, and especially 
to the eras of the ancient riverine societies of the Middle East and Asia. 
Potentially, therefore, we ought to be able to trace and tabulate almost 
the entire history of the passage of El Niño events in a written record, 
since the age of El Niño has also been the age of writing in its broadest 
sense. There are major advantages in being able to have access to a docu-
mentary record of El Niño, not least because it may have the capacity for 
a much higher resolution of data information than a physical archive of El 
Niño. Equally, historical documentary evidence can provide deep insights 
into the interaction between El Niño events and the human and biological 
worlds of the past, in a way that physical evidence never can.

The limited development of a historical record of El Niño occurrence, 
either regionally or globally, is partly due to the relatively recent realisation 
of the part played by El Niño in extreme climatic events. This realisation 
and an awareness of El Niño in general, has only seriously emerged within 
the last thirty-five years. The pioneer of El Niño historical documentation 
was William Quinn, who published his first paper on the topic in 1978.2 
Quinn assembled historical and archival references to the effects of the El 
Niño warm current off the coast of Peru from Spanish colonial archives, as 
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well as records of some drought events in Southeast Asia, to construct an 
initial table of El Niño events of varying severity between 1520 and 1986.

Only more recently has Quinn’s pioneering work been enlarged upon, 
and his errors rectified, by other scholars.3 The resulting corpus of work 
on historical El Niño chronology, most of it confined to the occur-
rence of El Niño phenomena in the Pacific basin, has begun to allow 
us to explore the global impact of El Niño events in limited parts of the 
world, in particular during the period after 1520. Since about 1992 other 
kinds of documentary and physical data have also begun to be explored 
for their potential in charting the impact and behaviour of El Niño. 
Their use is based largely on an emerging understanding of the relations 
between the Pacific El Niño, the Asian and Indian Ocean monsoon and  
other indicators of the global impact of some El Niño events. However, 
in this section I pay special attention to the contribution that can be made 
by an emerging body of research on the history of monsoon failures in 
South and Southeast Asia, and also in Ethiopia and Southern Africa.

Application of the available data we now possess on El Niño occur-
rence lends historians a powerful tool. This is not only through a new 
ability to understand the timing of short-term climatic extreme events 
which the new El Niño data allows, but through a new interpretation 
of much longer term climatic trends associated with El Niño. From 
about 900 CE to 1200 CE a ‘Medieval Climate Anomaly’ (MCA) can 
be recognised.4 We can now suggest on the basis of a variety of evidence 
that this was also a period characterised by infrequent and weak El Niño 
and La Niña events.5 During the later more severe periods of the Little 
Ice Age (LIA), El Niño episodes were occasionally stronger, possibly 
longer in duration and much more frequent. Latterly, from the end of 
the LIA until about 1972, El Niño events were weaker and less frequent 
and then, in the last three decades of the twentieth century, they again 
became stronger and more frequent.

The El Niño record now offers historians and others the opportunity 
to acquire radical new insights into relatively long-term economic cycles 
as well as catastrophic economic and social events. In this section it is 
suggested that conspicuous periods of economic depression, whose 
causes have long puzzled historians and economists alike, may be attrib-
utable at least in part to El Niño episodes, strengths and frequencies. 
The ‘Seventeenth Century Crisis’ of the temperate and tropical latitudes, 
and the ‘Great Agricultural Depression’ of Asia and the West in about 
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1880, just to take two examples of such historical labelling and periodi-
sation, are likely to have been linked to patterns of El Niño occurrence. 
Of course, other kinds of major physical impacts on weather systems 
cannot be excluded in their effects. For example, we know that the dust 
emanating from volcanic eruptions may have had considerable influence 
on atmospheric cooling at some periods in the past, indeed the recent 
past. So too, it has been posited, that the dynamics of the solar system 
and planetary movement may help to explain the timing of the mid- 
Holocene onset of El Niño itself.6

There is gathering evidence of a dynamic global linkage between the 
El Niño system and pressure variability in the North Atlantic that helps 
to control temperate climates, especially in Europe and central Asia. This 
linkage means that the impact of El Niño can be linked with extreme 
climatic events occurring in temperate latitudes in Europe and central 
Asia, at least in some years. The implications of this linkage are criti-
cally important. Above all, it opens up the possibility of global as well as 
regional climatic, and thus economic, crises being associated with major 
El Niño/La Niña events. The evidence for such crises is explored below.

The Climatic and Social Setting for the Beginnings  
of El Niño in the Last 20,000 Years

For the world as a whole, three different periods of climatic and  
biological activity can be distinguished in the last 20,000 years. The first 
might be loosely called a state of low activity, the second a state of high 
activity and the third a state of reduced activity.7 At the height of the 
last glacial episode, from some time before 20,000 to about 13,000 years 
ago, global biological activity and terrestrial biomass were at low levels. 
Ice desert occupied 40% of the Polar Regions and glaciers were active 
in middle latitudes, the semi-arid regions of the present day. Extensive 
lakes were present in the South-West United States and other mid-
latitude regions, the result of low temperatures and evaporation rather 
than increased precipitation.8 In general, the tropical regions were drier 
than at present.9 Active sand dunes occupied much of the Sudan zone 
of Africa,10 the semi-arid regions of northwest India,11 north-central 
Australia,12 and savannah lands in the Upper Orinoco and Sao Francisco 
rivers in South America.13 Arid conditions thus extended into regions 
that are now considered as semi-arid.14
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About 15,000 years ago global climatic conditions ameliorated, with 
precipitation increasing and temperatures rising, though not steadily. 
By 9500 years ago basins in tropical Africa held very extensive lakes.15 
About 7000 years ago climates again began to deteriorate, fluctuating 
from time to time, but about 5000 years ago (~3000 BCE) becoming 
somewhat cooler and, in tropical Africa at least, markedly drier. Since 
4500 Before Present (BP) there have been short-term fluctuations of cli-
mate. Whilst on a smaller scale than those of the preceding 15,000 years, 
these fluctuations—especially those associated with El Niño—have been 
capable of catastrophic effects, particularly for the stability of settled agri-
cultural societies. Some of the worst effects of these shorter-term climatic 
shocks (including those of El Niño) were felt precisely in those afore-
mentioned regions where the earliest complex settled and earliest urban 
societies first evolved.

Why are the semi-arid lands and the climatic changes within them 
in the last 5000 years so important for understanding the evolution of 
human society? These lands were the scene of the beginnings of pas-
toralism, the cultivation of cereals, and urban living between 10 and 
5000 years ago. This environment has always been attractive to people, 
even though conditions for habitation were liable to deteriorate towards 
desert. In tropical semi-arid regions, the soils derived from dunes that 
were active in the last glacial period—though leached and gullied in 
the succeeding period of high biological activity of early Holocene 
times—are often productive under cultivation. They are especially suit-
able for crops like groundnuts and bulrush millet, sorghum and more.16 
Pastoralism probably evolved in the semi-arid lands, as symbiotic rela-
tionships developed between people and certain species of animals. Today 
much semi-arid land is devoted to pastoralism, although its importance 
in terms of the numbers of people involved in pastoral production and 
its value in those regions is commonly exceeded by agriculture and other 
activities. Generally the seasonal variations and the availability of water 
and grass result in nomadism or, more commonly, regular seasonal 
migrations comparable to those of antelope and other wild animals.

The harvesting of grasses and the sowing of cereals originated in semi-
arid regions, probably in the lands around the eastern Mediterranean in 
the late Quaternary.17 Cereals like sorghum were domesticated on the 
south side of the Sahara about the end of the last humid period. The 
desert and its semi-arid margins continued to provide the setting for later 
civilisations: Persian and Harappan, Greek and Roman in North Africa, 
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the early riverine empires, the Islamic world extending from Morocco to 
India, and the empires of Ghana and Songhai in the western Sudan. The 
environments of these regions were always variable, being particularly 
vulnerable to water shortage and thus to short-term variability of cli-
mate, although they were much wetter during this period than they are 
today. When rapid climate change did come about in the third and sec-
ond millenniums BCE—at the end of what has been called the Neolithic 
Wet Phase—it was these semi-arid areas, with their cities, empires and 
flourishing pastoral societies, that responded most rapidly and cata-
strophically to the rigours of extreme climatic events.18

The Antiquity of the Holocene El Niño

Although the El Niño phenomenon probably existed in some form 
during previous glacial and interglacial periods of the Quaternary—
as demonstrated in cores documenting upwelling during the past 
430,000 years—the available evidence suggests that the first onset of the 
modern El Niño (that is, the El Niño Southern Oscillation (ENSO) in its 
present form) took place in the second half of the Holocene, at around 
4000–5000 years BP.19 This followed a period of very low ENSO activity 
that had existed for at least 3000 years, with very low rainfall in eastern 
South America and no human occupation in the Atacama Desert.20 In 
earlier parts of the Holocene El Niño activity was sporadic, and much 
weaker than today.21

The palaeological evidence for the shift to the modern El Niño regime 
during the middle–late Holocene is varied and persuasive. Rollins and 
Sandweiss suggest a 5000 BP date in the context of a major reorgani-
sation of the East Pacific water structure, proposing that the boundary 
between the warm Panamanian province and the cold Peruvian province 
was located 500 km south of its current location.22 They base this on a 
change from warm-water to cold-water molluscan fauna at archaeological 
sites at this latitude in 5000 BP. Oxygen isotopes in mollusc shells sug-
gest the modern ENSO regime was established around 4500 years ago. 
Early beach ridges in coastal Peru—representative of El Niño floods—
can also be dated to around this time.23 Beach ridge data from the cen-
tral Brazilian coast shows evidence for the operation of El Niño back to 
5100 BP24; in this case, beach ridges were caused by a reversal of long-
shore sand transport during an El Niño. There is clear evidence for seven 
reversals (El Niño-like episodes) between 5100 and 3900 BP.



24   R. GROVE

Sediment deposits in an ocean core off coastal Peru show a return to 
severe flooding events around 3500 years ago after an absence of around 
5000 years, suggesting a move towards El Niño-dominated conditions.25 
Chemical analysis of plankton in a core near Galapagos shows increases 
in sea surface temperature variability around 4000 BP,26 with very simi-
lar information in a core from the western Pacific.27 Lakes Pallcacocha 
in Ecuador and El Junco on Galápagos both show evidence of more El 
Niño-like conditions after 5000–4200 BP,28 and on the South American 
mainland a pollen and lake-level study from eastern Amazonia—an area 
that would be drier during an El Niño event—shows forest regression 
from 7000 to 4000 BP, which can be interpreted as a series of dry and 
wet periods (that is, El Niño and La Niña).29 From 7000 to 3900 BP 
water levels in Lake Titicaca fluctuated around a position much lower 
than is currently found, suggesting a succession of droughts; that is, a 
succession of El Nino-like conditions.30 Pollen records in Australia and 
New Guinea also demonstrate increased vegetation disturbance around 
this time,31 and evidence of forest fires in sediments in Indonesia, 
Melanesia and Australia increases after 5000 BP.32

This evidence therefore leads us to suggest that El Niño was oper-
ating in its present form by approximately 5000–4000 BP.33 The dura-
tion of some El Niños may have been longer during this period, lasting 
for decades or longer instead of a year or two.34 Significantly, this is the 
time period when crop plants began to be introduced into the Peruvian 
coastal desert and Andean Altiplano.35 The emergence of settled agri-
culture may well have been a social response to the emerging El Niño 
conditions which necessitated storable crop items to sustain populations 
during extended drought periods. Similar responses may have encour-
aged urbanising processes along river valleys, where sustainable agricul-
ture could be carried on despite drought. It is many years now since the 
German polymath Karl Wittfogel put forward the notion of ‘Hydraulic 
Civilisations’ to explain the appearance of the great riverine societies of 
Egypt, Mesopotamia and the Indus.36 Wittfogel argued that the social 
complexity of the task of controlling seasonal floodwater and irrigation 
systems had served to stimulate the formation of structured and geo-
graphically-extensive systems of government for large agrarian popula-
tions. His theory remains open to debate, but perhaps we also need to 
ask whether the periodic major droughts and floods associated with El 
Niño and La Niña may also have stimulated or shaped such societies or 
encouraged their first settlement. Such matters will have to remain rather 
speculative until we can date early El Niño events more accurately.
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El Niño and a Cultural Revolution Among  
the Australian Aboriginal People in the Third 

Millennium BCE
When does the first clear physical evidence of El Niño-caused droughts 
affecting human societies start to appear? The first strong evidence of rapid 
aridification and dust flux conditions within the parameters of the period 
identified by Sandweiss from molluscs, Moy from lake sediments, and 
Shulmeister from pollen remains, relates to North Africa and Arabia about 
3500 BCE (~5500 BP). Frank Sirocko has very roughly identified this dry 
period event from marine sediments.37 But more elaborate evidence for a 
global climate crisis of the kind that might have been caused by El Niño or 
La Niña only starts to emerge for the next millennium, when a wide variety 
of physical proxy data in a continuous zone from the Sahara in the west to 
Tibet in the east suggests a rapidly developing aridification event, or events, 
between 2350 and 2075 BCE, especially at around 2200 BCE.38

The Dutch palaeoclimatologist Timme Donders and colleagues 
have proposed pollen evidence for the dating of the onset of an El 
Niño-dominated climate in tropical Australia around 5000 years ago.39 
It was around this date that a number of major cultural changes took 
place in Australian Aboriginal cultures. Alterations occurred in stone tool 
forms, the dingo was introduced, and new resources such as the toxic 
macrozamia and cycad fruit were used. Archaeological evidence suggests 
a more intensive use of occupation sites indicated by a higher density of 
material being discarded, many sites being occupied for the first time. 
Possibly more importantly, a very substantial language replacement seems 
to have taken place.40 A new language family, Pama-Nyungan, spread 
out over seven-eighths of Australia.41 It is not clear whether new micro-
lithic tool culture enabled this diffusion or vice-versa, but it has been 
suggested that sudden and catastrophic climate changes may help to 
explain the change in tool use, perhaps as different prey species necessar-
ily became preferred as the hunting and faunal environment changed.42

The concept of intensification in Aboriginal culture is over thirty years 
old.43 Archaeologists have really broken into two different camps over 
the issue. One group suggests that intensification at occupation sites 
was due to an inexorable growth in population, representing a response 
to environmental change of an unspecified kind.44 Another camp, far 
more influential and controversial (and, dare one say, fashionable), sug-
gests that intensification was quite independent of environmental change 
and could be explained by a model of a new kind of social structure.45  
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This last is a dialectic argument, with transformation dependent on insta-
bilities in the social system itself.46 But it is probably also unnecessarily 
complex. From what we now know of the impact of a severe El Niño on 
semi-arid Australia, the onset of El Niño conditions in Australia in about 
2000–3000 BCE would periodically have provided survival challenges 
for the population in large parts of the continent.47 Some populations in 
southern or semi-arid Australia may have died out or been marginalised, 
or been entirely replaced by surviving populations from further north, 
as the language evidence seems to confirm.48 Indeed in regions where 
one would predict rainfall surpluses in El Niño conditions, a ‘marked 
intensification of Aboriginal use of the region took place beginning 
3000–5000 years ago’.49 The onset of an ENSO-related climate phase 
may therefore be an important influence in the kinds of major cultural 
changes which took place at that time but for which satisfactory explana-
tions have never really been found to date.

The Third Millennium BCE Climate Crisis,  
2200–1990 BCE

A western Pacific sediment core analysed by J. M. Brijker and colleagues 
provides us with an indication of the early activity of the Holocene El 
Niño. The core shows stronger El Niño activity around 4200, 3700 and 
3300 BP.50 These first major periods of severe El Niños during the late 
Holocene correspond very closely with a number of significant droughts 
that affected major northern hemisphere civilisations, especially those 
of Mesopotamia and Egypt in the late Third Millennium BCE. There is 
some very early, but only scanty, written or epigraphical historical evi-
dence for these events. The earliest literate societies, particularly those of 
Ancient Egypt, have left us with a clear impression of the colossal impact 
of drought episodes in 2200–1850 BCE, in 1500–1650 BCE and in 
1150–1250 BCE. Barbara Bell, the archaeologist who has done most to 
enlighten us about the events of those times, has called them the ‘Dark 
Ages’ of ancient history.51 Bell related the major economic and demo-
graphic crises in Egyptian history to episodes of very low water levels in 
the River Nile, which we now know to be closely associated with El Niño 
events. Bell showed, from an examination of texts and inscriptions, that 
severe famines were caused by droughts that occurred over a period of 
no more than 50 years, between about 2180 and 2130 BCE. A second 
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drought period, somewhat less severe, was experienced in the decade 
between 2002 BCE and 1991 BCE. As well as causing chaos and crisis in 
Egypt the first of these drought periods appears to have precipitated the 
rapid decline of the Akkadian empire and quite possibly the Harappan 
Indus Valley civilisation.52

The causes of the severe droughts that caused the downfall of the 
Akkadian are currently still disputed but fall into the ‘volcanic erup-
tion’53 and, more recently, ‘El Niño’ or ‘La Niña’ categories of explana-
tion.54 These disputes between camps characterise much analysis of the 
causes of extreme climatic events in the time span of the Holocene El 
Niño. However, in the case of the first great climatic crisis of the period 
of which we have much knowledge the influence of severe El Niños is 
tending to emerge as the most likely important cause. As well as the 
aforementioned Pacific sediment core,55 a sudden increase in sand pre-
served in the sediment record of El Junco Crater Lake on Galápagos 
around 4000 BP suggests a large increase in El Niño frequency at this 
time.56 Thierry Corrège and his colleagues have shown (see Fig. 2.1), 
in an analysis of 50 years of a massive Porites coral that very power-
ful El Niño events took place at least four times during the period, in 
4166, 4161, 4149 and 4133 BP (±15 years in each case). These are not 
explainable in terms of volcanism since eruptions so large would have 
produced signatures elsewhere around the world, in particular sulphate 
peaks in the polar ice core. The evidence of Corrège and his colleagues 
therefore shows us that powerful La Niña events, occurring between El 
Niño episodes, are likely to have brought about the relatively short-term 
droughts in northern Syria that may have proved catastrophic for the 

Fig. 2.1  Mid-Holocene coral-derived SST data, from Corrège et al., ‘Evidence 
for Stronger El Niño-Southern Oscillation (ENSO) Events in a Mid-Holocene 
Massive Coral’



28   R. GROVE

Akkadian empire in 2220 BCE.57 The same El Niño events may also help 
to explain evidence of simultaneous civilisational collapse in Egypt and at 
Harappa in Northern India.58

These unusual and prolonged droughts had significant cultural effects. 
The archaeologist Barbara Bell, for example, has suggested that the great 
increase in the popularity of the god Osiris, ‘a divinity who had himself 
suffered death and resurrection in the process of transfiguration’ dur-
ing the first Dark Age, relates to the nature of the drought crisis through 
which the Egyptians were passing.59 This god, as one of ‘the forces of 
nature’, personified the growth of plants through the stimulus of the life-
giving water of the Nile, both of which were in critically short supply.60 
Another god whose popularity, or in this case unpopularity, may have 
been influenced by the onset of drought during the period was the god 
Seth. The archaeologist Gerald Averay Wainwright states that Seth was 
considered to be originally a storm god of great antiquity, and to have 
originated in the fourth millennium BCE as a god of ‘the blessed and yet 
dangerous storm’. As the rains became rare his rites became a nuisance 
and he eventually slipped from his high estate and became the personifi-
cation of evil.61 With the onset of serious drought, everything from the 
desert became sinister to the Egyptian peasant. ‘Out of the southwestern 
desert came sandstorms and bad weather sent by Seth, Lord of the Libyan 
Desert,’ wrote Hermann Kees of this transition in the nature of Seth.62

Research by Gurdip Singh, a renowned Indian pioneer of palynology, 
shows that a severe aridification of the North Indian environment started 
to take place around 3800–3500 BP, during the second period of severe 
El Niño activity.63 Work on marine cores shows that these conditions 
persisted for a long time, until 2600 BP and possibly until much later, 
in low latitudes in many parts of the world.64 It was during this period 
that the prehistoric kingdoms of late Harappa, already severely affected 
by the droughts of 2200 and 2000 BCE, started to falter and decline. 
This was a period of increasingly aridity, which, as Gurdip Singh puts 
it, became ‘gradually more intensive and continued until 1200 BC after 
which desertic conditions prevailed’.65

Possibly the most famous narrative of calamitous climate change dur-
ing this period is that told in Genesis concerning the ‘seven fat years 
and the seven lean years’ of Egypt, a story relating to Joseph, believed 
to originate from around 1900–1600 BCE. Genesis describes how the 
seven years of famine extended ‘all over the face of the earth’, so ‘all 
countries came to Joseph in Egypt to buy grain, because the famine 
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was severe in all lands’.66 Genesis is especially detailed in this account, 
particularly when it comes to describing wind directions. ‘The seven 
empty heads blighted by the east wind,’ Joseph told the Pharaoh, when 
analysing his dreams, ‘are seven years of famine’.67 The prevalence of the 
east wind alluded to here is strongly suggestive that the dry eastern trade 
winds of a long El Niño event blew across Egypt during the time of the 
famine of Joseph. But Egypt was not alone in suffering these long epi-
sodes of severe drought half way through the second millennium BCE.68 
Occurrences of high rainfall in winter near Jerusalem and Lake Galilee 
correlate strongly with El Niño events, by contrast with the situation 
which pertains in Egypt.69 If Joseph’s brothers were driven south out of 
Israel by drought, then we must suspect that a long La Niña event may 
have been involved in their plight.

The Crises of 1250–1150 BCE
The third period of severe El Niño conditions during the late Holocene 
centred on a period around 3300 BP.70 Information from multiple 
Pacific sources suggests a step increase in El Niño frequency around this 
time.71 During this relatively short period of severe climatic transition 
before and after 1200 BCE, a series of extraordinary events took place at 
a wide variety of locations across the globe. Evidence suggests that these 
changes were extraordinarily rapid. In general, they involved the onset 
of aridity in the subtropics and tropics and the onset of wet, cold and 
stormy conditions in temperate lands. Significant vegetation changes in 
Australia and New Zealand were also witnessed, demonstrating increas-
ing variability in the ENSO.72 Many of these changes are indicative of 
the effects of severe El Niño episodes:

1. � An extended drought affected Greece. The worst affected areas 
were Crete, the Southern Peloponnese, Boetia, Euboea, Phokis 
and the Argolid. This drought seems to have led directly to the 
decline of the Mycenaean civilisation.73

2. � Near the end of the thirteenth century BCE, the Hittites left the 
Anatolian plateau and moved into Northern Syria, a move usually 
attributed to extended famine, especially in the accounts of the 
Greek historian Herodotus.74

3. � People from Libya tried to emigrate to Egypt taking their pos-
sessions with them and leading directly to serious conflict with  
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the Egyptians under Pharaoh Merneptah (1236–1223 BCE).75 
These battles were vividly recorded in Egyptian inscriptions and 
rock-carving. The Libyan invaders were supported by ‘sea peo-
ples’ from Anatolia, and possibly Crete and Cyprus, who had 
earlier fled themselves from the effects of drought and famine.76 
In fact, the Hittites had already, during the reign of Rameses II  
(1304–1237 BCE), been forced to make peace with Egypt after 
the battle of Kadesh due to droughts and invasions on their north-
ern flank. The Hittites, who had been a dominant West Asiatic 
power, declined from that time on.

4. � Disastrous floods occurred on the Hungarian plain in about 1200 
BCE. Brooks believed that these floods ‘caused a great eruption 
of Bronze Age peoples from the Hungarian plain, which prob-
ably occurred soon after 1300 BCE and carried the Phrygians into 
Asia’.77 It is quite likely that this was a stimulus that caused large-
scale migrations to a drier climate.

5. � Lake Naivasha in west-central Kenya dried out during the Sub-
Boreal to Sub-Atlantic transition,78 the Caspian Sea rose substan-
tially at about 1200 BCE,79 and Owens Lake, in eastern California, 
overflowed at this time.80 Meanwhile in 1200 BCE the snowline in 
Norway is reported to have sharply lowered.81

6. � Alpine folk legends and cessation of gold mining in the Alps 
around 1200 BCE during Hallstatt times suggest an increase in the 
severity of the alpine winter climate.82

7. � Settlements in northern Persia were abandoned about the begin-
ning of the Sub-Atlantic period (approximately 1200 BCE).83 The 
abandonment has been attributed to drought.

8. � Lapita peoples migrating from either China or the Indonesian 
region started to arrive abruptly in the islands of the western 
Pacific, populating most of them for the first time.

9. � In India, the Chalcolithic people deserted most of the Jorwe set-
tlements in Maharashtra after 1220 BCE and by 900 BCE they 
had completely abandoned their habitations and irrigation systems 
and become pastoralists. Acute changes of vegetation after about 
1500 BCE have been observed in marine cores from the Kalinadi 
River,84 which rises in the Western Ghats, and such changes were 
much more marked at about 1200 BCE.
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Drought and the End of the Mycenaean Civilisation/Troy VIIB  
and a Scenario for the Trojan War

When we look more closely at these events at around 1200 BCE we find 
ourselves looking at societal situations which, because they were already 
delicately balanced in terms of populations and resources, were highly 
vulnerable to even very short-term extreme climatic events such as El 
Niño. The American climatologist Reid Bryson, for example, has argued 
that even one short and severe drought would have made Mycenaean 
agriculture very precarious indeed.85 Comparison with contemporary 
climatic patterns shows that if this pattern had prevailed in Mycenaean 
times one might expect widespread population shifts in Turkey and an 
influx of people from Cyrenaica and Israel into the Nile Valley, very 
much as repeat performances of the droughts in ‘Joseph’s dream’ and 
the ensuing famines. A displacement of the whole subtropical arid zone 
appears to have given rise to the kind of easterly wind pattern alluded to 
in Genesis.

There is some indication that the impact of El Niño drought on 
Mycenae may have been connected with the fall or rapid decline of ‘Troy 
VIIB’: the city of Priam. This is the city described in Homer’s Iliad, 
quite possibly assaulted by Mycenaeans, but possibly by other peoples 
displaced by drought as part of the nomadic chaos described by the 
archaeologist Nancy Sandars in her famous book, The Sea Peoples.86 We 
should note that Sandars herself found no workable explanation for the 
wanderings of the sea peoples, but a climatic explanation did not occur 
to her. Debates over the historicity of the Trojan Wars and the accounts 
in the Iliad and the Odyssey are too detailed to cover in any sufficient 
depth here. However, it seems very possible that the Wars took place 
between 1334 and 1184 BCE and that Mycenaean Greeks sacked Troy 
VI or Troy VIIa during the same period of drought that appears to have 
destroyed their own economic base. Excavations in the 1990s of Troy 
VIIbI (ca. 1230–1180–1150 BCE) have unearthed seals inscribed with 
hieroglyphic Hittite scripts, raising a whole series of questions about 
the relationship between Troy and the effects of a drought crisis on the 
Hittite empire that was disintegrating at the time in the east.87

The climatic crisis of 1200 BCE was not confined to the eastern 
Mediterranean, the Nile Valley and central Europe. Very sudden changes 
in the climates of Britain, France, Italy and Spain, for example, at this 
period, have long been familiar to archaeologists, without any connection 
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being sought or established with similar changes that we now know were 
going on in other parts of the world. After 1200 BCE conditions became 
cold and stormy enough in central and western Europe to vastly reduce 
the geographical zones of settlement within a very few years.

Colin Burgess, an archaeologist long troubled by these rapid changes, 
compares what happened in Britain in the late second millennium BCE 
to the ‘nuclear winter’ that some scientists say would follow a nuclear 
war.88 While comparison to a nuclear winter and population losses of 
up to 90% in northern Britain may be judged over-dramatic, there was 
undeniably a remarkable contraction of settlement and agriculture in 
Britain and Ireland after 1200 BCE. Between the twelfth and the eighth 
centuries BCE, for example, the whole of the north of England between 
the Tees and the approaches to Edinburgh, and much of Wales, exhib-
its no settlement evidence at all. Late Bronze Age fortresses were built 
over areas that had been intensively farmed. After 1200 BCE archaeo-
logical evidence shows that people were forced to take refuge on river 
terraces and in river valleys. Burgess notes that the number of axe heads 
found was sharply reduced; but at the same time the range of weapons 
used increased dramatically, as might be expected of a time of fierce 
competition for land and resources. Population only started to recover 
in Britain and the Aegean in the eighth century BCE when settlements 
reappear in the archaeological record in areas that had been apparently 
empty of people for 400 years. A violent and widespread disruption took 
place in Italy during the period, when the great plains of the Po were 
abandoned.89 While Burgess suggested, without any real evidence, that 
volcanic eruptions might be responsible for these occurrences, a displace-
ment of the Mediterranean Jetstream caused by prolonged El Nino con-
ditions is probably just as likely.90

The Pacific and East Asia at 1200 BCE

In the Pacific littoral abrupt change occurred at around 3000 BP.91 
Lapita people colonised Fiji around this period.92 The advent of Lapita 
pottery in the New Guinea, western Pacific and Melanesian area at 
around 1500 BCE allows us at least 1500 subsequent years of good 
archaeological visibility, and some notion of the first human colonisation 
of this part of the Pacific.93 At around 1000 BCE there is evidence of 
intensive new beach occupation at Apalo in the Arawe islands. Similarly, 
and at the same time period (1200–1000 BCE), the first colonisation 
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started to take place on Fiji, accompanied by evidence of large-scale 
animal extinctions and deforestation.94 This earliest phase of Pacific colo-
nisation may well be related to a southward movement of Lapita peo-
ple, stimulated by climate change and aridity further north in the source 
areas (for example Taiwan or Indonesia) of the population.95

Much further north, in China, some scholars consider the Shang 
Empire to have come to a hasty end due to rapid climate change and 
resource depletion.96 Others, such as the Russian historian E. S. Kulpin, 
believe that rapid climate change actually precipitated the formation 
of classical Chinese civilisation.97 Increasing drought incidence may 
have led to concentrations of populations in river valleys where agricul-
ture could be sustained. While the changes of 1200 BCE caused some 
major land migrations, the most marked changes may have been those 
that stimulated seafaring and displacement to new lands. The settlers of 
Fiji were by no means alone in moving at this period. The Phoenicians, 
for example, also probably reached the Atlantic in about 1200 BCE and 
made an important settlement at Cadiz.98 It appears therefore that the 
effects of El Niño around 1250–1150 BCE were genuinely global.

The ‘Dark Ages’ and El Niño: The Crises  
of 500–1000 CE in South Asia and South America

The climate in the Old World appears to have been relatively congenial 
from about the fifth century BCE to the fifth century CE. This period 
saw the flowering of empires and prosperity, notably ancient Greece and 
Rome, the Achaemenid in West Asia, the Han in China and the Gupta 
in India.99 Glaciers in Europe were relatively small from 300 BCE to 
400 CE.100 High floods were recorded in the Nile, indicative of strong 
monsoons and infrequent weak El Niños. Lake deposits in Ecuador and 
corals at Kirimati (Christmas Island) both suggest low El Niño activ-
ity,101 although El Niño was not entirely absent.102 The transition to a 
more variable climate after 500 CE was rapid. Between 500 and 900 CE 
El Niño events were the most regular they have been for the whole 
Holocene,103 peaking at around 700 CE.104 Rivers in Europe were often 
frozen in winter and ice was recorded even on the Nile.105

Archaeologists have long observed that the vast majority of Indian 
ancient sites were deserted after 500 CE, and it was first suggested in 
1975 that rapid climate change might have been responsible.106 A very 
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swiftly developed arid phase was recorded in North India after about 
500 CE in what has been termed, both in India and Europe, the ‘Dark 
Ages’. The Indian historian RS Sharma has demonstrated that several holy 
places, once associated with lakes, dried up because of the advance of sand 
dunes,107 and it appears that after the sixth century the river Saraswati (now 
Ghaggar) frequently failed to carry water. Severe aridity is evident from 
heart-rending descriptions of prolonged droughts in the Das-Kumara-
Charitan of Dandin of the eighth century, the author giving harrowing 
details of famine he witnessed in the city of Trigarta. We are told there was 
almost no rain for 12 years and as a result crops withered, medicinal herbs 
lost their power and trees bore no fruit. The same is probably reflected in 
the Narada-Purana (Uttaradha 72V24) in a story about the origin of the 
Godavari River.108

This prolonged famine seems to have been widespread almost all 
over Western India. It is corroborated by the Javanese chronicles, which 
record that about 600 CE a ruler of Gujarat was warned of an approach-
ing calamity and consequent destruction of his kingdom. He therefore 
despatched his son along with 5000 followers, among whom were culti-
vators, artisans, writers, warriors and physicians in six large and 100 small 
vessels to Java. They there laid the foundation of a great civilisation, 
to which the magnificent monuments of Borobudur today stand testi-
mony.109 Yuen Chwang, who travelled in India in 629–641 CE, found 
all the Buddhist towns of north India in a deserted state. The frequent 
droughts of the period 400–900 CE encouraged the worship of a new 
goddess, Durga. In the ancient Sanskrit texts she was connected with 
vegetative fertility and because of her association with vegetation she was 
probably worshipped to ward off droughts.

In the Andes, in the late sixth century, the Moche civilisation suffered 
a 30-year drought, followed immediately by severe El Niño flooding. 
The Moche capital was destroyed, field and irrigation systems were swept 
away and widespread famine ensued.110 Whilst the Moche were reliant 
on El Niño rains for irrigation they lived in an environment highly sensi-
tive to El Niño flooding. During most El Niño events Moche engineers 
simply reconstructed damaged irrigation systems, sometimes engaging 
in human sacrifice to try to ensure longevity for their new structures.111 
However, subsequent downcutting of riverbeds left irrigation canals 
high and dry, impeding restoration of the system and challenging the 
authority of the priest-elites, ultimately leading to the end of the Moche 
civilisation.112
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The Impact of Mega-El Niño Events on Pre-Columbian Populations 
in the Caribbean Area

Betsy Meggers has shown how major El Niño events show up as impor-
tant influences on the pre-Columbian history of Latin America and the 
Caribbean area, where drought is a major consequence of El Niño epi-
sodes. The brevity of even the most severe episodes and the capacity of 
rainforests to withstand or recover rapidly from short-term water stress 
tends to eliminate changes in composition of vegetation that would 
permit the detecting of prehistoric droughts in pollen records from the 
central lowlands. However, circumstantial evidence for aridity sufficient 
to permit conflagrations is provided by charcoal in the soil throughout 
northern Amazonia, in locations unsuitable for cultivation and conse-
quently unlikely to be the result of human activities. The dates of these 
burnt horizons tend to coincide with El Niño-caused flooding on the 
coast of Peru.113

Direct evidence of the catastrophic impact of mega-Niño droughts 
on prehistoric human populations in the Caribbean is provided by dis-
continuities in local archaeological sequences throughout the lowlands 
of northern Amazonia. These imply sufficient depletion of primary sub-
sistence resources to force semi-sedentary horticultural communities to 
split (‘fission’) into small groups and attempt to survive on wild foods 
until conditions returned to normal. Repeated episodes of fissioning and 
dispersal are reflected in the heterogeneous linguistic and genetic distri-
butions in tribes that inhabit the lowlands today.114 Since the northern 
boundary of the area subject to drought during El Niño events extends 
across the Caribbean, prehistoric populations of the north coast of South 
America, lower Central America and the Antilles are likely to have been 
affected. If so, local archaeological sequences should exhibit discontinui-
ties similar to and contemporary with those in Amazonia.

