
INTERNAL
(Limited Distribution)

International Atomic Energ1' Agency
and

United Nations Educational Scientific and Cultural Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

BANGLADESH FLOODS, CYCLONES AND ENSO •

A.M. Choudhury 2

International Centre for Theoretical Physics, Trieste, aly.

ABSTRACT

It has been found that in general there is a reduction of rainfall in all the regions of

Bangladesh in all the seasons - premonsoon, monsoon and post monsoon during El Nino

years. It has also been observed that in a strong El Nino year Bangladesh is not hit by

a catastrophic flood or a catastrophic cydone. in the past, occurrence of famines in this

region of the world coincided with El Nino years. The years of weak El Nino or when the

El Nino index is positive seem to be favourable for the occurrence of floods and cyclones

in Bangladesh. A theory of the modulation of the monsoon in Bangladesn by the Walker

circulation has been described in the paper.
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Introduction

As climate involves the motion of the entire ocean-atmospheric ystem 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 climatic

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, i,he 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 guif coast region of America, Texas, southwest America, northern

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

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

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.
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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".

Souther.. 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 index 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 picvail. 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.l (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 the 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 In- onesia 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 Pacific is related to the very warm
SST in the west Pacific where the air is rising, and the cool SST in the ea^1 Pacific where
the air is sinking. The SST departures from the zonal-mean along ihe equ.dor 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 icgion 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 Pacific and 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 (Giants, 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 (Nihoul, 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.

Bangladesh Flood and ENSO

Bangladesh is perhaps the unique country in the world where casualities due to a

cyclone could rise upto hundreds of thousands (Table 1). Floods can devastate more than

half of the country causing damages to billions of dollars. Could ENSO phenomenon

throw some tight on the floods and cyclones in Bangladesh? A study on Indian Monsoon

has shown that (Parthasarathy and Pant, 1985) there is a good correlation between strong

Southern Oscillation index (cold events) and good monsoon years. A study on Bangladesh

monsoon rainfall (Ahmed, 1993) has shown that in general there is decrease in rainfall in

El-Nino years in all the seasons - the premonsoon, the monsoon and the post monsoon.

It is remarkable that the great Bengal famine year of 1770 when about one third of the

population of Bengal was wiped out was an ES-Nino year. Another great famine occurred

in Bengai in 1913 which was also an El Nino year. The years 1940-41 were also El-Nino

years. Perhaps the combined effect of these consecutive bad monsoon years depleted the

crop stock to a great extent and liie war procurement accelerated this famine of 1943

in undivided Bengal when again one fifth of the population was wiped out. Another

famine occurred in modern Bangladesh in 1974. The years 1972-73 were El-Nino years

which continued in 1974 when again there was the recurrence of a great flood. Perhaps

a combination of all these depleted the food otock and the famine of 1974 occurred. In

recent years, of course, large scale irrigation has been introduced and because of better

food policy, shortfall of crops is averted.

Some interesting features have come out with regard to a connection between ENSO

and floods in Bangladesh. Fig.2 (Diaz et d., 1992) shows the ENSO index.
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Fig.2
Three-month running mean piot of anomalies of the difference in sea level atmo-

spheric pressure (mb) Rapa Island (27°37'S. 144°20'W) and Darwin, Australia (J2°26'S,
13U ji 'E). Anomalies are based on data for 1951-1988 [taken from Diaz and Markgraf
(1992)].

The most catastrophic floods in recent years in Bangladesh occurred in 1954, 1955, 1974,

1987 and 1988 (Choudhury, 1989). The years 1954, 1955 and 1988 are years with positive

ENSO index whereas 1974 and 1987 are years of continuing EL Nino years, the main El

Nino occurred in the previous years and in these years negative anomaly were not that

strong. Let us note the major El Nino years in this period. These are 1951, 1957, 1972,

1976, 1982 and 1986. In these years there was no catastrophic flooding in Bangladesh.

Thus we can conclude that during major El Nino years at least during the first year

of El Nino, Bangladesh can be spared from catastrophic floods. The years 1963, 1965



and 1969 were moderate El Nino years and in those years there were moderate floods in

Bangladesh. Thus we conclude that during positive or weak ENSO (positive and negative)

years, Bangladesh can be a victim of flood. In this respect we have i look at the oscillation

of the movement of the longitude of 28.5°C isotherm along the equator (4°N - 4°S) in the

Pacific, which is shown in Fig.3. We notice that during the catastrophic flood years of

Bangladesh with the exception of 1987, the 28.4°C isotherm stays west of 165°E longitude.

For strong El Nino years, this isotherm is located east of 160°W longitude and these are

the years of practically no flood in Bangladesh. If the 28.5°C isotherm stays between

these two limits, perhaps flood in Bangladesh will be moderate.
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Fig.3
Time variation of the longitude of the 28.5°C isotherm along the equator {4°N-4°S}

for the period January 1951-June 1991. Values are 3-month running means [taken from
Diaz and Markgraf (1992)].

Cyclones in Bangladesh and ENSO

We also note that during strong El Nino years, Bangladesh is not struck by any

catastrophic cyclone. Table 1 (Choudhury, 1991) gives a list of the major cyclones that

struck Bangladesh since 1960. We also not*, that when the ENSO index is small (positive

or negative) and when 28.5°C isotherm, just as in the case of floods stays left of 165°E

longitude chance of Bangladesh being hit by a cyclone is high. This explains why between

1960-70 cyclone occurrence in Bangladesh was highest. During this period there was no

strong El Nino, ENSO index was moderate, and 28.5°C, isotherm with the exception of

!965 stayed left of 165°E and there were eighteen cyclones in Bangladesh in eleven years.

