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ABSTRACT

The onset of El Nino is characterized by the incursion of warm water along the coasts of

some South American countries specially Peru immediately after Christmas at an interval

of 2-10 years. The upwelling of nutrient cold water stops and as a result fish and birds

disappear resulting in an immense economic loss to these countries. The El Nino has also

its impact on the global weather in general and specially on the monsoons. A theory in

which the cold Humboldt current having the appropriate velocity plays the pivotal role

in setting on and off the El Nino phenomenon has been developed in this paper.
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Introduction

As climate involves the motion of the entire ocean-atmospheric system of the earth,

it is expected that a climatic event in one part of the globe may have its impact in

some form in another part. But nothing is more striking than the ENSO phenomenon

in this respect. It has been observed for quite sometime that positive anomalies in the

sea surface temperature (SST) of the southeastern Pacific Ocean have worldwide ciimatic

repercussions both in the tropics as well as in extra tropics. This warming of the ocean

occurs with an irregular period of 2-10 years and as it starts appearing immediately

after Christmas, it was called El Nino meaning Child Jesus in the Spanish language.

The temperature of the southeastern Pacific is colder in normal times and is one of the

most productive regions of the world oceans. The prevailing southeasterly trade wind

drives the surface water off the shore and causes upwelling of deep cold water that is

rich in inorganic plant nutrients such as nitrate, phosphate and silicate. The continuous

injection of nutrients into the surface layers in a region of abundant sunlight sustains

the high rate of production (Philander, 1990). However, during El Nino condition the

southeastern Pacific ocean warms up, southeasterly trade wind stops with the consequent

ceasation of upwelling and as a result the inflow of nutrients and the fish industry specially

the Peruvian anchovy suffers drastic reduction. Deprived of the fish to eat, birds also die

and disappear. Guano bird and fish meal industry in Peru, Ecuador and Chile suffer

drastically. Northern and central Peru and southern Ecuador which normally receive very

little rainfall receive excessive rain during El Nino resulting in flooding and erosion. In

southern Peru drought prevails.

It is not only the South American coast which is affected during an El Nino event

but also the islands in the central tropical dry zone, equatorial eastern Africa are the

places which get excessive rainfall, the places where deficit rainfall occurs are Indonesia,

Australia, Philippines, Indian subcontinent, southwestern Africa, Ethiopia and northeast

Brazil. The effect is not only confined to tropics but extends to extra-tropics as well.

In north America, the gulf coast region of America, Texas, southwest America, northern

Mexico and the Carribean Islands receive excessive rainfall whereas deficit rainfail occurs

in northwest coast of America, western Canada, south of Great Lakes and Hawaii. In

addition, warm winters in Russia, mild winters in eastern Canada and severe cold in the

east coast of America and cool summers in northeast China are reported (Glantz, Katz

and Nicholls, 1991) during El-Nino years.



Southern Oscillation and El Nino

This periodic warming and cooling of the southeastern Pacific ocean is actually related

to a phenomenon known as Southern Oscillation. Walker and Bliss (1932) described the

phenomenon like this: "When pressure is high in the Pacific Ocean it tends to be low

in the Indian Ocean from Africa to Australia; these conditions are associated with low

temperatures in both these areas and rainfall varies in the opposite direction to pressure.

Conditions are related differently in winter and summer and it is therefore necessary to

examine separately the seasons of December through February and June through August".

Southern Oscillation is a seasaw of pressure oscillation in the tropics between the Indian

and the west Pacific Oceans on the one hand and the southeast Pacific Ocean on the other.

This is an atmospheric phenomenon whereas El Nino is an oceanic phenomenon. The

connection between the Southern Oscillation and the sea surface temperature variations

in the southeastern Pacific was discovered by Bjerknes (1969) though perhaps there is no

one to one correspondence. They are now jointly named ENSO and this represents an

excellent example of ocean-atmospheric coupling. It is usual to take the Tahiti minus

Darwin surface pressure anomaly difference as an irjdex of ENSO though other measures

are also used. When this index is positive, it reflects cold phase of sea surface temperature

in the southeastern Pacific Ocean. During an El Nino event (warm phase) this index is

negative.