Several kinds of paleo-ecological evidence affirm the existence of 
short periods of drought in various parts of the Caribbean region after 
500 CE.115 Pollen cores from the eastern Amazonian region and north-
ern Colombia indicate the replacement of tropical forest by savannah as 
a consequence of reduced precipitation.116 Peat layers in drill cores from 
the lower Magdalena basin testify to droughts in about 500 CE and 
1300 CE. Reconstruction of fluctuations in water level of the lower San 
Jorge, a tributary of the lower Magdalena, identifies a period of excep-
tionally low flow around 600 CE.117 In Costa Rica, charcoal dated 
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to about 900 CE has been encountered in soil beneath normally non-
flammable rainforest vegetation,118 and similar evidence of an extreme 
drought in about 950 CE has been reported from southern Mexico.119

Some idea of the impact of El Nino events on pre-Columbian soci-
eties can be gained from analyses of comparable events in 1982–1983 
and 1997–1998. These indicate that, in some regions, recovery of the 
vegetation is rapid. In others, the composition of the vegetation can be 
altered significantly and perhaps permanently. These observations suggest 
that prehistoric mega-Niño events would have depleted the primary sub-
sistence resources of human inhabitants of the Circum-Caribbean region, 
forcing them to disperse and exploit alternative foods. In cultural terms 
these radical social shocks are reflected in major discontinuities in seri-
ated ceramic sequences in Amazonia. As Betty Meggers has exhaustively 
demonstrated, these discontinuities in pottery remains do occur and cor-
relate with the dates of known El Nino events, especially in Columbia 
and Venezuela.

The Collapse of the Classic Maya Civilisation

Between 800 and 860 CE there appears to have been a series of fre-
quent and very powerful El Niño events, peaking somewhere around 
850 CE.120 Hoddell and others have suggested that these events were 
the driest episodes in the last 8000 years.121 Evidence from poor Nile 
floods—a useful if problematic indicator of El Niño—indicates that there 
were very severe El Niño events in 803, 812, 830, 840 and 851, with 
other events interspersed that may also have been severe beginning in 
791 and resembling the period 629–713 in aridity.122 The most startling 
impact of these droughts was their effects on the Mayan city-states. The 
process is well described by historian Eric Thompson in his classic 1956 
work on the rise and fall of Maya civilisation. Thompson, who knew 
nothing of the El Niño or its rapid onset, wrote:

Through the seventh, eighth and part of the ninth century the pace quick-
ened; more and more buildings were added, more and more stelae were 
erected. Quality also improved. Masonry was better, buildings more spa-
cious, pottery finer, stelae more elaborate. Sculpture? Growing sensitivity 
and inspiration and then a touch of flamboyancy. Art students tell us that 
the last is a signal that the style has run its course and the seeds of decay 
are planted in the art and perhaps also in the culture that gave it birth.123
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But then Thompson goes on to describe the process of collapse:

Certainly for the Maya that was true. Toward the close of this fluores-
cence Maya cities were bright-hued as autumn foliage, and then the leaves 
began to fall. One by one, activities at the various cities ceased; no more 
stelae were erected, no more temples or palaces were built. In some cases 
work ceased so suddenly that platforms built to support buildings were 
left uncrowned and at Uaxactun the walls of the latest building were left 
unfinished. We can best date the cessation of effort by the dates of the last 
hieroglyphic inscriptions.124

The collapse is explained by Thomson in detail: the dates he gives for 
each city collapse compare interestingly with the dates of low Nile levels 
as indicated by the Nile Rhodometer (see Chap. 7):

Copan ceased to erect hieroglyphic monuments in AD 800, the year 
Charlemagne was crowned in Rome; Quirigua, Piedras Negra, and 
Etzna (in Campeche) followed suit in AD 810; Tila gave up in AD 830; 
Oxkintok’s late date is AD 849; Tikal and Seibal dedicated their last stelae 
in AD 869, two years before Alfred came to the throne; Uaxactun, Xultun, 
Xanamntun, and Chichen Itza kept going until AD 889 (the last perhaps 
a little later). La Muneca, not far north of the border between Campeche 
and Peten, has a stela which probably commemorates AD 909, and possibly 
the same date may be recorded on the latest stela at Naranjo. Just possibly a 
crude stela at San Lorenzo, near La Muneca, carries a Maya date equivalent 
to AD 928, the latest of all. Five years later the Magyar hordes were turned 
back at the battle of Unstrut, and European civilisation was saved.125

The link Thompson makes here between the decline of the Maya civili-
sation and the incursions of the Magyars in Europe is instructive; both 
were probably related to extreme climatic conditions, although in the 
case of the Magyars, heavy rains and cold summers, as in 1200 BCE, 
would have been the critical factor in social upheaval. In all cases El Niño 
is highly implicated.

The collapse of the Maya was therefore the latest in a series of major 
civilisational shifts after 3000 BCE that appear to have been affected by 
El Niño. The problem, of course, particularly in the South American 
area is that, prior to the period of Spanish colonisation we have very lit-
tle historical (as distinct from archaeological) evidence to help us under-
stand the social and economic impact of El Niño events on society. 

http://dx.doi.org/10.1057/978-1-137-45740-0_7
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Fortunately, for the world as a whole we have far more written for the 
second millennium CE. For this period, documentary evidence is wide-
spread and knowledge of climate-related droughts and famines far more 
detailed. From 1000 CE onwards, therefore, we can examine the impli-
cations of climatic events associated with El Niño (particularly droughts) 
not just on social ‘collapse’ but on health, migration, warfare, and eco-
nomic and political change.
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The exact behaviour of El Niño during the Little Ice Age (LIA), and 
indeed the nature of the Little Ice Age itself, is an area that is open to 
deliberation. Common understanding states that the era was a period of 
global cooling lasting from about 1350 CE to about 1900 CE, with cold 
peaks around 1600, 1690 and 1810.1 It followed, in the northern hemi-
sphere, a warm epoch known as the Medieval Climate Anomaly (MCA; 
formerly called the Medieval Warm Period).2 Detailed, annually-resolved 
reconstructions of the entire ENSO are available for the period, mean-
ing that individual El Niño and La Niña events can be isolated and their 
strength compared (Fig. 3.1). These reconstructions—devised predomi-
nantly from tree growth rings on either side of the tropical Pacific—sug-
gest that El Niño and La Niña episodes were generally higher in the LIA 
than in preceding centuries.3 Two periods are of particular interest: a 
marked increase in El Niño and La Niña activity beginning around 1300 
after two centuries of relative stability, and a number of protracted El 
Niño and La Niña events during the first half of the seventeenth century.

Thanks to the work of Hubert Lamb the effect of climate on soci-
ety in the LIA is well known in temperate latitudes. The subtropical and 
tropical history of the LIA and its El Niño events is far less analysed or 
documented in the modern literature. An understanding of the history 
of South and Southeast Asia is crucial in this emerging field of study, 
since the archival records of those regions are particularly rich from 
about 900 to about 1520, at a period when there is very little in the 
way of a record for most other parts of the tropics affected by El Niño. 

CHAPTER 3

El Niño Chronology and the Little Ice Age
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Indeed, the same archival advantages apply for most of the colonial era 
too, where Mughal, British and Dutch empires in South and Southeast 
Asia left meticulous information on climate and crop yields and prices. 
One initial finding of this new field of research indicates that it was at 
precisely the time that European powers strengthened their commercial 
and revenue grip on Asia that the stress of increasingly severe climatic 
and associated disease and famine events started to impact on Asian agri-
cultural societies. Drought both threatened weak political structures and 
allowed the European powers a way to maximise their own legitimacy 
through organised drought relief.4 Did these stresses then actually facili-
tate European expansion? The first part of this chapter surveys the evi-
dence for what one may, for convenience and expedience, call an ‘Age of 
Great Droughts’, by setting it in the context of earlier climatic periods in 
Asia and elsewhere (especially in Africa) and by inspecting the evidence 
for its global character.

Until recently, very few historians (notably Hubert Lamb, Antony 
Reid, Peter Boomgaard and John D. Post) had given real credibility to 
the possible impact of climatic change during the period of the LIA on 
the societies of South and Southeast Asia.5 While John Raverty in 1898 
very precociously noted that the monsoon seemed to have retreated 
south from the Punjab since 1400, it was the twentieth century clima-
tologist Hubert Lamb who first suggested that ‘in India examination 
of the seventeenth century records indicates more serious interruptions 
and failures of the monsoons than in our times’.6 Other observers noted 
the serious impact of seventeenth century rainfall deficits on particular 

Fig. 3.1  Reconstructed Niño-3.4 (eastern Pacific) sea surface temperature 
anomalies. Positive values indicate El Niño events. From Julien Emile-Geay et al., 
‘Estimating Central Pacific SST Variability over the Past Millennium. Part II: 
Reconstructions and implications’
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regions and cities. Reid Bryson, for example, pointed to the abandon-
ment of Fatehpur Sikri in 1588, only sixteen years after its construction, 
due to the failure of the entire regional water supply; now we can point 
to very severe El Niño events of 1583–1585 as the major reason for 
this desiccation.7 As far as climatic causes were concerned, Lamb high-
lighted the likely significance of the relationship between deficiencies of 
the summer monsoon and evidence of expansion of the polar icecap and 
the circumpolar vortex, accompanied by an abnormal incidence of north-
erly airstreams over India, blocking the monsoon. Similarly, Oosterhoff 
found that during the seventeenth century the summer southwest mon-
soon in Taiwan was frequently interrupted by northerly winds.8 Lamb 
also noted that in China a succession of cold winters with damaging 
frosts between 1654 and 1676 caused the abandonment of the cultiva-
tion of mandarins and oranges in Kiangsi province, where the fruit had 
been grown for centuries without interruption.9

No matter how perceptive and prescient these observers were, none 
were able to link the incidence of monsoon failure in any systematic 
way to any kind of regional or global climatic record, other than to 
note the apparent coincidence, in only very general terms, between the 
coldest years of the LIA in Europe and China and some of the driest 
years in early modern Asia and Africa. One may speculate at length, and 
not necessarily fruitfully, about the connections between the dynam-
ics and weather characteristics of the LIA in the temperate regions and 
the incidence of major El Niño events during the LIA in the tropics and 
sub-tropics. Certainly, the evidence from Nile flood records indicates 
an apparent correlation between low Nile discharges and cold years in 
Europe,10 a relationship that is corroborated by twentieth century instru-
mental observations.11 As a working hypothesis, it does seem clear that 
the most severe drought periods in South Asia that were manifest during 
the period of the LIA were associated almost exclusively with what we 
consider to have been El Niño events. In this way we are then able to ask 
the question: what happened in the tropics, and especially in Asia (with 
its excellent archival record) during the El Niño events of the LIA, and 
what does this mean in terms of understanding the history of economic 
patterns and human crises?
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The Medieval Climate Anomaly (MCA) and the First El 
Niño Episodes of the Little Ice Age: The Global Context

The period from 980 to 1200 CE has been referred to as a ‘climate opti-
mum’ or ‘warm period’. Certainly ‘optimum’ conditions seem to have 
persisted in some regions. In Southern Africa, favourable climatic con-
ditions may have contributed to a number of pastoral societies devel-
oping high degrees of complexity and organisation at the semi-arid 
desert edge.12 On the edge of the Kalahari, the Toutswemogala and the 
Mapungubwe kingdoms grew and flourished between 700 CE and 1200 
CE in the Limpopo-Shashi basin of present day Botswana.13 These socie-
ties were able to extract a surplus from their cultivators and support a 
powerful ruling class, communicating extensively with the monsoonal 
Indian Ocean societies. The Zimbabwe civilisation a little further north 
also started to flourish in the same period.

Information on El Niño variability during the period of the MCA is 
somewhat contradictory, with reconstructions offering different answers 
depending on the methodology used. Chronologies that represent El 
Niño through sea surface temperatures suggest more La Niña events, 
and those that represent rainfall suggest more El Niños.14 All studies 
seem to agree though that the variability of ENSO was weaker during 
the MCA, at least until about 1150. During this period both El Niño 
and La Niña were reduced in intensity. This reduction would have 
resulted in much lower climate variability in the tropics, as evidenced in 
reduced numbers of south Asian droughts and less variable Nile floods.

Where El Niño conditions are normally associated with high rainfall, 
as in parts of the Andes, the MCA produced long-lasting drought condi-
tions. This resulted in the physical and cultural collapse of the Tiwanuku 
society, as the level of Lake Titicaca declined. Unlike the effect of El 
Niño events, however, this decline seems to have been a gradual one, 
contrasting with the suddenness of climatic impact on societies adversely 
affected by El Niño events.15 Some severe El Niño events did persist 
during this period, albeit at a much reduced frequency. The Quelccaya 
ice cap in the Peruvian Andes, for example, indicates a severe El Niño 
around 1060.16 Around this time—between 1059 and 1066—a continu-
ous period of extreme resource scarcity was recorded in the Egyptian his-
torical record, caused by the failure of the Ethiopian floods.17 The price 
of grain rose sharply and, in desperation, the people began to eat dogs, 
cats and even human cadavers. As a result the Patriarch of the Coptic 
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Church was reportedly sent to Ethiopia in 1066 to beg the Ethiopians to 
‘let the Nile flow into Egypt’.18

The warm pluvial period of the MCA came to an extremely abrupt 
end around 1180 CE, during a period of very low Nile levels. This began 
a 30-year period of severe El Niños between 1180 and 1210 CE, as 
indicated by tree ring analysis.19 These years eventuated in major fam-
ines occurring in South Asia, North Africa, Europe and elsewhere, and 
a rapid decline of indigenous societies in the Midwest USA, such as the 
Mill Creek people.20 Settlements were entirely abandoned and a rapid 
decline in oak and a rise in grass pollens took place, indicative of a major 
climate change and reduction in moisture levels. Similarly in 1180–1182 
the Ethiopian floods failed and Egypt experienced a catastrophic fam-
ine. The situation was so desperate that many fled the country, at least 
100,000 people died and some turned to cannibalism. It was reported 
that the summer Nile was so low in 1181–1183 that people could walk 
from Cairo to the island of Rhoda.21 Famine continued to stalk Egypt 
until 1201, being reported in 1184, 1191–1194 and 1200–1201.22

In Southern Africa the Mapungubwe society, which thrived dur-
ing the preceding two centuries, came to an abrupt end by 1210. After 
1291 a series of repeated droughts struck in successive El Niños and the 
Toutswemogala society also disappeared.23 These droughts came after an 
apparent extraordinary 50-year gap in the incidence of El Niños, so soci-
eties were particularly unprepared for the effects of the droughts.24 After 
about 1300 there is no evidence for continued settlement at all in eastern 
Botswana and there was little evidence for any settlement in the Shashi-
Limpopo basin for another century.

Environmental factors have already been cited as a reason for the 
decline of these two societies; but by citing ‘increasing cattle popula-
tions’ as having caused an ‘ecological crisis’.25 The truth, in fact, appears 
to lie not so much in ‘overgrazing’ but in the probability that both in 
1200–1210 and 1290–1317 successive El Niños ensured that multiple 
droughts dealt a critical series of blows to these very vulnerable desert 
edge societies, quite irrespective of any of the fluctuations in trade with 
the Indian Ocean coast that are sometimes cited as reasons for their 
decline. Instead, during these periods, cattle could not survive from 
year to year and sorghum could not be grown. The economic shocks 
of repeated droughts, especially after 1291, seem to have given rise to 
a rapid outmigration of populations from other newly drought-prone 
areas of Africa as well. So for example, the Luo migrated up the Nile 



54   R. GROVE

towards Uganda and an eastward movement took place of the Hima and 
Tutsi towards Lake Victoria between 1300 and 1400 CE.26 However, 
the apparent gap ends abruptly in 1290, when a very low Nile level is 
recorded (and a famine in India in the following year).

The crisis of 1287–1317 is very well documented in Europe, espe-
cially in more northerly marginal maritime regions such as Iceland, 
Britain and Ireland and the Baltic coast.27 This was manifest, for exam-
ple, in rapid advances in Swiss glaciers and extensive crop failures 
throughout Europe, and a three-fold increase in grain prices.28 The 
severity of these events, both in the tropics and in temperate latitudes, 
was especially marked in 1315–1317. In the spring of 1316, for exam-
ple, the deterioration culminated in a major famine in England and a 
repeated famine in the following year. The harvest in 1318 was the first 
good one for many years.29 In the Americas, populations along the coast 
of Peru suffered very badly as floods repeatedly overwhelmed them, in 
the same way as they had the Moche peoples during the eighth and ninth 
centuries.30 Around 1300 CE, El Niño events correlate with the end of 
the Chimú occupation at Pacatnamu, a civilisation previously reliant on 
El Niño floods for irrigation.31 It was also at this period that the Anasazi 
society in the area of the present Southwest United States seems to have 
come to an end due to extensive El Niño-caused drought conditions.32

Very low Nile levels were recorded in 1294, 1297, 1298, 1305  
(a major famine year in India), 1309, 1313 and 1321. A series of low 
Nile levels were recorded until 1351, after which there is an apparent 
break in droughts until 1370, then 1373, and then 1380. Away from the 
Nile Valley, there are very limited documentary data on extreme weather 
events in Africa. Instead we have to rely on oral history lacking reliable 
dates (a very problematic area for climate historians), or on a limited set 
of physical proxies of lake levels or river levels. Even given this limitation, 
the evidence for an El Niño-type global drought in the African tropics 
for the period 1394–1410 is fairly conclusive, although, according to the 
evidence of the Rhoda gauge on the Nile, the drought did not begin to 
hit sharply until 1399. Thus in the decade 1400–1409 the average level 
of the Nile dropped sharply, by 1.26 metres.33 In May 1405 the bed of 
the river at Cairo could be crossed on foot.34

Towards the south of the East African rift system the evidence for 
prolonged drought after 1400 is very substantial. The historian Owen 
Kalinga, for example, notes the impact of major southward migrations 
into the Maravi region of modern Malawi, apparently due to drought.35 
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The same drought may well have had a major impact on the economy 
of the state of Zimbabwe. The archaeologist J. B. Webster strongly sug-
gests that droughts between 1382 and 1409 broke up Proto-Lwo set-
tlements in southern Sudan, causing large groups of people to move 
north towards Shilluk and Angwah and south into the Pakwach trian-
gle and Kitara complex. Several large Sudanic clans were involved in the 
southward movement.36 Among the Paranilotic tribes the same droughts 
appear to have led to major political strife and the fall of King Bacwezi 
during what Webster has called ‘Womara’s famine’. However, for most of 
the rest of the fifteenth century the Nile flow from East Africa was quite 
high, although it seems the monsoonal rains in the Ethiopian highlands 
were very deficient for a year or so following a drought in 1450, so that 
the Nile in 1452 was again fordable at Cairo.

The Impact of El Niños in South and Southeast Asia 
1200–1540

For all these African responses to El Niño episodes and monsoon failure 
one is very much handicapped by the lack of basic archival data. By con-
trast, for South Asia and Southeast Asia we are able to rely much more 
heavily on documentary evidence for the effect of El Niño. The MCA 
in this region had coincided with a long period (nearly two centuries) 
of good rainfall in South Asia.37 This seems to have come to an initial 
halt in about 1200 CE and a more decisive end after 1250. The end of 
the warm period, a relatively pluvial period in the tropics, was especially 
shocking in South Asia since legend and some historical material indicate 
that a whole series of droughts and famines lasted for up to 12 years, 
from about 1198 until about 1210 CE.38 It seems highly likely on the 
basis of later patterns of drought incidence that these deficits were a con-
sequence of a very substantial and long running series of El Niño events.

After about 1210 there were apparently no major drought events 
in South Asia until 1259, when a major drought is recorded in west-
ern India about which we have no detailed information.39 But in 1291 
a prolonged drought is recorded as having affected the Delhi Sultanate 
and the Siwaliks districts. The following year was a remarkable contrast 
in that heavy and persistent rains resulted in very extensive flooding.40 
Subsequently a monsoon failure in the summer of 1296 was followed 
by a succession of monsoon failures until 1317.41 The monsoon in 
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South Asia in the summer of 1318 was the first good one for many 
years. Similarly, in Upper Burma, the Pagan kingdom declined quickly 
after 1287, the soil of Myingyan district ‘assumed its present desolate 
and brown aspect’ and a wave of migration took place.42 Contemporary 
Tartar invasions of Burma were probably stimulated by lack of rain in 
central Asia. There is a good deal of evidence that Pagan’s climate prior 
to 1300 was wet enough to sustain rice cultivation. As Mackenzie notes, 
we find in ‘U tun Nyein’s translation of the inscriptions of Pagan and 
Ava; the dedication of 200 pe’s of irrigated land south of the Shwezigon 
Pagoda. Subsequently all such lands in Pagana and nearby Pakkoku have 
become far too arid for any kind of cultivation, let alone that of rice.’43

The prolonged drought period of 1296–1317 in South Asia, appar-
ently associated with a series of El Niño events, very largely disrupted 
contemporary attempts to control prices and control commodity move-
ments in the region of Delhi during the reign of Ala’u’ddin Khalji 
(1296–1316). Export of all commodities was prohibited, while attempts 
were made to enhance land revenue, to be paid in kind. After 1317, 
attempts to maintain an arbitrary fixed level of prices completely broke 
down and the financial and commercial chaos which ensued rendered the 
state totally incapable of bearing the strain of a deficient harvest.44 The 
series of droughts which followed in uninterrupted succession from 1343 
to 1345 ‘so exhausted the sparks of vitality in his empire’ that the Delhi 
historian Zia Barani could write without exaggeration that ‘the glory of 
the state and the power of the Sultan Muhammad from this time with-
ered and decayed’.45

After the 1343–1345 drought, inflation in India continued to rise 
and Sultan Firuz Tughluq (1351–1380) gave up all attempts to con-
trol prices. A decline in inflation followed in the late 1350s as harvests 
improved, although wages still continued to rise, possibly due to local 
population falls during famine and ensuing shortages of skilled man-
power. Irfan Habib maintains that ‘the factors behind these downward 
and upward movements in the latter half of the fourteenth century can-
not be clearly established’.46 Siraj Afif may be right in ascribing low 
prices under Firuz Tughluq to a succession of successful harvests.47 
Moreover the political dislocation after Firuz Tughluq’s death, especially 
after the Timurid invasion of 1398–1399, must have caused consider-
able disruption to economic life and conspired to raise prices again.48 
It is also of course possible, as Habib suggests, that the worldwide state 
of silver supply was behind at least some of the secular movements in 
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prices and wages. However, as Habib cautions us, ‘this aspect has not 
so far received the scholarly attention it is entitled to’. It is possible then 
that the post-1396 inflation was, like its predecessors of 1291–1317 
and 1343–1345, related to a period of great climatic stress and multi-
ple crop failure. Further, the severity of the post-1396 droughts, particu-
larly as they affected the Deccan, is testified to by a number of different 
authorities.49

The droughts of the fourteenth century elicited a variety of policy 
strategies from the Delhi Sultans. Famine and over-repressive revenue 
exactions fuelled rural rebellion between 1334 and 1345 during the 
reign of Muhammad Tughluq (1324–1351). Although the severest 
drought during this period was from 1343 to 1345, there is some evi-
dence that a long drought period began much earlier, possibly in 1333.50 
The need to boost revenue in drought-prone districts certainly stimu-
lated Muhammad Tughluq in his efforts to extend and encourage cul-
tivation through advances to peasants. The experience of drought also 
stimulated deliberate irrigation measures. The first major canals in north 
India were dug in 1320–1325 under Ghiyasu’uddin Tughluq, while 
under Firuz Tughluq (1351–1388) a much bigger network of canals was 
constructed, encouraged perhaps by the memory of the drought that 
had ended in 1345.51

A series of droughts between 1396 and 1408 or later is reported by 
the British colonial historians Etheridge and Scott. Both authorities 
report the drought period to have lasted for more than 12 years.52 Grant 
Duff, in his History of the Mahrattas, quotes Mahratta manuscripts and a 
firman53 ‘in the possession of one of the Waee Deshmukhs’, to charac-
terise this drought period and he writes:

In 1396 the dreadful famine, distinguished from all others by the name 
of the Doorga Dewee, commenced in Maharashtra. It lasted, according to 
Hindoo legends, for twelve years. At the end of that time the periodical 
rains returned; but whole districts were depopulated, and a very scanty 
revenue was obtained from the territory between the Godavery and the 
Kistna for upwards of 30 years afterwards. The hill forts and strong places, 
conquered by the Mohammedans, had fallen into the hands of Polygars 
and robbers; and the returning cultivators were driven from their vil-
lages.54 The prolonged dry period thus allowed large tracts of the Deccan 
to become depopulated, and then to come under the sway of tribal 
groups.55 It was not until 1429 that any attempt was made by Muslim 
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rulers to repossess much of the Deccan. Even thereafter, successful agricul-
tural recolonisation only took place with incentives of rent remissions and 
free land grants.56

After a further drought in western India in 1423, the historical record 
indicates a somewhat more pluvial intermission for more than a century, 
or at least until the 1540s.

Assessing the Contribution of El Niño Episodes in the 
Seventeenth Century Crisis in Tropical Asia

There is a good deal of evidence to substantiate both the global evidence 
of the cooling process culminating in the ‘Maunder Minimum’ sunspot 
minimum of the late seventeenth century, and for the negative effects 
of such cooling on harvests and grain yields in the northern temperate 
zone.57 Equally important is the arguable suggestion that it is precisely at 
periods of global cooling that there is the greatest variability in climatic 
conditions.58 It is the interaction of the El Niño event chronology with 
longer-term LIA cooling that may concern us here; and the two patterns 
overlaying one another are sometimes difficult to separate in their influ-
ence. The final part of this chapter will assess the evidence for El Niño’s 
influence on the economic and political ‘crisis’ of c.1580–c.1710. This 
discussion will focus predominantly on South and Southeast Asia, two 
regions that are both highly vulnerable to El Niño fluctuations and gen-
erally understudied in the context of the seventeenth century climate 
crisis.

The major effects of the Maunder Minimum on the humid tropics 
would be to reduce rainfall as a result of the larger share of the plan-
et’s water locked up in the polar icecaps, and to increase the variability 
of weather due to shorter term effects such as volcanic eruptions or El 
Niño events. Discrete data on rainfall, as distinct from detailed accounts 
of drought, are sparse in the humid Asian tropics and for the most part 
impressionistic prior to 1700. The exception here is China, for which 
very long-run rainfall records exist. Coastal South China is likely to have 
shared some of the long-term trends of Southeast Asia, and local records 
there do show a succession of droughts in the 1640s and again in the 
1680s,59 the latter likely to be associated with a very severe El Niño 
during 1686–1688. In Southeast Asia we can turn to the remarkable 
series of teak tree-ring data collected by Hendrik Berlage from the forests 
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of east-central Java, which provide relative rainfall levels for every year 
between 1514 and 1929.60

These data show the period 1600–1679 to have experienced rain-
fall well below the long-term norms for Java and very markedly the 
worst substantial period in the whole series (Fig. 3.2). Not a single year 
between 1645 and 1672 reached the average level of rainfall over the 
four centuries. In these years, as Anthony Reid points out, the dry sea-
son must have been lengthening dangerously in those areas of eastern 
Indonesia and the Philippines where survival depended on a delicate bal-
ance between wet and dry monsoons.61 In areas which depended on the 
river flooding for their annual rice planting, such as the Chao Phraya, 
Tonle Sap, Palembang and Jambi river systems, there may also have been 
harvest failures.

For El Niños from 1525 onwards we are able to use the documen-
tary records of El Niños by William Quinn, Luc Ortlieb and Ricardo 
Garcia-Herrera, and the multiproxy record of Joelle Gergis and Anthony 
Fowler, to identify individual El Niño and La Niña events with a high 
degree of accuracy.62 The serious famines reported during this period 

Fig. 3.2  The seventeenth century crisis as reflected in population and climatic 
indicators: a estimated population of Philippines (thousands) from Filipino trib-
utos—each tributo corresponds to 4 or 5 people; b tree-ring growth in Java, in 
terms of variation by decade from a 400-year mean, in decades beginning in the 
years indicated. Source Reid, ‘The Seventeenth Century Crisis in Southeast Asia’
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were almost all the result of droughts taking place during El Niño years, 
for example in Aceh in 1606–1608; Burma, Chiengmai and Thailand in 
1631–1635; Jambi in 1639, and Maluku, East Borneo and Mindanao 
in 1660–1661. Serious disease epidemics similarly took place during 
El Niño periods and were of considerable long-term demographic sig-
nificance (see Chap. 8). In Kedah a ‘plague’ was reported to have killed 
two-thirds of the population in 1614; in some parts of Java epidemics 
seem to have carried off one- to two-thirds of the population in 1625–
1626; in Siam smallpox killed one-third in 1659.63 All of these were 
years of lower than average rainfall according to Berlage’s series, and 
the two latter were also drought years in South China. We might note 
that similar patterns subsisted in monsoonal north-east Africa. Thus the 
Rhoda gauge at Cairo indicates low Nile levels from 1587 until 1623.64

During the sixteenth century severe El Niños seem to have had a far 
greater impact on Southeast Asia—especially on Cochin China—than 
in South Asia, but further research would be necessary to confirm this. 
Thus in Vietnam, Anthony Reid records crop failures in 1559, 1561, 
1586, 1594, 1596 and 1597.65 However, by the 1570s very dry peri-
ods had become frequent in South Asia, particularly during the strong 
Pacific El Niño event of 1577–1578.66 After this event drought cycles in 
India reverted to a pattern more like that of the early fourteenth century, 
but in a far more severe sense, so that major famines were experienced at 
very frequent intervals from 1577 to 1710, covering two of the sever-
est periods of the LIA when defined in temperature terms.67 This pat-
tern was experienced in a very similar way in Southeast Asia, although 
it should be said that most of the severest events were experienced in 
the same years, in India, Burma and the East Indies, in particular during 
the course of El Niño events in 1618–1620, 1623–1624, 1634–1635, 
1660–1661 and 1686–1688. A closely related pattern was also recorded 
in Mexico, where the 1624 drought was particularly prominent.68

Reid does not highlight the simultaneous occurrence of extreme El 
Niño events in Southeast Asia, Burma and India. Nevertheless, he is able 
to convincingly explain major population declines throughout the East 
Indies in terms of drought incidence and disease events, together with 
the destabilising effects which they brought about.69 It then becomes a 
difficult task, as Reid freely admits, to understand the relative significance 
and role of colonial commercial penetration in bringing about regional 
commercial crises. This is a very different problem in South Asia, where 
the initial historical task consists of assessing exactly how major droughts 
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impacted on local economies, and for how long their effects were felt. 
By comparison the impact of colonial interventions must be seen to have 
been relatively slight in the provoking of economic crisis, at least dur-
ing the seventeenth century. A secondary but important point is that 
populations in Southeast Asia were probably far more buffered against 
the extreme exigencies of drought than were inland South Asian pop-
ulations. High average rainfall and alternative, especially marine food, 
resources were more significant in the East Indies.

The period of rainfall deficit in South Asia began slightly earlier in 
the 1590s than in Southeast Asia, although the economic historian 
Alexander Loveday, in his compilations of Indian famines, notes that ‘the 
deficits of 1594–1598’ were ‘reported throughout Asia’.70 Thus for the 
year 1594 the text of Akbar-Na’ma of Shaikh Abu’l-Fazl recounts how, 
in northern India:

In this year there was little rain and the price of rice rose high. Celestial 
influences were inpropitious and those learned in the stars announced 
death and scarcity. The kind-hearted emperor sent experienced officers 
in every direction to supply food every day to the poor and destitute. So, 
under imperial order, the necessitous received daily assistance to their sat-
isfaction and every class of the indigent was entrusted to the care of those 
who were able to care for them.71

But a text describing the next three–four years is far less sanguine in 
tone:

During the year 1004 M (1595–96 AD) there was a scarcity of rain 
throughout the whole of Hindustan and a fearful famine raged continu-
ously for three to four years. The king ordered that alms should be dis-
tributed in all the cities and Nawab Shaikh Farid Bokhari being ordered to 
superintend and control their distribution, did all in his power to relieve 
the general distress of the people. A kind of plague also added to the 
harms of this period and depopulated whole towns and cities, to say noth-
ing of hamlets and villages. In consequence of the dearth of grain and the 
necessities of ravenous hunger, men ate their own kind. The streets were 
blocked with dead bodies and no assistance could be rendered for their 
removal.72

It should be noted that the protracted El Niño conditions of the 1590s 
seem to have been extensive enough to have caused significant droughts 
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and other unusual events as far west as Southern Europe between 1596 
and 1600. Droughts in 1595–1596 gave rise to bad famines in Crete, 
for example,73 and in Mexico droughts were also reported every year 
between 1596 and 1600.74 There is also clear evidence of prolonged 
monsoon failure in consecutive years in South Asia between 1596 and 
1599/1600.

For the seventeenth century the information on extreme events 
in Southeast Asia compiled by Reid can be supplemented by the care-
ful compilation of copious quantities of ‘disaster data’ by the environ-
mental historian Peter Boomgaard.75 It should be said that, like Reid, 
Boomgaard (in 1996) did not attempt at all to correlate the incidence 
of, for example, drought events with detailed El Niño data. As a result 
he attributes the severe events of 1686–1687 throughout the East Indies 
to ‘earthquakes and volcanic eruptions’ rather than to the much more 
straightforward explanations enabled by severe El Niño occurrences.76 
The united effect of both phenomena may, of course, have been impor-
tant. Boomgaard seems to have been understandably led astray, and away 
from consideration of El Niño influences, by a discussion of fifty-year 
sunspot cycles that was initiated by Murphy and Whetton in 1989 in 
the context of an attempt to discuss the teak ring-width data for Java.77 
There is very little evidence that such long cycles are of very much util-
ity in discussing long droughts which can be more simply correlated 
with what we already know of very strong El Niño events in the eastern 
Pacific. A comparison, enabled by Boomgaard’s data, of the timing of 
drought episodes in South and Southeast Asia right through the seven-
teenth century is revealing, and allows one to understand the historical 
dynamics and impact of the El Niño throughout Asia during the period.

So, for example, in 1623 monsoon failure was experienced in Gujerat, 
although it did not result in high mortality, possibly due to a run of 
good harvests in previous years. A year later, a severe El Niño current 
was observed in the eastern Pacific. In Java, 1624 was a very dry year. 
In Mataram the rice crop withered completely before harvest, resulting 
in famine in 1625–1627. Moreover, in Mataram the droughts gave rise 
to long lasting forest fires, similar in nature to those experienced dur-
ing the summers of 1997 and 2015. In Banten, in 1624, stagnant water-
courses appear to have stimulated epidemics in which several thousand 
died. The next year one third of the population died in five months, and 
other similar epidemics continued in Banten and Mataram until 1627. In 
1625 unusually high rice prices are recorded at Makassar.78 Collecting 
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the evidence for such disparate occurrences allows one to reconstruct 
the regional impact of El Niño events with a remarkably high level of 
resolution.

