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Without question, the 1997-98 El Nifio became a major news story, even
a household word. Reports of floods, forest fires, droughts, fishery
collapses, along with the ensuing loss of lives and property, regularly
featured in newspapers and magazines all over the world. Many people
thought that this was a new phenomenon, an emerging menace related to
climate change. But we know that this is not the case. El Nifio is an
ancient, recurring climatic event on our planet. In contrast to the precise
recurrence of the seasons, El Nifio is irregular and multiannual and this
may help to explain the difficulty that many people have in compre-
hending its vagaries.

It is a matter for serious reflection that society is still asking questions
and seeking answers which can explain the many and varied catastrophes
associated with this phenomenon. This is so, even after several decades of
increasing scientific knowledge of El Nifio, mostly achieved through
international co-operation in the fields of oceanographic and climate
research.

The communication of research findings is important not only in
terms of improving public understanding of science, but also in terms of
improving public policy-making. The links between the way we produce
and use scientific knowledge constitute an interesting sociological
phenomenon. The critical question here is: How much of the available



knowledge is actually used by the political establishment in its decision-
making?

UNESCO, through its Intergovernmental Oceanographic Com-
mission, has been intensively involved in the development of the
knowledge base and the observations needed to explain this and other
natural phenomena and to advise the Member States on possible means of
mitigating their impacts. What has been achieved is only a fraction of what
we still need to develop, if we want to help make the continued use of the
ocean fully sustainable.

In order to succeed in this endeavour, we need to give full support to
institutions responsible for producing and delivering scientific advice to
decision-makers everywhere. Equally, we need to respond to public
demand for information. This publication is an attempt to contribute to
meeting these needs, with regard to El Nifio.
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In the Andean highlands, at least twice every decade, unusually heavy
rains inundate the upland valleys, increasing the risk of mud slides, the
much feared ‘huaicos (Quechuan, pronounced ‘whykoss’), bringing a trail
of death and destruction. Long before we became accustomed to the
modern name of ‘El Nifio’, the Inca civilization, high in the mountains of
South America, had successfully adapted to this recurring natural
phenomenon. In an extremely arid terrain in northern Peru, the Incas,
piling stone upon stone, built an extensive network of aqueducts. At
certain points of the network, the walls were not made of stones but of
interwoven canes. When these weak links gave way to floods due to El
Nifio, alternative channels redirected the excess flow down the side of the
mountain. These safety valves prevented the destruction of the ancient
engineering works during such floods. Notwithstanding the efforts by the
Peruvian Government to use this past experience during the 1997-98 El
Nifio, by creating two artificial lakes from the excess precipitation, most
modern societies still have not learned how to adapt to this ancient climatic
phenomenon.

Today, we know that El Nifio is a feature of a global climatic
phenomenon. It is characterized by the displacement of major weather
systems from their normal locations. Places accustomed to wet weather
become dry and deserts are flooded, with a range of ensuing and related



consequences for local agriculture, fisheries and human health. Although
it is a global phenomenon, its effects are local and diverse, and not all of
them can be characterized as bad or catastrophic.

Bruno Voituriez and Guy Jacques have written a lively account of El
Nifio, its dynamics and practical consequences. Without sacrificing rigour
they have succeeded in introducing the reader to the complexities and
limitations that science faces in its quest to understand the climate system.
By telling us about the limits to the predictability of highly complex
non-linear climate systems such as El Nifio, they take us to the front door
of chaos theory, one of the most recent developments of modern
mathematics.

The ocean plays a fundamental role by triggering and influencing this
type of climate anomaly. To understand climate, the vagaries of weather
on different time and spatial scales, we need to study and understand the
ocean. Research on El Nifio opened a wide road to the integration of
oceanography and meteorology. This has culminated in the development
of a Global Ocean Observing System (GOOS) and a Global Climate
Observing System (GCOS), with a high degree of interaction and co-
ordination between them. Both are, at present, based on three predecessors:
the Integrated Global Ocean Services System (IGOSS), the Ships-of-
Opportunity Programme (SOOP) and the Data Buoy Co-operation Panel
(DBCP). The underlying objectives are to monitor sea level and real-time
changes in key ocean parameters. These observing systems are being
developed in light of the results from the World Climate Research
Programme (WCRP), which is conducted under the joint auspices of the
World Meteorological Organization (WMO), the International Council of
Science (ICSU) and UNESCO's Intergovernmental Oceanographic
Commission (10C).

The ability to forecast ElI Nifio has been greatly enhanced by the
establishment of an observation system operating in the equatorial Pacific
Ocean. Seventy moored instrument platforms have been anchored on
the ocean floor and are held in place by a floating buoy filled with
oceanographic and meteorological instruments, a true miniature artificial
island. Some of these instruments sample the ocean down to a depth of
2,000 metres; they caught the first unequivocal signal of the birth of the
last (1997-98) El Nifio. This system, the Tropical Atmosphere—Ocean
(TAO) array, is now part of the Global Ocean Observing System (GOOS).