Walker circulation

During the positive phase of the Southern Oscillation atmospheric surface pressure is

high over the eastern Pacific and low over the western Pacific and in the upper troposphere

air flow is westward, whereas in the lower atmosphere strong easterlies prevail. This

completes one cell of the Southern Oscillation and is known as the Walker circulation.

However, there are other cells of the circulation and a full picture is given in Fig, 1 (Peixoto

and Oort, 1992). During the negative phase of the circulation the pressure system and

the wind are just reversed.

As the ENSO phenomenon is extremely important for it shows that different regions

of the world are teleconnected in the ocean-atmosphere system and an event in one part

of '' : system can serve as a precursor to another event at a distant place later and offers a

method of advance prediction of the latter and so could be of great economic importance.

It is feared that in a global warming scenario anticipated due to the greenhouse effect,

ENSO type phenomenon could occur more frequently. Hence an International Programme

called the Tropical Ocean and Global Atmospheric Programme (TOGA) has been under-

taken for collection and analysis of data on tropical ocean and atmosphere with a view to

understanding and developing capability of climate prediction on the time scale of months

to years (National Research Council, 1990).
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Fig.l
Schematic diagram of the normal Walker circulation along the equator during non-

ENSO conditions. Rising air and heavy rains tend to occur over Indonesia and the western
Pacific, southeast Africa, and the Amazon area in South America, while sinking air and
desert conditions prevail over the eastern equatorial Pacific and southeast Africa. The
strongest branch of the Walker circulation over the Pacifir is related to the very warm
SST in the west Pacific where the air is rising, and the cool SST in the east Pacific where
the air is sinking. The SST departures from the zonal-mean along the equator are shown
in the lower part of the figure [taken from Peixoto and Oort (1992)].

ENSO features

During cold phase of ENSO low sea-surface temperature (SST) prevails in the south-

eastern Pacific Ocean whereas higher SST prevails in the western Pacific and Australasian

region. On the other hand during a warm phase SST in the Australasian region falls to a

certain extent and that in the southeastern Pacific rises which causes the El Nino. During

the cold phase, positive pressure anomaly prevails in the southeastern Pacific whereas

the Australasian region is characterized by negative pressure anomaly. During the cold

phase surface wind is southeasterly in the southeast Pacifu ind during the warm phase

with the onset of the El Nino this wind may stop completely or even may be replaced by

westerly flow. During the warm phase easterly wind in the upper troposphere near the



Australasian region may be completely replaced by easterlies (Glantz, Katz and Nicholls,

1991).

Research on ENSO

Over the last few years, considerable research has been undertaken on ENSO phe-

nomenon. Wyrtki (1975) stressed the importance of wind-stress forcing in describing

basin wise response of the equatorial Pacific Ocean circulation and suggested equatorial

Kelvin waves as a mode of fast transmission of signals from western to eastern Pacific.

Cane (1985) stressed the importance of Rosby wave propagation from east to west Pacific.

Numerical experiments (Nihouf, 1985, National Research Council, 1990) are being carried

out on a hierarchy of coupled models of the atmosphere and the ocean and encouraging

results have been obtained towards ENSO prediction.

El Nino theory

When there is no El Nino event in the Pacific ocean, wind is southeasterly along the

coast of South America where atmospheric pressure is high and in the Australasian region

the atmospheric pressure is low. Then the Walker circulation is strong also and there is

upward atmospheric flow in the Australasian region and downward atmospheric flow in

the southeastern Pacific region. Because of the easterly wind the sea level rises in the

western Pacific by some 40cm and the thermocline is deep also. This is shown in Fig.2.

If we look at the ocean current circulation in the Pacific (Fig.3) we notice that the

cold Humboldt current flows through the western coast of South America and then turns

westward as South Equatorial Current, continuous flow of this current in the Australasian

region is bound to have some effect on the temperature there. The sea temperature

must fall there and consequently the atmospheric pressure must start rising. The re-

sult will be a decline in the atmospheric pressure gradient between western and east-

ern Pacific resulting in the weakening of the Walker circulation and weakening of the

southeasterly trades. The fall of the temperature in the Australasian region is noti-

cable in observations (Fig.4). When the winds relax, water sloshes east, which leads

to rise in sea level and deepening of the thermocline near the South American coast.