Table 1

Cyclones affecting Bangladesh since 1960

Date

09 Oct. 1960
30 Oct. 1960
09 May 1961
30 May 1961
28 May 1963
11 Apr. 1964
11 May 1965
31 May 1965
14 Dec. 1965
01 Oct. 1966
11 Oct. 1967
24 Oct. 1967
10 May 1968
17 Apr. 1969
10 Oct. 1969
07 May 1970
23 Oct. 1970
12 Nov. 1970
08 May 1971
30 Sep. 1971
06 Nov. 1971
18 Nov. 1973
0<> Dec. 1973
15 Aug. 1974
28 Nov. 1974
21 Oct. 1976
13 May 1977
10 Dec. 1981
15 Oct. 1983
09 Nov. 1983
03 June 1984
25 May 1985
29 Nov. 1988
29 Apr. 1991

Max. wind speed
in miles/hr

100
130
90
90
125

100
-

130
90
-

140

7r>
60
100
65
75
60
60
75
55
95
100
140

Storms surge ht.
(in ft.)

10
15-20
S-10

20-29
14-17

12
20-25
15-20
15-30
6-28
5-25
9-15

8-24
10-16

-

20-30
8-14
8-14
8-18
8-13
5-15
5-22
7-16
8-16

6

_

10-15
5-10

20-25

Deaths

3.000
5,149

11,466

11,520
196

19,279

873
850

75

300
5,00,000

-

183

a few
_

02
_

11,069
2,000

1,38,000



Explanation

Why Bangladesh has a chance of being hit by a cyclone or a flood if the ENSO index

is not strongly negative and again why Bangladesh is spared by a catastrophic cyclone

or flood if ENSO index is strongly negative (i.e. during strong El Nino years) or the

28.5'C isotherm lies east of 160°W longitude? We offer here an explanation. We know

that when the ENSO index is positive (i.e. during cold events) Walker circulation is

strong, atmospheric pressure in the southeastern Pacific is high and in the Australasian

region, atmospheric pressure is low and the wind is easterly. But when ENSO index is

negative that is during warming when there is an El Nino situation, Walker circulation is

weakened and the easterly wind is also weakened or reversed. What happens when the

Walker circulation is weakened? In that case the Hadiey circulation gets stronger, that

is, the zonal wind weakens and the meridional wind is strengthened. Here we propose

a hypothesis. The strength of the Bangladesh monsoon is governed by the movement of

the tropical disturbances formed in the Pacific. Most of the depressions or disturbances

formed in the Bay of Bengal during the monsoon period, which cause most of rain in

Bangladesh and the catchment area of its rivers have their origin in the Pacific. When

the ENSO index is positive and high, Walker circulation is strong, upper tropospheric

wind in the Australasian region is easterly and consequently the tropical disturbances are

transported westwards, which move into the Bay of Bengal and the region. Whereas, if the

Walker circulation is weak, the Hadley circulation is strong and the upper tropospheric

wind in the Pacific is westerly and as a consequence, the tropical disturbances formed

are transported northwards or northeastwards depriving Bangladesh and the region from

the rain, causing either deficit rain or drought. It may have to do also with the position

of the 28.5°C isotherm. If the isotherm lies east of the 160°W longitude, then tropical

disturbances formed in the Pacific do not affect Bangladesh. This is the same reason why

during strong El Nino years, Bangladesh is spared by catastrophic cyclones. On the other

hand if the El Nino is weak or moderate, the Hadley circulation may not be very strong

and allows some of the tropical disturbances to cross into the Bay of Bengal and enter

upto Bangladesh region causing flood and cyclones, as Bangladesh falls between 22-26°N

of the equator.

The same mechanism can also describe break monsoon a phenomenon during which

time rainfall is absent in the south-Asian subcontinent. This might happen if Walker

circulation is weakened during this time. Fig.4 and Fig.5 show the correlation of the

growth of Quelccaya ice cap in southern Peru and the Dunde ice cap of Tibet (China).

The figures show both the regions have positively correlated sources of moisture.

Thus we see that to understand the monsoon phenomenon, we cannot confine ourselves

to the Indian Ocean region alone. The control of the monsoon seems to lie in the Pacific

Ocean and it is the Walker circulation which largely governs the monsoon.

Fig.4
The position of the Quelccaya ice cap (south of the equator) and the Dunde ice cap

(north of the equator) relative to Walker's Southern Oscillation [taken from Diaz and
Markgraf (1992)]].
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Fig, 5
The decadally averaged net accumulation (~A.D. 1600-1980) for the composite of two

cores from the Quelccaya ice cap is compared with that from core D-1 on the Dunde ice
cap, China [taken from Diaz and Markgraf (1992)].

River Discharges

In Figs.6 and 7, the maximum discharge of the two main rivers of Bangladesh the

Brahmaputra and the Ganges are compared with ENSO. The similarity of the two data

sets are obvious. However, it seems that Brahmaputra discharge data is better corre-

lated with ENSO index than the Ganges data. This shows that there could be regional

differences with respect to ENSO behaviour.
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