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Summary

Although the El Nino-Southern Oscillation (ENSO) affects
one-quarter of the globe to a significant extent, scientific
research in Bangladesh relating to ENSO is just beginning.
The prime objective of this paper is to provide an improved
description of the ENSO-related flooding variability in
Bangladesh. Information analyzed for this study includes:
i) locally available Bangladesh rainfall and flood-affected
area data, and ii) globally available precipitation, sea surface
temperature (SST), and atmospheric circulation data.

The study revealed that Bangladesh climate — despite weak
quantitative correspondence between the strength of ENSO
and the rainfall anomaly — has particularly a strong relation
when SOI (Southern Oscillation Index) extremes, negative
SOIs for dry, and positive SOIs for wet. In the case of a
moderate anomaly in the SOI, the index-climate relation
appeared to be contradictory and, in particular, Bangladesh
is wet during moderate El Nino years. Therefore, while the
relation between SOI — rainfall in the upstream Ganges-
Brahmaputra-Meghna (GBM) basins in India is strong, the
same SOI — rainfall relationship offers limited applicability in
the context of Bangladesh climate. So, understanding the
broad-scale features of the Asian monsoon with especial
emphasis to Bangladesh is essential. Further, the simulta-
neous development of SOI — rainfall relationship limits its
use for seasonal forecasting in Bangladesh. Therefore, this
study, in addition to examining the SOI — rainfall relation-
ship, emphasizes the role of the warm/cold sea surface tem-
perature (SST) in the tropical Pacific/Indian Ocean along
with atmospheric circulation patterns for seasonal climate pre-
dictions in Bangladesh. It concludes that a close co-operation

between the local institutions and those of International fore-
cast centers would be essential for seasonal climate forecast-
ing in Bangladesh.

1. Introduction

The El Nino-Southern Oscillation (ENSO) is of
central importance for prediction purposes
because of its global nature, strong signal, inter-
annual time scale, and inherent lag relationships
(Parthasarathy and Pant, 1985). ENSO events are
accompanied by major changes in the pattern of
convection and latent heat release in the tropics.
These changes, in turn, not only affect the tropics
but also the mid-latitude atmospheric circulation
systems through teleconnections and mechan-
isms that are only partially understood. The
Southern Oscillation (SO) exhibits a spatial sig-
nal and a continuous temporal signal.

The Asian monsoon is one of the important
components of the coupled ocean—land—atmo-
sphere system. Although in India considerable
work has been done on variability of climate
and particularly rainfall by analysis of the exten-
sive data sets of the Indian Meteorological
Department (IMD) (Parthasarathi and Pant,
1985; Krishnamurti et al., 1989; Kumar et al.,
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1995; Kripalani et al.,, 1996; Kane, 1998;
Torrence and Webster, 1999; Kinter et al.,
2002; also see Section 6 for a review), the nature
of climate variability over other parts of the
Indian monsoon regime, such as Bangladesh,
Sri Lanka, Nepal, and Pakistan, is not as well
documented. As a result, the Indian monsoon
has often been used as a proxy for the Asian
monsoon as a whole, even when, other than the
northeast part of India (along the Meghna basin),
there is no significant correlation between the
rainfall over Bangladesh and rainfall over India
(Kripalani et al., 1996). This is creating problems
in understanding the broad-scale features of the
Asian monsoon. Therefore, detailed investigation
on the relationship between the Bangladeshi
monsoon and monsoons of the other regions in
Asia, in particular India, will enhance our under-
standing of the large-scale features of the mon-
soon in the greater Ganges-Brahmaputra-Meghna
(GBM) basin system.

Scientific views about the existence and strength
of El Nino and teleconnections with climate
anomalies in Bangladesh have been explained by
Walker during the 1920s. According to his obser-
vations, lower than average atmospheric pressure
prevails in the region from Australia to India when
higher than average atmospheric pressure prevails
in the eastern tropical Pacific Ocean (Walker and
Bliss, 1932). The scientific reason is that air flows
from high-pressure regions to low-pressure ones.
As aresult, a huge volume of moisture comes from
the Pacific Ocean to Bangladesh and India; due to
the prevailing low atmospheric pressure in this area
at that time, the moisture-laden air rises, causing
heavy rainfall in Bangladesh and India (see Fig. 1
for location: Bangladesh occupies between
latitudes 20°30'N~26°45'N, and longitudes
88°0' E ~92° 45 E). This difference in wind flow
is named the ‘Southern Oscillation’. It is called the
‘Walker Circulation’ also.