The Drought Crisis of 1629–1635 in South and Southeast Asia

As Loveday tells us, the most ‘vivid account of any famine that has come 
down to us is that of 1630’.79 It is likely that the mortality rate during 
this period was at least comparable to that of 1877–1879, where global 
deaths were estimated at 30 million.80 In the Deccan region of southern 
India the monsoon failed in 1628, 1629, 1630 and 1631, followed by 
excessive rainfall in 1632.81 In the associated famines one million people 
are reported to have died in Ahmednagar district alone.82 The ensuing 
reduced revenue from the Mughal Deccan province was unable to meet 
the administrative expenditure of the provinces up to about 1650.83 As 
many as three million people died in Gujerat, making the famine ‘almost 
certainly the most destructive Indian famine of the early modern era’.84 
In 1630–1631 30,000 people are reported to have died in Surat alone, 
and when the rains did finally break the country around Surat was inun-
dated by floods for long periods, which prolonged the scarcity into the 
following year. The city of Ahmedabad was especially badly affected and 
in one year up to one tenth of Mughal revenue was diverted for relief 
purposes.85

This drought period formed an important economic background 
to the subsequent decline of the Mughals in the region. As agricul-
tural productivity deteriorated a famine began, due both to prolonged 
drought and related and incessant fighting between the Mughals and 
both the Nizamshahi and Adilshahi dynasties. Many peasants affected 
by these calamities flowed into the territories of the new Maratha con-
federacy. Shivaji, the leader of the Marathas, seems to have treated his 
people with leniency on the one hand, due to drought, and recklessly 
drained the wealth from foreign territories through periodic mulkgiri 
expeditions on the other.86 This Maratha raiding and disruption of trade 
was a major cause of the decline of the Mughal Empire, and it appears 
that climatic stress may well have been a significant contributing factor 
in de-stabilising the countryside and promoting large scale rural migra-
tions. According to the Mughal observer Kh–āfī Khān the 1630 famine 
not only ‘prevailed throughout all of India, but… also extended over the 
whole of Asia’.87 In India, only Bengal and the Punjab appear to have 
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produced normal crops.88 But this El Niño event also made itself felt 
over a much wider area. To the north-east, Dow reports that ‘in Tartary, 
populous and flourishing provinces were converted into solitudes and 
deserts; and a few, who escaped the general calamity, wandered through 
depopulated cities alone’.89

In 1631–1632 high mortality in Burma and the Arakan was expe-
rienced due to failure of the rice crop.90 A prolonged drought almost 
entirely destroyed the rice crop in Siam, and similar failures took place 
in Bali in 1633.91 The year 1633 also saw crop failures, famine and 
rapid but severe flood events throughout the East Indies.92 It is pos-
sible that these subsistence and flood crises were highly relevant to the 
rise of Islam in the region. In 1628–1629 Sultan Agung twice besieged 
but failed to take the headquarters of the Dutch East India Company 
(VOC) in Batavia. In 1630 there followed a rebellion of several villages 
near the court of the Sultan. The uprising was apparently led by wan-
dering religious teachers and was centred upon the Islamic Holy site of 
Tembayat. This is the gravesite of the supposed Islamiser of Central Java, 
Sunan Bayat. The rebellion was brutally crushed. But in 1633, Sultan 
Agung undertook a pilgrimage to the Holy grave at Tembayat and there, 
according to legends, communed with the spirit of the Saint. He also 
erected a ceremonial gateway, which still stands. By so doing the Sultan 
linked his political and temporal prestige to Islam; a fateful move, but 
one which would placate and subsume rebellious religious opposition.

The year 1633 thus emerges as a crucial watershed in the Islamisation 
of Java. It seems likely that the rebellions were generated not only by the 
demonstrable failure of the Sultan Agung before the gates of Batavia but 
also by the severe droughts and famines of the period. The pilgrimage 
of Sultan Agung to Tembayat may be connected with the end of those 
droughts and the famines they caused.93 Moreover, the rebellions took 
place in south-central Java, a region of hostile seacoasts. This meant that 
the alternative famine diets of fish normally accessible in Java were not 
available to lessen the extremities of the El Niño-caused famine of the 
period.94 In brief, the social consequences of this El Niño event contrib-
uted to rebellion and profound religious change.

A further Pacific El Niño event in 1634 was reflected in bad droughts 
in Java in 1635, but not in South Asia. However, since areas such as 
Mataram had already suffered in the 1633 famine, they were already 
weakened and very high epidemic mortality took place.95 This serves 
to underline the fact that a repetition of El Niño events was particularly 
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damaging, especially in stimulating the secondary effects of disease on 
previously drought-affected regions, where no recovery period was 
enabled.

In 1660–1661 major droughts were again experienced throughout 
South and Southeast Asia. Bryson refers to the ‘great drought’ recorded 
in southern Borneo, in Ambon, and most ‘quarters of the Indian archi-
pelago’. He also refers to the ‘grim nadir’ of this low rainfall period as 
being in 1664–1665, confirming this impression by reference to the 
Berlage teak ring series.96 Interestingly this event is not recorded as a 
serious famine year in India, although not too much credibility should be 
attached to this one absence. Instead the discrepancy appears to merely 
be the exception that proves the rule; namely that almost all the major 
drought events of the seventeenth century in South Asia (and almost 
all in Southeast Asia) correlate with major El Niño activity. In fact, con-
trary to Reid’s 1993 impression, Boomgaard’s material for the whole of 
the Dutch East Indies indicates that 1686–1688 was, exactly as was the 
case in South Asia, actually a far more widespread and intense period of 
drought-induced and consequently disease-exacerbated stress than that 
of 1664–1665.

The Mega-El Niño of 1686–1688

The 1686–1688 El Niño-related event, rather like the 1400–1409 
drought, is globally traceable in its impact. In Arabia droughts between 
1660 and 1688 served to stimulate tribal break-outs from the interior 
to the eastern coast. One such break-out group, the Utbi, or ‘trekkers’, 
included the clan of the Al-Sabah, led by Sabah 1st. The Al-Sabah and 
other Utbi families may have migrated at the same time as the Fudhul 
tribe and some other groups. The British writer and explorer Harry 
Philby, probably relying on Ibn Bishr, states that the Fudhul ‘moved in 
1674 when Najd (central Arabia) was visited by a devastating famine 
known to Badawin legend as Jarman’.97 The Al-Sabah clan made an ini-
tial settlement in the region of what is now Kuwait city, after adopting 
fishing and other activities in place of the pastoral life they had known in 
the interior.98

For South Asia the full significance of these years in terms of mor-
tality and impact on rice prices was first identified by the British bota-
nist William Roxburgh in 1793, as a part of his attempt to establish a 
comparative base-line for characterising the droughts of 1790–1794 in 
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Southeast India (see Chap. 4).99 As in 1790–1794, the 1686–1688 event 
was especially marked in its impact on South India, although the worst 
initial monsoon failure was felt in the Deccan and Hyderabad, and few 
parts of India actually escaped the drought impact. It was reported in 
late 1686 that ‘a great famine prevails in Gujerat’.100 Gergis and Fowler 
record a weak El Niño event in 1684 that preceded the 1687 event.101 
Cold winters in 1684 and 1685 in Europe accompanied the 1684 El 
Niño and preceded the 1685–1697 drought event. The impact of the 
1685–1687 drought was strongly felt in the outer isles of the East 
Indies. The year 1687 saw famine in Java, and high crop prices and 
epidemics lasting into 1688. In 1687–1688 crop failures were serious 
in Sulawesi and Palembang/Lampung. Catastrophic rainfall events 
destroyed crops in Banda (Uttar Pradesh) in 1687, and droughts and 
widespread cattle deaths occurred in the Moluccas.102

Among the most detailed accounts we have are those for the area of 
maximum impact in central and southeast India. These accounts are val-
uable as they indicate the extent to which rural populations had become 
destabilised and mobile. Thus in the diary of the contemporary observer 
Francois Martin we are told in September 1686 that, ‘there was a gen-
eral scarcity of food in Golconda over an area which extended up to 
Aurangabad. With the failure of the rains there was every possibility of 
famine. The inhabitants of Madras were particularly badly hit and many 
began to die.’103 A few weeks later, in October 1686, Martin wrote that:

The famine, which was to desolate a part of India and kill thousands, 
began to make itself felt. They wrote to us from Golconda that the roads 
were full of the dying and the dead. The picture was the same in other 
parts of the empire. The countryside was covered with corpses and bones 
of those who had gone out to eat grass like animals and who had died in 
their fields. This scourge covered over 300 square leagues. There exists no 
famine to equal this either in religious or profane tradition. There was a 
constant stream of people from the north trekking southwards. Some of 
the travellers succumbed to their misery and remained on the roads. This 
was a period when a well-directed charity could have achieved a great deal. 
The Company later approved whole-heartedly of the steps we had taken in 
this direction in its name.

In January 1687 the situation had become far worse. Martin tells us that:
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There was extreme hunger in Madras. Three hundred people died of hun-
ger the two days that Sieur Duhautmesnil had gone there. It was a com-
mon sight to see 130 to 160 men lying dead on the street each day. The 
people who came in from the north were already so attenuated by all the 
hardship they had suffered on the way that despite all that was done for 
them by the charitable works established at Madras and Pondicherry they 
could not pull through. It is learnt that the Dutch had completely aban-
doned Masulipatam.

As Martin suggests, shortage of grain in Golconda was marked by 
September 1686. This would almost certainly have reduced the ability of 
the state to resist its Mughal assailants. Kh–āfī Khān adds that:

The scarcity and dearness of grain and fodder within the city was extreme 
… throughout the Dakhin in the early part of the year there was a scar-
city of rain when jowar and bajra came into ear, so they dried up and per-
ished. These productions of autumn, however, were the principal food 
of the people of Haidarabad, and the cultivation of this had been further 
hindered by war and by scarcity of rain. The Dakhins and the forces of 
the hell-dog Saubha had come to the assistance of Haidarabad and hover-
ing round the imperial forces they cut off the supplies of grain. Pestilence 
broke out and carried off many men. Others, made to bear the pangs of 
hunger and wretchedness went over to Abu’-l-Hasan and some treacher-
ously rendered aid to the besieged.104

Clearly, the shortages were not confined to one side in the Golconda 
siege. However it seems very possible that scarcity allowed famine to 
be used as a weapon and may actually have promoted conflict at a time 
when revenues were failing throughout India.

We have some further information on the severity of the 1686–1688 
event in the notes of the botanist William Roxburgh prepared after 
the 1790s famines (described in the next chapter). Roxburgh refers to 
records kept by the ‘Rajah of Pittenpore’s family Brahmen’. This inform-
ant had ‘found among the records of his grandfather an account of a 
most dreadful famine which prevailed over the northern [Arcot] prov-
inces during 1685 to 1687’. During 1687, these records recounted, 
‘only one shower fell, and very few people survived these three years’. 
The droughts which occurred in the interim years before Roxburgh was 
writing—in 1702, 1707–1709 and 1737, while serious, had certainly not 
approached the ferocity of the years 1685–1687 in Southeast India.105  
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It was not until the El Niño droughts of 1790–1794, which have now 
been extensively documented in their global impact, that a comparable 
series of extreme events took place.

Assessing the Impact of El Niño on the Seventeenth Century Crisis

All the major El Niño-related events surveyed above in the ‘long sev-
enteenth century’—that is in the years 1593–1596, 1618–1620, 1634–
1635, 1660–1661, 1686–1688, 1700–1701 and 1712–1713—gave rise 
to famines of very high mortality, and to long-term economic disruption. 
They often stimulated social disruption, migration and military conflict. 
To some extent they also contributed to the emergence of new kinds of 
property rights and revenue remission incentives, and to periods of infla-
tion. The El Niño events broke down barriers between regions, and in 
particular, broke down the isolation of South India from the rest of the 
Indian sub-continent. The increasing dependence of Coromandel region 
along the coast of Southeast India on rice imports from Bengal (which 
became important in the 1685–1687 drought), as Francois Martin 
described, is only one indication of this new dependence.

The 1629–1632 droughts are probably worth particular re-examina-
tion in this light, although that is not to say that the extraordinary and 
long-term disruptions which they caused have not been noticed before. 
The analyses made by, for example, Irfan Habib and Tapan Raychaudhuri 
have tended to consider the event in isolation rather than in a compara-
tive sense as an exemplar of a generic kind of extreme event.106 The 
disruption which was caused to all forms of production, especially in 
Gujerat, in the long term after 1630 meant that East India Company 
investments tended to shift much more quickly to eastern India and to 
Bengal. Habib quite rightly stresses the enormity of the mortality which 
took place in Gujerat, something which has perhaps been too easily over-
looked by historians.107 As Foster noted in 1906, most villages were 
‘utterly depopulated’. When they began to ‘fill slowly’ late in 1634, the 
peasants who survived abandoned cotton cultivation for food crops.108 
The marks of the famine were still visible in many ways in 1638–1639, 
and even by 1647 agriculture in Gujerat had still not fully recovered, 
since the revenues of the province had not reached the level attained 
before the famine.109
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These kinds of long-term economic and social shocks accompanied all 
the major El Niño-related droughts. Of course, not all of the long-term 
consequences of seventeenth century El Niño events should be seen 
in terms of disruption or production declines. This is because drought 
shocks also stimulated policy initiatives, especially with regard to tank 
and irrigation construction. Some early changes in river drainage pat-
terns, such as those that were carried out in the Indus and Ganges sys-
tems in the Punjab, were permanent.110 But reductions in the numbers 
of all-year river flows tended to stimulate state expenditure on water con-
servation of varying kinds, during the seventeenth century. Thus we find 
that the dams of the great Debhar Lake in Mewar were reconstructed 
and strengthened in 1687–1691. Another lake-come-tank, the Rajsagar, 
also in Mewar, was first dammed during the driest period of the seven-
teenth century. Similarly, we find Mughal administrations in the 1650s 
proposing to advance up to Rs. 50,000 to cultivators in Khandesh and 
Berar for erecting small-scale irrigation bands. Moreover, Mughal canal 
building in the northern plains continued apace during the seventeenth 
century dry periods, while some regions attracted and came to depend 
on heavy investments in well construction. These kinds of developments 
meant that, in the long term, some regions were better able to stand 
the exigencies of drought during later monsoon failures. The point of 
these observations, one would hope, might be to focus attention on the 
need for research into the coping and development strategies that were 
embarked on by local communities and by states to adjust to the increas-
ing frequency of severe drought shocks as they took place, during what 
had become a new ‘drought age’ after the 1590s.111
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The eighteenth century marked the beginnings of a shift in the 
understanding of the global El Niño phenomenon through the gathering 
of systematic information on meteorological changes using instru-
ments to monitor the weather. El Niño events after 1734 were, for 
the first time, recorded in rigorous detail, firstly by observers in South 
India where complete weather diaries were compiled by G. E. Geisler 
(a German missionary) between 1732 and 1737.1 These diaries pro-
vide particularly useful information on mode of onset of the El Niño of 
1737–1738.2 However, it is not until 1776 that we start to have access 
to long runs of instrumental data for El Niño events in South Asia.

Just prior to this, in 1766–1771, India, and particularly north-eastern 
India, experienced droughts that led to a mortality of up to 10 mil-
lion people. Partial crop failure in Bengal and Bihar was experienced in 
1768, while by September 1769 ‘the fields of rice [became] like fields of 
dried straw’.3 In Purnia, in Bihar, the district supervisor estimated that 
the famine of 1770 killed half the population of the district; many of the 
surviving peasants migrated to Nepal (where the state was less confis-
catory than the East India Company). More than a third of the entire 
population of Bengal died between 1769 and 1770, while the loss in cul-
tivation was estimated as ‘closer to one-half’.4 Charles Blair, writing in 
1874, estimated that the episode affected up to 30 million people in a 
130,000 square mile region of the Indo-Gangetic plain and killed up to 
10 million,5 perhaps the most serious economic blow to any region of 
India since the events of 1628–1631 in Gujerat. As the droughts ended  
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in December of 1770, serious floods took place throughout all north-
east India. The ensuing disease epidemics exacted a high proportion of 
the total mortality caused during the period.

The 1768–1770 droughts and famines were a profound blow not 
only to the system of revenue but to the whole rationale of empire. As 
such they provided the impetus for the evolution of a famine policy. The 
immediate devastating circumstances formed part of the impetus for the 
removal of the ‘dual system’ of rule in Bengal, whereby the British East 
India Company had governed together with the Nawab of Bengal. This 
placed responsibility for the security, administration and economy of 
Bengal squarely on the Company’s shoulders. In removing the dual sys-
tem, the administrative overhaul of Bengal paved the way for the estab-
lishment of the British-run, district-level administration which would 
continue throughout British rule in India.

By the 1780s it starts to become possible, at least partially, to  
reconstruct the global impact of major El Niño events from histori-
cal sources with some genuine statistical accuracy. This is because of the 
wealth of Indian weather and population data gathered by the British 
East India Company, as well as global weather data from voyages and 
new settlements at the time, particularly in the southern hemisphere and 
not least in Australia.6 By far the greatest amount of information, both 
social and meteorological, available to us relating to the droughts of the 
eighteenth century is the ‘Great’ El Niño of 1790–1794.7 The period 
was in fact two El Niños—in 1790–1791 and 1793–1794—although 
El Niño-like meteorological anomalies persisted for the whole period 
and started earlier in some regions. The 1790–1794 event was of par-
ticular significance on account of its strong global effects, the particular 
sequence of events which it manifested and the very prolonged nature of 
the droughts it produced, especially in South Asia.

The El Niño had a major economic and global impact. However, we 
should note that it was actually the culmination of a succession of unu-
sual weather episodes which had begun in about 1780 and were char-
acterised by extreme events in both temperate and tropical latitudes in 
Europe and Asia.8 One year, 1783, which brought famine to almost all 
the peninsula, became famous in popular culture throughout India under 
the name of the chalisa (meaning ‘of the fortieth’ since it occurred in the 
Vikram Samvat calendar year 1840), that occurred during a protracted 
El Niño event from 1782 to 1784.9 This famine affected many parts of 
northern India, particularly territories ruled by Delhi. It was preceded by 



4  THE ‘GREAT EL NIÑO’, 1790–1794   83

a famine in 1782 in South India affecting Madras city and the extended 
Kingdom of Mysore. The social disruption caused by this particular 
event was a long-term one since nearly 4% of all villages in the Tanjore 
district of the Madras Presidency were entirely depopulated in the early 
1780s and over 17% in the Sirkali region.10 Up to eleven million people 
may have died in South Asia as a direct result of this event.

The drought years of 1790–1794 in India were first recognised as 
having a global impact by Alexander Beatson, Governor of St. Helena, 
who suggested in 1816 that the droughts of 1791 that had occurred 
simultaneously in different parts of the world (he referred particularly to 
India, St. Helena and Montserrat) had been part of the same connected 
phenomenon.11 Chronologically, the earliest indications of the event 
are contained in the manuscript records of meteorological observations 
made for the East India Company by William Roxburgh, a company sur-
geon, at Samulcottah in the northern Circars of the Madras Presidency 
(modern day Samalkot).12 Roxburgh had accumulated a fourteen-year 
set of temperature and pressure data from the early 1770s and was thus 
able to recognise the exceptional nature of the droughts that began in 
1789.13 These droughts had previously been approached in intensity, he 
reported to the company, only by those of a century earlier, in 1685–
1687.14 Roxburgh’s rainfall figures record the consecutive failure of the 
South Asian monsoon between 1789 and 1792, the most severe failure 
being experienced in 1790 (see Table 4.1).

Of particular note is the indication that the first major rainfall defi-
cit associated with the event was experienced in 1789 in Southern India, 
more than a year before similar deficits were experienced, towards the 
end of 1790, in Australia, Mexico, the Atlantic islands and southern 
Africa. The possibility that the Indian monsoon is an active rather than 

Table 4.1  Monthly 
rainfall at Samulcottah, 
Andhra Pradesh, India 
May–November 1788–
1792 (in inches and 
twelfths of an inch), as 
measured by Roxburgh

1788 1789 1790 1791 1792

May 15″4 1 4 3″6
June 7″2 6 1″8 4″1 5
July 22″3 6″10 4″9 5″6 6″4
August 12″2 21″1 3″8 1″8
September 8″9 1″4 4″8 3″9 7″5
October 5″9 10″1 1″5 3″3 13″11
November 6 1″3 1″2 6″4
Total 77″5 43″10 17″4 26″11 37″10
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a passive feature of tropical circulation and that monsoon failure may 
be efficient in foreshadowing El Niño rather than being predicted by El 
Niño has often been suggested.15 It should be noted that some El Niño 
events, such as that of 1997–1998, appear to articulate only with a fail-
ure of the Southeast Asian monsoon rather than with a South Asian fail-
ure. In the case of the 1790–1794 El Niño event (and the 1686–1688 El 
Niño event) a failure of the monsoon occurred in both regions.

By November 1792 over 600,000 deaths were being attributed 
directly to the prolonged droughts in the 167 districts of the northern 
Circars of the Madras Presidency alone; up to half the population there 
died in 1792 (see Table 4.2).16 The long drought periods were inter-
spersed by very short periods of intense and highly destructive rainfall.  
In three days at Madras in late October 1791, 25.5 inches of rain fell, 
‘more than…. has been known within the memory of man’.17 Throughout 
India, the famines of 1790–1794 resulted in very high mortality. This level 
of mortality was reflected in local terminology and ways of referring to the 
event for many years afterwards. In Bijapur for example the year 1791 was 
known in oral history as ‘the Doji Bara or Skull Famine’ when the ground 
was covered with the skulls of the unburied dead.18

In limited areas, such as the Northern Circars, the East India 
Company attempted to estimate total mortality statistics. In other 
regions a much rougher but still useful guide is provided by the fig-
ures for deserted village sites. In the Gorakhpur district of Bihar, for 

Table 4.2  Reported 
deaths due to famine in 
the Madras Presidency of 
India in 1792

Muglatore 141,682
Havelly 1 53,956
Havelly 2 4874
Peddapore 184,923
Pittapore 82,937
Nandeganah 11,376
Sullapelly 9018
Poolavam 16,204
Goulatah 12,639
Cotapilly 4851
Corcoudah 9035
Ramachandrapuram 7430
Cottah 7800
Somapah villages 2306
Noozeed 96,210
Char mahar 16,245
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example, the 19,600 villages extant in 1760 had fallen to 6700 by 1801,  
with a mere third of the district falling under cultivation. Not all of these 
desertions were due to famine mortality, but a high proportion of them 
probably were.19 A similar pattern of mortality pertained in Southern 
India during the period, where a pronounced pattern of village desertion 
can be established, and up to 30% of villages were deserted, for example, 
in some parts of Salem district.20 In Kutch in Gujerat famished people 
‘killed their children and lived on their flesh’.21 Extrapolating from 
these kinds of figures we may attribute a total famine mortality during  
1790–1794 of perhaps eleven million. However, although the human 
cost of the episode was very high in the subcontinent, severe conse-
quences were also felt elsewhere, especially further east.

The rainfall deficiency associated with the El Niño spread out of India 
towards the east, with unseasonably severe droughts afflicting Java and 
New South Wales.22 On 5 November 1791 the Governor Philip reported 
that the normally perennial ‘Tank Stream’ flowing into Sydney Harbour 
had been dry for ‘some months’.23 It did not flow again until 1794. The 
drought had begun, Philip records, in July 1790 and no rain had fallen 
at all by August 1791. By 1791 the ground near Sydney was so hard 
that the land could not be ploughed, and in November 1791 the first 
water regulation was passed within the European colony in Australia.24 
In the western Pacific there is some limited evidence of El Niño condi-
tions from the journals of the D’Entrecasteaux visit to New Caledonia in 
1793, during which cold and severe drought were recorded.25

In Mexico the prolonged aridity that developed during 1791 was 
recorded in a steady fall in the level of Lake Patzcuaro, which gave rise 
to disputes over the ownership of the land that emerged.26 As in Europe 
these events were preceded by summer crop failures. On 27 August 
1785 a hard night frost and the ensuing crop failure precipitated the 
great famine of 1785–1786.27 In the 1790s in Mexico not one annual 
maize crop yielded an abundant harvest. The severest droughts of the 
1790–1794 event did not strike Mexico until 1793, where wholesale fail-
ures of the wheat and maize crops took place.28 In 1794 the maize crop 
was again very poor due to almost complete drought. In 1795 the crop 
returned to near normal, although one might note that drought condi-
tions persisted in that year in many Caribbean islands.29

In Egypt three successive years of exceptionally low floods during the 
1780s led to famine and soaring wheat prices. This was followed in 1789 
by the plague (called Ta’oun Ismail Bey), which lasted for five months. 
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In 1791 and again in 1792, a slight drop in the Nile Flood (only two 
cubits or about one metre from the optimal level) led to a severe famine, 
according to Antoune Zakry.30 People were forced to eat dead horses 
and donkeys and even children. Another series of low floods in 1794, 
1795 and 1796 led to a popular peasant revolt. Along the Peruvian coast 
the great strength of the El Niño during 1791 with its resulting deg-
radational effects on agriculture and fisheries was well documented by 
contemporary observers.31 Flooding of normally arid areas was especially 
widespread that year.

The first indications of the onset of unusual drought in the Caribbean 
were felt in the most drought-prone islands of the Eastern Antilles, espe-
cially on Antigua and Barbuda. Antigua had already suffered from a long 
drought in 1779 and 1780. In 1789 drought returned with ‘redou-
bled severity’.32 Even as late as 1837 this year was still referred to by 
Antiguans as ‘the year of the drought’. As a chronicler noted ‘What mis-
eries the Antiguans then suffered I am of course from experience unable 
to say; but if they exceeded those endured in that eventful year 1837  
(a later severe El Niño) they must have been terrible indeed’.33

According to the colonial archival documentation, by August 1791 
the desiccating effects were already the severest recorded in writ-
ten records since the late seventeenth century, and on the islands of  
St. Vincent and Montserrat no measurable rainfall had been recorded 
by the middle of the month. This information is contained in formal 
requests for tax relief made by landowners due to harvest failure.34 The 
drought continued on Montserrat until at least November 1792.35 Far 
away in the South Atlantic, extended and abnormal periods of drought 
began on St. Helena in late 1791 and continued until mid-1794. On  
St. Vincent and on St. Helena the droughts were serious enough to lead 
to calls by government naturalists for the formal gazetting of forest reser-
vations with the deliberate intention of encouraging rainfall.36 The great 
El Niño event of the early 1790s took a long time to fade away in the 
Caribbean and Atlantic. The Times index of 1796 indicates that in 1795 
there was still an unrelieved drought in Antigua.37

Very low Nile levels from 1790 to 1797 provide some indication of 
the impact of the event in reducing monsoonal rainfall on the Ethiopian 
highlands. Evidence from much of the rest of Africa is scanty; however, 
we know that prolonged droughts in Natal and Zululand between 1789 
and 1799 resulted in the Mahlatule famine.38 This was the severest 
known in the written record to have afflicted Southern Africa prior to 
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the El Niño event of 1861–1862. The low rainfall in both periods shows 
up very clearly in the dendrochronological record.39 Zambia, Zimbabwe 
and Mozambique also witnessed drought during the 1790s.40

Throughout the period of the French revolution between 1789 and 
1792 unusual weather and extreme meteorological events in Europe and 
elsewhere continued to be recorded.41 In England, for example, Parson 
Woodeford’s diary tells us of unusually high temperatures and summer-
like weather in January and February of 1790.42 These high winter tem-
peratures were also being experienced in North America. Contemporary 
observers tell us that horse herds expanded greatly in numbers and 
facilitated expansion and migrations by the Cree, Assiniboine, Blackfoot 
and Gros Ventre in parts of Washington, Montana and Wyoming. The 
first three years of the 1790s were very warm and dry on the northern 
Great Plains. Fur traders in the region repeatedly remarked about how 
warm and snowless those winters were. But high temperatures were 
also accompanied by high rainfall events. On 13 January 1791 the first 
of a series of very heavy thunderstorms was recorded, in Saskatchewan. 
This produced some hardships for bison hunters, but horse herds multi-
plied. Hostilities among indigenous groups were rare in those years. That 
warm episode ended abruptly in 1793–1794. At the end of the El Niño 
event, the return of cold winters provoked wars between the First Nation 
tribes as conditions deteriorated for them and their horses. Horse herds 
were decimated, and warfare reached a climax in the next year.43

Further south in North America the same conditions gave rise to 
heavy rainfall and high temperatures relatively far north in the young 
United States. This brought about an inexorable rise in the mosquito 
population. As a result, by 1793 the conditions were ideal for the spread 
of mosquito-borne diseases. On 19 August 1793 Dr. Benjamin Rush, 
a doctor in the relatively northerly city of Philadelphia, noted his first 
cases of Yellow Fever.44 By October 1793 the epidemic had killed over 
5,000 people in Philadelphia alone. It was only ended by a severe frost 
in November. It seems that the epidemic had spread from Haiti, then 
known as the French colony of Saint Domingue. A slave rebellion was 
ongoing in Haiti, sparked off at least in part by the political conditions of 
the French Revolution, a revolution which had itself been much stimu-
lated by prolonged bad weather and crop failure in Europe in the years 
preceding and during the early stages of the 1790–1794 event. Refugees 
from the rebellions carried Yellow Fever with them to the East Coast 
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ports of the United States where the aberrantly high mosquito popula-
tion allowed the disease to flourish.

Other diseases also flourished in North America during the period of 
the ‘Great El Niño’. This was particularly the case with influenza, a dis-
ease whose epidemics had not previously affected the North American 
mainland very much. The disease spread through all of the United States 
and Nova Scotia in 1789–1790.45 The epidemic spread from Georgia 
in the southern United States to Nova Scotia between September and 
December 1789. A renewed epidemic developed in the spring of 1790. 
In April 1790 George Washington was infected. Thomas Pettigrew 
reports that one Dr. Warren recorded ‘at New York, as far as I can learn, 
its appearance was somewhat later than here, and our beloved President 
Washington is but now on the recovery from a very severe and danger-
ous attack of it in that city’.46

Pettigrew added, observantly, that ‘the summer preceding the fall dis-
ease, was remarkably hot…the last winter was uncommonly mild and 
rainy. The diseases of that season numerous, both synocha and typhus 
[appeared]’. Certainly the very hot summers and mild winters, which 
characterise El Niño conditions in much of North America, appear to 
have encouraged the spread of epidemics in several different diseases, 
especially in 1789–1794.

In summary, while further archival research is needed to more fully 
characterise the 1790–1794 event, the evidence of an intense and pro-
longed global impact already suggests that it may have been among the 
most severe in the available written record. 
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The impact of El Niño events from the time of the French Revolution to 
the present day is illuminating when one examines the ability of a soci-
ety or nation to cope with crisis. The first two decades of the nineteenth 
century involved the passage of a number of strong El Niño events. This 
was also the period when the processes involved in global drought events 
began to be understood—not least through the writings of administra-
tors such as Alexander Beatson—as a direct by-product of the kind of 
information flow permitted by the conditions of European imperial rule 
and global communications. It is the process of information gathering 
by the colonial powers that also allows us to examine in detail the eco-
nomic and political implications of these nineteenth century El Niños, 
somewhat paradoxically as much of this information points towards the 
culpability of the colonial governments.

Ironically, it was the calculations and ambitions of one of the first 
rulers with avowedly global aspirations, Napoleon Bonaparte, which 
first came seriously to grief when confronted with the global influence 
of a major El Niño event. As we have seen, many El Niños appear to 
be accompanied by unusually cold winters in northern Europe and 
Russia.1 In 1812 Napoleon’s armies were confronted with just such 
a meteorological development, and far harder winter conditions than 
the French generals had anticipated. Napoleon’s defeat in the snows of 
western Russia critically foreshadowed his military decline and shaped 
the future destiny of Europe in the Victorian Age, not least through the 
thwarting of French global ambitions. But the defeat also symbolised  
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the consequences of an inability to forecast extreme rather than average 
climatic conditions that might affect a political or military initiative.  
As the century proceeded and the world acquired a globalised economy 
interlinked by global politics, economics and technology, the effects of El 
Niño became increasingly important. This was firstly through the ability 
of El Niño conditions to reduce the high levels of agricultural produc-
tion on which a rapidly growing population depended, and thus increase 
the likelihood of famine, and secondly by its ability to stimulate disease 
in a world made much more vulnerable to epidemics through improved 
transportation and increased levels of migration.2

The chief beneficiary of Napoleonic failure was undoubtedly the 
British superpower and colonial influence. But even here the impact of El 
Niño was a lasting one. In many ways the two most politically important 
as well as troublesome imperial possessions of Britain were Ireland and 
India, both iconic in contemporary Victorian perceptions. Both of these 
vassal regions were particularly vulnerable to the vagaries of weather and 
disease, and hence highly vulnerable to famine. The vulnerability of the 
Caribbean Islands to El Niño-caused drought has already been discussed. 
So too, as British interests expanded in Southern Africa, Southeast Asia, 
Australia and the Pacific, the colonists and settler populations became 
aware of the vulnerability of these newly acquired regions to frequent 
but almost entirely unpredictable drought, disease and flood events. The 
occurrence of famine had become a concern of the East India Company 
in the 1770s, soon after it had started to become the major controller 
of territory in India, following on from the annexation of Bengal. The 
appalling power of drought and famine became apparent in 1790–1794, 
precipitating the birth of the scientific understanding of El Niño. But it 
was really the Irish famine in 1845–1846 that brought home the politi-
cal dangers of famine to the British, both in Ireland and India after that 
time. Here, too, El Niño events may have played a role.

El Niño and the Irish Famine

The potato blight (Late Blight or Phytophthora infestans) that brought 
about the Irish famine was not a direct product of any El Niño. But the 
blight flourished mightily in the damp conditions in Western Europe 
associated with the ‘very severe’ El Niño of 1844–1845 and was able to 
leave a trail of destruction in a way that may have been unlikely under 
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‘normal’ meteorological conditions.3 It is likely that the domestic potato 
and the fungus were first brought together on the North American conti-
nent in the 1840s; a report of a new disease in potatoes was first recorded 
there in 1842. The disease started near Philadelphia and proceeded to 
spread north, west and south. By 1844–1845 the disease had arrived in 
Europe. First detected in Belgium in 1845, the blight rapidly spread as 
far as Ireland and Germany by mid-October of that year.4 The weather 
in June 1845 was dry and hot, but in July it turned unusually cold and 
wet. Heavy rains continued into August and then the temperature began 
to rise again. These were ideal conditions for the growth of the blight 
fungus. In August Sir Robert Peel received reports of a serious potato 
blight from the Isle of Wight. Then on 13 September the disease was first 
reported in Ireland. By the end of October nearly half the potato crop 
was lost, setting the stage for a famine that had a host of other contribu-
tory causes in addition to the famous El Niño-stimulated blight.

The connection between blight and El Niño may thus be a circum-
stantial one, but the highly unusual climatic conditions of the El Niño in 
1844–1845 seem to have been a critical factor. A similar dynamic oper-
ated during the El Niño of 1982–1983. During that period too an epi-
demic of potato blight spread in Central America. This involved a new 
variety of Phytophthora infestans, a variety called ‘A2’, which, while first 
originating in Mexico, proceeded during 1984 to spread around the 
world, much as its ancestor had done in the 1840s.

