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El-Nino southern oscillation and rainfall variation over Bangladesh
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ABSTRACT. In the present study, an attempt has been niade 1o examine the vardations ol rainfall ovel
Bangladesh and 1o ind possible correlation wih El-Nino/Southern Oscillation (ENSO). Four stations have
been chosen from Tour different climatic regions ol Bangladesh Tor this nurpose, namely; Jessore, Dhakt,
Barisal and Srimangal. The regions have been classified accaonding 1o annnal rainfall amounts. The rainfall
data for forty three years (1950-1992) have been analysed. The yearly mean rainfall shows o distine negalive

(decreasing) tendency with the occurrence of ENSO. The scasonal rainfall analysis shows a sontewla
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better correlation
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1. Introduction

The occanographic phenomenon of El-Nino
which comprises mainly of a large catastrophic flux
of warm water of most eastern and central tropical
Pacific and south American coast and the Southern
Oscillation. an atmospheric event of a sea-saw of
surface pressure between the southeast Pacific high
pressure zone and the north Australian-Indonesian
low pressure zone. have been known quite early in
the century (Walker and Bliss 1932). These two
inter-related cvents are now termed FEIl-Nino
Southern Oscillation (ENSQ) and a considerable
amountof work has been done on the theories [Bar-
net (1977), Cane (1983). Philander (1983)] to fit the
events which are essentially modelled on a coupling
between the atmosphere and the oceans. ENSO is
the most important of short term fluctuations of the
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tropical circulation and various meteorologi-
cal variables in the tropics would possibly have
correlation with this phenomenon. Different
workers have been working on the basis of this
assumption.

Gray (1984). working on hurricane activity in the
north Atlantic found a significant reduction of
hurricane activities during the year following El-
Nino events in both areas. This idea was modified
by Dong (1988) who suggested that typhoon activity
is suppressed by the ENSO event. Similar results
were found in the Australian region cyclones by
Nichols (1979a, 1984).

Sikka (1980) was the first to suggest that during
El-Nino years Indian monsoon performs below
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normal. Mandal (1989) found a negative corrclation
with tropical cyclones over the Bay of Bengal and a
correlation of the ENSO events with rainfall deficit
over India and Bangladesh dunng 1951-87. Gupta
and Mathuchami (1991) studied the tracks of Bay of
Bengal cyclones during post-monsoon s¢asons dur-
ing 1902-87 and found a reduction of storm num-
bers and also a strong tendency of recurvature of the
cyclone tracks south of 17°N during FI-Nino
years.

Choudhury (1992) proposed that a study of the
ENSO phenomenon might lead to do a way ol pre-
dicting the trend of weather and climate over
Bangladesh. Chowdhury er al (1992) also indicated
a relation of ENSO with deficit rain over
Bangladesh.

In the present work a detailed study of rainfall
for a period of forty-three years (1930-92) over dif-
ferent climatological regions of Bangladesh have
been made in order to find possible correlations
with the occurrence of ENSO.

2. Source of data

The rainfall over different stations ol Bangla-
desh from 1950-92 were collected from Bangladesh
Metcorological Department. Dhaka. The years ol
occurrence of FI-Nino upto 1987 have heen taken
from Mandal (1989) and indications of recent
events were obtained from the Monthly Ocean
Reports, EI-Nino Monitoring Centre. Japan Matco-
rological Agency.

3. Method of analysis

The work has been done in two phases. At first.
four stations have been selected from four climatic
zones of Bangladesh. classificd according 10 total
annual rainfall as follows.

(i) Lowest rainfall (<1200 mm) — Jessore.
Rajshahi etc.

(if) 1200-1500 mm rainfall = Dhaka. Mymen-
singh etc.

(i) 1500-1800 mm rainfall — Barisal, Comilla
elc.

(iv) >1806 mm rainfall — Srimangal. Sylhet
etc.

