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FOREWORD
The World Meteorological Organization (WMO) is an international organization made up of 187
Member countries. One of its goals is to define, document and improve the understanding of
meteorological and climatological events. The most important of these climatic events is the El Niño
event. Many scientists have observed El Niño events develop over time by looking at films or computer
graphics. However, this information is generally not available to many students, especially in
developing countries.
The concept of this book is to provide the basic information about the El Niño process and to enable
students to visualize the El Niño development and degradation without the need for a videocassette
recorder or a computer.
The first part of the book is a verbal description of what El Niño is and how it affects
people around the globe. The text is based on an article that appeared in the magazine
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ECODECISION (Number 12, April 1994). The second part is a graphical representation of the El Niño
process from 1981 to 1984. This El Niño event was chosen because it is the most significant event in
over 100 years.
To use this book simply hold it in your left hand and flip the pages with your right hand to see the onset,
growth and decay of an El Niño event in the central and eastern Pacific Ocean. I sincerely hope you
enjoy this book and that it provides you a better understanding of the El Niño phenomenon.

(G.O.P Obasi)
Secretary-General

4

Introduction
El Niño is the name originally given by Peruvians to
the occasional appearance of warm sea-surface water
in the central and eastern equatorial Pacific Ocean,
an area that normally has relatively cool water most
of the time. It can reappear at any time, usually
between two and seven years (or four and a-half
years on average), and can last up to 12 to 18
months.
Late in 1982, most Governments around the world
were abruptly made aware of this natural process —
a process that has been ocurring in the tropical
Pacific Ocean unnoticed for thousands of years. The
very strong 1982-1983 El Niño served as a “wake-up
call” at that time to scientists and Governments. It

was the biggest El Niño event in at least 100 years,
and its negative impact provided scientists with
convincing arguments to their Governments about
why research to improve their understanding of the
phenomenon would be of great social and economic
benefit to societies around the world. Fifteen years
later, in 1997–1998, another very strong El Niño
developed and which scientists then labeled the
“El Niño of the Century.” The damage it caused was
estimated at up to US$ 96 billion, or five times the
cost associated with the 1982–1983 event.

What El Niño is
The warming of the water along the west coast of
South America was named El Niño in the late 1800s
5
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by Peruvian fishermen (it means Christ Child in
Spanish) because every year beginning around
December, the water along the Peruvian coast would
warm up, lasting only a few months. Every few
years, that seasonal warming is repeated and
intensifies. Although the name El Niño originally
referred to local ocean conditions along Peru’s coast,
the term has since been broadened by many people
to represent all sea-surface warmings, weak and
strong, in the equatorial Pacific. Some scientists
prefer to call El Niño by other names, such as “warm
event” or “warm episode.”
El Niño is also associated with changes in sea-level
pressure at locations across the Pacific basin
between Darwin (Australia) and Tahiti. In the 1920s,
British researcher Gilbert Walker identified a see6

saw-like pressure pattern: when sea-level pressure is
high near Tahiti, it is low at Darwin, and vice versa.
He called this process the Southern Oscillation.
Scientists have created a Southern Oscillation Index
(SOI) based on the sea-level pressures at these
locations. These two processes — one in the ocean,
El Niño — and one in the atmosphere, the Southern
Oscillation — interact to form what is called El
Niño/Southern Oscillation (ENSO). Although some
scientists like to refer to the sea-surface warming in
the equatorial Pacific as ENSO, most people and
most scientists still refer to these air-sea interactions
as El Niño.
Scientists have divided the Pacific Ocean along the
equator into five boxes. They focus their attention on
what is happening to sea-surface temperatures and

winds in these locations. While the Peruvians are
most concerned about what is happening near their
coast in the Niño1 and Niño2 boxes, most scientists
who are looking for clues about El Niño’s beginning
tend to pay attention to changes in the Niño3 and

Niño3.4 boxes (Figure 1).
A weak El Niño event is said to occur when the
surface temperatures of the ocean in the central
and/or eastern Pacific along the equator increase

Figure 1 — The five regions in the Pacific Ocean identified as important locations for monitoring winds, sea-surface temperatures and
rainfall activities. All these changes may be associated to varying degrees with the El Niño process. (Climate Diagnostics Bulletin, Climate
Prediction Center/NOAA, USA)
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over a relatively small area by only a couple of
degrees Celsius. A strong event is accompanied by a
larger increase in sea-surface temperatures, covering
a much larger expanse of the equatorial Pacific. The
larger the temperature increase, the more widespread
and destructive El Niño’s worldwide impacts are

likely to be. La Niña, on the other hand, is the name
given to cold sea-surface temperatures in the central
Pacific. It generates its own set of impacts, which in
some locations, are opposite to those associated with
El Niño. For example, a La Niña event may bring
good rains or even floods, instead of drought, to