After thirty years of fruitful joint work, we are in a position to extend
our forecast capacity to ocean phenomena on different time and spatial
scales. In a simple analogy with a radio dial, studying EIl Nifio events that
occur with a periodicity of between three and five years is like tuning into
one or two radio stations. Today GOOS is developing the observing
capacity that should enable us to tune in to all the radio stations on
the ocean dial. In doing this, the Intergovernmental Oceanographic
Commission is fulfilling its mission to help develop the knowledge base
and the observations needed for the utilization of the ocean.

I wish to express my appreciation to Fugro Global Environmental and
Ocean Sciences Ltd, our co-sponsor, for their support of the Commission’s
efforts to provide, through the 10C Ocean Forum Series, important
contributions to the literature on current ocean issues for the international
community. Such public-spirited gestures are very helpful in accomplishing
our educational goals.

For this English version of the book, the Commission also received the
co-sponsorship of the International Research Institute for Climate
Prediction (IRI), at the Lamont Doherty Earth Observatory, Columbia
University. | therefore take this opportunity to thank the IRI for its
most welcome support for the present effort in the development of the
IOC-WMO-UNEP Global Ocean Observing System.

Patricio A. Bernal
Executive Secretary
Intergovernmental Oceanographic Commission of UNESCO



Media descriptions of the impact of the recent El Nifio event have
heightened public awareness of the degree to which atmospheric and ocean
climate are inextricably intertwined at local and global scales. This has
resulted in an increased public perception of the fundamental practical
importance of understanding the marine environment and predicting
ocean climate.

Throughout history, knowledge of the behaviour of the world’s oceans
and seas has played a critical role in human affairs. Without marine
information it would have been impossible to open up world trade,
conduct naval warfare, protect against coastal flooding or utilize marine
resources.

In more recent times there has been a growing recognition that
human activity can result in unacceptable damage to the marine
environment. Once regarded as a boundless resource, oceans and seas
increasingly require management. This has driven a rapidly growing
demand for marine information to support effective management and
protection of the marine environment.

In the present millennium, demands on the marine environment are
set to grow rapidly. The safe and sustainable exploitation and use of marine
resources and the safeguarding of both local and global environments will



increasingly depend upon our capacity to better understand and forecast
the behaviour of the oceans and the atmosphere.

As a leading worldwide provider of meteorological and oceanographic
observation and forecasting services, Global Environmental and Ocean
Sciences is engaged in the business of linking scientific understanding to
the solution of practical maritime engineering and marine environmental
protection problems.

Much of our work is concerned with effectively communicating
oceanographic and meteorological knowledge to specialists in other fields.
We are therefore very pleased to be associated with a book that seeks to
improve non-specialist understanding of EI Nifio as an oceanographic and
meteorological phenomenon and to promote a wider perception of the
benefits of further research into ocean behaviour and ocean forecasting.

Ralph Rayner
Managing Director

Fugro Global Environmental and Ocean Sciences Ltd

The four main GEOS offices:

Fugro GEOS Limited
Gemini House
Hargreaves Road
Swindon, SN2 5AZ
United Kingdom

Tel: (+44) 1793 725766
Fax: (+44) 1793 706604
e-mail: geosuk@geos.com

Fugro GEOS Limited
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Empress Dock

Southampton, SO14 3ZH

United Kingdom

Tel: (+44) 1703 596009

Fax: (+44) 1703 596509

e-mail: seadata@geos.com
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Houston

TX 77274

USA

Tel: (+1) 713 773 5699
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e-mail: geosusa@geos.com
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http://www.geos.co.uk
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In the late 1980s, scientists around the world began to recognize the
enormous impacts of the El Nifio — Southern Oscillation (ENSO). These
effects are all the more critical in the developing countries.

Advances in ocean and atmosphere observing systems, the theoretical
understanding of the ENSO phenomenon, and modelling of the coupled
ocean-atmosphere system led to the idea of establishing the International
Research Institute for Climate Prediction (IRI). The concept of the IRI
emerged from the growing awareness of the scientist’s responsibility not
only to improve climate prediction, but also to make the knowledge gained
from prediction readily available to decision-makers in affected countries.
These ideas have grown out of the scientific discussions held during the
implementation of the international Tropical Ocean and Global
Atmosphere (TOGA) study in 1985-94.

By the early 1990s, IRI pilot efforts in experimental forecasting and
in training were under way. The successes of these programmes led, in the
same decade, to the development of the IRI as an institute with a mission
to foster the improvement, production and use of global forecasts of
seasonal-to-interannual climate variability for the explicit benefit of society.

With a regular prediction system now in place, the Institute enters the
new millennium with a focus on real applications of climate-prediction
information. Projects and programmes are starting in areas of the world



where predictable climate variability significantly affects society,
particularly the more vulnerable developing world.

From its earliest days, the IRI has been involved in the Integrated
Global Ocean Services System, an IOC-WMO programme, maintaining
an extensive user-friendly data library (see http://iri.Ideo.columbia.edu). In
addition, senior IRI scientists were involved in the scientific design and
implementation of PIRATA (Pilot Moored Research Array in the Tropical
Atlantic), a programme affiliated with the IOC-WMO-UNEP Global
Ocean Observing System, because of the role of the world ocean,
particularly the tropical Atlantic Ocean, with a view to establishing an
‘end-to-end’ climate-prediction system.