The stations selected were respectively (7) Jessore.
(i) Dhaka. (iii) Barisal. and (iv) Srimangal for
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Fig. 1. Tinwe series plots of yearly raindall
TABLE 1
The study of yearly rainfall
No. ol Negative®  Positive® Zero or*
El-Nino or or sl
Name of yrars decreasing  increasing  variation
station accounted  tendency  tendency  wndency
(1930:92) events events evenls
Jessore 10 70 30 0
Dhaka 9 67 22 11
Barisul L] 67 22 11
Srinmangal 9 67 RA 11

* % of total EI-Nino years
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TABLE 2

The study of seasonal rainfall

No. of Negative®*  Positive®*  Zero or*
El-Nino or or small
Name of years decreasing imcreasing  variation
station (1950-92)  tendency tendency tendency
events events evenits

Pre-monsoon rainfall variation

Jessore 10 50 30 20
Dhaka 9 78 2 0
Barisal 10 60 30 10
Srimangal 10 70 20 10

Monsoon rainfall variation

Jessore 10 80 30 20
Dhaka 8 38 50 13
Barisal 10 60 40 0
Srimangal 9 67 13 0

Post-monsoon rainfall variation

Jessore 10 60 40 0
Dhaka 9 78 2 0
Barisal 10 70 30 0
Srimangal 10 80 10 10

Winter rainfall variation

Jessore 10 80 20 0
Dhaka 9 67 2 11
Barisal 10 90 10 0
Srimangal 9 56 4“4 0

* % of total El-Nino years.
having the best relatively continuous set of data.

In the first phase, the total yearly rainfall data of
these stations have been examined in a time serles
plot (Fig. 1). In the second phase the rainfall of the
above four sub zones have been studled by season
by seéason, eg, pre-monsoon (March=-May), mon-=
soon (June-September), post-monsoon (October-
November) and winter (December-Februa ry) taking

the mean of the various seasons separately for every

year and making the time series plot.

In the time series analysis all the data are con-
verted into normlized form. The mean values for 43
years (1950-1992) of the different stations are first
determined and the standard deviations are cal-
culted. The deviation from the mean of each read-
ing divided by the standard deviation (o) is taken as
the normalized value. This is then plotted with res-
pect to give time series graph. The year where data
for several months are missing is omitted from the
yearly graph.

4. Results and discussion

The time series graph of yearly rainfall (Fig. 1) of
four stations for the 43 years period (1950-92)
showed negative or decreasing tendency during
ENSO events for 70% of the events at Jessore and for
67% of the events at Dhaka, Barisal and Srimangal.
There is an increasing tendency for 30% of the
events at Jessore and for 22% of the events at Dhaka,
Barisal & Srimangal (Table 1).

In a similar fashion, the time series graphs of
mean rainfall of the diflerent seasons, namely, pre-
monsoon, monsoon, post-monsoon and winter of
the four stations have besn also separately
studied.

(i) Pre-monsoon period--There is a decreasing
(negative) tendency at Jessore, Dhaka, Barisal and
Srimangal respectively for 50%, 78%, 60% and 70% of
the events and positive variations for 30%, 22%, 30%
and 20% of the events.

(ii) Monsoon period—There is a negative (dec-
reasing) tendency for Jessore, Dhaka, Barisal and
Srimangal respectively for 80%, 38%, 60% and 67% of
the time and positive variations are 20%, 50%, 40%
and 33% of the time.

(fif) Post-monsoon period--There are decreases
in rainfall for Jessore, Dhaka, Barisal and
Srimangal respectively for 60%, 78%, 70% and 80% of
the time and positive variations for 40%, 22%, 30% &
10% of the time,