Ethiopia, Indonesia, Mozambique and the
Philippines, or drought to areas that are usually wet
when El Niño conditions prevail. Figure 2 represents
an index using the Niño3 box to determine when

El Niño (in red) and La Niña (in blue) conditions
exist in the Pacific.
Figure 3 shows how an El Niño works. Under normal

Sea-surface temperature
anomaly

4°C

8

-4°C

Figure 2 — Niño3 index
measures the strength of an
ENSO event in the eastern
equatorial Pacific. (International
Research Institute for Climate
Prediction, based on Reynolds
and Smith, Version 2 SST data)

Figure 3 — How an El Niño works. (Vital Climate Graphics on Africa, UNEP/GRID Arendal)
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conditions, the trade winds travel up the western
coast of South America and then turn toward the
west. As the surface water is moved westward by the
winds, as a result of the direction in which the Earth
rotates, water builds up in the western part of the
Pacific Ocean basin. In fact, the level of the ocean in
the western part of the Pacific is many tens of
centimetres higher than in the eastern part under
normal conditions. The radiation from the Sun heats
up the surface water in the west. Cold water replaces
the water that had been pushed away from the coast.

pool of warm water in the west moves toward the
central and eastern Pacific. Sea level drops in the
west and rises in the east, as the warm water moves
toward the east. As the warm water flows into the
eastern Pacific, cold, deep, nutrient-rich water
cannot make it to the surface. Because rainfall
follows the warm water, normally wet tropical areas
like those in Australia, Indonesia and the Philippines
become drought-plagued and dry areas such as
northern Peru become wet.

Warm air rises in the western Pacific, carrying with
it moisture due to evaporation. This rising air leads
to clouds and to rainfall. As cold air descends, it
stops clouds from forming, thereby suppressing
rainmaking processes. During an El Niño event, that

What El Niño Does

10

Teleconnections
Even though the equatorial Pacific Ocean constitutes

the so-called home for El Niño events, the impacts
associated with these events can be found around the
entire world, but especially in the tropics. As a result,
we hear about possible connections between an
El Niño and, for example, flooding in the southcentral United States; a mild winter in the northeastern part of North America; a reduced number of
hurricanes in the tropical Atlantic Ocean; droughts in
north-east Brazil, heavy rains in southern Brazil and
Paraguay, and in various parts of Africa; failure to
have the monsoon in India; cool summers in Japan,
and so forth. Australia and countries in South-East
Asia also suffer from drought and from an increase
in forest and brush fires. Weather and climate
anomalies that are linked to the appearance of an
El Niño event are called “teleconnections,” or
connections over great distances.

During El Niño, countries in southern, eastern, and
north-eastern Africa are at a higher risk of suffering
from severe drought, resulting in a serious drop in
crop production, along with a substantial increase in
food prices in local markets. With a decline in food
production, some countries are forced to import food
supplies in order to meet national needs. This, in
turn, forces Governments to use their scarce foreign
exchange reserves, diverting those funds away from
investment in important economic and social
development projects.
Some of these distant connections with an El Niño
event are based on geophysical processes that have
been observed, like shifts in the locations of high and
low pressure systems. Others are based on
statistically determined connections: that is, when an
11
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El Niño takes place, there is an increase in the chance
for droughts in parts of Ethiopia, Mozambique,
South Africa and Zimbabwe, for example.
Depending on its degree of reliability, such
information about teleconnections can be used by
local and national governments for disaster
preparedness and for economic development
planning. Figure 4 provides some idea of the types of
weather and climate extremes that can occur during
an El Niño event.

El Niño – Negative and positive impacts
Figure 4 — Major climate anomalies and episodic events in 1997 (left) and under La Niña conditions in 1998 (right). Not every weather
problem that takes place during an El Niño can be blamed on it. Regional and local conditions can make El Niño’s potential impacts worse,
or can block them from happening. (Climate Prediction Center/NOAA, USA)