The potato blight and the crop failures of 1845 and 1846 started a 
chain of events that led to famine, mass Irish and Scots emigration and 
a legacy of political bitterness between Ireland and Britain. This affected 
all parts of the British Isles and many other crops besides the potato. The 
crop failures also brought about a political cataclysm in England itself as 
the Corn Laws (which protected domestic growers and fixed a tariff on 
food imports) were repealed and the Peel Government fell. Crop failure 
led directly to the collapse of the Government. To quote Peel himself:

Sir, the immediate cause which led to the dissolution of the government 
in the early part of last December [1845] was that great and mysterious 
calamity which caused a lamentable failure in an article of food on which 
great numbers of the people in this part of the United Kingdom, and still 
larger numbers in the sister Kingdom [Ireland] depend mainly for their 
subsistence. That was the immediate and proximate cause, which led to the 
dissolution of the Government.5
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Somewhat disingenuously, Peel added, ‘I will not withhold the homage 
which is due to the progress of reason and to truth, by denying that my 
opinions on the subject of protection have undergone a change’. The 
catastrophic influence of the El Niño on a plant disease and hence on 
crop production, in other words, contributed strongly to the breakdown 
of protectionism in Victorian Britain.

El Niño Events in the Victorian Colonial Context

An analysis of the El Niño of 1844–1845 raises even wider issues about 
the connections between climatic events, social disruption and even revo-
lution when one examines the colonial context. The new structures of 
colonialism and western economic penetration that occurred during the 
nineteenth century significantly affected vulnerability to El Niño events 
within colonised populations in drought-prone regions. Although peo-
ple had always died in droughts in India or Africa, for example, the new 
governing structures often significantly challenged traditional responses 
to drought. As a result, in several regions mortality figures during El 
Niño-caused droughts during the nineteenth century increased above 
earlier levels. The El Niño of 1861–1862, for example, affected Southern 
Africa especially seriously and perhaps most seriously in the Zambezi and 
Shire Valley areas of modern-day Malawi and Mozambique.6 Here the 
drought, coupled with the effects of a rampant Arab slave trade, wrought 
havoc among the river valley societies and thousands perished of starva-
tion in a rainless year. Where at one time highland people would have 
concentrated during a drought in lower, wetter areas, they were now 
confined by the slave traders to the drier highland areas. As the explorer 
David Livingstone noted in his journals:

The slave trade must be deemed the chief agent in the ruin, because, as 
we were informed, in former droughts all the people flocked from the hills 
down to the marshes, which are capable of yielding crops of maize in less 
than three months, at any time of year, and now they were afraid to do so.7

The 1862 drought largely destroyed many of the peoples of the Shire 
and Zambezi valleys and up to 90% of the population perished, to such 
an extent that wild animals moved into fill the vacuum left by the joint 
ravages of slave-traders and the El Niño.8 This was the first of several 
mega-El Niños that left their ferocious mark on Southern Africa, the last 
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(and most severe in Southern Africa) in 1922–1923.9 But later El Niño 
droughts in colonial Southern Africa threatened financial collapse at an 
elite level as well as hardship to African farmers. A somewhat less seri-
ous El Niño-related drought in 1864–1865 contributed to the failures of 
a number of early banks in South Africa.10 Likewise in Australia, which 
was, if anything, even more vulnerable to the impact of El Niño on 
agriculture than South Africa. As banks became steadily more depend-
ent on pastoralists and grain exporters, at a time before significant cities 
and manufacturing industries had grown, so the danger of collapse grew 
greater. The Bank of Queensland only narrowly escaped bankruptcy 
in the drought of 1865.11 In this way, as the colonial financial system 
evolved alongside the rapid expansion of agricultural exports so too did 
it have to contend with El Niño.

The El Niño of 1877–1879

The close correlation between episodes of extreme weather during El 
Niño events in the tropics and in temperate latitudes has been of great 
economic significance. The 1877–1878 event is a spectacular exemplar. 
The instrumental meteorological record, established in many parts of the 
world by 1870, suggests that it was one of the severest El Niños ever 
recorded. It certainly seems to have been the most devastating El Niño 
episode since 1790–1794, and possibly for much longer. Measured in 
terms of the number of people who were killed by it, directly by extreme 
weather events or indirectly through famine and disease, the 1877–1879 
event may have been among the worst events in the last one thousand 
years (although possibly equalled by the events of 1629–1633, 1686–
1688 and 1790–1794). Up to 20 million people may have died in South 
Asia as a direct result of the monsoon failures of the period, in one of 
the worst famines in human history.12 Very severe conditions were also 
experienced throughout Southern Africa, Southeast Asia and Australia.13 
In China the 1877–1879 El Niño produced major floods in Hunan and 
Chekiang in the central region of China and long droughts in the north. 
In Egypt the Nile flood was two metres below average, leaving 62% of 
Qena Province and 75% of Girga Province unirrigated.14 In Western 
Europe wet springs and dry and cold summers led to serious crop failure 
and a longer lasting agricultural and economic depression, often known 
as the Great Agricultural Depression. The financial consequences were 
global in their impact, in the context of a world financial system that had 
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become newly, but significantly, globalised. So, for example, gold cred-
its used to pay for imports of grain to make up for Asian and European 
crop losses during 1877–1879 were so enormous that they allowed the 
United States to pay off Civil War debts in their entirety and rejoin the 
Gold standard.15

This kind of globalisation of money and food supply was something 
new, but in the event did little to reduce famine mortality. In fact, we 
now know that in the region where mortality due to the 1877–1879 
event was greatest, in British India, state efforts to combat starvation by 
gathering people into camps actually promoted the spread of malaria, a 
disease which became the major cause of famine mortality in India dur-
ing the nineteenth century, and mainly after rains had actually recom-
menced. The famine of 1877–1879 marked a major turning point in 
colonial famine policy—once the disease risks of agglomerating people 
together in famine camps were understood. In this way some societies 
began actively to combat the effects of El Niño, particularly as transport 
links and communications improved. However, these new technologies 
were not always used to combat the effects of extreme weather events. 
For instance, in the 1870s we know that the effects of famine were made 
worse once grain-dealers discovered that they could use the new Indian 
railway system to concentrate grain in areas where it could command the 
highest price due to famine conditions. As a result those least able to 
afford grain died even more quickly than in pre-railway droughts.16

One of the more important results of the 1877–1878 event, from 
a scientific point of view, was the stimulation of a number of official 
innovations with regard to the collection of regular weather data; gov-
ernment meteorological and agricultural departments were set up and 
regular instrumental observations were organised throughout India and 
other parts of the British Empire.17 The 1877–1878 event acted as a sig-
nificant catalyst for the meteorological researches that ultimately led to 
the discovery of El Niño, as will be seen.

El Niños 1883–1892

In 1886 the Commercial Bank of South Australia collapsed. The collapse 
occurred in the wake of major land speculation followed by long El Niño 
droughts that had commenced in 1883–1884 and which were particu-
larly bad in the summer of the ‘severe’ El Niño of 1885.18 One company 
alone, the Tapalin Pastoral Company, lost 43,000 sheep in the drought. 
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In the wake of the Commercial Bank collapse, runs took place on other 
South Australian banks, especially the Town and Country Bank, which 
also narrowly avoided collapse. Even so, the 1880s El Niño droughts 
marked the end of a long period of prosperity for South Australia as 
farmers learnt their lesson and retreated to climatically safer zones. As 
South Australia declined from the zenith of its economic power, bet-
ter-watered Victoria acquired a permanent advantage over its droughty 
neighbour.19

In much of Africa the effects of El Niño episodes in the latter half of 
the nineteenth century were made much worse by the loss of livestock 
in cattle disease epidemics. It is not yet clear how extended drought and 
El Niño weather conditions affect cattle disease epidemiology. However, 
there is no doubt that as modern communications began to develop these 
epidemics became much more serious and widespread, and seriously exac-
erbated existing food shortages. If cattle died they no longer buffered 
families from shortage by providing food or capital to tide over dearth. 
This was particularly the case in Ethiopia, where the preponderance of 
cattle in the economy meant that cattle losses led directly to massive fam-
ine deaths in the severe El Niño periods of the latter half of the century.

El Niño Episodes and the History of Famine and Epidemic 
Disease in Ethiopia: The Droughts of 1888–1890 

and Their Consequences

The nineteenth-century impact of El Niño on Ethiopia and the Horn 
of Africa was comparable to the effects felt in South Asia in terms of the 
proportion of the population affected by famine conditions and disease. 
But the effects of El Niño conditions on animal populations and on ani-
mal, especially, cattle diseases were, if anything even more spectacu-
lar. These exacerbated the direct impact on crops and people and may 
have brought about a very serious long-term weakening in the strength 
of the Ethiopian economy. The 1883–1892 famines were the latest in a 
number of devastating famines that affected the region after 1800. The 
first was in 1828–1829.20 This was followed by an epidemic of cholera 
which swept off nearly two-thirds of Sahla Sellase’s population of slaves. 
A failure of the rains in 1835 led to a severe famine and a further chol-
era epidemic, followed by ‘great mortality’ in Shoa Province. This period 
stayed alive in popular oral tradition for a long time, being remembered  
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as ‘the year of stagnations’ by the Bet Abraha people of Western Eritrea. 
The German scholar Littman was told that in that year ‘rain disappeared 
from the earth, and famine came over men and beasts’.21 In 1836–1837 
cholera outbreaks continued, and appear to have nearly wiped out the 
population of Wallo and Lasta. A few decades later, prolonged El Niño 
droughts from 1877 onwards were accompanied by an outbreak of cat-
tle plague in 1879. By 1880 the heavy cattle mortality was itself bringing 
about a famine, which was then exacerbated by the heavy La Niña rains. In 
Begamder the author Afawarq Gabra Iyasus declared that the people were 
obliged to grind the husks of grain into flour out of which they made soup.

An outbreak of cattle disease began in the north and moved  
southwards. Alaqa Lamma Haylu, an old man in his nineties whose 
remarkable memory helped to establish the chronology of the outbreak, 
said that it began in Hamasen, spread to Tigre and, during the rains of 
1888, swept across Begamder and Lasta to Gojam, where the devasta-
tion began between October and December. Falling ill shortly before 
Christmas, he was in bed for some three days and found when he got up 
that ‘all the cattle were dead’. The disease then spread to Shoa.22 This 
picture is corroborated by contemporary foreign sources. Bettembourg, 
a Lazarist missionary, declared in November 1888 that a greater num-
ber of the cattle had perished, while on 8 January of the following year 
one of his colleagues, Crouzet, wrote ‘A terrible epizootic murrain has 
carried off all the cattle’. A few weeks later, in February, he added that 
in the Keren area all the cattle had died and that a fellow missionary, 
Picard, had reported ‘Our flock of goats has disappeared; the epidemic 
has left us nothing’. On 20 February, the Italian envoy, Count Antonelli, 
reported from Shoa that ‘all Ethiopia’ was threatened with a crisis which 
might well ‘be fatal to her economic life’. Livestock mortality reached 
immense proportions. An Italian eyewitness, Capucci, estimated that 
90% of the cattle perished, while Skinner, the first US envoy to Ethiopia, 
corroborated this and commented that no more than 7 or 8% of cattle 
survived. Afawarq Gabra Iyasus states that many an owner of a thousand 
head was left with perhaps only one or two, while Alaqa Lamma says 
that his father had had some three hundred head, only one of which had 
survived. He relates that he set out at that time for Addis Ababa, trav-
elling by way of Debra Libanos through land from which the livestock 
had completely disappeared. At Salale he saw one black calf, and in the 
mountains above Debra Libanos six old oxen standing alone; finally on 
reaching Debra Berhan, he discovered that a few cattle had survived here 
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and there in the areas of highest elevation. At Laja-gend, for example, he 
saw five or six cattle but in the lowlands the extermination was complete.

Other observers tell a similar story. Wurtz, a French physician, states 
that whole herds fell down dead where they stood; at Bulga, for exam-
ple, all the cattle died within eight days, while out of one of Menilek’s 
herds, several thousand beasts in number, not a single one survived. The 
emperor was said to have lost around 250,000 head of cattle, while some 
of the rich Gallas (Oromo) each lost as many as 10–12,000. Wylde was 
informed by one of the chiefs of Lasta that in less than 10 days he had lost 
56 out of his 57 plough oxen and all his cows, the only survivors being 
‘two or three heifers and some calves’. Baird, a British official who trav-
elled to Debra Marquos reports ‘we passed quantities of bones of cattle 
which had been killed by the rinderpest. Each village had its cattle pen…
but they were nearly all empty.’ Similar evidence is available for Western 
Eritrea, Begamder, Shoa, Harar, the Dankali area, Kaffa, the Galla lands, 
Arussi, Borana and the Juba Valley. The gravity of the situation was vividly 
expressed by Gabra Sellase who wrote that ‘a scourge sent by God fell on 
Ethiopia and led to the destruction of the cattle and oxen in the coun-
try’. The epidemic also affected wild animals. Powell-Cotton, a British 
game hunter, states that all the buffalo in Damot were carried away, while 
Ferrandi records seeing ‘enormous areas’ of bleached buffalo bones in the 
Juba area, and Skinner that ‘even the antelopes perished’.23

The year of the cattle plague was very hot and dry and bad for agri-
culture. As early as 16 November 1888, Fettembourg reported that the 
drought had caused a large proportion of the plants to perish, while in 
January 1889, Crouzet noted that ‘all the crops have been burnt by the 
sun’.24 The drought led to a harvest failure that was soon intensified 
by cattle plague which, by killing off all the oxen, brought ploughing 
to a halt. The severity of this situation was understood by the emperor 
Menelik, who declared ‘if the oxen disappear there will be no more 
grain, and if there is no grain there will be no men’.25 The traveller 
Antonelli reported that ‘in so improvident a country, where the harvest 
is consumed even before the new season arrives it is easy to foretell the 
consequences to which Ethiopia will be condemned when, through lack 
of animals, the fields cannot for several seasons be sufficiently worked’.

By 1890 there had, effectively, been continuous drought in much of 
Ethiopia since 1888. By 1891 this produced a new outbreak of locust 
swarms, that reliable marker of a prolonged or strong El Niño episode. 
It was preceded by a caterpillar episode that destroyed many crops, while 



102   R. GROVE

much of what remained was then eaten by locusts. By 1892 there were 
reports of a terrifying plague of ‘thousands of rats’. Antonelli, who had 
travelled between Harar and Addis Ababa the year before was appalled 
by the change he found in 1890. ‘Previously,’ he wrote, ‘the country was 
inhabited; there were very beautiful fields of durra and barley, numerous 
herds of cattle, sheep and goats, and the whole area had an atmosphere 
of abundance and prosperity. At present it is one continuous desolation 
… no more inhabitants, no more cultivation, no more flocks, but low 
acacias and tall grass rendering the beautiful valleys of Chercher and Ittu 
unrecognisable.’ This change had taken place between June 1889 and 
December 1890.26

The nineteenth century was thus characterised by major famine events, 
especially in South Asia. As in previous centuries, El Niño, as a cause of 
mass death, continued to exceed any human-induced contribution to 
events causing high mortality. The nineteenth century though may have 
marked the culmination of global El Niño-related mortality. By con-
trast, the twentieth century was probably the first century in 5000 years 
in which mortality in human-caused incidences of mass death exceeded 
mortality due to famine connected to El Niño episodes. We will return to 
the impact of El Niño in the twentieth century later in this volume.
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The Southern Oscillation

Surely in Meteorology, as in Astronomy, the thing to hunt down is a cycle, 
and if that is not to be found in the temperate zone, then go to the frigid 
zones or the torrid zones to look for it, and if found, then above all things, 
and in whatever manner, lay hold of, study it, record it, and see what it 
means. Sir J. Norman Lockyer 1872.

When should we begin a history of the El Niño Southern Oscillation 
(ENSO)? The Southern Oscillation was named in 1924 and its discovery 
can be traced back to colonial attempts to forecast the Indian monsoon 
in the late-nineteenth century. The first use of the name ‘El Niño’ to 
describe a climatic phenomenon in South America appeared in print in 
1893. Perhaps though, as Richard Grove has previously argued, a his-
tory of the science of El Niño should begin with the first correspondence 
between ‘educated people’1 about meteorological extremes occurring 
simultaneously in several parts of the world. This occurred during what 
Grove refers to as the ‘Great’ El Niño of 1790–1794, and was again 
associated with British colonialism.

To understand the way that the knowledge of El Niño has been gener-
ated one must understand the context within which knowledge-produc-
ers were working. For the earliest history of what became the Southern 
Oscillation this was under the British East India Company. Created 
in 1600 with a mandate to gain a monopoly over the East Indies spice 
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trade, the East India Company became a major colonial governing power.  
Its first territories were the islands of St. Helena and Mauritius, staging 
posts on the journey to India. Later, substantial settlements grew around 
the company’s trading ports in India: in Calcutta, Bombay and Madras. 
To protect these territories the company maintained a vast army of Indian 
soldiers, and through a convoluted process of skirmishes, treaties, alli-
ances and outright conquest, ended up governing the whole of India.

The employees (or ‘Servants’ as they were known at the time, irre-
spective of their role or social class) of the company were primarily driven 
by revenue-maximisation. Under this imperative, substantial programmes 
of meteorological monitoring, observation and cataloguing of the local 
environment were carried out, for the purpose of agricultural ‘improve-
ment’, an activity designed to simultaneously increase the revenue of the 
Company and to improve the livelihoods of the local populations. The 
logic of governance in India by a foreign trading organisation called for 
as little interference in indigenous ways of life as possible, agricultural 
improvement aside. Governance structures were often left largely as they 
had been previously within new territories taken over by the East India 
Company. Administrators were expected to be polymaths, with intri-
cate knowledge of the cultures and geography of the regions under their 
control, and to hold the position of wise councillor as well as tax collec-
tor. Missionary activity was prohibited in East India Company territories 
until 1813.2

Like all organisations the employees of the East India Company were 
varied. Some were concerned only with their own wealth. Others were 
genuinely concerned with the condition of the local population, or with 
the local environment. Botanical and meteorological experimentation 
was a common endeavour, both inside and outside of official company 
business. Ship’s surgeons were commonly involved in scientific explo-
ration and naturalists from Great Britain regularly toured India. The 
period when the East India Company reached prominence in India 
was the era of the scientific Enlightenment in Europe—an era of scien-
tific advancement and of a belief that the ingenuity of Man could over-
come the chaotic natural world. Colonial scientific endeavour reflected 
this belief 3; partly colonial science was also driven by trade, and partly 
by the romance of travel.4 Botanic gardens were set up at Samalkota in 
the Northern Circars of the Madras Presidency in 1778 and Calcutta in 
1787. In 1787 the first botanic gardens in the western hemisphere were 
set up at St. Helena.5
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It was William Roxburgh—Superintendent of both Samalkota and 
Calcutta during the last decades of the eighteenth century—who gen-
erated the first detailed record of the severity of an El Niño drought. 
Roxburgh kept an unbroken meteorological record from 1780 to 
1793, which allowed him to demonstrate the exceptional nature of the 
drought of 1790–1792.6 His records also led him to search for previ-
ous incidences of such intense droughts, finding evidence, provided by 
‘the Rajah of Pittenpore’s family Brahmen’, of the previous drought of  
1685–1687.7 Roxburgh speculated from his historical analysis that 
droughts in southern India may have occurred at regular intervals, pre-
senting the results of his findings to the East India Company in 1793.8

Roxburgh was a traditional East India Company naturalist: trained as 
a botanist but with a fascination with climate, both in terms of the role 
of vegetation in regulating rainfall and the possibility of acclimatisation of 
European plants to tropical environments.9 In speculating that droughts 
were periodic he was reflecting a broader tendency of Enlightenment sci-
entists to search for patterns in the natural world. Understanding patterns 
could allow for prediction and create a semblance of order. This drive for 
order over chaos was a central tenet of the Enlightenment, the demon-
stration of the triumph of Man over nature.10 The atmosphere was the 
most chaotic component of nature and possibly the most important to 
understand. For the East India Company understanding the weather was 
particularly important, as an appreciation of patterns in the monsoon 
would reduce the impact of periodic revenue-depleting droughts.

Letters between East India Company naturalists discussed the droughts 
of 1790–1792 widely. The Curator of the botanic garden in Madras, 
James Anderson, and his counterpart in Calcutta, Robert Kyd, discussed 
an emigration of 5000 famished people away from Rajahmundry in the 
Northern Circars, most of whom died. Both Anderson and John Berry—
curator of the Nopalry garden in Madras—corresponded with Alexander 
Beatson in Mauritius about the drought, who was worried about the 
effects of drought on civil unrest.11 Later, as Governor of St. Helena, 
Beatson was to compile these correspondences as part of a thesis on 
global drought and imperial rule, writing in 1815 that ‘the severe drought 
felt here in 1791 and 1792 was far more calamitous in India’,12 and also 
making note of an unusual dryness in the British territory of Montserrat 
in the Caribbean. Thus Alexander Beatson can justifiably be described as 
providing the first documented evidence of what we would now call tel-
econnections associated with a very strong El Niño.13
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Meteorological observation and monsoon science increased in inten-
sity through the late-nineteenth century. When control of India was 
handed from the East India Company to the British Government in 
1858 the mentality of the colonial state changed. Now under Crown 
control, justification for colonial rule became increasingly about 
improvement of India and the ‘moral imperative’ of the superior British 
governance structure.14 This was the era of substantial techno-scientific 
discovery within the colonial European nations and interest in terrestrial, 
atmospheric and solar physics. Combined astronomical and meteorologi-
cal observatories were opened in several major colonial cities during the 
middle decades of the nineteenth century and information was shared 
between the colonial states and European powers.

Under the logic of direct colonial rule by a European state, mitigation 
of natural disasters became an increasingly important part of the justifica-
tion of imperial governance.15 Predictive science was a large part of this. 
The Indian Geological Survey was created in the wake of the devastat-
ing Gujerat earthquake of 1819. The Indian Meteorological Department 
had its roots in early attempts to decrease the impact of Indian Ocean 
cyclones on shipping off Calcutta. A particular imperative to the colonial 
government was prevention of the devastating famines that periodically 
visited the subcontinent, thus the Indian Meteorological Department 
was created in 1875 with a remit to forecast droughts and cyclones. Its 
remit was made more urgent when the monsoon of 1877 was weaker 
than had ever been recorded before (or since),16 resulting in devastating 
famine and an estimated 10 million deaths.17

The search for cycles in nature was central to this endeavour, using 
the new datasets from a growing network of observatories. Much activity 
within European colonial science in the nineteenth century was driven 
towards demonstrating a link between global meteorological variabil-
ity and the 11-year sunspot cycle, discovered in 1843 by the German 
astronomer Samuel Heinrich Schwabe.18 This was aided by the tendency 
of meteorologists to also be astronomers and the dual astronomical-
meteorological remit of observatories.19 A particular proponent of this 
approach was Sir J. Norman Lockyer, a prolific scientist who founded the 
journal Nature and undertook pioneering work on the use of spectros-
copy to study sunspots and solar flares.20 In 1872, in a work called ‘The 
Meteorology of the Future’, Lockyer set out his manifesto for meteorologi-
cal practice:
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Surely in Meteorology, as in Astronomy, the thing to hunt down is a cycle, 
and if that is not to be found in the temperate zone, then go to the frigid 
zones or the torrid zones to look for it, and if found, then above all things, 
and in whatever manner, lay hold of it, study it, record it, and see what it 
means.21

Lockyer’s method prioritised the discovery of cycles over an under-
standing of meteorological dynamics. His empirical research generally 
involved the presentation of raw data in graphical form at various global 
locations and its comparison to years of maximum and minimum sunspot 
activity. His primary influences were Schwabe and also the Saros cycle, 
which was used to predict solar and lunar eclipses in astronomy and had 
been identified by the ancient Babylonians but not understood until the 
seventeenth century.22 In 1879, Lockyer contributed to a report by the 
Indian Government on the relationship between monsoon rainfall and 
the sunspot cycle, but this was challenged in 1883 and his methods were 
not used for forecasting.23

The first Director General of Observatories in India (Director of the 
Indian Meteorological Department), Henry Blanford, developed the 
first method for forecasting the Indian monsoon. Blanford’s forecasts 
were based on an observation that the high pressure witnessed over 
India during the monsoon of 1877 extended into central Asia, Australia 
and the southern Indian Ocean.24 He surmised that monsoon rainfall 
over India might therefore be related to events at a distance from the 
subcontinent itself, and in 1878 initiated a request for data from vari-
ous national meteorological services.25 From 1881 to 1886 the Indian 
Meteorological Department produced seasonal average monsoon rainfall 
forecasts using a regression equation developed by Blanford, involving 
Himalayan snowfall, wind intensity and pressure distributions over the 
subcontinent. From 1885 these forecasts were published widely, success-
fully predicting a weak monsoon in 1885. Blanford’s successor Sir John 
Eliot (director from 1887 to 1903) extended the forecasts to include 
the strength of the trade winds over the Indian Ocean, the anticyclone 
over the southern Indian Ocean, Nile flood data, and pressure data from 
South America and South Africa.26 Despite initial successes, correla-
tions governing this relationship began to change after 1892 leading to 
a large inaccuracy in forecasts. From 1902, following a severe famine in  
1899–1900 that had not been forecast, the Indian Meteorological 
Department returned to forecasting in secret.27
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The failure of the Blanford/Eliot forecast facilitated the re-emergence 
of Norman Lockyer and his cyclical methodology. In a number of papers 
published with his son W. J. S. Lockyer from 1900, Norman Lockyer 
described global pressure variations and their links with the sunspot 
cycle.28 The Lockyers noted several regions exhibiting inverse responses 
to atmospheric pressure, particularly meteorological stations in South 
America (notably Córdoba in Argentina) and in India.29 In a paper 
in 1906, W. J. S. Lockyer described a ‘barometric see-saw’ between 
India and South America.30 Here the Lockyers were taking a lead 
from an 1897 paper by the Swedish meteorologist Hugo Hildebrand 
Hildebrandsson, who had been searching for what he called ‘atmospheric 
centres of the action’ and had identified an opposite pressure relationship 
between Sydney and Buenos Aires.31 The Córdoba-India relationship 
was one of many such ‘see-saws’ identified by the Lockyers and detailed 
in subsequent publications.

The failure of monsoon forecasts after 1902 facilitated a change of 
direction in the Indian Meteorological Department. The successor to 
John Eliot was a man named Gilbert Walker. In some ways Walker was 
an unusual choice. He had no background in meteorology and had spent 
his past career as a pure and applied mathematician at Trinity College, 
University of Cambridge, where his work had focussed on the math-
ematics of the movement of ice dancers and boomerang flight.32 Yet 
Walker had experience in electromagnetics—also recorded in the Indian 
observatories—and Eliot had realised that his successor needed to have 
a strong background in mathematics in order to process the increas-
ingly large amounts of data that were being used in trying to forecast the 
monsoon.

As Lockyer had previously advocated, Walker believed that the first 
stage in analysis should be to identify cycles or relationships between 
different regions. Yet his first contribution to his newly-adopted field of 
meteorology was to disprove much of the Lockyers’ work. In a num-
ber of contributions to the mathematics of statistics beginning in 1909, 
Walker calculated that a simple search for relationships alone was not 
enough. The mathematics of correlation, applied without tests for sig-
nificance, meant that the chances of discovering a relationship increased 
as the number of datasets grew larger. Put simply, the more relationships 
you look for, the more chance you have of finding one. Arguably his 
most important contribution was published in 1914 under the title ‘On 
the criterion for the reality of relationships or periodicities’.33 Here Walker 
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outlined the mathematics of a test for reliability for multiple correlations 
and for cycles in large datasets, which would be numerically larger the 
more relationships that were tested. This test demonstrated that the vast 
majority of Lockyers’ apparent meteorological relationships were no 
larger than would be expected between random sets of data, and hence 
were unreliable.34

Having established a robust mathematical criterion with which to 
verify meteorological relationships, Walker’s next activity was to deter-
mine whether any statistically-robust relationships existed. It is possi-
ble that this work might never have happened were it not for the First 
World War. From 1914 to 1918 many of the senior (i.e. British) staff 
of the Indian Meteorological Department were employed on military 
duty. Walker needed to find work for the large number of junior Indian 
staff in his employment and in his offices in Shimla (northern India) he 
created a large human computer of clerical staff, capable of crunching 
huge amounts of data. This team calculated relationships within mete-
orological data that Walker had obtained from observatories around 
the world. Each correlation coefficient or period generated was tested 
against Walker’s own criterion of reliability. These calculations identified 
20 global climatic ‘centres of action’ of the kind that Hildebrandsson 
had previously sought, regions that showed strong relationships with 
weather in other parts of the globe.35 These included Iceland, various 
parts of Australia, South America, the Indian peninsular and Java. Walker 
isolated three particularly important patterns. The first, and most impor-
tant, was an inverse pressure relationship, or ‘swaying of pressure on a 
big scale’ between the Pacific and Indian Oceans. Smaller-scale ‘sway-
ings’ were identified between Iceland and the Azores, and between 
areas of high and low pressure in the North Pacific.36 Walker named 
the two smaller swayings the North Atlantic Oscillation and the North 
Pacific Oscillation. The ‘big scale’ oscillation he named the Southern 
Oscillation.37

Gilbert Walker can be justifiably celebrated as the first person to firmly 
demonstrate the existence of the atmospheric branch of ENSO, although 
the significance of this was not to become apparent until many years 
later. The Southern Oscillation became a key research focus for Walker 
towards the end of his career. In later years he published papers dem-
onstrating that the Southern Oscillation exhibited quasiperiodic behav-
iour (i.e. the oscillation followed a pattern that tended to repeat around 
once every 3½ years)38 and derived regression equations to define 
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the Southern Oscillation in summer and winter.39 He also, in 1924,  
published an adjusted regression equation to predict average seasonal 
Indian monsoon rainfall based on temperatures at Cape Town and in 
Alaska, pressure in South America, and rainfall in Java, Zanzibar and 
Southern Rhodesia (Zimbabwe).40

In 1924 Walker returned from India and was knighted in recogni-
tion of his services to the Indian Meteorological Department. He con-
tinued his research at Imperial College London until 1950, receiving, as 
Hildebrandsson had 12 years previously, the Symons Memorial Medal 
for meteorology.41 Walker’s research was not always received favourably; 
his coefficients were reassessed with new data several times over the next 
decades and were often found to fail.42 The use of regression equations 
to predict rainfall in India was also called into question, a particular issue 
being the lack of any mechanism to explain the apparent relationship.43 
Although Walker had called for a mechanism to be found, specifically 
mentioning the possibility of ocean temperatures, the dynamics of the 
Southern Oscillation were not explained until after Walker’s death in 
1958. An epitaph by Sheppard in 1959 described Walker’s legacy thus:

Walker’s hope was presumably not only to unearth relations useful for 
forecasting but to discover sufficient and sufficiently important relations to 
provide a productive starting point for a theory of world weather. It hardly 
appears to be working out like that.44

The El Niño Current

A conspicuous absence from any of Walker’s work, or that which pre-
ceded it, was the term El Niño itself. The ‘Corriente del Niño’ (El Niño 
current) was known by scientists at the time Walker was working, first 
mentioned in scientific literature about the time that the Lockyers 
were writing. This research, however, involved a different set of actors 
with an entirely different impetus and was focussed not on India but 
the Americas. The El Niño was considered a seasonal ocean current of 
regional significance and of little interest to British colonial scientists. 
The link between the Southern Oscillation and the Pacific Ocean was not 
made until after Walker’s death, in the 1960s.

The term ‘El Niño’ did not originally mean what it does today. The 
name has its origins in the local description of a seasonal warm water cur-
rent that is manifest just off the coast of northwestern Peru. Each year 
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from around Christmas until February/March this warm water current 
replaces the normally cold surface water and the prevailing southerly 
wind direction reverses. The current occurs annually and is unconnected 
to changes elsewhere in the Pacific. Fishermen in Paita named the coun-
ter-current ‘El Niño’ since it tends to arrive at Christmas; the name El 
Niño being Spanish for the Christ Child. The origin of the term is uncer-
tain: documentation in the late-nineteenth century stated only that it had 
been described in this way for ‘centuries’.45 The Paita fishermen did not 
consider the stronger manifestations of the current that occurred every 
few years—which are now considered El Niño events—as distinct from 
the annual event.

Dating the first documented reference to El Niño therefore depends 
on the definition that you adopt. In its original meaning the first 
recorded observations occurred in the early years of Spanish colonisation. 
The Spanish chronicler Cieza de Leon wrote in 1553 ‘the time for navi-
gating is during the months of January, February, and March, because 
in this season there are always fresh breezes from the north, and the 
vessels make short passages; while during the rest of the year the south 
wind prevails along the coast of Peru’.46 The French naval commander  
M. Lartigue on board La Clorinde documented the first record of an 
unusual southwards-flowing ocean current in 1822.47

The first known reference to the Pacific El Niño as we understand it 
today—although it was not called that at the time—is an obscure pas-
sage in the Journeys in the Equinoxial Americas by the German natu-
ralist Alexander von Humboldt, describing an anecdote told to him in 
Ecuador in 1803.48 A few years previously, a French galleon had been 
transporting goods from Manila to Acapulco. Seeking to avoid attacks by 
English frigates the ship had avoided the usual longwinded route, which 
involved sailing northeast to the coast of California then sailing south 
along the Mexican coast. Miraculously, the ship was able on this occasion 
to sail directly due east from Manila, contrary to the strong easterly trade 
winds. In subsequent years the pilot tried but failed to repeat the route. 
It is likely that the year referred to is 1791 and the reversal of the trade 
winds due to that year’s very strong El Niño.49

The first academic papers on the subject of El Niño were written 
after the El Niño of 1891.50 Rains in Peru during the summer of that 
year were ‘tremendous’. ‘Large dead alligators and trunks of trees were 
borne down to Pacasmayo from the north, and the whole temperature 
of that portion of Peru suffered such a change owing to the hot current 
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which bathed the coast.’51 These events raised the interest of the nascent 
Sociedad Geográfica de Lima (Geographical Society of Lima), an aca-
demic debating society amongst the educated elite of the city that had 
formed in 1888. Its President, Señor Dr Luis Carranza, presented the 
first paper on the El Niño to the Sociedad in 1891. Carranza spoke of an 
anomalous north-south flowing current between the ports of Paita and 
Pacasmayo, counter to Humboldt Current. Carranza blamed this cur-
rent for that year’s flooding of the Guayaquil River.52 The following year 
Señor Camilo Carrillo, Vice-President of the Sociedad and Port Captain 
of the Peruvian navy, presented another paper to the society that con-
tained the first mention of the term ‘El Niño’, in reference to the name 
given to the current by the Paita fishermen.53

In 1895 a representative of the Sociedad, Señor Federico Alfonso 
Pezet, presented a paper on El Niño to the Sixth Annual Geographical 
Congress in London. Pezet outlined the descriptions of the (annual) El 
Niño current in the writings of Carranza, Carrillo and Eguiguren, and 
the effects on the rainfall of northern Peru of the particularly strong cur-
rent of 1891. Pezet’s interest was as much in the effects of the cur-
rent on the climate of northern Peru as in the current itself. He wrote 
that ‘there is a great change taking place at present in the climatic condi-
tions of Northern Peru, a change which I am sure owes its cause to this 
current.’ He called for observation of the current by ‘the great mari-
time powers having naval stations in the South Pacific’, ‘to find out 
whether this current is a periodic one’.54 Pezet’s call had already been 
answered during the previous year when another member of the Sociedad,  
Dr. Victor Eguiguren, had published in the Boletín de la Sociedad Geográfica 
de Lima a list of similar climate anomalies occurring in northern Peru since 
1791, which he had compiled from oral tradition (see Table 6.1).55 Pezet’s 
search for historical patterns of a recently-discovered meteorological phe-
nomenon echoed William Roxburgh’s work on Indian droughts 100 years 
previously, but there is no evidence that his article piqued the interest of 
those looking for concurrent periodicities in India or Europe.