(iv) Winter period=During this low rainfall
period, the mean rainfall at Jessore, Dhaka, Batisal
& Srimangal respectively showed a decrease for
80%, 67%, 90% & 56% of the time with EI-Nino and
increase for 20%, 22%, 10% & 44% of the time. All
these have been summarized in Table 2.
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TABLE 31a)
Study of mean rainfall anomaly
(a) Yearly rainfall
I-l-Nino Year il NS T e ! ol FI-Nino ey vinladl anonaly
AT v _—_ i
(=1 Jessore Dhalk (L Sri- lessore Dhiak IR Sri ~1r  Jessore Dhaka Bansal SKi-
Nt Nty mangal
143500 T30 — 1093 —4N360 [9S] Jus2 — 190,34 = = — 67060
|95 — 9023 — — — (260 ) 35406 —147.27 12293 M2A 1954 13346 25173 =334.007 119.33
193¢ 1346 31133 Ned93 67833 1987 =306 34 —327.27 —63207  —90.60 195 61554 =T10.27 =333.07 1333
JOAY =312d430 =20327 =20007 —4300 s YIN S — 1092 ~g (7 i3 196} 946 2T =TI007 42533
190 WG 22973 =T 907 12533 93 46 W73 W27 — 189066 1966 —393.54 166,27 GOV H17.33
196N 4946 — 18627 29003 7153 i 1346 —341.27 7107 =225 1974 0240 —NG2T7T 0 2TRVI —=90,060
1971 — W7 2 — (R GATA) =27327 =72507 =422 1Y 13546 3NT.7Y 0 73993 —147.00
1974 946 — T = 73 S 63T LT =8N 1976 Whsd 13073 —290.07  1026.33
1973 3254 63T =23407 —=andor 19T0 NS S TR =007 —_— 1477 }3.54 =207 28007 41533
O8] WhAn  R7T7Y O INAAS 33060 b8 TRA4 —373 37 =740 Woh 1983 12646 %373 4893 60133
1986 SA3A6 0 T3 =270 122 JUnT 31346 10473 —dR7.07 =33866 198K 15940 36.TY 0 22093 49433
Muiin Ve 137.00 D 2 Y14 .70 — 13090 —309.30 }2 a4 1046 3233 82T 294NT
TABLE 3(h)
thy Mean vearly rainfall anomalics for 4 <tations
El-Nino Muan ol 1-1-Nino Mean ol I 1-Nino Meinn ol
VL raintall bt rivinfal! Vil raintadl
(=1 anontalios o imomalies lo i—1 anonties o
4 statons 4 stations } slations
1930 — 10342 1951 = 0604 |92 126,00
19432 —126.00) 1933 | SNG 1954 V0]
19356 Ju2 11 1937 e AR —407 D3
1962 — 31363 1963 10113 | T1.36
19wt IR 1905 ] 37 8N | Yty [ 28N
196N 156,306 1964 -~ 18113 19710 166,11
1971 Miea3 1972 19185 1973 YTN.NX
1974 166149 1973 — 33938 19706 13100
1973 13037 1976 16662 |47 3263
1951 o2l 1952 226 1953 26511
1ONG 610l ) -36.8 198N 443
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TABLE 3 (¢)

Seasonal rainfall anomaly during EFNino years

Pre-monsoon Monsoon Post-monsoon Winter
Station
Y(-1) Y Y{+1) Y(=D Y Y{+1) YD Y Y+ Y(-1) Y Y(+1)
Jessore 19.15  —069.66 48.87 6437 =2962 —4846 5355 —54.40 2404 —-6.14 =540 -3.67
Dhaka 18.82 —56.36 76,53 100,10 —-0.82 -91.12 4977 —-64.00 67.70 =278 038 352
Barisal 27.82 =594 -7.38 =257 =10740 —111.40 2086 —8343 2544 -3.50 -5.11 —~148
Srimangal —12450 —%4.26 747 =15354 -1260 23275 4201 2424 57.70 -7.85 —5.51 333
TABLE 3 (d) examined carefully, but do not show any excessive

EFNino years under study

El-Nino year (—1) El-Nino year El-Nino year (+1)
Y(-D Y Y (+1)
1950 1951 (m) 1952
1952 1933 (m) 1954
1956 1957 (s) 1958
1962 1963 (m) 1964
1964 1965 (m) 1966
1968 1969 (m) 1970
1971 1972 (s) 1973
1974 1975 (1) 1976
1975 1976 (1) 1977
1981 1982 (s) 1983
1986 1987 (m) - 1988

The mean rainfall anomaly of the annual and
seasonal rainfall for the ENSO years (11 events)
ENSO (+1) years and ENSO (—1) years are shown
in Tables 3 (a-d).