12

El Niño does not affect each person or group in a
given county in the same way. For example, the
abundance or availability of fish populations shifts

along the coastal areas of western South America.
This shift has unwanted repercussions because of its
adverse impact on one country’s fish catches,
fishmeal production and exports but to the benefit of
a neighbouring country’s fishing industry. To
Peruvian fishermen, an El Niño event can bring
either a sharp increase in the catches of some types
of fish or a decline in other types. To Peruvian
politicians, El Niño is bad news because it usually
means an abrupt decline in productivity in the
fishing sector (especially of the small, surfacedwelling fish, the anchovy). This species is
converted to fishmeal and exported as feed
supplement for poultry and brings in foreign
exchange earnings to support the country’s economic
development goals. The decline in fish catches can
also lead to an increase in unemployment in the
13
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Figure 5 — West
African herders
take advantage
of seasonal
rainfall and
vegetation at the
edge of moving
sand dunes. Poor
cultivation
practices and
uncontrolled
woodcutting
leaves the bare
soil open to
wind erosion
processes,
especially during
droughts.
(NASA)
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these countries are unable to export much grain to
make up for food shortages in neighbouring, foodshort countries in central Africa.

fishing industry and in companies that depend on it,
a loss of tax revenue and labour unrest. Meanwhile,
flooding and mudslides, resulting from El Niñorelated heavy rains in northern Peru and coastal
E
c
u
a
d
o
r
,
lead to deaths and destruction of infrastructure
(such as roads, bridges, and rail and communication
lines).
To Malawian, Zimbabwean, or Kenyan maize
farmers, Ethiopian teff farmers, Indonesian rice
farmers or Australian wheat farmers, El Niño can be
truly devastating as a result of the consequent
droughts (Figures 5 and 6). Crop failures in southern
Africa’s food-exporting countries of Zimbabwe and
South Africa are extremely troublesome, because

Yet to Chilean fishermen, El Niño can be good news,
as changes in coastal ocean temperatures may cause
fish populations to increase in the country’s waters.
To American or Brazilian farmers who grow
soybeans, El Niño can be seen as good news because
of a rise in the demand for, and price of, soymeal —
a commodity often used as an alternate protein food
supplement when fishmeal becomes too expensive
or is unavailable.

Figure 6 — Drought-affected areas in the Horn of Africa in
April 2000. (World Food Programme)

The value of an El Niño forecast
15
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Some years ago, a company in Nairobi sold t-shirts
that boasted, “I survived El Niño in Kenya!” Clearly,
El Niño is now a household word just about
everywhere, from small towns to big cities. It owes
its popularity to articles in local and national
newspapers and news magazines everywhere.
Television stations carried photos of adverse impacts
occurring in distant lands as well as locally.
If scientists can learn to forecast El Niño
events several months before they actually begin,
and can do so with a sustained level of
reliability, then societies could begin to plan, prepare
for, and possibly prevent El Niño’s worst impacts. In
some regions, societies will be able to take
advantage of its positive impacts wherever they
might be, for example, more rain in water-short
16

areas.
In practice, however, Governments, corporations,
groups and individuals respond in different ways
when they get early warnings about a possible
climate-related natural hazard some months in the
future. Some Governments will tend to prepare
early because they are risk averse, which means that
they will do everything they can to avoid
putting their citizens at risk. Others are willing to
take chances. They are called risk takers. They
tend to wait until there is considerable likelihood
that the hazard will actually affect them in harmful
ways.
Societal responses to an El Niño forecast depend on
many factors: the credibility of the forecasters and

their forecasts; the ability to forecast changes over
relatively short distances; the ability of a
Government to support financially disaster
preparedness; competition among urgent issues that
are demanding Government attention; and the ability
of a Government to communicate to its citizens in
risk-prone areas the nature of the risks involved (e.g.
droughts, floods, fires, frosts, cyclones).
The good news is that researchers in Africa and
elsewhere are increasingly optimistic that they will
be able to develop a better system to forecast the
onset of an El Niño event — a forecast that would
provide users with at least four, and up to 12, months
warning time. In fact, some forecasting success
stories related to El Niño already exist. For example,
El Niño modelers Mark Cane and Steven Zebiak at

Columbia University in New York forecast the onset
of an event in 1986, and for the first time they (as
scientific researchers) gave their experimental
forecast to the public through the media. Their
successful forecast was followed by another in 1990
for the 1991–1992 event. The success of these
forecasts prompted other scientific researchers to
provide the public with their forecasts about El Niño,
despite the remaining scientific uncertainties
surrounding this phenomenon.
Nevertheless, in spite of some successful forecasts,
researchers admit that their forecasts of the onset of
El Niño are still experimental and that, along with
some successes, there have also been missed
forecasts. It is important to keep in mind that
forecasts are just expressions of the likelihood of
17
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shown how best to interpret and to understand the
meaning of the probabilities associated with these
forecasts. After all, every day people have to make