IRI is therefore very pleased to support the Intergovernmental
Oceanographic Commission of UNESCO in the publication of this book.

Antonio Divino Moura
Director, IRI

Lamont Doherty Earth Observatory
Columbia University

61 Route 9W, Palisades

NY 10964-8000

USA
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‘EI Nifio comes running up from Easter Island,

tepid and sickly, the offspring of death by water, beating against
the Peruvian coast, suffocating the anchovies and algae

in its hot embrace, kidnapping the vital equatorial nitrates and
phosphates, breaking the vast food chain as well as the procreation
of the great sea fish: heavy and sweating El Nifio swims, hurling
dead fish against the walls of the continent, stupefying

and putrefying it all, water sinking water, the ocean asphyxiated
in its own dead tide, the cold ocean drowned by the hot

ocean, the winds driven mad and pushed off course. Destructive
and criminal, El Nifio flattens the coasts of California,

dries out the plains of Australia, floods the Ecuadorian lowlands
with mud.”

Carlos Fuentes, Christopher Unborn
Farrar, Straus & Giroux, LLC
Book Publishers, New York, 1989



Prior to the Winter Olympic Games in Nagano in 1998, which were
greatly at risk of being affected by excessive snowfall, Mr Kobayashi,
Director of the Organizing Committee, stated: ‘Once the problem of the
downhill is solved, only EI Nifio will stop me from sleeping.’ Luckily for
him, the games went off successfully; but what is this malicious El Nifio
thus thought of as wanting to sabotage the games?

In 1997-98, El Nifio was regularly in the front-page headlines of the
media. It was held responsible for the flooding in the Andean countries and
in California, for the drought, accompanied by enormous forest fires, in
Indonesia, which everybody could see thanks to the satellite images of the
spectacular smoke plume extending from Malaysia to the Philippines. The
drought in Brazil, South Africa and Zimbabwe, the floods in Kenya, the
typhoons in Polynesia, etc., were also attributed to it. No calamity seemed
able to escape the all-powerful El Nifio or its sister La Nifia, more recently
recognized and the antithesis of EI Nifio, but just as dangerous. The
increased cyclone activity in the Caribbean (Hurricane Mitch in the
summer) and the flooding in China were attributed to it in 1998.

There was something irrational in the manner in which the media,
sometimes with the complicity of scientists, exploited this personification
of a natural phenomenon. Even if its consequences are often disastrous,
they are also sometimes beneficial, and it is after all just one climatic



perturbation among others, which develops on a time scale (from a season
to several years) to which humankind is particularly sensitive. At a
colloquium held at UNESCO in 1999, a Nobel prize-winner in physics
declared that science, far from providing certitude, was killing myths while
creating mysteries. He could have added that the mysteries engender the
myths and that science was contributing, reluctantly, to the creation of new
myths. We can ask ourselves whether the infatuation of the media with the
El Nifio/La Nifia couple springs from mythical thinking, translating the
fact that, for most of our contemporaries, the changes in the weather
retain their mystery in spite of the efforts of the meteorologists and
climatologists to predict and explain. According to the press, El Nifio
could be an incarnation of — or a substitute for — Tlaloc, the Aztec god,
who made rain or fine weather whenever he wanted to. Caprice of the
heavens? Caprice of the gods! The idea that the human race has long
formed of the changes in the weather and of the climate can be
summarized in this way. The most universal illustration is undoubtedly the
Flood, a radical way for the Creator to rid himself of a creature that no
longer had the good fortune to please him. There is doubtless still, more
or less suppressed, something of this perception in the idea we have of the
caprices of the weather to which we are subject, and in our persistent
scepticism about weather forecasting.

Yet, in recent decades, our knowledge of the climate system and our
forecasting capability have advanced considerably thanks to international
research programmes carried out since the 1970s. But any forecast carries
a risk of error which increases the further into the future the forecast is
made. After the scientists had been accused of a narrow and totalitarian
scientism, just when they were giving up the idea of announcing certitudes,
this assurance, for which they were reproached in the past, is now held
against them! We have to learn to live with the uncertainty that progress
in research is steadily reducing, even as it pushes back the forecasting
horizon, without ever quite succeeding in eliminating the uncertainty.

The ‘media reputation’ of El Nifio results from scientific advances that
demonstrate the fact that physical relations exist between the climatic
perturbations of regions as far apart as Kenya and the north-eastern United
States, or between the Indian monsoon and rainfall in Peru. El Nifio is
evidently not the diabolus ex machina of climate variation, but it crystallizes
this essential discovery of the relations amongst the climatic perturbations



of various tropical regions, primarily, but also with the rest of the world.
This is an important step forwards that allows us to improve the predictive
climate models and to test their performances, since the verification follows
the prediction by only a few months. As a manifestation, over a time
period of a few years, of the variations of a climate system that occur on
all time scales, a deeper knowledge of the EI Nifio/La Nina couple leaves
hope of progress in the forecasting of climate fluctuations and their long-
term evolution in the face of another threat: the increasing concentration
of greenhouse gases in the atmosphere.

It is the story and the results of this scientific adventure that are
reported in this book.