Although the Sociedad organised a network of meteorological and oce-
anic observers to record the current, the El Niño phenomenon remained 
of local interest for the subsequent 30 years. Research on the phenom-
enon was limited largely to ecologists seeking to understand population 
controls of Guano-producing seabirds, including from 1906 a number of 
North American scientists.56 Robert Cushman Murphy (1887–1973) was 
one such scientist, a marine ecologist and specialist on South American 
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seabirds. In January 1925 Murphy was travelling along the Gulf of 
Guayaquil collecting air and sea-surface temperature observations and 
observing the local avian wildlife. During this expedition, and entirely 
by chance, he was able to collect large amounts of data on the strong El 
Niño event that occurred in 1924–1925, as well as first-hand accounts of 
its effects on the rainfall and marine fauna.57 His description of the event 
was published in the American journal the Geographical Review, thereby 
significantly increasing international interest in the phenomenon.58 In the 
paper Murphy described the El Niño as an annually occurring current, 
with the stronger ‘more pronounced and extensive’ manifestations occur-
ring during a seven year cycle. The phenomenon attained its ‘maximum 
expression’ at a ‘rhythm of thirty-four years’, representing the length of 
time between the El Niño of 1891 and that of 1925.59

Murphy’s observations led him to speculate on the effects of El Niño 
on the seabirds valued for producing guano. Following the lead of a 
Peruvian agronomist named José Antonio de Lavalle, he surmised that 
El Niño prevented seabirds from locating anchovy. This led Murphy 
to set up a network of observers to monitor future El Niño behaviour. 
The network was much more widespread than its counterpart formed 
by the Sociedad Geográfica de Lima in 1891. Despite Lavalle’s lead in 
the hypothesis—uncredited by Murphy at the time—Murphy’s net-
work was formed of predominantly foreign observers, particularly the 
North American managers and engineers of the International Petroleum 
Company (IPC), which was funding Murphy’s research in Peru. The 
network included two engineers in the IPC geology department and 
the mayor of Máncora district, L. M. Stone, who worked for the IPC 
and provided Murphy with a weather diary. Encouraged by Murphy, 
and acting on behalf of the US Weather Bureau, a retired US weather 
observer named Otto Holstein also set up a meteorological observatory 
in the coastal city of Trujillo. The American Geographical Society, led by 
Murphy’s friend Isiah Bowman, funded the observatory’s instruments.60 

Table 6.1  List of El Niño events from 1791 compiled by Victor Eguiguren, 
based on the oral tradition of rainfall in Piura, Peru

V. Eguiguren (1894) ‘Las Lluvias en Piura’, Boletín Sociedad Geográfica Lima, IV, 241–258

1791 1804 1814 1828 1845

1864 1871 1877 1878 1884
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Murphy hence precipitated a movement of the epicentre of El Niño 
research from South to North America, a move from which it has never 
returned.

In 1926 Murphy’s work was presented at the Third Pacific Science 
Congress in Tokyo.61 Attending it was the director of the Koninklijk 
Meteorologisch en Magnetisch Observatorium (Netherlands East Indies 
Royal Magnetic and Meteorological Observatory), based at Batavia 
(Jakarta). The Observatorium had been involved for some years in 
attempting to forecast the monsoon in Southeast Asia, largely unsuc-
cessfully. The head of the meteorological programme, Hendrik Petrus 
Berlage Jr., was provided with Murphy’s observations and connected the 
incidences of the Peruvian El Niño with rainfall over the ‘east monsoon’. 
He also claimed that the 6–7 years cycle in the monsoon correlated with 
the incidences of El Niño compiled by Victor Eguiguren (although at the 
time the El Niño was still considered to be localised in the eastern Pacific). 
Berlage’s findings were presented at the 1929 Pacific Science Congress 
held in Batavia.62 Gerhard Schott, director of the Deutsche Seewarte in 
Hamburg, attended the conference. On his way home from the confer-
ence Schott travelled to Peru to observe the phenomenon. He then 
published a number of scientific articles, offering the most detailed obser-
vations of the El Niño and Humboldt currents that had been published 
at the time.63 Schott’s articles were the first academic writings that spe-
cifically used the term ‘El Niño’ to refer to an ocean-wide occurrence of 
warm waters, rather than the seasonal reversal of the Humboldt Current.64

The El Niño Southern Oscillation

The entrance of the Koninklijk Meteorologisch into the science of El 
Niño was significant in the development of El Niño science, as Hector 
Berlage’s predecessor Cornelis Braak had been attempting to forecast 
the Asian monsoon using Walker’s indices of the Southern Oscillation. 
Berlage himself was to make significant contributions to the sci-
ence of the El Niño, yet the link between El Niño and the Southern 
Oscillation was not made at this time. Indeed, the next major advances 
in El Niño research happened almost by accident. In 1953 the Bingham 
Oceanographic Laboratory at Yale University sent an expedition to 
observe the inshore waters of the Humboldt Current. This occurred dur-
ing a relatively weak El Niño event, allowing the effects of the El Niño 
on coastal Peru to be examined in detail.65
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The next developments in ENSO discovery were even more seren-
dipitous. 1957 and 1958 comprised the International Geophysical Year 
(IGY), a measure designed to restore scientific cooperation between the 
Soviet Union and the USA following the death of Joseph Stalin. Its sci-
entific activities included the generation of data on the Earth’s oceans, 
atmosphere and geomagnetic fields, through a mixture of international 
cooperation and competition. The programme saw the launch of the first 
Soviet and American satellites. It also saw the creation of a large number 
of data-sharing agreements between the USA and various countries in 
Central and South America, designed to boost US soft power by estab-
lishing it as the ‘World Data Center’.66 By chance, both 1957 and 1958 
were El Niño years. The observations collected through this data-sharing 
exercise—coupled with observations from moored buoys in the equato-
rial Pacific (originally placed to monitor nuclear fallout)—demonstrated 
for the first time that the (occasional, larger) El Niño was an ocean-wide 
phenomenon, not merely a local current.67 This period saw the first use 
of the term ‘teleconnections’ to describe atmospheric linkages in nonad-
jacent regions.68 It also saw the end of the use of the term ‘El Niño’ to 
describe an annual event, at least within scientific literature.

The USA was directly or indirectly responsible for much of the 
research on El Niño during the 1960s. American research on the east-
ern equatorial Pacific was spurred by Cold War geopolitics and by the 
massive growth in the Peruvian fishing industry, which provided much of 
North American animal feed.69 Following the Castro revolution in Cuba 
in 1959, John F. Kennedy launched the ‘Alliance for Progress’ with a 
desire for the USA to support Latin American countries in ‘strengthen-
ing their capacity for basic and applied research’.70 The Inter-American 
Tropical Tuna Commission provided a conduit to facilitate collabora-
tive research and benefit the Californian fishing industry. One outcome 
of the alliance was a number of scientific cruises during 1963–1966 
organised by Peru, Ecuador, Colombia and Chile as part of the ‘El Niño 
Project’, which included observations of a ‘full-scale El Niño’ in 1965.71

The scientific justification of the El Niño Project was to test theories 
on the Pacific wind regime developed by the Swedish meteorologist/
oceanographer Jacob Bjerknes. Bjerknes was funded during the 1960s by 
the Inter-American Tropical Tuna Commission with a task to continue 
the work that Robert Cushman Murphy and José Antonio de Lavalle had 
begun on understanding sea-surface temperature variability in the Pacific 
and its effects on marine wildlife. He published two monographs on  
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the eastern equatorial Pacific in 1961 and 1966, the second dealing 
explicitly with the 1957–1958 El Niño.72 As well as providing a theory of 
El Niño dynamics that incorporated the entire Pacific, Bjerknes suggested 
that the anomalously warm water associated with the 1958 El Niño might 
have caused a cold winter in northern Europe, thereby providing the first 
paper on El Niño teleconnections (although he did not use that term).73

The 1960s also saw a revival in interest on the Southern Oscillation. 
New data obtained during this period re-established the robust-
ness of Walker’s correlations, as the Southern Oscillation came out of 
what is now considered to be an unusually inactive period during the 
1920s–1940s.74 Hendrik Berlage, in particular, published a number of 
papers between 1957 and 1966 on the Southern Oscillation index, dis-
cussing its periodicities and relationship with climate elsewhere in the 
world.75 His work was hampered by his attachment to the study of mete-
orological cycles and sunspot relationships, and he did not make the 
major breakthrough in linking the Southern Oscillation with El Niño.76 
However, during this period Berlage significantly simplified the index of 
the Southern Oscillation, from Walker’s complex regression equations to 
a simple two-station difference between Jakarta and stations in the east-
ern Pacific (developing indices for Santiago, Juan Fernandez and Easter 
Island).77 The civil war in Indonesia provided a break in the Jakarta 
record during the 1960s, prompting Sandy Troup to adopt the differ-
ence in pressure between Tahiti and Darwin that is still in use today.78

The paper that finally linked El Niño and the Southern Oscillation—
now considered a landmark in ENSO science—was published by Jacob 
Bjerknes in 1969. Bjerknes’ paper Atmospheric Teleconnections from the 
Equatorial Pacific made three significant contributions. Firstly, the 
paper demonstrated the very close relationship between the Southern 
Oscillation (represented by pressure at Djakarta) and sea surface tem-
peratures in the west-central Pacific. Secondly, Bjerknes proposed a 
mechanism to explain the link between the two phenomena. He sug-
gested that the unusually cold water of the eastern Pacific prevented the 
air above it from rising as occurs along most of the equator. Instead, this 
air moved westwards as a trade wind, receiving enough heat and mois-
ture over the western Pacific to rise and return eastwards in the upper 
atmosphere and sink over the eastern Pacific, thereby creating an east–
west oriented cycle of air. He named this cycle the Walker Circulation, 
after Gilbert Walker.79 Bjerknes suggested that variations in the Walker 
Circulation were responsible for years such as 1957–1958 where  
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the water temperature was unusually high (he did not use the term El 
Niño specifically). In his 1969 article, he suggested that upwelling off 
the coast of Peru was caused by the actions of the trade winds, and 
hence the Walker circulation. In years such as 1957, a weakening of the 
Walker circulation prevented upwelling, allowing the waters of the east-
ern Pacific to become warmer. This then weakened the Walker circula-
tion further, creating a self-reinforcing anomaly. Under this model, the 
Walker Circulation would be liable to exist generally in one or other 
extreme form: the normal form or that which occurred in 1957.80

The third contribution of Bjerknes’ paper was to present for the first 
time a model of El Niño development. Bjerknes believed that the ori-
gin of El Niño was in the eastern Pacific: reduction in upwelling reduced 
the strength of the trade winds and hence the Walker circulation. This 
model was tested through a number of oceanographic projects dur-
ing the 1970s.81 Once again these projects were funded primarily by 
institutions within the USA, justified through collaboration with Latin 
American countries ‘determined by US national interest’.82 The first of 
these projects, called EATROPAC, occurred from February 1967 to 
March 1969 and involved 13 vessels and ten US institutions.83 Scientists 
from several South American countries were involved in the design of the 
project. For its follow-up, the Integrated Pacific Air-Sea Studies (IPASS), 
the oceanographer Klaus Wyrtki requested the establishment of 50 tidal 
gauges across the equatorial Pacific.84 Ultimately only four stations were 
installed, and these proved insufficient to monitor the subsequent 1972-
73 El Niño.85 Ships operated by Latin American scientific institutions 
instead collected important observations in 1972–1973.86 Ultimately, 
the fact that Latin rather than North American scientists collected most 
information was considered a failure within the USA, and three further 
tidal monitoring gauges were installed on the Galápagos Islands in the 
mid-1970s, funded by the American government.87

The tidal gauge observations instigated by Klaus Wyrtki led to a num-
ber of developments in the understanding of El Niño dynamics. Primary 
was the observation that ocean responses to El Niño were not just in 
terms of sea temperature, but also of sea level.88 A number of papers 
between 1973 and 1977 postulated a theory of the ocean-atmosphere 
interactions governing the onset of an El Niño event.89 In years preced-
ing an El Niño, abnormally strong trade winds cause warm surface water 
to build up in the western Pacific. Concurrently, the boundary between 
the warm surface water and the colder deep-ocean waters (called the 
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thermocline) deepens. When the trade winds weaken this build-up of 
warm water ‘sloshes’ back towards the eastern Pacific, implementing the 
chain reaction that leads to an El Niño.90

Wyrtki thus postulated that El Niño was driven primarily by oceanic 
dynamics and that it had its gestation in the western Pacific, unlike the 
model driven by slowing of east Pacific upwelling proposed by Bjerknes. 
This behaviour was witnessed in early 1974. The Southern Oscillation 
Index (SOI) began to drop significantly during the middle of the year, 
following 12 months of elevated values that suggested strong trade 
winds. Wyrtki and his colleague William Quinn released the first El Niño 
forecast, predicting a strong El Niño in 1974–1975.91 Such was the 
strength of the argument that Quinn and Wyrtki convinced the National 
Science Foundation in the USA to fund two research cruises to the 
Galápagos Islands to observe the El Niño. No El Niño in fact appeared 
this year, and the period is now known to have exhibited La Niña con-
ditions, probably the reason for the non-appearance of El Niño despite 
reductions in the west Pacific trade winds.92

Despite this minor embarrassment Wrytki’s model became generally 
accepted within the burgeoning El Niño research community, being 
referred to as the ‘canonical’ El Niño. In the canonical model, around 
a year before an El Niño event, the trade winds would be particularly 
strong, creating ‘extreme-normal’ conditions. Disruption of these con-
ditions would cause the warm water to flow east. The disruption could 
occur due to cyclones—as had occurred during the El Niño events of 
1957, 1965 and 1972 on which the canonical model had been built—
or due to anomalies in the direction of the trade wind over the west-
ern Pacific known as Westerly Wind Bursts. Warming of the ocean in the 
eastern Pacific would first occur off the South American coast around 
Christmas, peaking in March–May.93 The warming would then move 
westward into the central Pacific during the following year and even-
tually begins to weaken, the whole process taking around 2–3 years.  
The canonical mode was outlined in two papers by the American clima-
tologist Eugene Rasmusson,94 which saw the first use of the term ‘El 
Niño Southern Oscillation’, or ENSO.95

As well as the proliferation of theories of El Niño dynamics, the 
1970s also saw the first substantial work on El Niño teleconnections. 
Bjerknes first used the term ‘teleconnection’ in 1969 to refer to the 
transfer of energy away from the El Niño region by the action of Hadley 
Cells. These atmospheric cells—first postulated by George Hadley  
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in 1735—are large atmospheric circulation patterns that move air from 
the equator to the tropics.96 They are driven by warm, moist air that 
rises at the equator and sinks near the tropics of Cancer and Capricorn, 
returning to the equator as surface winds. Bjerknes described the abil-
ity of El Niño to shift the relative positions of these cells, hence chang-
ing weather patterns in regions far from the Pacific, specifically North 
America.97 Subsequent work extended the discussion of teleconnection 
dynamics to South America, Africa and Indonesia.98 A review paper on 
El Niño teleconnections around the world was presented by Ropelewski 
and Halpert in 1987, which described, amongst other consequences,  
El Niño’s effect on the Indian monsoon.99

1982 And Beyond

After the 1980s, research on El Niño increased almost exponentially. 
Research during this period was dominated by scholars from Australia 
and the USA, particularly the National Oceanographic and Atmospheric 
Administration (NOAA) and National Center for Atmospheric Research 
(NCAR), later (after 2000) complemented by teams from Japan and 
China. Two major El Niños drove ENSO research during this period: 
1982–1983 and 1997–1998. The intensity of these events, the growth 
of ENSO as an area of research and public interest in climate variability 
due to anthropogenic climate change meant that the events generated 
substantial media coverage. This brought El Niño into the public con-
sciousness, further driving research to understand ENSO dynamics and 
improve forecasting.

A significant driver of research was the failure to predict the 1982 El 
Niño.100 This was an event that occurred during the year that the ‘canon-
ical’ El Niño model was defined, yet the 1982–1983 El Niño event was 
not canonical, and neither have any others been subsequently. Neither sea 
level nor sea surface temperature (SST) increased in the western Pacific 
during 1981 and, contrary to Rasmusson’s model, no warming off the 
coast of Peru was witnessed in early 1982.101 Furthermore, the ocean 
temperature monitoring system available in the Pacific in 1982 con-
sisted of only a few buoys and the results were released slowly. Satellite 
arrays that had previously been considered sufficient to monitor Pacific 
sea surface temperatures were disrupted by emissions from the eruption 
of El Chichón in southern Mexico.102 Data in early 1982 that did indi-
cate an El Niño were discounted as unreliable; therefore, meteorologists 
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repeatedly failed to forecast the event. Klaus Wyrtki rather unfortunately 
exclaimed, ‘To call this El Niño would be child abuse!’103

One significant outcome of the 1982–1983 El Niño was the estab-
lishment of the Tropical Ocean and Global Atmosphere (TOGA) pro-
gramme in 1985.104 This 10-year, US-led international programme 
was designed to address the failure to forecast the 1982–1983 event. 
Particularly, the project aimed to address the significant paucity of 
oceanographic observations available in 1982 and the difficulties of data 
access and integration into forecasting models. The goals of the project 
were as follows:

1. � To gain a description of the tropical oceans and the global atmos-
phere as a time dependent system, in order to determine the extent 
to which this system is predictable.

2. � To study the feasibility of modelling the coupled ocean-atmosphere 
system for the purpose of predicting its variability on timescales of 
months to years.

3. � To provide the scientific background for designing an observing 
and data transmission system for operational prediction.105

TOGA involved the establishment of a large array of oceanic and atmos-
pheric monitoring instruments, which were introduced during the dura-
tion of the project. These included a network of tidal gauge monitors 
on Pacific islands to provide sea level measurements, around 70 moored 
buoys to provide surface meteorological measurements and sea tem-
perature at various depths, un-moored (drifting) buoys to provide 
information of ocean currents and SST, plus a large expansion of the vol-
unteer-observing ship network that was set up in the wake of the 1925 
El Niño.106 A huge number of academic papers were published during 
1985–1994 based on TOGA data, contributing important contributions 
to the understanding of El Niño dynamics.107 One substantial develop-
ment was the discovery that the ‘canonical’ model proposed by Wyrtki 
and others was in fact relatively unusual. Two significant El Niños dur-
ing the period starkly demonstrated this: in 1986–1987 and an extended 
event from 1991 to 1995. None of these followed the canonical model; 
furthermore, all followed different patterns of development and decay, 
and experienced warming in different parts of the equatorial Pacific.

The observational network also allowed for the verification of more 
complex theories of El Niño dynamics such as the ‘delayed oscillator 
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theory’ developed by the American oceanographer Julian McCreary 
in 1983.108 This theory sought to explain El Niño dynamics through 
the action of very long oceanic waves that transport heat across the 
Pacific, called equatorial Kelvin waves (amplitude around 250 km, 
speed 2–3 m/s). These were clearly observed during the 1986–1987 
and 1991–1995 El Niños.109 McCreary’s theory also described the 
importance of Rossby waves, slower-moving (~ 0.8 m/s) westward-
propagating waves. McCreary’s model was particularly important in 
describing the role of Kelvin waves in the termination of El Niño, an 
area that had not been adequately addressed in previous theories. Firstly, 
McCreary described how Kelvin waves reflect back as Rossby waves when 
reaching the eastern Pacific, transporting warm water back to the cen-
tral Pacific. Secondly, the theory proposed that Rossby waves generated 
with the original Kelvin wave move towards the western Pacific and are 
reflected back as a cold Kelvin wave, also having a role in El Niño ter-
mination. Both of these processes were witnessed during the TOGA  
decade, although neither could entirely explain El Niño processes.110

TOGA also drove a development in the understanding of La Niña. 
The possibility that there may be ‘extreme-normal’ events, whereby the 
thermocline in the western Pacific is exceptionally deep and sea surface 
temperatures unusually high, was first suggested as part of the canoni-
cal model and was thought to precede an El Niño event. During TOGA 
it was also observed that strong La Niña events more often followed El 
Niño events, as observed in 1988. Originally these ‘extreme-normal’ 
conditions did not have a name or were referred to as cold events. The 
terms ‘Anti-Niño’111 and El-Viejo (the old man)112 were suggested. The 
American climatologist S. George Philander eventually proposed the 
term ‘La Niña’ (the girl) in the late 1980s, and the term stuck.113

Research on La Niña increased during subsequent years, particu-
larly after the strong La Niña of 1999 that followed the 1997–1998 El 
Niño. La Niña was shown not actually to be the opposite of El Niño; 
cold sea surface temperatures in the eastern Pacific were demonstrated 
to be far weaker than the corresponding warm conditions during El 
Niño.114 After 1998 it also began to be recognised that the ENSO is 
not in fact a regular oscillation and there are periods when El Niño or 
La Niña have dominated. A number of other statistical studies also sug-
gested that El Niño teleconnections vary over time, with periods where 
El Niño strongly affects weather patterns and periods where the linkage 
is weaker.115
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The intensity of the 1982–1983 and 1997–1998 events—and the 
extended 1991–1995 event—led to questions regarding El Niño’s 
apparently unusual strength at the end of the twentieth century. Some 
researchers suggested that anthropogenic climate change might have cre-
ated particularly strong El Niño conditions, or even semi-permanent El 
Niño. This view altered after 1998 when ENSO became dominated by 
La Niña events. El Niño events in 2002–2003, 2004–2005, 2006 and 
2009–2010 were generally weak and/or without significant sea tempera-
ture increases off the coast of South America. During the early part of 
the twenty-first century the major research questions then concerned El 
Niño’s absence, at least up until 2015 when a severe El Niño was again 
witnessed. Two theories were put forward to explain this. One suggested 
that other long-term oscillations such as the Pacific Decadal Variability 
(PDV) or Pacific Decadal Oscillation (PDO) were affecting El Niño. 
According to this theory the period from 1998–2014 was the latest ‘cold’ 
phase in the PDV/PDO, others being 1910–1925 and 1947–1976.116 
The period between 1976 and 1998, which included the mega El Niños 
of 1982–1983 and 1997–1998, was the most recent warm phase.

A team of Japanese and Indian scientists suggested another theory 
for the relative lack of El Niños in the eastern Pacific after 1998. This 
team, including the Indian scientists K. Ashok and Saji Hameed and 
the Japanese scientist Toshio Yamagata, became renowned primar-
ily for their proposal in 1999 of an El Niño-like mode in the Indian 
Ocean known as the Indian Ocean Dipole.117 In 2007, Ashok and 
colleagues published a paper suggesting that there were in fact two ‘fla-
vours’ of El Niño (already familiar to us from the introduction of this 
book), the standard El Niño and an El Niño that affects only the cen-
tral Pacific, called variably Cold Tongue El Niños,118 Central Pacific 
El Niños,119 or El Niño Modoki.120 Such events are characterised by 
warming of the central Pacific but the presence of cool surface waters 
in both the western and eastern Pacific. Hence the patterns of rainfall 
associated with the Modoki were suggested to be quite different to those 
associated with the standard El Niño, notably the former resulting in a 
decrease of rainfall over coastal Peru, rather than an increase. This the-
ory stated that all El Niño events between 1999 and 2014 were Modoki-
type, and that the occurrence of this type of El Niño increased since the 
1970s. Yet whether these two ‘flavours’ of El Niño can indeed be con-
sidered as separate phenomena remains contentious. Arguments over  
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the complex statistical methods used to categorise the flavours of El 
Niño define these debates.121

In a review of ENSO dynamics in 2012, Wang and colleagues out-
lined four models of El Niño as understood at the time. These were 
the delayed oscillator, advective-reflective oscillator, recharge oscilla-
tor and western Pacific oscillator.122 In the delayed oscillator the El 
Niño is driven by warm Kelvin waves moving west, and terminated by 
reflected Rossby waves from the western coast of the Pacific that return 
as cold Kelvin waves.123 The advective-reflective oscillator highlights 
the role of Rossby waves reflected off the eastern Pacific coast in ter-
minating El Niño.124 The recharge oscillator model builds on Wyrtki’s 
model of a build-up (recharge) of warm water in the western Pacific in 
the year before an El Niño event, suggesting that the warmth is trans-
mitted towards the north and south Pacific during El Niño years.125 
The western Pacific oscillator outlines the role of cyclones and west-
erly wind bursts in the western Pacific in generating El Niño events.126 
Other models suggest that El Niño follows a combination of all of these 
dynamics, the so-called unified oscillator.127

Despite all of these ongoing debates as to the exact nature of El 
Niño, significant advances in El Niño forecasting occurred in the dec-
ades following the 1982 event. Whereas the original forecasts were little 
more than ‘best guesses’ based on the available data, sustained improve-
ments in computer modelling and data integration through the TOGA 
observation project led to the development of detailed, quantitative 
models of Pacific Ocean and atmosphere dynamics. Mark Cane and col-
leagues presented the first of these models in a 1986 paper.128 By 2014 
over 20 El Niño forecast models were running, mostly out of centres 
in the USA, but also Japan, Australia, Korea, the United Kingdom and 
France.129 Forecasts of the likely impact of El Niño on seasonal rain-
fall in various parts of the world have been operational since 1997.130 
These forecasting developments also led to advances in the understand-
ing of the relationship between El Niño and rainfall in other parts of 
the world.131 Although the incorrect forecast of a strong El Niño in 
2014 provided another embarrassment, ENSO forecasts are generally 
considered to be relatively reliable compared to other long-range fore-
casts.132 Thus, insofar as predictability is the ultimate goal of science, 
the advances in El Niño understanding since TOGA can be considered a 
substantial success.
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It is worth at this point discussing how our understanding of the 
historical record of El Niño has come about. The history of El Niño pal-
aeoscience is an area that is related to the history of El Niño science, but 
which has followed a different trajectory and arisen out of a very different 
set of disciplines. This is therefore an important exposition in the context 
of this book as it helps to demonstrate how and why it is possible to state 
that El Niño and La Niña events occurred at various points of history, 
and where these data come from. Thus this chapter serves as a foundation 
for other parts of this volume, as well as a stand-alone narrative.

For the modern period, El Niño is measured through systematic 
observation by meteorological or oceanic instruments. The longest 
continual record of the ENSO is the Southern Oscillation itself, which 
Gilbert Walker first used to identify the phenomenon. The common 
index of the Southern Oscillation used today is the difference in pres-
sure between Darwin (in Northern Australia) and Tahiti, although 
it should be noted that Walker’s original formula was quite different.1 
Although reliable pressure data for Tahiti only exists from 1935, statisti-
cal inference from nearby stations has allowed the SOI to be extended 
back to 1866.2 Atmospheric pressure alone, however, is not enough to 
define ENSO.3 Therefore most standard definitions of ENSO adopt 
an index developed by NOAA in the US. This is based on average sea-
surface temperature in a region of the equatorial central Pacific that is 
particularly sensitive to El Niño, known as Niño 3.4. Comparing Niño 
3.4 with the SOI shows the largely-symmetrical relationship between 
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the two, with low pressure over Tahiti representing high Sea Surface 
Temperatures (SSTs) in the Niño 3.4 region (Fig. 7.1). (For the deriva-
tion of the Niño 3.4 region see Chap. 10).

Whilst the central Pacific has been constantly monitored for only 
a few decades, average temperature in different parts of the ocean 
tends to be closely associated. This has allowed the Niño 3.4 index 
to be estimated back to 1870. Maintaining any kind of instrumen-
tal record before this date, however, is very difficult. The global estab-
lishment of weather monitoring stations did not occur in many places 
until after the Congress of Vienna in 1873 when the International 
Meteorological Organisation was established.4 Before the nineteenth 
century, systematic weather observation was almost entirely absent. In 
order to reconstruct El Niño events before this date alternative sources 
must be used, such as natural archives or references to El Niño-related 
phenomena in the written record. The pioneer of this latter technique 
was William Quinn. In a number of papers from the late 1970s to the 
1990s, Quinn reconstructed El Niño through references to the El Niño-
related phenomena in Peru—sea level and temperature, rainfall, damage 
to infrastructure and changes to marine life—stored in Spanish colonial archives.5  

Fig. 7.1  Niño 3.4 index and Southern Oscillation Index. Source Climate 
Prediction Center

http://dx.doi.org/10.1057/978-1-137-45740-0_10
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His chronology dates back to the first written records of the region, 
beginning when the Pacific Ocean was first encountered by the Spanish 
Conquistador Vasco Núñez de Balboa in 1511.6 It was compiled from 
ships’ logs, the diaries of the conquistadors, the records of missionaries, 
governments, pirates and privateers, engineers, newspaper reports, and 
the writings of early researchers from all disciplines of the sciences and 
humanities. As the meteorological phenomena that occur over the region 
during El Niño events show marked differences to the norm, the docu-
mented record of El Niños in that region is very strong.7

Quinn’s pioneering work has been critiqued however, not least for his 
reliance on the chronology of Eguiguren, itself the product of the artifi-
cial search for periodicity outlined in the previous chapter.8 The French 
scholar Luc Ortlieb directly reanalysed Quinn’s sources, removing errors 
with dating and transcription and reclassifying events based on dubious 
proxies.9 Another team, led by Ricardo Garcia-Herrera, have recon-
structed El Niño events using sources from Trujillo in northern Peru, 
probably the most sensitive region in the world to El Niño rainfall.10 The 
reliability of the reconstructions increases from Quinn, through Ortlieb 
to Garcia-Herrera, as each subsequent reconstruction uses more reli-
able sources and is more closely focussed on an El Niño sensitive region. 
However, none of the reconstructions are perfect as not all El Niños 
result in meteorological extremes in Peru.

Since the early 1990s documentary data from elsewhere in the world 
have been explored for their potential in charting the impact and behav-
iour of El Niño, based on the development of the theory of El Niño 
teleconnections. The Nile Flood records are one such El Niño proxy. 
These are the maximum and minimum levels of the annual Nile Flood 
recorded each year at the ‘Nilometer’ on the island of Rhoda outside of 
Cairo (see Fig. 7.2) from 622 CE. The flood records form a record of 
the Ethiopian monsoon, the source of the River Nile and a key ENSO 
teleconnections region. Observations in the twentieth century suggest 
that low flood levels are often associated with El Niño events, so the 
flood records form a potentially useful, albeit imperfect, ENSO proxy.11 
The records were first published by the Egyptologist Omar Toussoun in 
1925 and have been analysed as a precipitation record since the 1980s 
by the archaeologist Fekri Hassan.12 Records of droughts in India have 
also been used as an indicator of El Niño events,13 but this can lead to 
circular reasoning as not all Indian droughts are associated with El Niño  
(and vice versa).14
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The instability of El Niño teleconnections over time creates prob-
lems for all teleconnection-based reconstructions. Current thinking  
(at the time of writing) is that the most robust historical reconstruc-
tions of El Niño are produced using records from several teleconnections 
regions across the world, as well as the east and west Pacific.15 A number 
of such multi-proxy reconstructions have been generated, usually com-
bining documentary series with other reconstructions from the ‘natural 
archives’.16 The ENSO reconstruction for the past 500 years produced 
by the Australian climatologists Joelle Gergis and Anthony Fowler uti-
lises 14 different proxies from around the world—including Quinn’s 
chronology—and provides a record of both El Niño and La Niña. Events 
in this reconstruction are given a severity rank, from ‘Weak’ (W) to 
‘Extreme’ (E). These ranks are based not on the intensity of the events 
recorded but on the number of proxies recording El Niño or La Niña, 
i.e. the global extent of the El Niño/La Niña event. Although strongly 
objective, this method does produce some slightly unexpected results 
such as the classification of the 1997 El Niño as ‘Weak’ and the largely 
innocuous, but globally impactful, 2002 El Niño as ‘Extreme’.

Fig. 7.2  The Rhoda Nilometer, photograph by John C. Vanko, 25 July 1966. 
Reproduced with permission
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ENSO in the Natural Archives

The principle criticism levelled at documentary-derived reconstructions 
of El Niño is their discrete nature. Although very good at capturing indi-
vidual El Niño events, documentary sources are unable to determine the 
status of ENSO at other times or to represent a continuum of condi-
tions. Records from Peru are, for example, very poor at capturing La 
Niña events, and no documents can reconstruct the status of ENSO dur-
ing ENSO-neutral (‘average’) years. Documentary reconstructions are 
also only possible where written records exist. Since the 1990s a huge 
amount of research has been undertaken to reconstruct historical climate 
from what might be described as the ‘natural archives’. These are natu-
ral phenomena—usually something that produces annual layers such as 
tree rings, snow accumulation in ice or sediment deposition—that are 
affected in some way by climatic conditions. Fortunately, the footprint 
of El Niño is found in several places. Trees growing in ENSO-sensitive 
regions have their growth affected by the droughts and floods that El 
Niño/La Niña cause and the evidence of these are ‘stored’ in their 
annual growth rings. Corals also have annual periods of growth that can 
be separated in a laboratory, and the chemical content of each growth 
band reflects the sea temperature and salinity of the given year. Likewise, 
snow carries a chemical fingerprint of the climatic conditions in which it 
was produced and this is stored in the mountain glaciers of the Andes.

The history of palaeoclimate reconstruction from natural archives is a 
long one, although its application to specifically generating indices of El 
Niño is very recent. The American astronomer A. E. Douglass, who pub-
lished his ‘Weather Cycles in the Growth of Big Trees’ in 1909, under-
took the first work on climate in tree rings.17 Since then, and particularly 
since the 1960s, numerous climate reconstructions have been under-
taken. Indeed, tree rings form the primary source of data on past climate 
variability in the Intergovernmental Panel on Climate Change (IPCC) 
Assessment Reports. The Dutch climatologist H. P. Berlage under-
took the first and most famous tree-ring reconstruction of the Southern 
Oscillation in 1931 using a reconstruction of the length of the rainy sea-
son from teak trees in Java as a proxy.18 Tree-ring research on El Niño 
has occurred in earnest since about 1990.