Figure 7 — Girls carrying buckets of water from a waterhole in
Kuluku. (E. Hockstein, World Food Programme)

occurrence. They do not come with a guarantee to be
correct. That means that people who use such
forecasts need to become more familiar with the
statistical probabilities that an El Niño event in the
Pacific Ocean could be linked to climate-related
hazards in their particular region. People can be
18

decisions to the best of their ability under conditions
of uncertainty (Figures 7 and 8). El Niño information
can be used to reduce some uncertainties in making
their decisions. Today, more than 20 research groups
in different continents closely watch sea-surface
temperature changes and sea level pressure changes
across the tropical Pacific, hoping to detect as early
as possible the development of the ENSO cycle,
either an El Niño (a warm event) or a La Niña (a cold
event).

The 1982–1983 event

Figure 8 — El Niño-related flooding in Kenya. (Nation
Newspapers Ltd., Nairobi)

The 1982–1983 El Niño event has attracted the
greatest attention and respect of researchers. It was
the event that convinced Governments and many
researchers around the world that such a natural force

demanded their attention and concern.
By early 1982, some researchers believed that they
had gathered enough scientific information to
describe with confidence a typical El Niño event; it
would follow the same timing of onset and process
of development, followed by a period of decay. That
belief, however, was shattered later in the year when
a “rogue” El Niño developed that surprised
researchers, since it did not fit the profile of the
typical one that they had just described. For
example, it started at the “wrong” time of the year,
was more intense and was more damaging than they
thought possible. The 1982–1983 El Niño at the time
was considered very strong because of the
devastating impacts it had had worldwide.
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Succeeding episodes also did not follow the
expected pattern. Scientists now claim that no two El
Niño events are exactly alike in the way they develop
or in their impacts.

(a) To determine the extent to which the behaviour
of the tropical oceans and related planetary-

Monitoring the tropical Pacific Ocean
The 1982–1983 event triggered a great deal of
Government support for physical science research
about the phenomenon. The international research
community developed a decade-long programme
called Tropical Ocean and Global Atmosphere
(TOGA) that began in the mid-1980s. Its purpose
was to improve the basic understanding of the ENSO
cycle of warm and cold events. More specifically, its
goals were:
20

Figure 9 — ENSO observing system. Blue lines track volunteer
ships collecting information; yellow dots are fixed gauges to
measure changes; red dots are moored buoys and orange arrows
are drifting buoys. (NOAA/PMEL TAO Project, USA)

scale atmospheric circulation patterns are
predictable on timescales ranging from
weeks to a few years and to understand the
mechanisms that give rise to this predictability
(Figure 9);
(b) To explore the potential of coupled atmosphereocean system models for predicting
climatic variability on these timescales and to
develop an observing and data management
system to support operational climate
prediction.
TOGA created a monitoring network, the core of
which consisted of fixed buoys across the
ocean and was supported by satellites in the sky.
The buoys measure ocean temperatures at the

surface and below, ocean currents and surface winds,
among other variables. This information is
transmitted to satellites in real time. The network
continues to monitor these conditions in the tropical
Pacific.
Forecasting El Niño
No one ever said that forecasting El Niño — its
onset, intensity, duration and end — would be an
easy thing to do. Take, for example, the El Niño that
began in 1991. It was successfully forecast,
generating a degree of euphoria and optimism within
the forecast community. The end of the event was
also forecast to occur in late 1992, but it continued
for about another year. Forecasting the onset of the
very strong El Niño event of 1997–1998 was also
21
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quite difficult. Some forecasters had suggested a
weak event would occur by the end of 1997. Others
suggested that no event, neither El Niño nor La Niña,
would take place. Once an El Niño did begin in
February–March 1997, however, forecasters were
better able to project and monitor its intensity and
development quite well. Looking back at the event’s
development, they were surprised by how rapidly it
had formed in early 1997 and how rapidly it ended in
May 1998 when sea-surface temperatures dropped
by a few degrees Celsius in only a matter of weeks.
This super-strong El Niño has also become known as
“El Niño of the Century,” sharing that title with the
1982–1983 event. Scientists were amazed that two
such strong events could occur only 15 years apart.
Clearly, each El Niño surprises the scientists and
forecasters in an unsuspected way.
22

that an El Niño event can develop. Also, they have not
yet identified why each event produces a unique set of
teleconnections around the world.
Scientific breakthroughs on El Niño are highly
likely. This optimism is not based on wishful
thinking but is based on the day-to-day results of
hard work being carried out by hundreds of
researchers and scores of research centres in many
countries, including Australia, Brazil, Canada, Chile,
China, Ecuador, Ethiopia, Japan, Kenya, Niger, Peru,
South Africa, the United States and Zimbabwe.
Organizations such as the World Meteorological
Organization (WMO), the United Nations
Environment Programme (UNEP), the International
Strategy for Disaster Reduction (ISDR), the United
Nations University (UNU) and regional organiza-