A GLANCE AT PAST CLIMATES

The myth of an earthly paradise destroyed by the harmful action of human
beings dies hard, whether we evoke a hypothetical golden age or a natural
equilibrium dear to certain ecologists for whom everything would be for
the best in the best of all possible worlds if it were not for the presence of
human beings. But there is no natural equilibrium: the climate, the
ecosystems are constantly evolving, whether human beings are present or
not. For more than a million years, the Earth has been varying between hot
periods, as at present, and glacial periods during which the average
temperature is lower by three to four degrees.

The last Ice Age goes back 20,000 years. Glaciers like the one now in
the Antarctic covered Scandinavia, northern Germany, Canada and the
northern United States. The inhabitants of western Europe — excellent cave
decorators — experienced a climate and an environment similar to the ones
in present-day Scandinavia. There is nothing to indicate that the Earth will
not undergo another Ice Age in the next few thousand years.

‘Optimum climatic conditions’ — warm periods, such as we now have
— are brief. Optimists think that the accumulation of greenhouse gases
leading to global warming has come just in time to save humanity from
having to face the dread of a new Ice Age. Who knows?

These oscillations between Ice Ages and interglacial periods are recent



in the Earth’s history (last 2 to 3 million years) and are typical of the
Quaternary Period. Going back much further, to the Cretaceous Period
(between 135 and 65 million years ago), the Earth was totally free of
glaciers: the temperature of the air was about 5°C higher than it is now, and
the temperature of the deep ocean did not go below 10°C, whereas now it
is close to zero. In the mid-Palacocene Epoch, 57 million years ago, the
temperature on the coasts of Antarctica approached 20°C in summer. The
polar ice-cap on this continent only started to form 10 to 15 million years
ago.

Closer to home, between the 16th and 19th centuries, Europe
experienced a relatively cold period — the ‘Little Ice Age’ in which the
temperature was more than 1 degree lower than it now is. On 26 June
1675, the Marquise de Sévigné wrote to her daughter, who was staying in
Provence: ‘It is terribly cold. We are keeping ourselves warm, as you must
be too, which is an even greater miracle.” And she adds on 24 July: ‘We are
experiencing a strange kind of coldness. The course of the Sun and the
seasons is quite abnormal.” The River Thames was frequently frozen in
winter to a depth of 20 centimetres, which allowed fairs to take place on
it between 1607 and 1813; this and the retreat from Russia in 1812-13,
during which Napoleon’s army lost 400,000 men, are two other events of
this period.

In contrast, in the 10th and 11th centuries, more clement climatic
conditions allowed the Scandinavians to set up colonies in Greenland and
in Vineland (North America). This colonization lasted until the climate
cooled again, making navigation between Iceland and Greenland very
dangerous. Further back in time, at the end of the last glacial period,
8,000 to 10,000 years ago, the Sahara underwent a rainy period, and the
Amazonian forest, the symbol of present-day ecology, still mistakenly
referred to as the ‘lungs of the planet’, was restricted to a few small ‘islands’
in a vast savannah.

THE CLIMATE MACHINE
The climate system is a machine that converts and distributes the solar
energy that the Earth absorbs — about 240 watts per square metre. This
input is about 10,000 times the world’s production of heat and electricity.
Part of it (30%) is reflected back into space by the atmosphere, so is lost
to the climate system. Another part (20%) is absorbed by the atmosphere



which is thus heated. The remaining 50% reaches the Earth's surface and
its biosphere and is absorbed: 18% by the continents; 32% by the oceans.
The latter fraction plays an essential role in the regulation of the climate,
since the land and especially the oceans return part of this absorbed energy
back into the atmosphere:

by radiation, since all bodies have a characteristic radiation related to their
temperature. The solar radiation received by the Earth is typical of a body
with a temperature of 6,000°C. The surface of the Earth, which has an
average temperature of 15°C, radiates at infra-red wavelengths; this
radiation is absorbed by the atmosphere — the natural greenhouse effect;
by conduction, that is, direct transfer of heat between two bodies in contact,
from the hotter one to the cooler one;

by evaporation, which is the most important factor; it gives the ocean a
preponderant role, since, as a result of the evaporation, the ocean cools and
the atmosphere gains the corresponding energy when the water vapour
condenses.

The atmosphere is thus mainly ‘heated from below’. It is in the
tropical regions that the ocean and the continents receive the most solar
energy and that the ocean is at its most ‘generous’ with the atmosphere; the
tropical ocean is the climate system’s ‘boiler roon'.

Thus supplied, the atmosphere is set in motion and transfers the
received energy towards the coldest regions at high latitudes. Owing to the
Earth's rotation, this transfer is effected in the form of eddies of various
sizes: anticyclones, depressions, cyclones and related phenomena. Ocean
currents are also born out of this uneven distribution of heat energy and
take the form of large gyres that transfer polewards as much heat as the
atmosphere does. The motion of these currents is accelerated by wind
action, which is a way for the atmosphere to restore, in mechanical form,
a part of the energy gained from the ocean by evaporation. The Gulf
Stream, which forms the western side of a vast ocean gyre, is a mani-
festation of heat transfer by the ocean.