In the western Pacific, the sea level drops and the thermocline rises. As the devel-

opment of El Nino progresses, the 28.5°C isotherm which was in the Australasian re-

gion starts moving east as a result of the westerly wind and hot water mass spreads
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Fig.2
Response of the thermal structure of the equatorial Pacifi< to changes in the surface

winds, (a) Under normal easterly trade wind conditions sea level rises to the west and
the thermocline deepens, (b) When the winds relax, water sloshes east, which leads to a
rise in sea level and a deepening of the thermocline near the South American coast In
the western Pacific, sea level drops and the thermocline rises (El Nin< conditions) (c)
The normal situation is amplified during strong trade winds (anti-El Nino or La Nina
conditions [taken from Peixoto and Oort (1992)].



Fig.3
A map of the major surface currents in the world ocean during northern winter [taken

from Peixoto and Oort (1992)).

Fig.4
SST anomalies averaged over the latitud ; of 5°N - 5"S. Contour interval: 0.5°C. Coarse

shading indicates anomalies greater than 0.5°C. Fine stippling indicates values less than
-0.5°C [taken from Gtantz, Katz and Nicholls (1991)].

from the western Pacific to eastern Pacific and the South American coast is invaded by

warm water which is the warm phase of El Nino. This is as if retaliation of warm water

as a result of the incursion of < aid Humboldt current. This is how nature balances things



- though it brings disasters to the economy of many South American and other countries.

If the water that piles up in the western Pacific is allowed to do so perpetually, perhaps it

could continue to rise indefinitely inundating the land areas ai d to avert it, El Nino has

to develop. Thus El Niiio is just nature's balancing mechanism developed through the

action of the Humboldt current. Another similar situation occurs in the Bay of Bengal

because of monsoon. The sea level there rises by several feet during the southwesterly

wind of the summer monsoon. But there because of the annual movement of the sun from

the northern hemisphere to the south, the monsoon wind direction is reversed and the

sea level also drops.

Now let us see the time taken by the South Equatorial Current to cross the Pacific.

Taking the length of the Pacific to be 15000km and the velocity of the current to be

100cm/sec (Philander, 1990), this comes out to be about six months. This is just the

right sort of starting time for the El Nino. As the current velocity changes, this time will

also change. Thus in this model the El Nino cycle depends on the velocity of the south

equatorial current. Let us note the motion of the longitude of the 28.5°C isotherm along

the equator in the Pacific. It varies from event to event but on the average it takes about

15 months to travel from 175°E longitude to 155°W longitude (shown in Fig.5) giving

a mean velocity of 10cm/sec. This is slightly lower than the velocity of the equatorial

currents. However, it is possible that 28.5°C isotherm is driven by the equatorial counter

current. This also explains the sea level difference across the Pacific equatorial counter

current noted by Wyrtki (Wyrtki, 1975).

Now once the phenomenon of El Nino starts, how does it get stopped. It is again the

Humboidt current. Though it has been pushed south during El Nino warm event, it keeps

flowing bringing cold water from the south polar region. As the warm El Nino current

from the equatorial Pacific constantly impinges the cold Humboldt current, it loses its

temperature and gets cooled. The pressure in the southeastern Pacific starts rising and

the Walker circulation gets actived. The warm current is pushed westwards ajid again

there is low pressure over the Australasian region. Southeasterly trade wind starts blowing

causiiig upwelling and bringing nutrients restoring normal life in the southeastern Pacific.

Thus it seems that the El Nino cycle is maintained by the Humboldt current.
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Fig.5
Variation in the longitude position of warm SSTs along the equator (4°N - 4°S) during

the last 10 warm ENSO events. Curves show the monthly position of the 28.5°C isotherm
from the summer of year -I to the spring of year +1 of each warm event [taken from Diaz
and Markgraf (1992)].
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