tions and meteorologically-oriented education and
training centres such as the African Centre of
Meteorological Applications for Development
(Niger), the regional Drought Monitoring Centres in
Nairobi and Harare, the Bureau of Meteorology
(Australia), the Hadley Centre (United Kingdom),
and the International Research Institute for Climate
Prediction (United States), among others, are busy
trying to unlock the mysteries that surround the
forecasting of El Niño.

potential adverse human health impacts, making
better trade deals for commodities, mitigating
natural hazards such as brush and forest fires, floods
and droughts, and preparing for the possibility of
sharp increases in rural-to-urban migration, food
shortages, and so forth. The truth is that the potential
uses of such information, as a guide to conducting a
wide range of human activities, are almost limitless.

Their forecasting insights, if not successes, can help
decision makers improve planning at the national
and local levels for numerous climate-sensitive
activities: managing potentially productive but
fragile coastal fisheries, enhancing agricultural
production and rangeland management, minimizing

Given the potential value to societies around the
globe in the use of scientific and other historical
information about El Niño, both physical and social
scientists have intensified their studies about the
societal aspects of El Niño events, especially how
best to use forecast information. In the mid-1980s,
23
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UNEP and WMO, through the World Climate
Programme, sought to fill the gap related to
information on societal impacts of El Niño. With the
National Center for Atmospheric Research (NCAR)
in the United States, they created a working group to
identify El Niño impacts, teleconnections, and its
potential changes in response to global warming, and
recently, the use of El Niño information in early
warning systems in sub-Saharan Africa.
In mid-1999, UNEP and NCAR along with WMO,
UNU and ISDR undertook a 16-country study
entitled “Reducing the impact of environmental
emergencies through early warning and
preparedness: The case of the 1997–1998 El Niño.”
The study, primarily supported by the United Nations
Foundation, was designed to identify lessons learned
24

by Government responses to that event. As shown in
Figure 10, three of the countries involved are in
Africa: Ethiopia, Kenya and Mozambique. An effort
is now under way to see how well these Governments

Figure 10 — Sixteen countries in the United Nations
Foundation study. (J. Oxelson, Environmental and Societal
Impacts Group/UCAR)

responded to the 2002–2003 El Niño event and how
the lessons learned in the United Nations study were
applied to cope with that event (Figure 11).

Figure 11 —
Major emergency
food aid
requirements for
2003.
(US Agency for
International
Development)

Even those who may be skeptical about scientists’
claims to be able to forecast El Niño’s impacts in
their area up to a year in advance need to realize that
there is considerable value to be gained from the
careful use of El Niño information including, but not
just limited to, forecasts. For example:
(a) Wait until an El Niño starts. Once an El Niño
event is known to have definitely started, it will
likely “lock in” and continue for 12 to 18
months. In some locations, its delayed impacts
can occur as late as several months after it has
begun. Once scientists note with confidence
that an El Niño event has begun, decision
makers as well as social and economic sectors
of society in El Niño-affected countries can
identify ways to prepare for its likely impact
25
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(Figure 12). Forecasting that an event is likely
to begin several months in advance of its onset
is value added to the growing body of El Niño
information that already exists;
(b) Look at El Niño’s impacts on your competitors.
For example, Kenyans produce and export
coffee and tea. Because the linkages of its
climate anomalies to El Niño events are not
very clear at this time, Kenyans may not care
much about the warming of sea-surface
temperatures halfway around the globe. But
many of the competitors of Kenyan coffee and
tea growers (such as those in Brazil, Indonesia,
Sri Lanka or elsewhere) are adversely affected
by these events, which can reduce the ability to
meet the demand for their commodities in the
26

international marketplace. Similar arrangements can be made for corporations or countries
that are concerned, for example, about palm oil

production and export. Palm oil production in
the Philippines tends to decline during El Niño,
causing a shortfall in the market and an increase
in price. Those who wish to purchase it at a low
price can seek other sources, such as those in
West African countries (e.g. the Ivory Coast).
Having an El Niño forecast in hand can provide
the Kenyans and others with information to
alter their production, exports and purchasing
strategies, until El Niño ends.