There is thus a high degree of coupling between the ocean and the
atmosphere to distribute solar energy over the planet and to ensure the
functioning of the climate system. The continents and their vegetation also
have their role to play by exchanging their energy with the atmosphere, but
in a more limited and static way, which is insignificant on the time scale
we are concerned with. The cryosphere (the polar ice-caps, sea ice, glaciers)



also has an important part to play in climate dynamics. Owing to its
strong reflecting capacity, it sends most of the energy received back to the
atmosphere. The greater the frozen surface, the less heat the Earth absorbs.
The cryosphere is also a tremendous freshwater reservoir; during glacial
periods, the sea level is about 120 metres lower than it is now.

VARIATIONS IN THE CLIMATE SYSTEM

The ‘climate machine’ is, then, a complex system with several components:
the Sun, the Earth’s orbit around the Sun, the continents, the ocean, the
atmosphere, the cryosphere and the biosphere. All these components are
constantly evolving at their own speeds. Any variation or disturbance that
any one of these components undergoes will have an impact on all the
others, which will in turn react at their own pace. The climate system
strives to attain an equilibrium it can never reach.

Let us take an example: the Earth rotates around the Sun in an ellipse,
of which the shape and position vary. Furthermore, energy received from
the Sun and its distribution over the Earth fluctuate over a time scale of
10,000 to 100,000 years, which explains the successive glacial and inter-
glacial periods.

Another example over an even longer time scale concerns tectonic
plate movements, which are not unrelated to the particularly hot period of
the Cretaceous and its subsequent evolution. Indeed, the distribution of
the continents around the globe considerably modifies the transport of heat
by sea currents and their exchanges with the atmosphere.

On a time scale closer to human concerns, we are well aware of the
seasonal cycle. We worry about its variations and should like to be able to
predict them. At the same time, we ask ourselves questions on the impact
of increasing greenhouse gases on the climate of the twenty-first century.
In fact, from the length of one season to millions of years, a whole series
of causes of variability over different periods of time have intermingled,
making any equilibrium impossible and making climate predictions very
difficult. On the time scale that interests us, it is the ocean—atmosphere
coupling that is the main regulator of climatic variation and is worth more
of our attention.



THE ATMOSPHERE

It may seem pointless to worry about the climate of the next few months
or years when we are constantly faced with the limitations of weather
forecasts. At present, the meteorological services can make predictions up
to seven days in advance. It seems that it will be impossible to make
predictions beyond fifteen days. This prediction is based on models
constructed according to the laws of physics that govern atmospheric
dynamics. Starting from the state of the atmosphere at a particular
moment, based on data collected by meteorological stations around the
world and by Earth-observing satellites, the model calculates the state of
the atmosphere, hence the weather, one, three or seven days later. The
prediction thus combines observations and models, but it is almost certain
that the state of the atmosphere at any given moment is independent of
what it was fifteen days earlier. Moreover, whatever the accuracy of the
observations and the models, the current situation tells us nothing about
what it will be fifteen days later. Such a prediction is impossible. To recall
what the meteorologist Edward Lorenz said on what is known as the
‘butterfly’ effect: the flutter of a butterfly’s wing in China could be res-
ponsible for a cyclone in the Antilles a few days later. To put it differently,
a prediction beyond fifteen days would necessitate knowing the exact state
of the atmosphere at all points around the world, to a precision equivalent
to the fluttering of a butterfly’s wing, which is strictly impossible. In other
words, the atmosphere has no memory, and its current information is
completely dissipated within fifteen days.

THE OCEAN
The ocean has a slower rate of evolution and therefore a much better
‘memory’. It has two main roles: supplying part of its energy to the
atmosphere, and distributing the remainder directly around the globe via
its currents. In any given place, the amount of energy exchange with the
atmosphere depends on the surface temperature of the ocean, and therefore
on the amount of heat that has been transported thereto. The part of the
ocean to be taken into consideration in climate processes depends on the
time scale chosen. If we simply require meteorological predictions of
less than two weeks, the models only need the sea-surface temperature
to determine the heat-energy exchange between the ocean and the
atmosphere. During this time, the sea-surface temperature changes are



too small to have a significant impact on these exchanges; it would be
pointless to complicate the models by introducing ocean dynamics.

However, on climatic time scales, it is the slower component, the
ocean, that dictates climate variability. For monthly or interannual changes
(El Nifio, for example), it is the first few hundred metres of the equatorial
zone of the ocean that play a vital role. Beyond this time scale, the entire
oceanic circulation from the surface to the sea bed has to be considered;
this cycle takes place over several centuries. The ocean can bear the
‘signatures’ of previous climatic events for hundreds of years. The present
climate depends to a certain extent on the cooling of the Earth during the
Little Ice Age mentioned previously. Even if the ocean absorbs the impact
of climate variations, it can also restore their effects decades or even
centuries later.

EL NINO
The tropical oceans are the main suppliers of the atmosphere’s energy.
The largest of them, the Pacific, the width of which, at the equator, covers
almost half the circumference of the globe, plays a predominant role in
climate regulation. Any disturbance in its energy exchange with the
atmosphere has significant repercussions on the Earth’s climate.