The negative anomaly during ENSO years
comes out to be large compared to the years before
and after ENSO.

The data of the year of the severe FI-Nino (1982-
83), where other meteorological phenomena have

been known to exhibit large perturbations, were
T T M s e -

variation compared to other El-Nino years.

The yearly pressure and temperature data did
not show any particular variations with El-Nino.

Tests of significance have been performed for
the variations. These showed that the anomaly of
rainfall in El-Nino years throughout the country
is significant.

5. Conclusions
In conclusion we may summarize as follows :

(7)) In events of El-Nino Southern Oscillation
have been found to have an important modulating
effect on tropical phenomena. A study of the rain-
fall pattern over Bangladesh for a period of 43 years
seems to support this. There is a definite correlation
of ENSO with deficit rainfall in this area.

(i1) The yearly rainfall at four stations of dif-
ferent climatological areas shows decreasing ten-
dency for most of the ENSO events (66%-70% of
the time).

(ifi) The time series graphs of the mean rainfall
during different seasons, namely: pre-monsoon,
monsoon, post-monsoon and winter, studied
separately for the four stations again showed a
negative corrclation with ENSO events, varying
from 60%-80% of the time, except for Dhaka where
the yearly graph shows a more clear decrease.

(iv) The mean rainfall anomaly of the annual
and seasonal rainfall for the ENSO years as
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compared to ENSO (+1) and ENSO (—1) years
show a definite negative value.

(v) Other parameters of the monsoon circula-
tion need to be examined to get a better understand-
ing of the modulating effect of ENSO.

References

Bamett, T, P, 1977, “An attempt to verify some theories of El-
Nino”, J. Phys. Oceanography. 7, No. 5.

Cane, A Mark, 1983, “Oceanographic events during El-Nino”
Science 112, No. 4629, 1189-1195.

Choudhury, A M, 1992, “Climatic variability in Bangladesh and
the region”, Workshop on Tropical Climatic Variability
and Regional Impacts, ICTP, Trieste, Italy, 17-21 Aug.,
1992.

Chowdhury, M. H. Khan and Debsarma, Sujit Kumar, 1992,
“Climate change in Bangladesh, A statistical review”,
IOC-UNEP workshop on“Impact of Sea Level Rise due to
Global Warming”, Bangladesh, 16-19 November.

Dong. K., 1988, “El-Nino and Tropical Cyclone frequency in the
Australian Region and the North West Pacific”, Aus. Mer.
Mag., 36, 215-225.

Gray, W. M., 1984, “Atlantic Seasonal Hurricane Frequency with
El-Nino and QBO influences”, Mon. Weath. Rev., 112,
1949-1968.

Gupta, A and Mathuchami, A, 1991, El-Nino and tropical storm
tracks over Bay of Bengal during post-monsoon season™
Mausam. 42, 3, 257-260.

Mandal, G. S., 1989, “Low Frequency Oscillations and Seasonal
Variability of Tropical Cyclones in North Indian QOcean”,
(TWTC-IT), WNIO/TD-NO. 319, 342-350,

Nichols, N., 1979a, “A possible method for predicting seasonal
tropical cyclone activity in the Aunstralian region”, Mon.
Wearh. Rev, 107, 1221.

Nichols, N., 1984, “The Southern Oscillation, Sea-surface tem-
perature and interannual fluctuations in Australian tropi-
cal cyclone activity”, J. Clim., 4, 661-670.

Philander, S. G. H. 1983, “El-Nino Southern Oscillation
phenomena”, Narure 302, 295-301.

Sikka, D. R, 1980, Proc. Ind. Acad. Sc. (Planetary & Earth
Sci.).

Walker, G. T. and Bliss, E. W., 1932, World Weather V., Memories
of the Royal Meteorological Society, 4, 53-84.