Tree-ring climate reconstruction (known as dendroclimatology) is 
based on the sensitivity of certain tree species to average weather patterns, 
particularly moisture content and rainfall. Trees in temperate climates 
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generally follow a seasonal growth pattern: fast growth in the early season 
leaves air pockets in the new wood (earlywood), followed by slower 
growth in the late season which produces dense wood (latewood), pro-
ducing the characteristic annual growth rings. The width of these rings 
reflects the amount of growth in a season and this is often related very 
strongly to average climatic conditions. Thus drought years produce low 
growth and years of heavy rainfall high growth. Likewise, growth is gen-
erally higher when conditions are warmer. Measuring the width of these 
rings can produce an indication of average climate over a season, although 
different tree species respond to temperature and rainfall in different ways 
and the exact relationship must be determined by analysis. Thus tree rings 
can give an indication of temperature history, or precipitation, or both. 
When comparing these to instrumental records of climate in recent years 
the exact relationship between growth-rate and, for example, precipita-
tion, can be obtained, allowing precipitation levels to be reconstructed for 
the entire growth period of the tree. Growth of individual trees is affected 
by a number of factors, but an average across many trees can allow climate 
to be reconstructed to a high degree of accuracy.

In highly El Niño-sensitive regions the degree of precipitation is 
essentially a measure of El Niño and La Niña activity. Hence several 
tree-ring reconstructions have been used as proxies for ENSO. Perhaps 
unsurprisingly, trees from the Indo-Pacific region have been shown to be 
particularly sensitive, with reconstructions derived from Teak (Tectona 
grandis) in Indonesia and Kauri (Agathis australis) in Australia gener-
ating reliable reconstructions.19 Southwestern USA and northeastern 
Mexico also support some of the most ENSO-sensitive trees on Earth. 
The ENSO teleconnection in this region is considered to be quite strong 
and stable over time so these regions have produced some highly-robust 
reconstructions, notably using Douglas Fir (Psudotsuga menzisii) and 
various Pine species.20 Highly-skilled reconstructions (i.e. those for 
which the relationship with instrumental measures such as Niño 3.4 SST 
are very strong) have been developed using networks of trees from both 
sides of the Pacific and in other ENSO teleconnection regions.21

Similar to trees, annual growth layers, or ‘density bands’, are pro-
duced in coral skeletons by the differing speeds of deposition over a year. 
These hard coral exoskeletons are what constitute coral reefs, the coral 
themselves being located at the surface of the reef. The exoskeletons 
are made of the mineral calcium carbonate (CaCO3) and certain trace 
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elements. Reconstruction of past climatic conditions can be generated by 
measuring the width of the density bands, or by measuring the composi-
tion of trace elements or the chemical composition of the coral skeleton 
itself. Several methods have been used. One is the ratio between the 18O 
and 16O isotopes of oxygen, itself a record of the 18O/16O ratio pre-
sent in seawater when the skeleton was made.22 This ratio is constantly 
changing in seawater in relation to local temperature and salinity, but 
remains constant when oxygen is taken up into the calcium carbonate 
skeleton of corals. Temperature can also be determined by analysing the 
calcium (Ca) content in the skeletons. The element strontium (Sr) has a 
similar chemistry to calcium and sometimes replaces it in the shell; how-
ever, this decreases in extent as the water temperature increases. The Ca/
Sr ratio therefore also provides a proxy for SST.23

The principle benefit of using coral records is that these permit recon-
struction of conditions in the equatorial Pacific, the ‘centre of action’ for 
ENSO. Very few corals exist in the classical El Niño region of the central 
and eastern Pacific, although a coral series from the Galapagos Islands 
has produced a reconstruction back to 1607.24 Several detailed recon-
structions of El Niño have been obtained from corals in the southern 
and western Pacific, including corals from the Cook Islands, Fiji, Kiribati 
and the Great Barrier Reef.25 These are representative of the entire equa-
torial Pacific as they are located in the Pacific Warm pool, the area of 
warm water and deep thermocline that depresses during El Niño years.

The amalgamation of reconstructions from multiple proxies allows 
for a detailed picture of El Niño behaviour during the last 500 years. 
Figure 7.3 shows a long-term average of El Niño events derived from 
the documentary reconstructions of Ortlieb and Garcia-Herrera, and 
the multiproxy reconstructions of Gergis and Fowler and Julien Emile-
Geay and colleagues.26 There are clearly differences between the records  
(at least some of which can probably be explained by minor errors in 
dating) but there are also similarities, notably peaks in El Niño activity 
around 1580–1620 and 1700–1730, a large increase in El Niño activ-
ity from around 1770 and a plateau after 1840. Records from documen-
tary sources all also show a general increase in El Niño frequency during 
the latter half of the nineteenth century; however, this may be related to 
availability of documentary records rather than a true trend as the same 
pattern is not evident in the Emile-Geay multiproxy record.
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Fig. 7.3  25-year running means of El Niño occurrence from a the documen-
tary El Niño record of Ortlieb (updated from Quinn; OR), b the documen-
tary El Niño record of Garcia-Herrera and colleagues (GH), c the multiproxy 
El Niño and La Niña record of Gergis and Fowler (GF), and d the multiproxy 
Niño-3.4 SST reconstruction of Emile-Geay and colleagues (EG)
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Combining these four records with Quinn’s documentary record 
allows a table of ‘unambiguous’ El Niño events since 1550 to be gener-
ated, that is, those for which at least three of Quinn, Ortlieb, Gergis, 
Garcia-Herrera or Emily-Geay’s records suggest evidence of El Niño 
conditions. This is presented in Table 7.1 and has been used to inform 
Chaps. 3 and 4 of this volume. Each event is given a likely strength clas-
sification of Weak (W), Moderate (M), Strong (S) or Very Strong (VS), 
based on the number of reconstructions that record the event and the 
average strength.

Table 7.1  ‘Unambiguous’ El Niño events with likely strength, 1550–1900

Years Estimated strength Years Estimated strength

1558–1559 VS 1793–1794 M
1574–1575 VS 1799–1800 M
1577–1578 S 1803–1804 S
1585–1586 M 1811–1812 M
1590–1591 M 1813–1814 M
1593–1594 S 1816–1817 S
1595–1596 S 1818–1819 M
1607–1608 M 1820–1821 M
1618–1620 VS 1823–1824 M
1623–1624 M 1827–1828 M
1634–1635 M 1831–1832 M
1646–1648 M 1836–1837 M
1651–1652 W 1844–1845 VS
1660–1661 VS 1849–1850 M
1686–1688 VS 1851–1852 W
1695–1696 M 1853–1854 W
1700–1701 S 1856–1857 M
1712–1713 M 1861–1862 W
1718–1720 VS 1863–1864 M
1723–1724 S 1865–1866 S
1727–1728 S 1868–1869 S
1737–1738 S 1877–1878 VS
1746–1747 M 1880–1881 W
1760–1761 W 1883–1884 S
1765–1766 W 1888–1889 M
1777–1778 W 1890–1891 VS
1784–1785 M 1896–1897 S
1790–1791 VS 1899–1900 VS

http://dx.doi.org/10.1057/978-1-137-45740-0_3
http://dx.doi.org/10.1057/978-1-137-45740-0_4
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El Niño Records for the Holocene

Beyond the past 500 years the record of El Niño becomes more incom-
plete. Most corals and tree species do not live for longer than a few 
hundred years and annually-resolved reconstructions (those producing 
annual data) are rare before 1150 CE.27 The Quelccaya glacier in the 
Peruvian Andes has been studied by a team from Ohio State University 
since 1983 and used to generate a 2000-year El Niño record.28 Here the 
18O/16O ratio in the ice contains a direct record of the water tempera-
ture of the eastern Pacific, producing a highly robust record of El Niño. 
However, individual bands of ice in the glacier become compressed as 
new layers are added above them. It is not possible, therefore, for this 
longer record to provide information on annual ENSO events. Instead, 
the record provides a proxy of the decadal average of El Niño for sea sur-
face temperatures back to 240 CE.29 Annually-resolved reconstructions 
from corals have been produced back to 2000 BP, but reconstructions 
show disagreements beyond about 1300 CE and are apparently sensitive 
to the methodology adopted.30 The Nile Flood record extends to 622 
CE, although this can only ever be indicative of El Niño as the Ethiopian 
monsoon has several influences aside from ENSO.

More generalised evidence of historical El Niño occurrence has been 
gathered from a study of fossilised microorganisms. Marine plankton, 
called foraminifera, produce calcium carbonate shells in a similar way 
to corals. Like corals, these organisms record local sea temperature and 
salinity conditions in their chemical makeup. When the foraminifera 
die they sink to the bottom of the ocean and are encapsulated within 
sediments. Abstracting sediment cores can allow foraminifera shells to 
be analysed to determine the SST and salinity that existed when they 
were alive. These can be dated using standard radiometric dating tech-
niques such as radiocarbon dating.31 Such approaches can ascertain peri-
ods when El Niño was more or less present, if not individual events.32 
For example, data collected from a sediment core in the western Pacific 
demonstrates periods of high El Niño and La Niña activity lasting 
2–300 years centred on 4200 BP, 3700 BP and 3300 BP. Each of these 
eras are associated with major societal shifts, as discussed in Chap. 2 of 
this book.33

Sediment cores from terrestrial lakes (varves) can also give informa-
tion about climatic conditions by analysing the pollen contained within 
the sediments. This gives information not on the lake itself but on  

http://dx.doi.org/10.1057/978-1-137-45740-0_2
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the types of plants that were growing around the lake at any one time.  
As most plant species are climate-sensitive, analysis of the pollen in a 
lake can be related quite closely to rainfall intensity. Evidence of El Niño 
activity is provided by the presence of pollen from tree species that are 
particularly resilient to extreme conditions, or those that grow back 
quickly after they have been destroyed by drought or flood.34 Other 
methods involve searching for species that represent average rainfall con-
ditions and comparing them with rainfall in other regions. Hence one 
recent study has utilised sea salinity records contained in foraminifera 
in Indonesia, together with pollen records from a lake in the Galapagos 
Islands (Lago El Junco), to reconstruct rainfall on either side of the 
Pacific, providing a record of the SOI back to 50 CE.35

Long records of ENSO variability can also be produced from fossilised 
corals. Calcium carbonate is almost entirely insoluble in water so coral 
skeletons can remain long after the living animal has died. These can be 
analysed in the same way as living corals, giving ‘snapshots’ of El Niño 
activity at various points in time. Corals from the central Pacific are most 
useful: fossil corals have been analysed at Palmyra Island, Tabuaeran and 
Kiribati.36 Other records available for ENSO activity in the Holocene 
relate not to annual events but to evidence of droughts or floods that 
are suggestive of El Niño events. Beach ridges, for example, are generally 
formed by storm events. These ridges can remain for many hundreds or 
even thousands of years before they are eroded. The date of formation 
can be estimated through analysis of the organic material within them. 
Beach ridges in South America have been used to date the onset of El 
Niño during the mid-Holocene, as the formation of these ridges are 
almost always associated with extreme El Niños.37

Other records of El Niño-related conditions are found through the 
study of lake sediments (palaeolimnology). The make-up of sediment 
at the bottom of a lake can give an idea of its previous water levels. 
Particularly low lake levels can indicate sustained drought periods and 
vice versa.38 The presence of bands of large-grained sediments can sug-
gest landslides, indicative of massive flooding events in El Niño-sensitive 
regions.39 The size of sediment grains, indicative of rainfall intensity, can 
also give an indication of El Niño activity. Lake cores in Ecuador and 
Galápagos have been analysed in this way to date the commencement 
of Holocene El Niño activity and provide estimates of the variability of 
ENSO through time.40 Likewise, flooding of tropical rivers can leave 
fingerprints of organic material within Porite corals growing in coastal 
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estuaries, which are visible under ultraviolet light.41 Evidence of land-
slides in terrestrial environments can also date major El Niño events. For 
example, landslide evidence from archaeological sites in Peru has been 
used to demonstrate inactivity in the ENSO before 5000 years ago.42

Before the Holocene, evidence becomes even rarer and at an even 
lower resolution, although records of average SST can be estimated from 
marine sediments. Studies of this sort in the eastern equatorial Pacific can 
give reconstructions of SST to a resolution of one value every 5000 years 
or so.43 Warmer temperatures in the Eastern Pacific generally represent a 
deeper thermocline and a tendency towards El Niño conditions, or even 
permanent El Niño-like conditions. Cooler average temperatures sug-
gest a shallower thermocline and a lack of El Niño and La Niña activity. 
However, it is the Holocene that is of interest here as this is the period 
in which human culture flourished and human populations grew from 
two million to seven billion. Generally the record of El Niño improves 
as society became more complex, which allows us to assess the role of El 
Niño in human history in some detail.
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In 1907 Sir Ronald Ross, the pioneering research scientist of malaria, 
wrote that ‘the student of biology is often struck with the feeling that 
historians, when dealing with the rise and fall of nations, do not gener-
ally view the phenomena from a sufficiently high biological standpoint’. 
Ross’s comments were made in the course of an introduction to a book 
by W. H. S. Jones called Malaria: a neglected factor in the history of 
Greece and Rome. As Ross put it;

it is this important theme, applied to the downfall of the greatest of 
nations, which Mr Jones has studied from the historical point of view: 
the suggestion is that the conqueror of Greece was not so much the 
Macedonian or the Roman as that great tyrant which now holds half the 
world - malaria.1

Ross, as befits his extraordinary scientific achievement, was a man before 
his time. It is only now that we are starting to understand that the 
dynamics of the links between history, biological process (especially in 
the form of disease) and climate (in the form of El Niño) may well have 
contributed to the ‘rise and fall of nations’. In particular our growing 
understanding of the history of El Niño incidence can help shed light on 
some aspects of the history of disease and epidemics.2

A comparison of the chronologies of severe El Niño events and the 
chronologies of major disease pandemics in the historic period indicates 
that there are close connections between the two patterns, particularly 
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in the case of plague, malaria, cholera and influenza, probably the four 
biggest epidemic killers historically. The timing of major outbreaks of 
smallpox, yellow fever, Rift Valley fever (a disease carried by both ani-
mals and humans), Japanese encephalitis, Ross River fever, Murray Valley 
fever, typhus, dengue fever, hantavirus, erythermalgia, and some other 
locally prevalent diseases also indicate an epidemic history that has been 
strongly influenced by El Niño events. Likewise, diseases that affect ani-
mals also seem to have El Niño-regulated cycles; these may include Rift 
valley fever, rinderpest or cattle plague,3 African Horse Sickness4 and 
anthrax. Last but not least, El Niño events appear to be closely con-
nected to cycles of locust outbreaks.

Most of these epidemic diseases flourish in El Niño periods because 
their (mainly mosquito) vectors benefit from the changed hydrologi-
cal conditions that are characteristic of El Niño occurrences. Where 
drought is a consequence of El Niño, stagnant water remnants of 
normally perennial streams allow insect vectors to radically increase 
their populations. In normally more arid areas that are flooded in El 
Niño periods, the insect vectors also increase due to an expansion of  
the water area suitable for their breeding. This appears to be especially 
the case for malaria, where the Anopheles mosquito is the main vector. 
The epidemiology of plague and one or two other rodent borne dis-
eases in relation to El Niño seems to be somewhat different, in that it 
is the rodent rather than the insect vector which responds to changes 
in temperature and hydrological conditions. However, the effect is 
much the same; that is, that the vector population increases as an El 
Niño event progresses.

The information on historical El Niño now allows us, for the first 
time, to present a synthesis of the evidence linking El Niño with dis-
ease epidemics and an evaluation of the arguments for climatic agency. 
One of the major problems in historical epidemiology, however, relates 
to difficulties one encounters in deciding whether historical descrip-
tions of an illness allow one to identify a particular kind of disease. 
This is especially the case with two of the most important globally 
prevalent epidemic diseases, the plague and malaria. Let us begin by 
considering these El Niño-associated diseases in turn.



8  EL NIÑO EVENTS AND THE HISTORY OF EPIDEMIC DISEASE INCIDENCE   161

The Origins of the Black Death: Plague  
and El Niño in History

The problem of historically identifying or diagnosing the disease from 
the archival record is perhaps most acute with the plague, the earli-
est disease that one really needs to consider when trying to understand 
the relations between El Niño and epidemics. Because of its tolerance 
of tropical and temperate conditions, a consequence of the temperature 
and ecological flexibility of its rodent and insect vectors, plague appears 
very early in the western and Chinese documentary records—some-
what earlier than its appearance in Arabic, Persian and Indian records. 
But descriptions of bubonic plague, pneumonic plague and anthrax are 
not always easy to disentangle. Past literature on the history of the Black 
Death has in general terms tended to emphasise the possible importance 
of violent or extreme events, such as flooding, famines and earthquakes.5 
It was this emphasis that tended to locate the origins of the Black Death 
in China, for no really good reason other than that China was known to 
have recorded some damaging environmental disturbances in the second 
quarter of the fourteenth century.6 As the historian Michael Dols writes 
when considering the origins of the Black Death, ‘the central epidemio-
logical problem of why epidemics begin is still unresolved’. Dols suggests 
that the onset of epidemics may be related to major ecological changes 
that affect the plague microorganism; such a change might produce a 
more virulent form of plague. A significant change would alter its patho-
logical characteristics and differentiate it historically from other plague 
pandemics. Dols notes that ‘the leading medical authority on plague 
has stated that there have been no convincing modern observations of 
a mutation of plague’.7 If, therefore, mutation of the disease was not 
plausible as a reason for the onset of a pandemic, other reasons clearly 
have to be sought out, and the likelihood of a sudden climatic shift needs 
to be explored, particularly in the context of the kinds of rapid weather 
changes we know are associated with El Niño.

An important factor here is to establish the geographical origin area 
for the pandemic of the 1340s. In fact, there are a number of conflict-
ing theories about the origin area that we need to choose from. Whilst 
the notion of a Central Asian or Chinese origin has traditionally been 
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prominent in the literature, several contemporary sources suggest a 
North Indian origin for the pandemic, and this is the theory that I would 
prefer to advocate here, not least because the archival record suggests 
very strongly that a very serious plague epidemic was already present in 
North India as early as 1343 and South India as early as 1344, so that 
the whole of the Subcontinent was affected at an early date.8 The argu-
ments over whether India nurtured the Black Death rather than China 
or Central Asia have been hotly debated. It is very likely that its origins 
have to be sought earlier than the 1340s. Almost certainly the repeated 
episodes of drought in India after 1300, associated with the repeated 
strong El Niños of this period,9 assisted the development of a major pan-
demic. Ibn al-Khatib, an Andalusian writer, remarked that the pandemic 
began in the land of Khitai and Sind (in the Indus Valley) in 1333–1334 
and that he had learned this from credible men.10 Ibn Battuta, who later 
witnessed the plague epidemic in Damascus in July 1348, mentions an 
epidemic in Mutrah (Madurai) in 1344.11 Michael Dols, in his book on 
the Black Death in the Middle East, opines that there is no satisfactory 
evidence for the Black Death in India and that he thought the disease 
was more likely to have spread along the land routes to the north of 
India than the sea routes around the sub-continent. However, at least 
four major sources, Ibn al-Khatib, Ibn Battuta, Kasim Ferishta and, more 
recently, the Indianist historian Elphinstone, indicate quite the opposite 
and suggest very strongly that the Black Death was present throughout 
India by the early 1340s and was probably its source.12

More recently, genetic research has tended to back up this assertion.13 
Genes carrying mutations of the receptor CCR5, conferring some resist-
ance to both the plague and to the HIV virus, are now traceable in 
populations right through from Western Europe to India and China. 
Populations which survived the Black Death passed on this variant of 
CCR5 to their descendants. The variant occurs mainly in Black Death 
survivor populations in northern Europe, where the Black Death was 
worst, and in South Asia. Researchers found that it is far less frequent in 
Central Asian and Chinese populations, and is entirely absent in African 
populations. It therefore seems highly likely that the Black Death was, at 
the very least, closely associated with the cycle of El Niño-caused drought 
(and probably extreme rainfall events) and plague that developed in India 
during the first part of the fourteenth century. Subsequently, those parts 
of the world that did not experience the Black Death have apparently 
been more genetically vulnerable to the transmission of the HIV virus.
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More specifically, the onset of the plague in India coincided with 
a two-year drought that affected large parts of the Subcontinent.  
The drought in India coincided and was followed by catastrophic rain-
fall levels in Western Europe between October 1345 and June 1346, and 
resultant crop failure and a famine which lasted until late 1347.14 This 
European famine was almost as bad as the great famine of 1315–1317. It 
left a weakened population, especially in Italy, which was highly vulner-
able to the Black Death which reached Italy and thus Europe in 1347, 
arriving through the ports of Messina, Rome and Genoa. Moreover, 
according to Philip Ziegler, long before the Black Death actually reached 
Europe it was known, at least in the major Mediterranean seaports, that 
an unprecedented pestilence was sweeping the Orient.15 Later plague 
pandemics during the Little Ice Age, particularly the Great Plague 
which affected England in 1660, also coincided with El Niño episodes. 
In recent years, strong El Niños, combined with modern transportation, 
have tended to allow plague to penetrate regions where the disease was 
previously little known. The strong event of 1899–1900, for example, 
saw the plague in Sydney, Australia, where it raged for three months, kill-
ing more than fifty people, and then spread north as far as Townsville in 
north Queensland.16

El Niño and Malaria

The evidence for the connections between El Niño and malaria is of 
rather more recent provenance. Deadly fevers, which may well have been 
malaria, have been recorded since the beginning of the written word 
(6000–5500 BCE). Very recently, genetic research has suggested that 
Plasmodium falciparum, the agent of malignant malaria, is probably only 
a few thousand years old; in other words, its lifespan as a species to date 
appears to correspond with the lifespan of the modern El Niño.17 It is 
reasonable to surmise, therefore, that malaria has evolved in the very spe-
cific conditions created by the onset of El Niño events.

References can be found to what appears to have been malaria in the 
Vedic writings of 1600 BCE India and by Hippocrates some 2400 years 
ago. There are no references to malaria in the ‘medical books’ of the 
Maya or Aztecs. It is likely that European settlers and slavery brought 
malaria to the New World and the awaiting anopheline mosquitoes 
within the last 500 years. Quinine, a toxic plant alkaloid made from the 
bark of the Cinchona tree in South America was used to treat malaria 
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more than 350 years ago. Jesuit missionaries in South America learnt of 
the anti-malarial properties of the bark of the Cinchona tree and had it 
introduced into Europe by the 1630s and into India by 1657. This last 
historical detail is important since it is during the mid-seventeenth cen-
tury that we first start to get reports of very serious malaria outbreaks 
from India and, more particularly, from Southeast Asia.18

Between 1640 and 1670 the population of the Amon and Lease 
islands in the Central Maluku group fell by nearly 50%. Much of this 
decline can be attributed to a major malaria epidemic of 1656–1658. The 
core area of Mataram, in central Java, exhibits a continuous decline in 
population between 1651 and 1755, with a major decline beginning in 
1678, a year of widespread epidemics, probably of malaria. A close suc-
cession of El Niño events around 1650 and 1660 amounted to a series of 
the worst weather events of the seventeenth century in Southeast Asia.19 
In the Philippines between 1640 and 1690 the population of Filipino 
tributos (the population unit for Spanish tax assessment) fell by approxi-
mately 350,000 from a height of 800,000 at the beginning of the period. 
Again, an increased incidence of epidemic disease due to malaria may well 
be the only possible explanation for such a steep decline.20

It is in India that we have the best record of the connections between 
El Niños, famines and malaria epidemics, due both to the prevalence of 
the disease at the end of El Niño episodes and to the detailed record-
keeping of the East India Company and the Raj. Very often malaria epi-
demics spread outside India during El Niño years and some of those 
incidences are also well documented. In 1828, for example, estimated 
as ‘Moderate’ strength (Chap. 7, Table 7.1), a ‘swamp fever’ broke 
out in the settlement of Bytown near Ottawa in Canada and along the 
construction route of the Rideau Canal.21 According to contemporary 
accounts, the malaria was not native to North America but had been 
introduced by infected British soldiers returning from India.

In general the minimum ambient temperature required for the 
Plasmodium falciparum malaria parasite to thrive is 19 °C. One effect 
of this is that infection rates are highly sensitive to night temperatures 
at the end of the annual transmission season. In El Niño years these 
may often have been higher for longer, especially in the month of 
November,22 resulting in a much larger number of malaria cases than 
normal. At a fairly early stage in the nineteenth century it was recognised 
by members of the Indian Medical Service—long before the introduc-
tion of residual insecticides—that major malaria epidemics took place 
either in excessive monsoon rains or on occasions of monsoon failure.23  
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This means, effectively, that epidemic malaria correlates very closely 
with the rises in sea surface temperatures that are characteristic of an El 
Niño episode. Epidemics are found to be much more prevalent histori-
cally when a wet monsoon follows a dry El Niño year.24 It was this direct 
chronological connection between drought and the onset of malaria epi-
demics that made the institution of large famine relief camps under the 
British in India during colonial rule such a very dangerous innovation.25 
Only when famine camps started to be reduced in size and the initiative 
was taken to have relief distributed direct to villages after the 1890s did 
the death toll in famines fall significantly.

The implications of a direct connection between malaria and El Niño 
incidence are really very considerable. It means that the history of both 
famine and disease mortality in South Asia (a region which currently 
accounts for 50% of mortality from natural disasters),26 may be strongly 
related to the history of El Niño episodes. While the kinds of ‘entitle-
ment’ reasons for famine mortality described by Amartya Sen are not 
entirely irrelevant in this equation,27 the much greater significance of 
disease rather than food supply factors in explaining mortality figures 
cannot easily be disregarded, since historically access to food has had 
only a very tenuous relationship to vulnerability in a malaria epidemic.

The relationship between El Niño, famine incidence and the onset 
of malaria is, however, complex, and its history difficult to disentangle. 
In the Indian Punjab, Ethiopia and Swaziland periodic malaria epidem-
ics have been related to droughts and famine conditions resulting from 
poor harvests in the years preceding the epidemics.28 This has led to the 
hypothesis that famine exacerbates malaria mortality by lowering the 
resistance to infection. However, there are clearly other links between El 
Niño and malaria. Research from other regions of the world affected by 
El Niño events has revealed a very close historical relationship between 
malaria and El Niño in the absence of any notable famines. On the basis 
of historical research, and work based on records made between 1960 
and 1992,29 the epidemiologist Menno Bouma was able to correctly pre-
dict a malaria epidemic in Columbia during the course of the 1997–1998 
El Niño.30 Bouma found that epidemics of malaria early in the twentieth 
century in Venezuela, British Guyana and Surinam had occurred at 
roughly five-year intervals. It had been reported that this happened as 
the main vector, Anopheles darlingi, extended its breeding range into 
the usually low-malarious coastal region, which normally experiences 
less rainfall than the interior. Epidemics ceased after insecticide spray-
ing programmes in 1945, but started again in the big El Niño events 
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after 1972.31 Between 1910 and 1935, Bouma found that five epidemics 
occurred, all of which were preceded by El Niño events.32 The biggest 
increases in malaria transmission, it was found, occurred one year after an 
El Niño event. Bouma speculated that a reduction in transmission dur-
ing the course of an El Niño drought reduced human immunity so that 
when the rains returned and a transmission season began the population 
was much more vulnerable than normal. After a drought, the predators 
of malarial mosquitoes were also reduced, again increasing the impact of 
malaria once rains returned.33

In other words El Niño events right through history may have brought 
about serious malarial mortality in the absence of famine, making malaria 
an ‘unseen’ hand in the kinds of population collapses discussed above 
in seventeenth century Southeast Asia. Of course, in areas of ‘unstable 
malaria’, such as tropical West Africa, cycles of malaria need not neces-
sarily be caused by El Niño or related climate factors. Levels of clinical 
malaria may vary for other reasons, and El Niño’s impact may consist of 
temporarily imposing its frequency on existing cycles of malaria epidemics.

In a broader sense the clearly very strong connections now being 
made between malaria epidemics and El Niño events in the epidemiolog-
ical literature allow us to look further back in history and speculate about 
the occurrence and effects of climatically influenced malarial epidemics 
in periods when we have less reliable data. It is especially tempting to 
explore these interactions in terms of the history of the early Classical 
civilisations and to try to investigate their demographic and political for-
tunes in terms of the El Niño-malaria dynamic whose modern character-
istics we are now beginning to understand.

Malaria and El Niño in the Classical World

This chapter began with a quote from a book by W. H. Jones on malaria 
and the histories of Ancient Greece and Rome. Jones had in fact been 
drawn into this speculation by Ronald Ross, who had been involved in 
investigating the very serious malaria epidemic which struck Greece dur-
ing the extremely severe El Niño event of 1905,34 a period of intense 
drought in the country, as in other parts of the world (especially the 
Dutch East Indies). Although malaria in parts of Greece was already 
endemic, especially in Crete, it spread much further during 1905 so that, 
out of a total population of two and a half million, nearly a million were 
attacked by malaria and nearly 6000 died, many of Blackwater, the worst 
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form of malaria. Jones wrote ‘I have never seen, even in India or Africa, 
villages more badly infected than Moulki and Skripou in the Copaic dis-
trict. The Greek Army is as heavily infected as was the Indian army until 
the last few years.’35 This outbreak, combined with his professional inter-
est in the explosive way in which malaria had colonised previously malaria-
free Mauritius during the El Niño of 1865–1866, encouraged Ross and 
Jones (a Classics scholar) to speculate on the possible past effects of 
malaria on Greek and Roman civilisations. While their findings were not, 
of course, conclusive, the duo came up with some important speculations.

From textual evidence in the works of the Greek classical writers, 
Jones believed that a description of a fever characterised by the develop-
ment of an enlarged spleen (a key symptom of malaria) started to appear 
in about 425 BCE. By 400 BCE, Jones asserted, malaria was definitely 
present in Greece, and may have been brought from Egypt in 456 BCE 
by returnees from a military expedition. The Hippocratic treatise on The 
Nature of Man clearly describes the various stages of malaria.36 But we 
may speculate on the role that might have been played by a major El 
Niño event in assisting this development. Jones, for his part, thought that 
the advent of malaria in Greece started a wholesale decline in the litera-
ture, culture and military qualities of the region and allowed its subjuga-
tion by the Romans. Immorality flourished under the shadow of malaria, 
Jones concluded from the literary evidence, and homosexuality became 
rife, something he also equated with the general decline of Greece!

Clearly we would be unwise to share the extent of Jones’ speculations 
and equate them with as yet ill-defined El Niño events. Jones’ findings 
on the spread of malaria in the Roman Empire two hundred years later 
are probably more useful. As he points out, the Hannibalic invasions of 
218–204 BCE appear to have brought malaria to Italy, although the first 
Roman treatise on malaria, by Celsus, did not appear until 50 CE. It is 
quite possible that the kinds of drought events in North Africa associ-
ated with the military expansionism of Carthage may have encouraged 
the expansion of malaria in Southern Europe. Indeed Jones suggests 
that the emergence of fortified hill towns in Italy after 200 BCE located 
well away from unhealthy marshlands may be associated with the arrival 
of malaria in Italy. Livy tells us that a severe epidemic affected Italy  
in 208 CE,37 while the army in Sicily suffered from an apparent malaria 
epidemic in 212 CE. By that date, contemporary texts indicate that 
malaria had become endemic with seasonal outbreaks that might possibly 
be related to broader patterns of drought in the Mediterranean region 
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associated with El Niño. J. M. Brijker suggests that the period around 
200 BCE was particularly favourable to severe El Niño conditions.38 
However, only future physical proxies for El Niño will allow us to con-
firm the rather hazy evidence for this in the Classical texts.

Cholera and El Niño

Other tropical diseases besides malaria have tended to flourish historically 
in El Niño years and have also, statistically, been large-scale killers. 
Probably the most important of these has been cholera, which, like 
malaria, has always tended to erupt in the rains after long droughts and 
to infect the water supplies of famine camps and the flood-washed slums 
of large cities. But it has been especially characteristic of El Niño condi-
tions in those parts of Africa which experience rainfall surpluses during El 
Niño events, so that Africa reported 80% of world cholera cases in 1997. 
In parts of East Africa, where the effect of El Niño has been to produce 
abnormally high rainfall, cholera has been the handmaiden of El Niño 
most recently in 1972–1974, 1982–1983 and 1997–1998. In 1997, for 
instance, Djibouti, Kenya, Mozambique, Somalia, Uganda and Tanzania 
were all affected by the cholera epidemic, which in some countries had a 
fatality rate as high as 20%.39 The incidence of childhood diarrhoea also 
appears to be closely associated with cholera and El Niño, largely through 
flooding and infection of water supplies.40 However, cholera’s epidemiol-
ogy is very different from that of the mosquito-borne diseases, and its inci-
dence appears to be reinforced by a secondary link with El Niño, through 
an association of a variety of cholera, Vibrio cholerae, with marine copepod 
plankton.41 This host is in turn affected by global El Niño events, and may 
help to explain the distribution of some cholera epidemics historically.42 
And the history of global cholera epidemics is a long one.

The first global cholera epidemic for which we have concrete archi-
val evidence started in Java in the wake of the 1634–1635 El Niño.43 
An El Niño-caused monsoon failure and ensuing drought in Ethiopia 
brought the epidemic in its wake in 1633. At the time, the epidemic 
was associated by contemporary commentators with the expulsion of the 
Jesuits from Ethiopia in 1633. In the same year, it was said, ‘a horrible 
plague (cholera) invaded nearly the whole region and the Emperor was 
obliged to change the seat of his palace to another place’.44 Cholera was 
also reported widely in India at the end of the same El Niño event.45 
Serious famine persisted in Ethiopia into 1635, and was accompanied 
by cholera epidemics. The word ‘fangal’ can be identified with cholera  
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at an early date in Ethiopia.46 It seems possible that a reserve of the dis-
ease remained present in the Horn of Africa after the initial appearance 
of cholera in the wake of the El Niño which began in 1629 in South and 
Southeast Asia and was manifest in the Pacific in 1630 (see Chap. 3).

Subsequent major cholera events in India prior to 1817 took place in 
El Niño years, mainly in the rains following extended drought periods, 
and especially in association with major military or pilgrimage popula-
tion concentrations.47 El Niño-associated heavy rains in 1790 (recorded 
by William Roxburgh) in the Northern Circars of the Madras Presidency 
brought about major cholera epidemics. The heavy rains following the 
El-Niño droughts of 1783 caused the deaths of over 20,000 pilgrims 
in only eight days at Hardwar on the Ganges in the United Provinces 
of Northern India. But the critical breakpoint in the history of chol-
era occurred later, in 1817, when very prolonged episodes of El Niño-
associated rainfall in Bengal seem to have allowed the cholera to spread 
sufficiently to promote what were eventually very extensive epidem-
ics which, by 1831, reached as far as England. Post-1817 breakouts 
reached Mauritius in 1819 and 1830 and seem to have been the pre-
cursor of European epidemics. The disease reached Astrakhan, at the 
mouths of the Volga, in September 1823, and Orenburg in European 
Russia by August 1829. El Niño conditions seem to have encouraged a 
further outbreak of cholera in Astrakhan in the summer of 1830, which 
spread across Russia. It reached Sunderland, via shiploads of Riga flax in 
October 1831.