El Nifio is the tangible manifestation of the interannual variability
(from a season to a few years) of the ocean—atmosphere coupling in the
tropical region of the Pacific; but it is at this level that human beings are
the most vulnerable.

The fact that we can, a priori, link meteorological events, ranging
from floods in Peru and East Africa, to droughts in Australia, India and
Brazil, and a decrease in the number of cyclones in the Caribbean, to one
phenomenon that we are just starting to understand and to be able to
predict, constitutes a vital discovery giving hope for climate prediction.
This explains EI Nifio’s ‘success’ with the media; it has been portrayed as
an evil magician, whereas it is simply a variable natural component of the
climate. For researchers, it is an ideal case study to test the possibility of
predicting the climate and to verify the validity of the models, since the
effect, hence the experimental verification, closely follows prediction. But
before reaching this stage there was a long tale of events which deserves to
be told.



EL NINO: BONANZA OR CATASTROPHE?

For the past few decades, the El Nifio phenomenon has been covered by
the media and given more and more importance each time it occurs. Such
attention seems to indicate that the phenomenon is getting worse and
inevitably reminds us of another climate ‘headline’: the increasing
greenhouse effect, of which one of the first consequences could be, in fact,
an intensification of El Nifio. From this point of view, the years 1997-98
were particularly interesting, since there was a link between the two
phenomena. Just when microphones and cameras were all fixed on Kyoto
where an international conference on climate change was being held, with
the aim of reducing greenhouse-gas emissions, ElI Nifio 1997-98,
presented as the El Nifio of the century, was reaching its peak, having left
a long trail of catastrophes in its wake: droughts and fires in Indonesia,
floods in South America and in the Horn of Africa (Somalia).

THE FISHERMEN OF PAITA - OR
EL NINO OF THE FIRST KIND
El Nifio is the Spanish name lovingly given to the infant Jesus (El Nifio
Dios). It is therefore somewhat blasphemous for Christians to associate
their Saviour’s name with the avalanche of catastrophes related to it. How
did we arrive at such an unnatural association?
El Nifio entered the scientific realm in 1891 thanks to the then young



Lima Geographical Society. Several of its members were impressed by the
extent of the rainy season: from February to April, torrential rains poured
down on the desert coastal region of northern Peru, causing havoc in the
urban centre of Piura and the port of Paita. The bridge over the River
Piura, which was built in 1870 and had resisted four major floods, was
swept away by the exceptional flood in 1891. These geographers were
the first to make a link between these exceptional downpours and the
simultaneous presence of abnormally warm waters along the coast. Brought
by an ocean current running from north to south, these waters are easily
identified by the debris that they carry from the Gulf of Guayaquil: palm
leaves, bananas, tree trunks, dead alligators, etc. Captain Camilo Carrillo,
an experienced sailor, linked these observations to a coastal current known
to the fishermen of Paita as el corriente del Nifio, simply because this weak
and small stretch of current appeared almost every year at Christmas time.
It coincided with the rainy season, which is most welcome in such an arid
region, especially for husbandry and cotton growing. The fishermen
themselves, who practise small-scale fishing, benefit a lot from this warm
current, since they then have access to prized tropical species: dolphinfish,
yellowfin tuna and bonito, octopus, shrimp, etc. For them, EI Nifio is a
blessing, or in primitive terms, it is Father Christmas! Sometimes, however,
its generosity overflows and causes havoc, as in 1891. Such misadventures
did not then affect the resources (fishing, agriculture, husbandry), only the
infrastructure. It was the development of human economic and industrial
activities and their integration into international trade that gradually
‘diabolized’ the ‘infant Jesus’, since the decrease in anchovy biomass had no
negative effect so long as its exploitation remained below its reproductive
potential.

ALFONSO PEZET - OR EL NINO OF THE SECOND KIND
Alfonso Pezet, on behalf of the Lima Geographical Society, took up his
colleagues’ data to present them in London in 1895 in a talk on ‘The
Countercurrent El Nifio on the Coast of Northern Peru’. This was a
historic date; firstly, because it marks the scientific recognition of the El
Nifio current, and secondly, because it portrays its variability with the
appearance of exceptional floods, as that in 1891. Pezet writes:

Whereas nearly every summer here and there, there is a trace of the current along



the coast, in that year it was so visible, and its effects were so palpable by the fact
that large dead alligators and trunks of trees were borne to Pascamayo from the
north, and that the whole temperature of that portion of Peru suffered such a
change owing to the hot current which bathed the coast.

Finally, he linked El Nifio to the climate, again writing: ‘that this hot current
has caused great rainfall in the rainless regions of Peru appears as a fact ...".
Later studies showed that there is no direct relation between the rains and
the warm current, but that they both belong to the same phenomenon at
the level of the equatorial Pacific. Nevertheless, Pezet's article already posed
the question of the relation between the ocean and the atmosphere in the
climate system; the answer was given seventy years later by Jacob Bjerknes.