Global warming and El Niño events

Figure 12 — Food-for-work programmes in eastern Africa ward
off hunger during periods of food shortages. (L. Waselchuk,
World Food Programme)

The climate of the globe changes constantly on all
timescales, from months to thousands of years. For
example, look at the climate of the 1900s: the first
two decades of the twentieth century were relatively

cool ones, while the 1920s and 1930s were warm;
the 1940s to 1960s were cool again, and the 1970s,
1980s and especially the 1990s were increasingly
warm yet again. Today, there is considerable concern
about the possibility of a human-caused global
warming of the Earth’s atmosphere. Recent scientific
reports issued by the United Nations-sponsored
Intergovernmental Panel on Climate Change (IPCC)
suggest that, given current projections of greenhouse
gas emissions (which result primarily from the
burning of coal, oil and natural gas, and from
tropical deforestation) decades into the future, a
3º Celsius warming of global atmospheric
temperatures is likely to occur by the latter half of
this century.
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It still remains an unanswered question about how
global warming will affect the frequency and
intensity of El Niño events and the location of the
climate and weather-related hazards that they spawn.
The current view is that El Niño events will continue
to occur, could become more intense and could
change in frequency but not necessarily in duration.
With a warmer climate, teleconnection patterns in
the tropics are likely to be similar to those of today,
while those in the areas outside the tropics could
change. El Niño-related changes in sea-surface
temperature and atmospheric convection (cloudforming processes) have major, but as-yet-unknown,
implications for monsoons and cyclone activity. One
thing is clear, however — with global warming will
come sea-level rise. A warming of the Earth’s
atmosphere not only causes glaciers to melt along
28

with the ice in the Arctic and Antarctic regions but
will also heat up the ocean’s waters (Figure 13).

Figure 13 — The
once-massive glacier
on Kilimanjaro has
almost disappeared
during the twentieth
century.
(Vital Climate
Graphics on Africa,
UNEP/GRID
Arendal)

All these processes will combine to cause the sea
level to rise, perhaps by as much as one metre by the
end of this century. Rising sea level will flood all
low-lying areas along the coast and the mouths of
rivers as they enter the sea. Storm surges along the
coast will move further inland. Salt water will begin
to enter the groundwater, contaminating sorely
needed sources of fresh water. This will bring salt
water into the soils and into the underground water
systems, making agriculture in these affected areas
difficult and, in some key areas, impossible to carry
out.
It is also not yet clear to scientists how global

warming could affect existing regional and local
rainfall and temperature conditions. Some computer
model results suggest that dry areas will become
drier and wet areas wetter. There is concern that the
frequency and intensity will increase extreme
weather and climate anomalies.

How to use an El Niño forecast
The following information suggests in a very
broad way how we should react when hearing
that an El Niño event has been forecast. It is
meant to be suggestive. Hopefully, it could spark
individuals, organizations, government agencies,
and non-governmental organizations (NGOs) to
identify their own specific responses to an El Niño
29
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forecast as well as to possible El Niño-related
impacts.
As suggested earlier, an El Niño forecast can provide
decision makers in many parts of the globe with the
earliest warning of potential adverse climate-related
conditions in their countries. This is so because
researchers are improving their ability to forecast the
progressive development of an El Niño event once it
has begun. At the earliest warning, it can be used by
Governments and individuals to start preparing to
face possible impacts, that is, to pro-act with respect
to strategic planning for possible drought, flood, fire,
frost, or infectious disease outbreaks. No longer
would it be necessary to wait to react until after such
climate-related threats have already developed.
30

In reality, a single forecast of the onset of an
El Niño will likely not meet the needs of all its
potential users. Different users require different
El Niño-related information, and they need it at
different times, with some needing it earlier than
others. Those needs will change as the El Niño
develops (e.g. how fast it grows and intensifies).
Steps on how one might use an El Niño forecast will
depend on what one needs the information for, when
the first forecast is received, as well as on the means
by which the forecast is communicated (Internet,
television, radio, newspaper, word-of-mouth).
The following example might be useful for an
individual or group. It is hoped that people in
decision-making positions throughout society will
undertake a similar hypothetical walk through the

process of how they might respond to the
announcement of the first signs of an El Niño event
in the tropical Pacific Ocean.
Let’s assume that you are at home listening to the
radio, watching television, reading the local
newspaper or chatting with friends. You then learn
from the media that scientists in Australia, Kenya,
the United Kingdom, the United States or Zimbabwe
have identified the possible onset of an El Niño
event. What are you able to do with such a warning
of El Niño? For a start, and regardless of whether
you believe that the forecast is reliable, you can at
least do the following:

Do:

•
•

•
•

•
•
•

Learn about what an El Niño event is.
Learn about the kinds of climate conditions and
weather extremes that occurred in your area
during previous El Niño events.
Identify how you were affected by the last
El Niño.
Discuss with friends or work colleagues the
possible impacts of El Niño during the different
seasons.
Identify how you might respond to those
possible climate impacts.
Identify the responses you might be able to take
with the assistance of others.
Listen for a future update (of the order of a few
weeks) of El Niño’s progress.
31
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event. What are you able to do with such a warning
of El Niño? For a start, and regardless of whether
you believe that the forecast is reliable, you can at
least do the following:

Do:

•
•

•
•

•
•
•

Learn about what an El Niño event is.
Learn about the kinds of climate conditions and
weather extremes that occurred in your area
during previous El Niño events.
Identify how you were affected by the last
El Niño.
Discuss with friends or work colleagues the
possible impacts of El Niño during the different
seasons.
Identify how you might respond to those
possible climate impacts.
Identify the responses you might be able to take
with the assistance of others.
Listen for a future update (of the order of a few
weeks) of El Niño’s progress.
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Don’t:
•
•
•

Ignore El Niño forecasts.
Panic.
Believe everything you hear about El Niño,
unless it is from official sources.

El Niño is not just an African problem. Its impacts
plague many countries and human activities around
the world. There is much left to learn about this
naturally occurring event, and many of the mysteries
are waiting to be solved by students who are in high
school today, as they are the future researchers of
tomorrow. New and fresh insights into El Niño and
La Niña and their good and bad aspects are bound to
come from the next generation of researchers.
Research on El Niño clearly produces what can be
32

called “usable science,” that is, science that can be
applied now to address national and local needs of
Governments and individuals. That is a challenge
that students now face.

To learn more about El Niño:
Books:
Fagan, B., 2000: Floods, Famines, and Emperors:
El Niño and the Fate of Civilizations. New York:
Basic Books.
Glantz, M.H., 2001: Currents of Change: Impacts of
El Niño and La Niña on Climate and Society.
Cambridge: Cambridge University Press.

Websites:
http://iri.columbia.edu/climate/ENSO
A comprehensive site from the International
Research Institute for Climate Prediction at
Columbia University, with background and current
information on the El Niño/Southern Oscillation
(ENSO), El Niño and La Niña.
http://oceans-www.jpl.nasa.gov/
This page presents images and news releases based
on observations of the El Niño/La Niña phenomenon
in the Pacific Ocean by the United States/French
TOPEX/Poseidon and other National Aeronautics
and Space Administration (NASA)/Jet Propulsion
Laboratory (JPL) satellites and instruments.

http://elnino.noaa.gov
The National Oceanic and Atmospheric
Administration (NOAA) has primary responsibilities
for providing forecasts to the United States, and for
observations and research.
http://www.pmel.noaa.gov/tao/elnino/ninohome.html
Designed to improve detection, understanding and
prediction of El Niño. The tropical atmosphereocean (TAO) array consists of approximately 70
moorings in the tropical Pacific Ocean.
http://www.acmad.net/uk/default.htm
The African Centre of Meteorological Applications
for Development (ACMAD) has a numerical
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weather prediction unit for Africa, including daily
continent-wide weather forecasts.
http://www.coaps.fsu.edu/lib/elninolinks
Contains a comprehensive bibliography, as well as
links to El Niño and La Niña around the world.

Glossary
The term El Niño — originally used to describe a
regional oceanic current and, later, the seasonal
warming of surface waters off the coasts of Ecuador,
Peru and Chile — has recently become attached in
many circles to the broader atmospheric-oceanic
process known as the Southern Oscillation, thus
ENSO. Whereas El Niño, as originally perceived,
34

had been viewed as a regional phenomenon, ENSO
is considered a hemispheric or global one. The
problem is that the term El Niño has entered into the
vernacular interchangeably with “ENSO”, “ENSO
event” or “warm event” — these latter terms being
used to describe the larger-scale phenomenon. This
has created some confusion within the scientific
community, as well as for the media, which must
present correct information about this recurring
event and its impacts on ecosystems and societies.
Some scientists use El Niño and ENSO
interchangeably. Others use the phrase “warm event”
to describe a warming of the surface waters in the
central and eastern equatorial Pacific, and “cold
event” to denote the opposite phase of the Southern
Oscillation. This glossary is provided to help the