Outbreaks of cholera in the British Isles in 1833, 1837, 1848 and 
1853 all appear to be explainable in terms of transmission from renewed 
El Niño-associated epidemics in South Asia,48 the beginning of each epi-
demic being associated with infection from the crews of ocean-going 
ships from eastern ports docking in London. An epidemic of 1865–1866 
was somewhat different. Although directly stimulated by an El Niño 
event, it seems to have been transmitted via Haj pilgrims returning to 
Egypt.49 It was the last serious epidemic in England, and caused over 
14,000 deaths. Further epidemics in Europe in 1884 (an epidemic which 
spread from India through China to Britain) and 1893 (of which only 
the last caused fatalities in England) were all associated with El Niño 
events. The simultaneous or connected occurrence of cholera epidemics 
in different parts of the globe after very strong El Niño events became 
apparent again as recently as 1996, when global deaths attributable to 
cholera were estimated at 6000 and an additional 120,000 people were 
thought to have been infected.50

http://dx.doi.org/10.1057/978-1-137-45740-0_3
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Yellow Fever and El Niño

In 1647–1648 what Desowitz has termed ‘an unknown concatena-
tion of conditions’ led to explosive outbreaks of Yellow Fever in Havana, 
Barbados, Guadeloupe, St. Kitts and the Yucatan peninsula of Mexico.51 
In fact the epidemic, probably transferred in slave ships from Africa, would 
have flourished in the hydrological conditions produced in the Caribbean 
region by the El Niño event of 1646–1648. Drought throughout the 
area, combined with forest clearing for sugar cane plantations, would have 
produced large areas of stagnant water ideal for transmission of the disease 
by the Aedes aegyptii mosquito. For many of the highly susceptible Carib 
and other indigenous groups, already ravaged by Spanish brutality and 
European diseases, that first yellow fever epidemic was the final epidemic. 
The white planters and military also died in large numbers, while African 
slaves may have been afforded some immunity by past exposure to yellow 
fever. By 1649, yellow fever had made its first landfall in mainland North 
America, in Spanish Florida, and with each successive El Niño event it 
spread further into the Caribbean and the interior of the Americas. There, 
indigenous mosquitoes also became its vectors, transmitting the disease to 
New World monkeys as well as people and causing a rapid and permanent 
decline in the range of many of these monkeys.

Frequent maritime communication between the West Indies and the 
United States after about 1700 meant that yellow fever almost always fol-
lowed in the wake of El Niño events, in, for example, 1702, 1732, 1745 
and 1747. After the mid-eighteenth century, with a fall in the strength 
and frequency of El Niño events, yellow fever temporarily retreated. 
But it returned with a vengeance to North America and especially to 
Philadelphia with the advent of the Great El Niño of 1790–1794.52 
This epidemic initially flourished in Cuba and then spread from there. 
Droughts through the 1790s and into 1804 due to prolonged and 
repeated El Niño events served to increase mortality from yellow fever. 
One major political consequence of this was the withdrawal of Napoleonic 
French territorial ambitions from North America. This took place after 
23,000 French troops perished of yellow fever in 1802–1803. Napoleon 
instructed Charles-Maurice de Talleyrand, his minister, to sell Louisiana 
and other regions to the United States. Talleyrand did so and in the 
Louisiana Purchase, the United States acquired the French colony for 15 
million dollars. But, economically, the southern United States never really 
recovered from the blight of yellow fever and commercial supremacy 
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passed to the ports of the American north-east. The El Niño events of 
1844–1850 resulted in very serious epidemics in New Orleans through-
out 1846 to 1851, a period when Margaret Humphreys has estimated 
that New Orleans lost 10.5 million dollars in investment each year to 
New York.53 A similar scale of losses was reported from the epidemic of  
1876–1878, yet another outbreak that developed in the wake of a major 
El Niño episode.54 It may be argued that the long-term and growing eco-
nomic disparity between the South and the North of the United States 
which culminated in, but was not ended by, the Civil War, was a direct 
result of the widespread production of mosquito-prone open wetlands. 
Such wetlands were a natural result of the slave-reliant rice and cot-
ton economies characteristic of the old South. Mortality remained much 
higher in the South from yellow fever and malaria so that the economic 
development of the South remained stymied, and received extra blows 
after each rain-rich El Niño episode.

Although John Williams in Jamaica had medically distinguished yel-
low fever from Blackwater malaria as early as 1740, its mode of transmis-
sion was not understood until after 1905. The economic consequences 
of yellow fever were far-reaching. But so were the social results of the ill-
ness. We might remember that at the time of the Black Death in medie-
val Europe, Jewish communities, especially in France and Germany, were 
blamed for the disease; and the resulting wave of antisemitism became 
deep-rooted. Something similar happened in the Americas. Each yellow 
fever epidemic in the United States and elsewhere tended to result in 
particular racial groups, normally African-Americans, but sometimes Irish 
or Italian immigrants, being castigated as carriers of the fever. Indirectly, 
therefore, El Niño may have contributed, as in the case of the Black 
Death, to a major epidemic disease that stimulated racial bigotry, in the 
absence of any generally understood cause of the disease or even a recog-
nisable mode of transmission.

Influenza and El Niño

There appears to be a very strong historic correlation between the inci-
dence of influenza epidemics and episodes of the El Niño.55 It seems 
possible that the specialised and unusual meteorological conditions of 
an episode might selectively encourage the unusual movement of par-
ticular influenza vectors, whether avian or otherwise.56 It becomes pos-
sible to identify in the historical records what we would now refer to as 
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influenza after about the 1730s, for example in the well documented 
British records.57 There appears to have been an absence of any signifi-
cant epidemic from 1737 until 1762, incidentally a period in which strong 
global El Niño events were notably absent.58 From 1780 until 1900 we 
have records of widespread influenza epidemics in Britain, parts of Europe 
and the West Indies in 1780–1785 (with a peak in 1782), 1788, 1803, 
1833, 1837, 1847–1848, 1851 and 1889–1894.59 All of these epidemics 
appear to be closely associated with the impact and aftermath (especially in 
the year following an event) of global El Niño events as defined by Quinn, 
Ortlieb and others (see Table 7.1, Chap. 7). There is a conspicuous absence 
of epidemics in the British records between 1803 and 1831.60 However 
there were epidemics in Europe in 1805–1806 and four great influenzas 
in the western hemisphere in 1807, 1815–1816 and 1824–1826.61 Again, 
these all appear to coincide with or closely follow El Niño events.

Similar associations seem to characterise twentieth century influenza 
episodes. Certainly the most conspicuous and important of these associa-
tions is that between the El Niño event of 1918–1919 and the unprec-
edented mortality of the global influenza pandemic of that period.62 This 
shocking level of mortality actually exceeded that of the Great War, and 
has been extensively documented in many parts of the world.63 But in 
general the twentieth century was not a period of heavy El Niño-related 
mortality, as societies became more able to cope. Disease remained asso-
ciated with El Niño, but relative mortality fell.
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The El Niños in the twentieth century that are perhaps best known are 
those of 1982–1983 and 1997–1998. The 1982–1983 El Niño was the 
first to attract global news coverage and introduced the term ‘El Niño’ 
into the public consciousness. Designated, because of its strength, the 
‘El Niño of the century’, it was also the first to be measured and tracked 
by a small but significant network of observational buoys and research 
vessels. The 1997–1998 event—also given the name ‘El Niño of the 
century’—was the first to be correctly forecast. Of other events in the 
twentieth century, the El Niño of 1924–1925 is significant as the first 
to attract international scientific interest, following the publication of its 
effects on coastal Peru by the American conservationist Robert Cushman 
Murphy.1

Other El Niño’s were notable for associated mortality. The El Niño of 
1941–1942 contributed to a drought in Bengal and was largely responsi-
ble for the last major famine in the Indian subcontinent. The El Niño of 
1972–1973, which brought drought and famine to the Sahel, coincided 
with and informed the first United Nations Conference on the Human 
Environment in Stockholm. In general, though, the twentieth century 
was notable for a significant reduction in mortality caused by meteor-
ological extremes associated with El Niño. Whilst famines were still an 
occasional occurrence, deaths associated with drought or flood decreased 
significantly during the century in relation to the worldwide increase in 
the size of populations.
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Amongst the outcomes of the rapid growth in human numbers and 
energy use since the beginning of the twentieth century has been an 
increase in atmospheric concentrations of carbon dioxide, the green-
house gas largely responsible for global warming. The concurrent 
increases in global population, global resource use and greenhouse 
gas emissions are suspected by some scholars to be responsible for an 
unprecedented increase in the strength of ENSO during the latter half of 
the twentieth century (although the evidence is uncertain). Joëlle Gergis 
and Anthony Fowler suggest that both El Niño and La Niña were more 
intense—and El Niño more frequent—during the twentieth century 
than in any of the preceding 500 years (see Fig. 9.1). The narrative of 
ENSO has also become inexorably bound up with the idea of anthropo-
genic climate change and it is rarely discussed today without reference 
to it, an issue that will be discussed in the final chapter. This chapter first 
addresses El Niño’s impact in the twentieth century, a century for which 
descriptions of El Niño are unusually detailed.

Fig. 9.1  Centennial trends in ENSO episodes reconstructed for A.D. 1525–2002. 
From J. L. Gergis and A. M. Fowler, ‘A History of ENSO Events Since A.D. 1525’
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1900–1945
The first El Niño for which we have detailed information on social impacts 
occurred in 1905, a year of severe drought in Indonesia. This was followed 
by a sustained period of unusually persistent El Nino conditions, which 
began in 1911 with flooding in Peru and concluded in 1914–1915 with a 
catastrophic drought in Indonesia and Papua New Guinea, described later as 
the worst of the century.2 The Western Amungme people in Papua named 
the resulting famine Tselu Buya Bung.3 The following strong El Niño in 
1918–1919 was preceded by a remarkably cold winter in the northeastern 
USA, with exceptionally low temperatures in New York. Autumn and winter 
of 1918–1919 in the US were unusually warm and the summer hurricane 
season unusually weak. In India, average rainfall in 1918 was one of the low-
est of the twentieth century, and the drought exacerbated the mortality of 
the influenza epidemic of 1918–1919.4 Of the 50 million deaths worldwide 
attributed to the Spanish Influenza pandemic 18 million occurred in the 
subcontinent.5

The information provided by Robert Cushman Murphy on the  
1924–1925 El Niño provides the first detailed description of an El 
Niño event in Peru. In his account in the Geographical Journal, Murphy 
describes the event beginning with a warm current near Talara in the far 
northwest of Peru on 18 January 1925. The first rainfall commenced on 
19 January. From 27 January the rains became exceptionally heavy and 
by March water temperature in Talara harbour had increased to around 
7.5 °C higher than average. ‘Abundant vegetation’ was observed in the 
countryside of coastal Peru, but extremely heavy rains caused widespread 
flooding and water-logged buildings to collapse ‘in much the same man-
ner as a lump of sugar does when placed in a liquid’.6 On 24 March 
rain washed away several kilometres of railway track at Trujillo and 
destroyed hydro-electric power stations near Chosica and Yanacoto. In 
Ecuador, river flooding destroyed portions of the railway near Arequipa 
and nearly half the mountain sections of the Guayaquil-Quito railway. 
The local fishing industry collapsed as plankton migrated to deeper 
waters. Seabirds that were reliant on fish either died in great numbers or 
migrated south to the coast of Chile.7 Incidences of malaria in Talara in 
June 1925 were measured at 70 times the background level.

No descriptions of the effects of an El Niño as detailed as Murphy’s 
appear again until the 1970s when systematic observations of the phe-
nomenon began. The Second World War hampered observations of  
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the 1941–1942 El Niño, and the war strongly mediated the effects of 
the event. Three million people died during a famine in Bengal in 1943 
when the colonial government’s attention was focused primarily on the 
war effort.8 The severe winter of late-1941 played a decisive part in slow-
ing German advance into the Soviet Union, much as the 1812 event had 
thwarted Napoleon. Similarly, the multiple crop failures in the Dutch East 
Indies in 1939–19419—immediately prior to the Japanese invasion of 
Southeast Asia—meant that the food stocks on which the Japanese had 
planned to rely were either seriously depleted or non-existent. This critically 
weakened Japanese ability to resist Allied counter-attacks later in the war.

The effects of the 1941–1942 El Niño in Southeast Asia may have 
been one of the most severe of the twentieth century.10 In Papua New 
Guinea and Irian Jaya (West Guinea), no rain fell for ten months. Dutch 
colonial records report that local people, seeking to take advantage 
of the dry conditions to clear areas for agriculture, set off huge bush  
fires. The Damal people of the Ilaga region in the western highlands 
named the drought ‘Terubia’, reporting to an investigator in 2001 that 
it was the worst in living memory.11 The El Niño also caused floods 
in coastal Peru and droughts in the Peruvian Andes, as well as severe 
weather in parts of North America.12

1945–1973
From the 1940s to the 1970s, instrumental records indicate that both 
El Niño and La Niña were relatively weak. The 1953 El Niño monitored 
by the Yale Expedition (described in Chap. 6) was apparently of very low 
severity and was not accompanied by any significant impacts on society. 
The year 1957 brought a stronger El Niño to Peru, with coastal rainfall 
and drought in the Andes.13 It resulted in a sharp decline in the popu-
lation of guano-producing seabirds. However, in general the impact on 
the region was minimal. In India a drought in 1965–1966 was the last 
occasion on which a famine was officially declared, although the death 
toll of 2300 was far lower than in 1943.

The biggest changes in the understanding of El Niño during the 1960s 
occurred not as the result of the observation of an extreme event, but 
through scientific developments. This was the decade of a surge in research 
on El Niño associated with US–Latin American scientific cooperation and 
John F Kennedy’s ‘Alliance for Progress’.14 The decade saw the launch-
ing of the Peruvian–American ‘El Niño Project’15 and the explanation  
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by Jacob Bjerknes of tropical Pacific ocean-atmosphere dynamics  
(see Chap. 6) in a landmark paper that linked the El Niño and Southern 
Oscillation and proposed the Walker Circulation.16 The 1960s also saw a 
growth in environmental awareness and a ‘whole Earth’ mentality brought 
about by the first photographs of the Earth taken from space.

Scientific interest meant that the El Niño of 1972–1973 was ‘the 
most intensely observed since 1891’.17 The impacts of the event on 
Peru and Ecuador were described in a paper by the climatologist Cesar 
Caviedes, published in the Geographical Review in a conscious reflection 
of Robert Cushman Murphy’s earlier paper.18 Warm waters first appeared 
off the coast of Peru in December 1972 but cooler conditions returned 
in January 1973. However, as had occurred in 1925, extremely warm 
waters arrived in February with temperatures up to 7 °C above what 
would be expected for the time of year. These conditions persisted until 
May. Heavy rain occurred in March and April, beginning with intermit-
tent showers from 9 March. By 17 March, stations in northern Peru had 
recorded their highest rainfall totals since 1925, with flooding at its most 
intense for 47 years. Rain fell in torrential showers, damaging sewer-
age systems and adobes.19 The Río Piura broke its banks and flooded 
46,000 hectares of farmland, including the southern part of the city of 
Piura. In some places the water was 2.2 metres above street level, above 
the height of most single-storey buildings. Large areas of farmland were 
inundated, although the widespread growth of grass in the desert pro-
vided a substantial benefit to the cattle industry.20 The total number of 
houses destroyed was estimated at over 2700, representing the dwell-
ings of some 17,800 people. The total damage in Peru was estimated at 
US $263 million,21 which would have been higher but for the drainage 
channels that had been excavated after the 1925 El Niño.22

Perhaps the most significant impact of the 1972–1973 El Niño 
was its effect on the burgeoning Peruvian anchovy fishery. This was 
a relatively recent industry that had grown up only after the col-
lapse of the Californian sardine fisheries in the early 1950s, which cre-
ated a large demand for an alternative source of fishmeal for the North 
American poultry market. Prior to 1954 political pressure from the 
Guano Administration Company had prevented commercial exploita-
tion of the anchovy shoals due to their importance as the prey of guano-
producing seabirds.23 However, by the early 1970s Peru had become 
one of the most important commercial fishing nations in the world, 
with a 1970 catch of 12.5 million metric tonnes from 1486 trawlers.24  

http://dx.doi.org/10.1057/978-1-137-45740-0_6


186   G. ADAMSON

Warnings by Peruvian and foreign scientists that fishing on this scale was 
beyond the sustainable capacity of the industry were ignored and fish stocks 
were already partially depleted by the time of the 1972–1973 El Niño.25 
The total anchovy catch in 1972 was reduced to 4.5 million tonnes, and in 
1973 to only 2 million tonnes. Sixty-five fishmeal factories facing bankruptcy 
were sold to the Peruvian government and eventually the remainder were 
nationalised.26

The 1972–1973 El Niño was associated with droughts in Central 
America, India, China, Indonesia, Australia, Kenya, Ethiopia and the 
Sahelian region of West Africa. The latter region had suffered from low 
rainfall since 1969, so poor rains in 1972–1973 were particularly dev-
astating. The drought in the Sahel was the first climate-induced crisis 
outside of South America to be specifically attributed to El Niño tele-
connections.27 Heavy mortality in cattle and camel herds resulted in the 
destruction of livelihoods for two million pastoral people. The US Public 
Health Service calculated at least 100,000 deaths in West Africa from the 
drought in 1973, the majority of whom were children.28 The resulting 
famines were broadcast in news channels around the world and subse-
quent public pressure contributed to the provision of $150 million of aid 
to the region by October 1973.29 In Ethiopia the effects of the drought 
contributed to a Marxist revolution in 1974, which effectively ended the 
old Ethiopian empire.30

Overall, food production and fish landings decreased globally during 
the early 1970s for the first time since the 1940s.31 The resulting anxiety 
over the ability to ensure food security for the growing world population 
was one of the key motivations for the first UN World Food Conference, 
which was held in Rome in 1974. The events associated with the 1972–
1973 El Niño also led to the development of what has become known as 
‘climate impact research’.32

1982–1983
The El Niño of 1982–1983 was the first to receive widespread media 
coverage. Reports in magazines such as Reader’s Digest and the National 
Geographic during this period began to refer to ‘El Niño’ as a newly-
discovered climatic phenomenon.33 El Niño attracted popular attention 
in 1982–1983 because of its evident power and because the research 
community had failed to forecast it. The ‘canonical’ model of El Niño’s 
development had been formulated during the late 1970s and had been 
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published in 198234; however, the climatic events of 1982 did not follow 
the canonical model. Trade winds in the preceding year were not unu-
sually strong and warming did not begin on the South American coast. 
Although rainfall in northern Peru was ten times the average during 
1982, scientists repeatedly failed to forecast an El Niño, despite numer-
ous meetings of El Niño researchers in late 1982.35

The failure to forecast El Niño meant that affected regions were 
largely unprepared for the event and its intensity. Repeated storms hit 
the Peru–Ecuador coast from early in February 1983 until the middle 
of June, for a far longer period than in 1972 or 1925. The Peruvian 
anchovy population, still recovering from the El Niño of 1972, migrated 
beyond the reach of nets, reducing the catch to nearly zero. Warm 
waters also severely reduced the catch of pilchards, which had recently 
replaced anchovies as the principle commercial fish. The seabird popula-
tion decreased from an estimated 14 million in 1982 to only 150,000.36 
Seals, retreating from coastal islands, abandoned their nursing pups. On 
the Galápagos Islands the population of penguins dropped by over three-
quarters and that of marine iguanas by a half.37

Details of the 1982–1983 El Niño in Peru and Ecuador were once 
again provided by Cesar Caviedes. In another paper in the Geographical 
Review he described flooding as even worse than in 1973, with sub-
stantial damage to farmland. Intense rains in 1983 brought a cataclysm 
of river floods, sea floods and landslides, destroying buildings and pre-
venting access to drinking water through damage to water pipes. River 
flooding in Chimbote in late March and early April affected an estimated 
30,000 people, with 85% of homes of the poorer inhabitants destroyed. 
During April and May almost half of the homes in Tucume were 
destroyed. Rain in March and early April also destroyed numerous struc-
tures in the coastal city of Machala, Ecuador. Heavy silting in the estuary 
of the River Chira caused the river to back up and destroyed the mud-
block dwellings of peasants upstream. The bridge at Ñacara was demol-
ished by river flooding on 26 March. Samán Bridge on the Pan American 
Highway was also washed away in mid-April. River flooding of La Leche 
caused extensive damage to the intercontinental highway. Damage to 
sewerage systems caused several disease epidemics, particularly gastroen-
teritis and typhoid. Poor diet also favoured the spread of tuberculosis.38 
Malaria cases rapidly increased during early 1983, and in the village of 
Canchaque on the western slope of the Andes an epidemic of skin dis-
ease was reported amongst children.39 Two reservoirs, at Poechos and 
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at San Lorenzo—both built in 1971 specifically to control river inunda-
tion due to El Niño—filled and overtopped from January to April 1983. 
Government officials were forced to take a 10% cut in salaries in order to 
fund the reconstruction efforts.40

Unlike 1973, when inland Peru was relatively unaffected, in 1983 the 
Andean Peruvian highlands experienced severe drought. Agricultural 
production dropped by two-thirds and heavy mortality was reported in 
cattle and llama. In the resulting famine there were reports of peasant 
families selling their children, a phenomenon usually associated with the 
famines of the nineteenth century and earlier rather than the late-twen-
tieth. Heavy rainfall in California resulted in 14 deaths and an estimated 
$265 million in damages.41 The upper Colorado River Basin experienced 
its highest rainfall of the twentieth century.42 An unusually cool, wet 
spring in New Mexico was blamed for a record increase in the number 
of bubonic plague cases, due to favourable conditions for flea-bearing 
rodents.43 One positive effect was a decrease in the number of hurricanes 
in the North Atlantic, with only one reaching ‘intense’ status in 1983.44 
However, total losses across the USA attributed to El Niño-related 
weather extremes were estimated at $2.2 billion, with 161 deaths.45

On the other side of the Pacific severe drought affected Australia, 
Indonesia and the Philippines, the drought in Australia being one of 
the worst since Europeans arrived in 1789. The droughts resulted in 
dust storms and widespread bush fires as well as agricultural losses.46 
Indonesia saw large forest fires with an estimated 3.5 million hectares 
of forest lost.47 In New Guinea, severe frosts above 2200 metres sig-
nificantly damaged the staple sweet potato crops and caused conditions 
approaching famine. Forest fires also occurred with unusual frequency in 
the Côte d’Ivoire and in Ghana. Drought was reported in Mexico, in 
southern India and in Sri Lanka.48 Ethiopia experienced another severe 
drought, as it had in 1972–1973. A weak government response and 
civil war caused this drought to develop into a huge famine, particularly 
strong in 1984–1985.49 Unlike in 1973 this famine was reported widely. 
In October 1984, a television crew from the BBC smuggled a video of 
victims in the Korem refugee camp out of the country. The resulting 
images precipitated a global outcry and contributed to the Band Aid sin-
gle and Live Aid event of summer 1985. The famine fatally undermined 
the ruling Communist Government, just as the 1972–1973 famine had 
contributed to their accession.50 Total global losses related to the 1982–
1983 El Niño varied between $8–$14 billion US.51
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Whilst the El Niño of 1982–1983 is predominantly remembered for the 
considerable damage it caused, the failure to forecast the 1982–1983 event 
led to the development of the Tropical Ocean and Global Atmosphere 
(TOGA) project and subsequent advances in El Niño monitoring and 
forecasting. This significantly reduced the consequences of subsequent El 
Niños in 1987 and the early 1990s. The 1987 event caused forest fires 
in Indonesia, though these were less extensive than in 1983.52 The years 
1990–1995 saw almost continuous El Niño conditions in the Pacific, with 
a five-year drought in Australia and very heavy rains and flooding in Peru 
and southern Ecuador. However, the associated damage was significantly 
less than in 1983 and disruption to fisheries was minimal.53

1997–1998
Whilst forecasts did much to lessen the impact of El Niño during the late 
1980s and early 1990s, the benefits were tempered by the strength of 
the event of 1997–1998. 1997 is often considered the year that El Niño 
became famous. The Los Angeles Times published nearly 1000 articles 
mentioning El Niño between June 1997 and May 1998. In a selection 
of papers from the Midwest (including the Chicago Tribune, Cincinnati 
Inquirer, Cleveland Plain Dealer, Des Moines Register, Detroit News, 
Indianapolis Star, Minneapolis Star Tribune and St Louis Post-Dispatch) the 
number of articles was over 500.54 The El Niño became so well known in 
the USA that it was the subject of television comedy, with El Niño jokes by 
Jay Leno on The Tonight Show and Chris Farley on Saturday Night Live.55 
By the spring of 1998, the phenomenon had, like 1982–1983, been widely 
described as the ‘El Niño of the century’ due to the intensity of the warm 
water anomalies in the Pacific and the amount of interest it generated.

The 1997–1998 El Niño was successfully forecast as a result of the 
TOGA project. First indications were rapid warming off the coast of 
Peru, measured during April 1997 by the moored buoy array. As early as 
May 1997 a severe El Niño was forecast. By the end of June the National 
Oceanic and Atmospheric Administration (NOAA) had announced a 
strong event,56 and by 15 July it was recognised to be the largest since 
1982–1983. In August it was declared as the largest for at least a century 
(since instrumental records had begun).57 In June 1997, the Peruvian 
government launched a massive public works project to protect infra-
structure and reinforce drainage and flood defences, and the Federal 
Emergency Management Agency (FEMA) in the USA released warnings 
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of heavy rainfall and sea flooding in California and Florida in August and 
September 1997.58 Farmers in Australia, Indonesia and India planted 
drought-resistant crops in expectation of deficient rainfall.

Heavy rains began in Peru in December 1997 and continued to April 
1998. River flooding was extensive. The President of Peru, Alberto 
Fujimori, later described rivers of northern Peru as having reached 
‘Amazonic’ proportions.59 El Niño rains caused substantial damage to 
the coastal highway, despite the previous preparatory work. Unusually 
heavy rainfall and flash flooding affected not only coastal northern 
Peru but also the centre of the country and even the far south.60 In the 
Andean Highlands an unusual mixture of both drought and flood caused 
mudslides and substantial damage to crops.61 In the city of Ica a mas-
sive landslide buried entire neighbourhoods and affected 100,000 peo-
ple. A 25 km long canal was constructed to divert excess water from the 
flooded Rio La Leche into the desert. The resulting artificial lake was for 
a time the second largest body of water in Peru after Lake Titicaca and 
was nicknamed (somewhat ironically) Lago La Niña.62

Peruvian fisheries were again significantly disrupted. Small-scale arti-
sanal fishers supplemented their usual stock of pilchard with the new 
tropical fish species that migrated into the unusually warm coastal waters. 
However, the abundance of such species produced a sharp decline 
in price, significantly affecting the livelihoods of fisher families.63 In 
Ecuador the El Niño occurred at a time when the economy was already 
struggling due to a drop in oil prices.64 Combined agricultural and infra-
structure losses were estimated at US $209.9 million, or 1.1% of total 
GDP. This was partially offset by an economic benefit of around $100 
million due to an increase in shrimp farming under the El Niño condi-
tions, resulting in a total net loss of around $100 million.65

Media attention in the USA in 1997–1998 focused primarily on 
the impacts of the El Niño on California. Storm fronts hit the coast of 
California regularly during 1997 and 1998, beginning in early December 
1997. These caused floods, numerous landslides and agricultural damage 
estimated at $1.1 billion.66 Seventeen people were killed in California 
due to flooding and landslides. Flooding was also experienced in Texas 
in December 1997, in which eight people drowned. In the northern 
states 1997–1998 was labelled the ‘year without a winter’, resulting in 
a substantial fall in household energy costs. In Florida, excessive winter 
rain caused extensive growth of vegetation, and the following dry spring 
consequently saw massive forest fires. Substantial fires also occurred 
in Mexico and parts of Central America during May and June 1998, 
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exacerbated by drought during the winter and spring. Smoke plumes 
extended as far as the southern United States.67 These events contrib-
uted to an estimated total economic loss in the USA from weather-
related events of $4.2–4.5 billion, although this figure is debated.68

In late-February 1998, President Bill Clinton announced that the 
1997–1998 El Niño was ‘apparently the strongest in this century’.69 
Despite this, it has been estimated that the US economy may have 
experienced a net gain from the event. This was predominantly due to a 
substantial reduction in the number of Atlantic hurricanes during the 
1998 season and a resulting reduction in insurance claims. The number 
of deaths due to hurricanes was around 850 fewer than average years.70 
A concurrent reduction in fuel consumption, brought about by the unu-
sually mild winter in the northern states, brought about national energy 
savings of 10%.71 The total number of deaths due to extreme cold over the 
winter of 1997–1998 was 13, compared to a seasonal average of 770.72 
Losses were also minimised due to the successful El Niño forecast, which 
was estimated to provide total savings to US agriculture of $275 million.73 
Overall economic gains during 1997–1998 were estimated at nearly $20 
billion, significantly outweighing the cost due to weather damage.

The situation on the other side of the Pacific was, however, far from 
beneficial. Drought in Papua New Guinea was the most severe in liv-
ing memory, at least since 1914.74 This began in March 1997 and 
affected much of the country by May. From July to September rain-
fall was less than 10% of average, with crop yields declining by up to 
80%.75 In December 1997, 40% of the rural population was short of 
food and 260,000 were subsisting on famine foods (roots and wild ber-
ries). 410,000 people were affected by poor water quality, resulting in 
an increase in mortality from diseases such as pneumonia and dysentery. 
Lack of water for hydroelectric dams also disrupted power from October 
1997 until May 1998.76

Drought was declared across Indonesia on 2 July 1997. Mass deaths 
were reported from September, predominantly due to diseases such as 
malaria and diarrhoea exacerbated by malnutrition. By December 1997 
drought was affecting 25% of the population of Irian Jaya. Rice produc-
tion declined in 1997 and again in 1998, the first time that production had 
slowed since the introduction of a rice intensification programme in the 
1970s. Between January and September 1998 the price of husked median-
grain rice rose from 1900 Rp Indonesian to 3000 Rp, leading to a massive 
government rice distribution campaign.77 Frost also affected most of New 
Guinea, particularly during August and September, although knowledge of 
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El Niño gained between 1983 and 1997 reduced some of the impact.78 
Forest fires began in Sumatra in June 1997 and were widespread across the 
whole island of New Guinea between August and September. 80,660 hec-
tares of forest burnt in Irian Jaya alone.79 Fires were extinguished by the 
annual rains in November, although many were rekindled in January 1998. 
The total loss of forest from mid-1997 to April 1998 was estimated at 9.75 
million hectares,80 releasing an estimated 1–2.5 billion tonnes of carbon 
into the atmosphere, equivalent to 15–40% of the mean annual anthro-
pogenic carbon emissions.81 This briefly elevated Indonesia to one of the 
worst emitters of carbon dioxide globally.

The combined effects in 1997 of the weakness of Asian ‘Tiger’ econ-
omies and of crop failures due to drought created a significant loss of 
confidence in Indonesia.82 The value of the Papua New Guinean Kina 
fell from $0.72 to $0.48, partly as a result of the general Asian eco-
nomic downturn, but also because of the effects of water shortages on 
the country’s mining industry. Drought in North Korea badly affected 
the ability of the country to feed itself, at a time when its economy 
had already been weakened by military and political inflexibility. Over 
the next few years, political negotiations between North Korea and the 
United States were dominated by the topic of relief supplies of grain.

The 1997–1998 El Niño was followed by a prolonged La Niña event, 
which arrived in 1999 and lasted until 2001. Until the mid-1990s La 
Niña was practically unknown outside of the research community. 
However, media interest generated by the 1997–1998 El Niño turned to 
La Niña when it was first forecast in 1998. This was a strong, though not 
record-breaking event, but for the majority of people, this was their first 
acquaintance with the phenomenon and it became part of the story of a 
destructive ENSO.
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In 2005, the climatologists Lisa Goddard and Max Dilley published 
an examination of global meteorological extremes and hydrometeoro-
logical disasters from 1975 onwards. The authors used data from the 
Emergency Disasters Database to examine in particular the impact on 
global extremes and disasters due to El Niño and La Niña. This study 
indicated, as may be expected, a small increase in drought-related dis-
asters during El Niño years. Likewise, global rainfall was higher during 
La Niña years. Other findings though, were surprising. From 1975, El 
Niño and La Niña years had, on average, exhibited no greater frequency 
of hydrometeorological disasters than neutral years. Moreover, the accu-
racy of precipitation forecasting was significantly stronger during both 
El Niño and La Niña events than neutral years, with forecasting ability 
strongest at the peak of El Niño/La Niña events. This was because glob-
ally, during El Niño events, it was easier to predict where in the world 
extreme events would occur so forecasting was more accurate.

The overall conclusion that the authors put forward was that from the 
late twentieth century onwards, El Niño events have not represented a 
threat. Instead, they have offered opportunity to reduce disaster losses 
through improved forecasting.1 While drought and heavy rainfall occur-
rence is higher during El Niño years, more accurate forecasting has ren-
dered society better prepared to address those droughts than the extreme 
weather events of other years, and therefore damage can be reduced. In 
1997–1998, savings due to El Niño forecasting in California alone were 
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estimated at $1 billion, part of an overall net gain of $20 billion to the 
US economy caused by the El Niño.2

These forecasts, together with the advances in social and economic 
development that have increased social resilience, mean that the relative 
mortality caused by El Niño since the late-twentieth century is likely to 
be lower than at any time in its history. This is a finding that may be 
surprising to anyone who has followed the media coverage of El Niño 
during the last 40 years. In general, the El Niño presented in the media 
is described as a universal scourge that brings nothing but destruction. 
The last 40 years may, however, be the only period in human history 
where this description is not correct. In fact, the discovery of El Niño 
has corresponded with a significant decrease in its relative mortality. The 
twenty-first century is probably the safest in human history to reside in 
an El Niño-sensitive region.

The reason for this discrepancy between the reality of El Niño’s risk 
and the way it is reported is that the El Niño presented in the media is 
not the physical phenomenon. It is instead a representation or idea of El 
Niño, what might be termed ‘El Niño in the public imagination’. This 
El Niño is related to the physical phenomenon but is filtered through 
scientific practice and further mediated by global media. It is this idea 
of El Niño that most people encounter, in the news or casual conversa-
tion. The idea of El Niño is what people fear and prepare for, but it is 
distinct from the physical phenomenon, which explains why preparation 
can be counterproductive (as occurred in India and Zimbabwe in 1997). 
Moreover, the idea of El Niño has at times become entwined with other 
political narratives and has been used for political ends. The El Niño that 
exists in the public imagination can act as a scapegoat to absolve respon-
sibility from governments or other institutions involved in disaster pre-
vention, or to marginalise certain groups of people.

This final chapter argues that, since the end of the twentieth century, 
the idea of El Niño has had as important an effect on society as the phe-
nomenon itself. The chapter discusses how the idea of El Niño has devel-
oped and the ways in which it affects society. It addresses how the idea is 
enabled by uncertainties within the science of El Niño and discusses how 
the media overlooks these uncertainties to create an image of universal 
destruction. The implications of the names ‘El Niño’ and ‘La Niña’ are 
an important part of this, as they provide El Niño with a gender and 
personality. This chapter also discusses the way that politicians have used 
the idea of El Niño to contribute to wider societal debates. Thus, this 
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chapter explains how, through its manifestation in the public conscious-
ness, El Niño continues to affect human history even as the mortality 
associated with it diminishes.