With the exceptional characteristics of EI Nifio 1891 in mind, Victor
Eguiguren went through the archives from Spanish missions to look for
similar rainy events. He thus went back to 1578, a particularly catastrophic
year, then noted ten years during which there were very heavy rains within
the hundred years preceding 1891: 1790, 1804, 1814, 1828, 1845, 1864,
1871, 1877, 1878 and 1884. According to him, these rainy years were due
to the unusual presence of the warm water of the EI Nifio current, as in
1891; and he was right! So much so that the term EI Nifio became used
exclusively for exceptional events, robbing the fishermen of Paita of their
special relationship with a rather good-natured God. Therefore, thanks to
the 1891 event, we owe the advent of El Nifio of the second kind (seen as
an exceptional and threatening economic phenomenon) to the honourable
members of the Lima Geographical Society.

EL NINO OF PLENTY
If, since then, researchers have dug into the past, it has been with the idea
of predicting future EI Nifios. The American biologist Robert Murphy was
a witness to the ‘1925 vintage’, which he considered to be the most
powerful since 1891 and which he described as ‘El Nifio de abundancia. He
recalled the writings of the witnesses of the 1891 event, which are quite the
opposite of today’s apocalyptic presentation:

If the sea was full of wonders the land was even more so. First of all the desert
became a garden ... The soil is soaked by the heavy downpour, and, within a few
weeks, the whole country is covered with abundant pasture. The natural increase
of flocks is practically doubled, and cotton can be grown in places where in other
years vegetation seemed impossible.



It was the exploitation of guano and then marine resources that would
tarnish this reputation, making of EI Nifio an economic catastrophe;
sometimes rightly so, but sometimes mistakenly, especially as regards
the fisheries for which it serves as a scapegoat to mask the effects of
overfishing.

THE EXPLOITATION OF GUANO

Guano is a manure produced from the droppings of myriads of sea birds
that concentrate on the islands off Peru. Such a proliferation of these birds
is due to an abundance of their prey, anchovies, which in turn feed on the
plankton that is abundant in these fertile waters. In fact, just as on land,
certain regions of the sea are deserts, while other parts receive masses of
nutrients, offer optimum conditions for plankton growth and constitute
true marine ‘meadows’ where fish can find food in abundance. These fertile
ocean regions are those where deep cold water rich in nutrients comes to
the surface. This is what happens in the Pacific along the coasts of Peru
and California and, in the Atlantic, off the western coast of Africa
(Mauritania/Senegal, in the north; Namibia/South Africa, in the south).
Along these coasts, the trade winds push the surface water towards the open
sea, creating a ‘vacuum' in the coastal sea which is filled by the advection
of deeper water towards the sea surface. This phenomenon is referred to as
upwelling (see Chapter 3, Fig. 3.6). In Peru, anchovies are a real feast for
millions of sea birds that nest on the islands where they produce the
precious guano. Exported to other parts of the world, it was an important
source of foreign currency for Peru.

Guano exploitation intensified towards the end of the 19th century
and in 1909 the Peruvian Government created a state company to control
the exploitation. Guano became a very important resource. The guano
suppliers became a pressure group for which El Nifio became the enemy:
first of all because the heavy rains washed away the birds’ droppings thus
reducing the resource; then the warm-water invasion forced the anchovies
to migrate towards the south or to deeper waters to reach a more favourable
habitat. Thus the birds were condemned, at best, to a severe diet, or, at
worst, to a fatal famine; they are the major victims of EI Nifio! The
1957-58 episode halved their population; 15 million birds disappeared.
Moreover, this gave ideas to newcomers on the scene — industrial
fishermen.



INDUSTRIAL FISHING AND FISH MEAL
After the war, two factors put a stop to the action of the guano pressure
group that was blocking the development of industrial fishing which would
have reduced the guano-producing birds’ food source. The first factor was
the competition from Chilean nitrate: the guano production decreased, so
did foreign currency income, and, naturally, the pressure group’s influence.
After that it was the greed of businessmen; for them to make a profit,
poultry and American cattle were forced to develop a taste for fish meal.
However, the production of feed from California sardines collapsed as a
result of over-exploitation during the war when the fishing quotas were no
longer respected. In his novel Sweet Thursday, John Steinbeck humorously
writes: ‘The canneries themselves fought the war by getting the limit taken
off fish and catching them all. It was done for patriotic reasons, but that
didn't bring the fish back. As with the oysters in Alice [in Wonderland],
“They'd eaten every one”.” Attention was then focused on Peru. The
Peruvian Government lifted the protection measures imposed by the guano
pressure group, and thus industrialized fishing grew rapidly: fish catches
increased from less than 100,000 tons in the early 1950s to more than 10
million tons in 1970-71. To avoid ‘unfair’ competition, in the 1960s,
some people even proposed that the birds should be culled in order to
maintain their populations at the lowest possible level that would still be
compatible with biodiversity conservation, and to increase the fish-meal
production. And yet, in 1970, this output already represented more than
a third of the world’s fish-meal production. It was then (in 1972) that El
Nifio appeared and, in 1973, catches fell to 1.5 million tons, to the delight
of soya producers who then took over from the fish-meal market. No one
was interested in who was benefiting from the crime, but only with
designating the culprit: EI Nifio, the scapegoat for the industrial fisheries
which, from 1962 to 1971, caught on average 9 million tons per year from
a biomass estimated at 20 million tons.