reader sort out these concepts.
El Niño
El Niño is a term originally used to describe the
appearance of warm (surface) water from time to
time in the eastern equatorial Pacific region along
the coasts of Peru and Ecuador. It was once suggested
that minor El Niño events occurred about every two
to three years and major ones about every eight to 11
years. Today, scientists note that El Niño has a return
period of four to five years. When an El Niño event
occurs, it often lasts from 12 to 18 months.
La Niña
La Niña refers to the appearance of colder-thanaverage sea-surface temperatures (SSTs) in the

central or eastern equatorial Pacific region (the
opposite to conditions during El Niño). Many
scientists do not like the use of this term and prefer
to call it a cold event (described below).
Correlations
Correlations are connections, those that occur more
frequently than can be explained by coincidence, but
without a proven cause. El Niño/Southern Oscillation teleconnections are statistical correlations.
Teleconnections are defined below.
A warm event
A warm event refers to the anomalous warming of
sea-surface temperatures in the central and eastern
equatorial Pacific. This term is being used to avoid
35
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confusion over the issue of other terms like ENSO
and El Niño. A warming in the regions mentioned is
accompanied by a relative cooling in the western
equatorial Pacific.
A cold event
A cold event is one where the sea-surface
temperatures become anomalously colder compared
to the long-term average for the central and
eastern equatorial region. (It is the opposite of a
warm event in that region). It has been referred to in
the past as anti-El Niño and, more recently, as
La Niña. La Niña, however, unlike the restrictive
view of El Niño, is applied to Pacific basin-wide
phenomena.
36

Couple atmosphere-ocean models
Oceanographers use computer models to recreate
ocean processes. Atmospheric scientists do the same
to understand weather and climate processes. Today,
many researchers are linking these two computer
models in order to recreate and understand better
how the air and the sea interact to affect global
climate variability and change.
Southern Oscillation
The Southern Oscillation is a see-saw of atmospheric
mass (pressure) between the Pacific and IndoAustralian areas. For example, when the pressure is
low in the South Pacific high pressure cell and high
over Indonesia and Australia, the Pacific trade winds
weaken, upwelling of cool water on the Pacific

equator and along the Peruvian coast weakens or
stops, and sea-surface temperatures increase in these
areas where the upwelling weakens.
Southern Oscillation Index (SOI)
SOI has been developed to monitor the Southern
Oscillation using the difference between sea-level
pressures at Darwin (Australia) and Tahiti, although
other stations have sometimes been used. Large
negative values of the SOI indicate a warm event and
large positive values indicate a cold event (also
referred to as La Niña). It is important to note that
there is not a one-to-one correspondence between the
occurrence of Southern Oscillation events and
El Niño events, using the spatially restrictive original
definition of El Niño.

El Niño/Southern Oscillation (ENSO)
ENSO is the term currently used by scientists to
describe the full range of the Southern Oscillation
that includes both sea-surface temperature increases
(a warming) as well as sea-surface temperature
decreases (a cooling) when compared to a long-term
average. It has sometimes been used by scientists to
relate only to the broader view of El Niño or the
warm events, the warming of sea-surface
temperatures in the central and eastern equatorial
Pacific. The acronym ENSO is composed of El
Niño/Southern Oscillation, where El Niño is the
oceanic component and the Southern Oscillation is
the atmospheric component of the phenomenon. The
broader definition of El Niño has sometimes been
37
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used interchangeably with ENSO, because ENSO is
less well known in the popular electronic and printed
media.

Teleconnections
Teleconnections can be defined as atmospheric
interactions between widely separated regions. They
have been identified through statistical correlations
(in space and time). Some of these correlations
have been used to generate hypotheses about
geophysical processes related to teleconnections.
The occurrence of droughts in India and floods in
south-east Brazil during major warm events of the
Southern Oscillation are examples of such
38

teleconnections. Most countries in the world are, or
should be, interested in this aspect of the Southern
Oscillation.

Tropical atmosphere ocean (TAO) array
The TAO array (renamed the TAO/TRITON array on 1 January 2000) consists of
approximately 70 moorings in the Tropical Pacific Ocean, telemetering oceanographic
and meteorological data to shore in real-time via the Argos satellite system. The array
is a major component of the ENSO observing system, the Global Climate Observing
System (GCOS) and the Global Ocean Observing System (GOOS).
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The following colour code represents sea-surface
temperature changes from the long-term average
(such changes are called anomalies). The
temperatures are given in degrees Celsius. The
reddish colours depict a warming, and the dark blues
depict a cooling. Note that the rust colour represents
temperature changes greater than 3 degrees, and the
dark blue represents temperature changes colder than
2 degrees. Thus, the major warming in 1982–1983 is
represented in red and rust colours.
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