Practices of El Niño Science

The birth of the idea of El Niño can be traced back to the process by 
which Gilbert Walker discovered the Southern Oscillation at the turn 
of the twentieth century. Whilst Walker was not the first person to posit 
relationships in global weather, he was the first to define climate oscil-
lations mathematically, and in doing so he gave oscillations scientific 
legitimacy, or what sociologists of science call ‘epistemic significance’.3 
Despite rejections of his ideas by the scientific community during his 
lifetime, Walker’s approach was vindicated by Jacob Bjerknes when 
he linked the phenomenon with El Niño in 1969. Today Walker’s  
philosophy—whereby patterns are isolated first and mechanisms later—is 
standard practice in climate science. The approaches he advocated have 
been given later support by the development of global climate models 
that allow climate dynamics to be determined experimentally and equa-
tions to be calculated instantaneously, removing the necessity of ‘armies 
of clerks’ and the ‘rows and rows of pigeonholes’ present in Walker’s 
office.4 The introduction of satellite observations and the incorporation 
of complex statistical procedures into climatology have provided further 
new ways to isolate patterns in atmospheric processes.5

Since the 1980s, Walker’s process has been applied in the isola-
tion of several other oscillations. The North Atlantic Oscillation that 
Walker isolated alongside the Southern Oscillation is still used heavily 
today.6 Additionally Jeffery Rogers and Harry van Loon formulated the 
Southern Annual Mode (SAM) in 1982, a pressure relationship between 
Antarctica and the surrounding oceans.7 David Thompson and John 
Wallace proposed a similar relationship over the North Atlantic in 1998, 
named the Northern Annular Mode or Arctic Oscillation (AO/NAM).8 
In 1999, Saji Hameed and colleagues suggested an ENSO-like pattern 
in the Indian Ocean, called the Indian Ocean Dipole (IOD).9 An oscilla-
tion of water temperature in the north Pacific that operates at timescales 
slower than ENSO was isolated in 1997, named the Pacific Decadal 
Oscillation (PDO).10

These climate oscillations have become a key component of climato-
logical research (Fig. 10.1). Each of the oscillations can be represented 
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by a single index or set of indices, which allow for relationships in 
world weather patterns to be calculated using relatively simple statisti-
cal procedures. The Southern Oscillation is now usually represented 
by the pressure difference between Darwin and Tahiti, and the North 
Atlantic Oscillation by Iceland and the Azores. Other oscillations have 
their indices derived through Principal Component Analysis (PCA) 
or Empirical Orthogonal Function (EOF) analysis. The representa-
tions of complex global patterns by simple indices can, however, create 
problems. The indices obscure uncertainty and create the illusion of a 
simple and predictable climate. Indices also represent only average con-
ditions and are labels applied to statistical data, rather than underlying 
mechanisms themselves. For example, North Atlantic Oscillation is a 
representation of the polar jetstream and is not a process in itself. The 
Southern Oscillation likewise does not itself affect climate, but is instead 
a statistical representation of the ocean-atmosphere El Niño Southern 
Oscillation. The use of indices can therefore create confusion in what is 
actually causing variability in climate, as evidenced by the following state-
ments in peer-reviewed articles:

Fig. 10.1  Global map of climate oscillations. AO: Arctic Oscillation; NAM: 
Northern Annular Mode; NAO: North Atlantic Oscillation; PDO: Pacific 
Decadal Oscillation; AMO: Atlantic Multidecadal Oscillation; ENSO: El Niño 
Southern Oscillation; IOD: Indian Ocean Dipole; SAM: Southern Annular 
Mode. Image provided by University Corporation for Atmospheric Research 
(reproduced with permission)
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Both North Atlantic Oscillation and Southern Oscillation exert an influ-
ence on Iberian climate, but at different temporal and spatial scales.11

The influence of Southern Oscillation in Nepal monsoon rainfall is found 
to be very significant.12

Each of these quotes place the Southern Oscillation—a statistical label—
as the cause of climatic variability, rather than, for example, the oceanic 
changes associated with El Niño events. The indices themselves are 
described as a climatic agent, rather than the outcome of a statistical test.

The confusion associated with these indices can be even more pro-
nounced when oscillations are represented by multiple indices. ENSO is 
probably the most heavily indexed global climate oscillation, represented 
by at least six commonly used indices, most concerning sea surface tem-
perature in the ‘Niño’ regions (Fig. 10.2). The ‘Niño 1+2’ index repre-
sents average sea surface temperatures in a region near coastal Ecuador 
and Peru. The ‘Niño 3’ index region, located to the west of the Pacific 
coast, extends from 90° W to 150° W in a band across the equator  

Fig. 10.2  Location of the Niño 1+2, Niño 3, Niño 4 and Niño 3.4 regions. 
Image provided by National Climatic Data Center—NOAA
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(5° N–5° S). The ‘Niño 4’ region is located in the central Pacific, 
extending as far as the Solomon Islands at 160° E. Although these defi-
nitions appear clear, they were actually defined somewhat arbitrarily, the 
results of a pencil sketch by the meteorologist Gene Rasmusson during 
a radio interview in 1982–1983.13 Further indices were added later: the 
climatologists Anthony Barnston and colleagues added the Niño 3.4 
region in 1997, an area of the Pacific particularly sensitive to El Niño 
located between Niño 3 and Niño 4.14 Others include the Oceanic-
Niño Index—an average of Niño 3.4 sea surface temperatures—and the 
Multivariate ENSO Index, added in 1993.15

A further ‘operational’ definition is used to define when El Niño and 
La Niña events are occurring. From 2003 the NOAA in the USA defined 
El Niño as ‘a phenomenon in the equatorial Pacific Ocean characterised 
by a positive sea surface temperature departure from the normal (for the 
1971–2000 base period) in the Niño 3.4 region greater than or equal in 
magnitude to 0.5 °C, averaged over three consecutive months’.16 This 
was adopted not for any objective reason but because it is able to cap-
ture past years that by ‘conventional wisdom … have historically been 
considered as [El Niño] events’.17 In practice, NOAA classifies El Niño 
operational conditions through a mixture of the objective definition and 
researcher judgement. The Japanese Meteorological Agency conversely 
define El Niño as a period where 5-month running means of sea surface 
temperatures in the Niño 3 region are greater than 0.5 °C for six con-
secutive months. The Australian Bureau of Meteorology define El Niño 
events as periods when the Southern Oscillation Index values fall below 
−8 and Niño 3.4 temperatures are greater than 0.8 °C above average. 
Thus, some years can be both El Niño and not El Niño.

Although the multiple ENSO indices represent different aspects of 
the phenomenon and are generally in agreement, in some cases they 
can produce quite different outcomes. This book has previously dis-
cussed this issue in relation to ENSO variability during the Medieval 
Climate Anomaly (980–1200 AD, see Chap. 3). ENSO proxies designed 
as a representation of precipitation (i.e. calibrated against the Southern 
Oscillation) suggest El Niño was more prominent, whereas reconstruc-
tions based on sea surface temperature (calibrated against the Niño 3.4 
index) suggest La Niña dominated.18 Thus extrapolating from relatively 
minor differences between the Southern Oscillation and Niño 3.4 indices 
can lead to large differences in the reconstructed variability of ENSO in 
the past.19

http://dx.doi.org/10.1057/978-1-137-45740-0_3
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With so many competing definitions—each of which is a deceptively 
simple representation of complex processes—it is unsurprising that con-
fusion arises. This confusion can be particularly marked when El Niño is 
reported in the media. As El Niño is for many reasons an attractive news 
item (for reasons explained below), there has often been a temptation 
for journalists to ‘fill in the gaps’. This means that the El Niño presented 
in the media can be far simpler than the complicated atmosphere–ocean 
phenomenon, with uncertainty obscured. Events have been attributed to 
El Niño where the link is uncertain or even dubious, with implications 
for the way that meteorological extremes are prepared for and responded 
to. This creates opportunities for those reporting on El Niño to define it 
in the way that best suits their interests, and contributes to an idea of El 
Niño that can serve political ends.

The ‘Gender’ of El Niño

The second facet of the El Niño that exists in the public imagination is 
the name itself. It is worth remembering that the fact the name ‘El Niño’ 
is applied to ENSO is a historical accident. The Corriente del Niño—El 
Niño current—was a name applied to an annual warm water current off 
the coast of northwestern Peru and not a periodic global climate anom-
aly. The current arrived around Christmas time and was given the name 
El Niño to reflect the Christ child.20 Stronger El Niño events were dis-
tinguished from the annual current only after the Sociedad Geográfica 
de Lima began to research the phenomenon in the 1890s, following a 
particularly strong event. Robert Cushman Murphy’s writings on the  
1923–1924 El Niño differentiated between the ‘annual’ and ‘longer’ 
cycle of El Niño.21 It was his paper in the American journal the 
Geographical Review that precipitated an increased focus in the rarer 
events, due to their interest to the international guano industry. It was 
thus not until after the Second World War that the term El Niño began 
to be referred only to the periodic events, and not until the 1970s that 
the event was considered global.

The term ‘La Niña’ was added even later. The idea of an ‘extreme 
normal’ phase in ENSO was established in El Niño research during 
the 1970s and was part of the canonical model. Early suggestions for a 
name included El Viejo (the old man)22 and ‘Anti-Niño’, a term dropped 
due to its associations with the Anti-Christ.23 The South African clima-
tologist S. George Philander suggested the name ‘La Niña’ in 1985.24 
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Philander felt La Niña an appropriate name for El Niño’s ‘consort, his 
complement’.25 It was a deliberately feminine name, chosen to reflect 
the idea that the phenomenon is both an opposite and milder version 
of El Niño. Philander described La Niña as ‘commonplace’; ‘intriguing 
and mysterious, she remains admirably cool under intense sunlight and 
expresses her coolness with flair’.26

Whether or not he did this consciously, by introducing La Niña, 
George Philander served to create a ‘gendering’ of the ENSO phenom-
enon. This has had unintended implications for way that El Niño and 
La Niña are perceived, and the relative risks associated with them under-
stood. Although the fishermen of Paita gave El Niño a masculine name 
to reflect the comforting presence of God incarnate in (the male) Jesus 
of the Christian religion, by the time El Niño entered the public imagi-
nation in 1982–1983 it was no longer the Christ child and the masculine 
El Niño has different connotations.27 El Niño is now commonly asso-
ciated with ‘masculine destruction’, effectively entering the pantheon 
of male weather gods such as Zeus and Jupiter (the gods of thunder), 
Tempestas (the god of storms); and Poseidon (god of the sea and earth-
quakes). La Niña has conversely become associated with the more ‘provi-
sory’ feminised gods such as Gaia, the Earth goddess, or, in more recent 
parlance, Mother Nature.28

To the environmental historian Julia Miller the naming of El Niño 
reflects the ‘hierarchical dualism’ of human society, whereby natural 
phenomena are split into two elements with those considered female 
assumed subservient to those considered male.29 Thus, El Niño is 
described as the dominant cycle, more powerful and active. La Niña 
is ‘nurturing’, conveying the life giving rains and subordinate to her 
‘big brother’. Much is also made of the tendency of La Niña to follow  
El Niño, ‘clinging to the coat tails of her big brother’,30 ignoring the 
decades where La Niña has been the dominant of the two extremes or 
when one or other extreme has persisted for several years.

The implications of this gendering play out in broad gender politics, 
but also affect the way the risks associated with El Niño and La Niña are 
understood. One finding of Goddard and Dilley’s study was a negligible 
difference in the frequency of climate-related disasters between El Niño 
and La Niña years. The study concluded instead that the rainfall anoma-
lies associated with increased precipitation (i.e. flooding) during La Niña 
years actually exceeded the negative anomalies (i.e. drought) during  
El Niño years. This is surprising, given the common assumption that  
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El Niño is the more destructive. A similar finding was present in a study 
on hurricanes making landfall over the USA published in the Proceedings 
of the National Academy of Sciences in 2014, which found a small, but 
statistically significant, difference in fatalities between hurricanes given 
a female name and those given a male name, with female-named hurri-
canes the more destructive despite no difference in average strength. The 
authors hypothesised that American societies have been subconsciously 
associating female-named hurricanes with lower levels of destruction 
and failing to prepare accordingly. Thus, these hurricanes have actually 
caused more destruction.31 This same process may be occurring with  
El Niño and La Niña.

Naming El Niño has also provided the phenomenon with a personal-
ity, and one that can be easily caricatured. In the English speaking world 
El Niño has a ‘Latin flavour’,32 producing associations of difference. 
Popular cartoons in the English speaking press have represented El Niño 
as a Latin American bandito, destroying farmland with drought. La Niña 
has been represented as a nineteenth-century Latin-American señora.33 
On Saturday Night Live in October 1997 the comedian Chris Farley rep-
resented El Niño as a Mexican wrestler, which ‘all other tropical storms 
must bow before’.34 More disconcertingly, in late 1997 the threat of  
El Niño in San Diego was explicitly paralleled with illegal Central 
American immigration into California.35 These personalities have racial 
as well as gendered aspects. Thus El Niño has been ‘Othered’ in public 
consciousness within the English-speaking world, with wider connota-
tions in society.

El Niño in the Media

The final, and probably most important, dimension in the creation of 
the El Niño in the public imagination has been the media. Although El 
Niño gained media attention in 1982–1983, the years in which El Niño 
became a media phenomenon were 1997 and 1998. To the American 
media in particular, the El Niño of 1997–1998 was a source of fas-
cination and described as the cause of all extreme or unusual weather. 
American journalists and broadcasters in 1997–1998 were the first to 
exaggerate the potency of El Niño and fill in the gaps in knowledge left 
by uncertain or confusing science. They spoke of El Niño as a power-
ful and destructive force of nature, and as a foreign force invading the 
United States. The Cleveland Plain Dealer stated on 2 February 1998 
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that ‘you can blame a great deal of what is going on in the U.S. since 
the fall on El Niño’.36 The political scientist and El Niño expert Michael 
H. Glantz later wrote ‘Just about everything that happened during the 
1997–1998 El Niño, climate related or not, [was] blamed on it’.37

The framing of El Niño in the American media in 1997–1998 was 
very different to that in 1982–1983. In 1982–1983, El Niño was pri-
marily reported as a scientific issue, with television news reports of dra-
matic weather events juxtaposed with interviews from experts. These 
would discuss the El Niño phenomenon and draw links with the weather 
event in question, giving the report scientific gravitas and highlighting 
uncertainties in understanding.38 Media coverage during the early phase 
of the 1997–1998 El Niño event followed the same pattern, with televi-
sion and print reports during the summer of 1997 (i.e. when the event 
was still a prediction) almost all including testimony from named scien-
tists.39 Science or environment writers/correspondents presented the 
reports, and the reports focused on uncertainty or scientific issues such 
as the role of the new Pacific buoy array in informing predictions.40 The 
framing of El Niño stories changed during the winter of 1997–1998, as 
El Niño transitioned from a future threat to an ongoing natural disas-
ter. Quotations by scientists fell away from the sources and by association  
El Niño migrated from being an issue of contention to accepted scien-
tific fact.41

The Cincinnati Inquirer, which described the event on 12 October 
1997 as ‘the most destructive weather pattern in a century’, exem-
plified the editorial line of most American media organisations dur-
ing the 1997–1998 El Niño.42 The Chicago Tribune likewise called 
the event ‘the worst on record’.43 American media presented El Niño 
as a force that was beyond human power; one news report broadcast in 
early 1998 discussed sea lions that had been washed up starving onto 
California beaches because El Niño waters had affected their normal diet. 
Environmentalists interviewed during the report told viewers that they 
should not rescue the dying animals, as this was a ‘normal’ and ‘natural’ 
event.44

The drive for the framing of El Niño in this way reflected the 
demands of 24-hour news. El Niño was highly suited to the news cycle 
of the late 1990s. Heavy winter storms that hit California in early 1998 
provided a ‘picture friendly’ story, including dramatic images of storm 
surges, gale-force winds and mudslides (Fig. 10.3).45 El Niño’s global 
nature allowed local stories to be placed in the context of a globally  
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destructive weather force, increasing their attractiveness to news organi-
sations. El Niño also reflected wider environmental and political events 
of the late-1990s. 1997 had seen the signing of the Kyoto Protocol, 
which had made the idea of a global climate threat a major news story. 
El Niño’s global reach also mirrored the 1997 stock market crash, which 
originated with the Southeast Asian ‘Tiger’ economies and affected 
stocks on Wall Street.46 These combined factors made El Niño particu-
larly attractive to the recently-launched Weather Channel. The Wall Street 
Journal satirically nicknamed the 1997–1998 event ‘La Oportunidad’, 
and said it was ‘the OJ Simpson of the Weather Channel’ due to its effect 
on the channel’s viewing figures.47

As El Niño-related climate disasters became regular news stories in 
late 1997, almost all weather events began to be associated with the 
phenomenon. An early-season snowstorm in the northern USA dur-
ing October 1997 was the first event to be dubiously attributed to  

Fig. 10.3  El Niño storms at Ocean Beach Pier, California, 21 December 2002. 
Source PDPhoto.org
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El Niño, a claim swiftly rebuked by scientists. As the El Niño story 
became driven by the demands of 24-hour news rather than scien-
tific analysis during December to March, such qualifying interventions 
became increasingly rare.48 The unusually heavy 1998 tornado season 
that killed 109 people was attributed to El Niño, as well as an ice storm 
that killed 28 in the northeastern US during January 1998. An intense 
snowstorm in February 1998 in which 24 people died was also attrib-
uted to the event.49 Media focus became so intense that mudslides and 
sea flooding no longer occurred swiftly enough to satisfy the need for 
constantly developing news. One house near Laguna Niguel was filmed 
24-hours a day for several weeks before it eventually fell down a slope.50

The cultural analyst Marita Sturken argues that the public and media 
attention to El Niño in 1997–1998 can be explained by the special psy-
chological role that it held in the American imagination. The 1997–1998 
El Niño occurred six years after the collapse of the Soviet Union, during 
the beginning of what might be considered a period of uncertainty in the 
global West. This was a period of optimism (at least until 9/11 and the 
financial crash of 2008), but one tempered with anxiety. Social change 
had been rapid, economies increasingly globalised and fragmented, and 
enemies unclear.51 El Niño overcame fragmentation, created a global 
‘enemy’ against which to unite and stand firm, and placed local struggles 
in the context of a global fight, analogous to the Cold War. In creat-
ing a cause of the weather, the unpredictable was made tangible, thereby 
providing a means of comfort in a fragmenting world. Thus El Niño in 
the public imagination became a kind of ‘conspiracy narrative’, which 
could be blamed for everything.52 As one American commentator noted 
in October 1997, ‘We used to blame the Soviets, now we can blame  
El Niño’.53

This practice of blaming El Niño could be co-opted by governments 
to strengthen their own positions. The construction of artificial sand 
dunes in Santa Monica was used to reassure local people of the protec-
tive role of the municipal government at a time when explicit parallels were 
being drawn between El Niño and illegal immigration. The same narra-
tive was repeated elsewhere. In Ethiopia, the President blamed nearly all 
climatic anomalies in 1997 on El Niño. This provided both a scapegoat 
and an argument to access international aid money, although aid organisa-
tions in Ethiopia claimed that extreme weather events were in fact within 
the boundaries of normal climate variability and that the blame for lack of 
preparation lay with institutional failings.54 In Peru the threat of El Niño 
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was paralleled with Peru’s geopolitical development challenges. Rumours 
circulating in June and July 1997 attributed the unusually warm waters 
to a conspiracy by the United States and Europe to keep Peru undevel-
oped. The Peruvian media presented Peru as a ‘passive victim’ of foreign 
forces, despite taking nearly all of the scientific information presented in 
the Peruvian press from NOAA. The ‘Othering’ of El Niño as an exter-
nal threat was appropriated by the President of Peru Alberto Fujimora to 
boost his own position as a strong president uniquely placed to defend 
the country, a position later undermined by his acceptance of US $450 
million in development loans from the Inter-American Development Bank 
and World Bank.55

The Idea of El Niño

The coverage of the 1997–1998 El Niño helped to define the image 
of El Niño in the public imagination as an omnipotent destructive 
force with the power to control all weather. This image was undoubt-
edly hyped by a media that was attracted to the simplistic yet dramatic 
narrative it presents, but it was facilitated by confusing and sometimes 
uncertain science that can suggest to non-experts that the climate system 
is simpler and more predictable than it is. It was also enabled by a mascu-
line reading of El Niño (and a feminine reading of La Niña) and, in the 
English-speaking world, a Latin character that allowed the phenomenon 
to be Othered and blamed. All of these facets of the idea of El Niño 
have created impacts on societies, which have been quite separate to the 
impacts of the phenomenon itself.

None of this means, however, that associations with the idea of  
El Niño have always been negative. The blaming of El Niño in  
1997–1998 provided comfort in times of anxiety, which is not necessar-
ily itself a problem, as long as that comforting narrative is not abused. El 
Niño has also brought people and regions together. Californians experi-
encing flooding in 1998 may have considered themselves more impor-
tant than those experiencing famine in North Korea,56 but the idea of 
El Niño explicitly united those two very different regions together in 
the public imagination. This was not the first time that the idea of El 
Niño paralleled globalisation. The first climate disaster to be explicitly 
linked to an ongoing El Niño was the Sahelian drought of 1972–1973, 
the same year as the UN Conference on the Human Environment in 
Stockholm and the publication of The Limits to Growth.57 This year also  
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witnessed one of the greatest milestones in the appreciation of a glo-
balised world, the capture by the crew of Apollo 17 on 7 December of 
the first photograph of the whole Earth taken from space—the famous 
‘blue marble’ photo. The ideas of a globally-interconnected climate 
emerged at the same time as the birth of environmentalism and the 
emergence of ‘whole Earth’ mentality.

The last 40 years of El Niño research have mirrored globalisation in 
other ways. The 1982–1983 El Niño occurred during the beginning of 
the era of trade liberalisation and a belief in global finance as the primary 
tool to provide prosperity. The 1997–1998 El Niño occurred in the years 
after the collapse of the Soviet Union, at a time when both the idea of a 
global climate and a global market were becoming entrenched. Research 
on El Niño takes place within what the anthropologists Kenneth Broad 
and Ben Orlove call the ‘universal discourse of technoscience and devel-
opment’ that has categorised the last 30 years.58 El Niño brings together 
a ‘global assemblage’ of researchers across disciplines and countries and 
has always required international collaboration to observe and exam-
ine.59 The International Research Institute for Climate Prediction (now 
Climate and Society) was established in 1996 with a specific remit to 
amalgamate local climate forecasting into a ‘global’ entity, to reflect 
ENSO’s global nature.60 The idea of El Niño has also paralleled the 
growth of another ‘global’ climate idea: that of anthropogenic climate 
change. Whilst the scientific link between El Niño and climate change 
remains unclear, the discursive link has always been strong.

This chapter began by stating that El Niño’s relative human costs 
have probably been lower than at any time in human history. The reason 
for this is partly related to the growth of El Niño in the public imagina-
tion, which has created a phenomenon to fear and spurred forecasting 
developments. It has been clear from this chapter, though, that this idea 
has presented its own set of problems. It can be blamed for avoidable 
destruction and can detract from localised risk towards an amorphous 
global threat. It has even had a role to play in gender politics. But El 
Niño in the public imagination has also brought countries together to 
address the threats associated with a phenomenon that crosses borders. 
A media focus on El Niño has drawn attention to anthropogenic climate 
change, and whilst some of the links drawn have been somewhat spuri-
ous, this cannot be a wholly bad thing. The ‘scourge’ of El Niño can 
create hype, but it is arguably better to have an over-prepared population 
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than an under-prepared one. El Niño is thus an idea that can unite, as 
well as divide.

The discovery of El Niño in the twentieth century has resulted in sig-
nificant increases in forecasting, as well as awareness. That it has been 
possible to write this book is testament to the substantial advances in the 
understanding of El Niño in both the past and present that the last cen-
tury has brought about. This is worth keeping in mind. The fact that we 
are now able to appreciate the devastating impact that El Niño is likely 
to have had on societies in the past renders it much less likely that similar 
levels of destruction will recur in the future. Conversely, the fact that El 
Niño continues to have devastating, if diminished, impacts, points to the 
fundamental need for a continuation of climatological and meteorologi-
cal research, which is made even more urgent due to anthropogenic cli-
mate change.

This book has outlined numerous famines, floods and destructive 
cyclones. Yet it should not be read as a cause for alarm. In the past, it has 
arguably been justifiable to describe El Niño as a scourge. In the future 
though, El Niño can be approached as an event that can unite people 
in disparate places, and a phenomenon that can increase our ability to 
prepare for disasters through improvements in forecasting. Ensuring that 
the El Niño in the public imagination is closely matched to the physi-
cal phenomenon will be a challenge and it must be remembered that El 
Niño is as much of an idea as it is a climatic force. Mitigating against 
the negative impacts of this idea is as important as preparation against 
climatic extremes. But with the tools available at our disposal, and a far 
greater amount of knowledge than has ever previously existed in world 
history, the El Niño of the future can be considered an opportunity.
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One thing that has been missing from this book is the effect of climate 
change on El Niño. The primary reason for this is the large uncertainty 
that currently exists in the science of future El Niño. Some studies pre-
dict a relative increase in El Niño Modoki as global climate warms.1 
Others predict an increased frequency of ‘extreme’ El Niño events2; oth-
ers more La Niña3; others changes to the nonlinearity of the system,4 
or to the Southern Oscillation.5 Still others have specifically attempted 
to draw links between recent changes in ENSO during the past 40 years 
and anthropogenic climate change.6

One problem with understanding the effects of climate change on 
El Niño is that the General Circulation Models (GCMs) that are used 
to generate projections of future climate are somewhat variable when 
it comes to replicating El Niño. Whilst GCM representations of ENSO 
are improving, there is a suggestion that some models may not create a 
‘true’ representation of ENSO physics but rather something that looks 
superficially like it.7 The magnitude of the phenomenon and the degree 
of spatial variability can also vary considerably between models.8 Small 
changes in model parameters can have large impacts on the response 
of El Niño to climate change within the model.9 Isolating the effects 
of climate change is also made difficult by the large natural interannual 
variability of ENSO. A recent study using a number of state-of-the-art 
GCMs suggests that models may have to run for two-to-three centuries 
of ‘model time’ before it is possible to isolate changes in El Niño due to 
greenhouse gas increases, above those due to natural variability.10
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The level of understanding regarding the predicted effects of climate 
change on El Niño is appropriately summarised in the following quote 
by Gabriel Vecchi and Andrew Wittenberg at NOAA:

The extent and character of the response of ENSO to increases in green-
house gases are still a topic of considerable research, and given the results 
published to date, we cannot yet rule out possibilities of an increase, 
decrease, or no change in ENSO activity arising from increases in CO2.

11

Changes to El Niño teleconnections under climate change, however, are 
more likely. This is because the atmosphere responds much more quickly 
to rising greenhouse gas concentrations than do the oceans, which are 
slower at heating up. Modelling studies suggest that El Niño telecon-
nections patterns may change in North America, i.e. different parts of 
America will experience anomalous weather during El Niño events than 
have previously. The effects of El Niños over Australia and Indonesia 
may also be reduced—likewise with La Niña—although in the twenty-
first century changes are likely to be small. Some studies claim to have 
already isolated a change due to anthropogenic climate change12; how-
ever, El Niño teleconnections do not stay the same over time so it is 
probably far too early to make such a claim. One thing is certain though: 
El Niño and La Niña events will continue to occur. Even the most 
extreme climate scenarios do not project a ‘switching off’ of El Niño.13

This book was written primarily during a period when ENSO vari-
ability was weak, and the main El Niño research question concerned 
the role of the phenomenon on the ‘pause’ in global warming. Yet 
if El Niño has shown any constancy in the years during which it has 
been observed, it is its unpredictability. So it proved in 2015. In 2013, 
a paper by Ludescher and colleagues in the Proceedings of the National 
Academy of Sciences claimed to have generated a new way to forecast El 
Niño a year in advance. This article predicted a forthcoming El Niño 
that was likely to develop during late 2014.14 Sea surface temperatures 
in the Niño 3.4 region did indeed turn positive during April 2014. Six-
month El Niño forecasts began to suggest a forthcoming severe event in 
spring of 2014.15 Westerly wind bursts in the eastern Pacific during the 
first half of 2014 produced an ocean response strikingly similar to that 
of early 1997.16 By December, Niño 3.4 sea surface temperatures had 
reached the threshold of 0.5 °C above the average for three consecutive 
months required to classify conditions as El Niño. Some meteorological  
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agencies declared El Niño conditions present. However, in January 2015 
temperatures fell once again below 0.5 °C and the El Niño that was fore-
cast did not appear.

In early 2015, a large number of cyclones in the western Pacific 
reduced the strength of the trade winds and caused warm water to once 
again flow east in the form of a Kelvin wave. The central Pacific Ocean—
still relatively warm from 2014’s aborted El Niño—responded with a 
strong feedback. A 2015 El Niño rose ‘phoenix-like, from the ashes’ of 
2014.17 NOAA declared El Niño conditions on 5 March 2015,18 with 
both the Australian Bureau of Meteorology and Japanese Meteorological 
Agency declaring El Niño conditions over a month later on 12 May, thus 
producing a strange intervening situation whereby El Niño was both 
present and absent, depending on who you asked.19 The resulting confu-
sion led the deputy director of NOAA’s Climate Prediction Center, Mike 
Halpert, to state that ‘what we’ve learned from this event is that our def-
inition is very confusing and we need to work on it’.20 El Niño once 
again defied simple classifications.

Early forecasts were that the event would be weak, but the El Niño 
of 2015–2016 in fact turned out to be one of the strongest on record. 
According to Niño 3.4 sea surface temperatures it was the strong-
est recorded, although by other measures 1997–1998 and 1982–1983 
were stronger. Impacts on Ecuador and Peru were relatively mild, at 
least in comparison with events in the twentieth century. Flooding in late 
February displaced about 3000 people around the town of Arequipa,21 
and by June 2016 the anchovy catch was estimated to be only 35% of 
average.22 Landslides occurred in Ecuador, though the damage was far 
less than in 1983 or 1998.23 Flooding further inland in South America, 
however, was far worse. In November and December 2015 floods dis-
placed 150,000 people in Paraguay, Argentina, Brazil and Uruguay.24 
Rainfall over the Indian subcontinent was overall significantly below 
average. Ten states across India declared substantial droughts, affecting 
330 million people. India’s Associated Chambers of Commerce esti-
mated drought damage at $100 billion US.25 In the south east of the 
Indian peninsular rainfall was torrential and there was significant flood-
ing. Deaths in Tamil Nadu state numbered nearly 300.26 This ‘dipole’ 
in responses to the 2015–2016 El Niño—with drought in the north and 
flooding in the south—was a textbook El Niño teleconnection pattern, 
thus posing another conundrum for research on the effects of El Niño 
on the Indian monsoon. In 2015–2016, El Niño in India performed 
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exactly as expected, despite being a ‘classic’ El Niño rather than a Modoki 
event. Thus this demonstrated that it is not merely the latter that cause 
monsoon failures. Further work is therefore required to ‘unravel the 
mystery of Indian monsoon failure during El Niño’.27

Some of the worst impacts of the 2015–2016 El Niño occurred in the 
central and eastern equatorial Pacific. In Indonesia a combination of an 
escalation in forest clearance for palm oil and dry conditions due to a late 
rainy season resulted in vast forest fires. The fires blanketed entire islands 
under smoke and visibility fell to 30 metres, with airborne particulates 
75 times the European Union’s acceptable level. Forest fires produced 
the biggest single rise in carbon dioxide emissions since observations 
began.28 In the central Pacific cyclone activity was exceptionally strong, 
bolstered by a mixture of El Niño sea surface temperature increases and 
warming through anthropogenic climate change. Six cyclones made 
landfall over the Philippines. On 23 October 2015, Hurricane Patricia 
was declared the strongest cyclone on record, although fortunately wind 
strength decreased before it made landfall over Mexico.29

Over Africa, many of the regions that usually experience drought 
during El Niño years were affected. Severe drought conditions were 
declared in South Africa, Swaziland, Zimbabwe, Lesotho, Malawi and 
Mozambique. The United Nations Office for the Coordination of 
Humanitarian Affairs suggested in April 2016 that the number of peo-
ple at risk of malnutrition in that region alone was over 30 million.30 
In Malawi and Mozambique the drought followed devastating floods 
in early 2015, also thought to be connected to the El Niño.31 In the 
Horn of Africa, a region unsettled by warfare and with weak govern-
ments, drought was accompanied by food shortages. In other parts of 
East Africa, rainfall increases led to more food being available, but flood-
ing affected around 600,000 people in Ethiopia and Kenya.32 Excessive 
rains and flooding affected about half a million people in the Democratic 
Republic of Congo in March 2016 with floods destroying thousands of 
homes as well as food stores.33

At the time of writing it is too early to say what the outcome of all 
these weather events will be, particularly with the prospect of a further  
El Niño in 2017.34 $1.4 billion US of aid were released to address 
humanitarian problems caused by this El Niño, which is something that 
would not have been possible for the majority of human history. This 
represents a substantial advance in humanity’s ability to deal with the 
extreme weather associated with El Niño. In theory, food and medical 
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aid can now be brought to regions at risk from almost anywhere in the 
world. If the world were peaceful famines could perhaps be entirely 
avoided, but this is difficult under present circumstances.

It is interesting to compare the media coverage of the 2015–2016 
El Niño with that of 1997–1998. The 2015–2016 event was spuriously 
blamed for unconnected events, just as in 1998. This included claiming  
was responsible for rising sugar prices,35 and an increase in the price of 
chocolate.36 The President of Venezuela blamed El Niño for an energy 
crisis in his country.37 In India, El Niño was subject to global conspiracy 
narratives, just as it had been in Peru in 1997. The Indian Meteorological 
Department claimed in March 2014 that the El Niño forecast was a fab-
rication derived by the Global North ‘to rattle the country’s commodi-
ties and stock markets’.38 El Niño in California was framed as a disruptive 
event, with NASA spokesperson Bill Patzert advising Californians in 
November 2015 to expect ‘mudslides, heavy rainfall; one storm after 
another like a conveyor belt’.39 Yet unlike in 1997, forecasted rains were 
also discussed with hope. By 2015 California had been in drought for 
four years. The nickname given to the event was ‘Godzilla’, to describe 
both its derivation in the Pacific and its expected ability to fight and 
destroy ‘The Blob’, a pool of unusually warm water that had been sit-
ting off the North American coast and deflecting weather systems away 
from California.40 Ultimately, however, rainfall in California was mod-
erate over the winter of 2015–2016 and the state remained in drought.  
El Niño was instead described as having come ‘disguised as La Niña’ with 
teleconnection patterns across the Americas the opposite of what may be 
expected.41 El Niño was then painted as the great disappointment.42

2015–2016 was a period of far more uncertainty than 1997–1998. 
The 2008 global financial crash threatened global economic growth 
and the ‘enemies’ of the Global North became more fragmented and 
uncertain. Globalism, which had dominated global politics since the col-
lapse of the Soviet Union, was being attacked by a new form of nation-
alist populism. The optimism of the 1990s was replaced by pessimism. 
Perhaps then, this affected the way that El Niño is understood? All of 
this goes to show that the history of El Niño, both as a physical force 
and an idea, continues. Understanding its past remains essential.
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