El Nifio’s impact is twofold. The warm water that it moves overlies the
cooler fertile waters, the natural habitat of anchovies, which are then forced
to migrate and thus are not accessible to the fishing gear. The catches
decrease sharply (during the 1982-83 event, they were below 100,000
tons), which protects the resource. But, on the other hand, the conditions
necessary for reproduction of the fish stocks are rather poor: the larvae and
juveniles have great difficulty in surviving because of the decrease in



primary productivity linked to the invasion of the less-fertile warm waters.
Nevertheless, after the historical EI Nifio of 1982—83 and the more
moderate one of 1986-87, the stock was replenished and the catches
increased in size, exceeding 6 million tons between 1992 and 1996 and
reaching 10 million in 1994, superbly indifferent to the 1992-94 El Nifio.
This indicates that fishing is regulated not only by EI Nifio but also by
another type of climatic variability on a decadal scale and, obviously, by
the fishing effort. The consequences of the 1997-98 event are particularly
interesting (see Chapter 7).

SOUTHERN OSCILLATION AND THE INDIAN MONSOON
In parallel with the discovery of EI Nifio, which is considered to be a local
marine phenomenon, there is another atmospheric phenomenon: the
‘southern oscillation’.

We owe a lot of our knowledge on the subject to the curiosity of Her
Britannic Majesty’s subjects. In fact, they developed observatories,
including meteorological ones, all over the world. The story starts in 1877,
when a weak monsoon caused a severe drought in India, leading to the
deaths of tens of thousands of people as a result of famine. That same year,
the seca (= dry, in Portuguese) period affected north-eastern Brazil causing
the deaths of 500,000 people of whom 100,000 lived in Fortaleza. The
previous year, the drought that affected New Caledonia was considered to
be one of the causes of the great Kanaka revolution.

Meteorology was then a young science and Henry Blanford, ‘the first
imperial meteorological reporter’, appointed in India, noted that this event
corresponds to an abnormal rise in atmospheric pressure. At the risk of
ruining the suspense, let us recall that 1877 was a particularly rainy year
for Peru and was recorded as an El Nifio year by Eguiguren. Having
recourse to the observatories in the Indo-Pacific zone (Island of Mauritius,
Australia, New Zealand), Blanford showed that the abnormal atmospheric
pressure recorded in India was spread over the whole region that the
drought affected, including Australia. He and his successors tried to link
this discovery to other precursors of the monsoon season. They attempted,
without much success, to relate it to sun spots and snowfall in the
Himalayas in the months preceding the monsoon.

It was Gilbert Walker, director of the observatories in India from
1904 to 1924, who took a decisive step forwards, thanks to his



mathematical knowledge. He did not have a computer, but instead,
an abundance of workers whom he turned into ‘human calculators’.
He systematically looked for correlations between the monsoon and
meteorological observations around the world. Hence, in 1909, he
established the first equation for monsoon prediction:

rainfall of the Indian monsoon = —0.20 (precipitation in the

Himalayas) —0.29 (pressure in Mauritius) +0.28 (average pressure in

South America) —0.12 (rainfall in Zanzibar).

He did the same to predict flooding of the Nile, as well as precipitation in
Australia. By synthesizing these statistical relationships, he demonstrated
three coherent oscillations in the atmospheric parameters between the
major regions of the Earth’s surface. He defined the southern oscillation as
a ‘see-saw’ movement between pressure zones and areas of precipitation in
the Indo-Pacific region (from Egypt to Australia), and the pressure over the
Pacific region. An increase in pressure and a reduction in precipitation in
the Indian Ocean corresponded to a reduction in the pressure in the Pacific
and vice versa. For South America, Walker had data for Chile, Argentina,
Brazil and Paraguay. If he had had information for Peru, he would most
certainly have linked the southern oscillation and El Nifio. He also defined
the same type of oscillations in the North Atlantic region, between the
Azores and Iceland (North Atlantic Oscillation), and in the North Pacific
region between Hawaii and Alaska (North Pacific Oscillation). Based on
statistical relationships, he established a Southern Oscillation Index, which
defines the see-sawing of the atmosphere between the Indian and Pacific
Oceans, to serve as a tool for the prediction of monsoons. Nowadays, a
much simpler index is used: the atmospheric pressure difference between
Tahiti and Darwin (southern oscillation index, see Chapter 4, Fig. 4.1).
Walker, who thus laid the foundation for long-term meteorological
predictions, did not convince his fellow citizens. The predictive capabilities
of these relationships were low; even the relationships themselves were
somewhat doubtful. In fact, they were purely statistical; there was no
physical mechanism or hypothesis underlying them.

The loss of interest in the southern oscillation lasted until 1957-58,
the International Geophysical Year. Nonetheless, the subject might have
come up again in 1933 if John Leighly’s work had been given more
attention. He associated the pressure differences between the two
extremities of the equatorial Pacific to oceanic and meteorological



conditions of the tropical Pacific. He pointed out that the more the
atmospheric pressure gradient between the east and west is pronounced in
the central Pacific, the more strongly the trade winds blow, the