Research in Bangladesh relating to El Nino
has just begun. However, there is evidence of
historical interest in El Nino and La Nina in
Bangladesh during the ancient era. In those days,
the real credit of meteorological and agro-
meteorological predictions goes to a mythical
woman named Khana. Her verses are said to be
the envy of any scientist of any time. There were
several other mythical persons who devoted
themselves to the prediction of meteorological

phenomena during ancient times. Among the
available recent studies in Bangladesh, Hossain
et al. (2001) identified that during major El Nino
years Bangladesh is usually spared from cata-
strophic flooding, while during La Nina and
moderate El Nino years Bangladesh is often a
victim of flooding, particularly in the case of a
high positive value of the Southern Oscillation
Index (henceforth SOI). Similarly, Chowdhury
(1994) identified that positive SOI is favorable
for the occurrence of floods and negative SOI
for drought. With a very limited number of data
records (only four monitoring sites), both studies
were primarily intended to serve the purpose of
scientific interest only; these findings, however,
had drawn a partial picture of the SOI — rainfall
relationship in Bangladesh. Despite this, there
is very little research on seasonal forecasting
in Bangladesh. Among others, Douglas et al.
(2001) identified the potential for long-range
forecasting of flows in the Ganges and concluded
that a significant relationship exists between the
natural variability of the Ganges annual flow and
the ENSO index.

The present study is aimed at developing an
improved outlook of the typical ENSO related
rainfall variability along with the extent of flood-
ing in Bangladesh. As the nature of the climate
variability over Bangladesh has a close corre-
spondence with the Indian monsoon regime, dis-
cussion on rainfall variability along the greater
GBM basins in Bangladesh and India becomes
very relevant here. Despite some research on
ENSO and climate variability in Bangladesh,
the existing literature provides an incomplete
picture of how the large-scale oceanic factors
(i.e. sea surface temperature, atmospheric circu-
lation pattern) are influencing the seasonal
climate variability in Bangladesh. In addition,
there is no explanation as to why Bangladesh is
wet during some moderate El Nino years, when
the El Nino phenomenon largely corresponds to
dry episodes in the context of Indian summer
monsoon regime. This is another pertinent area
of discussion in this paper. This information is
useful for practical purposes of seasonal fore-
casts and natural hazard assessment and mitiga-
tion activities within Bangladesh, in addition to
its scientific interest. The motivation came
because the current short forecasting lead-time
is not adequate to plan for extreme events in
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Fig. 1. Bangladesh, India, China, and Nepal along the principal channels of the Ganges, Brahmaputra, and Meghna rivers
(Inset — Bangladesh occupies between Lat. 20-30° N-26—45° N, Lon 88—0° E-92-45°E)

large river basins in Bangladesh and to facilitate
basin wide planning and management of water
resources, it is desirable to have a forecasting
lead-time of a few months to a year. Such a fore-
casting lead-time is expected to have far-reach-
ing economic ramifications.

2. Data, basic indices, and method

Bangladesh occupies an area of about
145,000 km? between latitudes 20°30'N and
26°45’'N, and longitudes 88°0'E and 92°45'E
(Fig. 1). It is bounded on the west, north and east
by India, on the Southeast corner by Myanmar,
and on the south by the Bay of Bengal. Bangla-
desh has a tropical monsoon-type climate, with a
hot and rainy summer and a pronounced dry sea-
son in the cooler months. Temperature regimes
throughout the country are similar, with the high-
est temperature in the month of July (28°-29°C)
and the lowest in January (17°-19°C). The
rainfall averages 2160 mm per annum, of which
1728 mm fall during the monsoon (BWDB et al.,
1989).

Three types of data indices are used as mea-
sures of variability in the ENSO - monsoon
system: Nino 3.4 SST (departure in monthly
SST from its long-term mean averaged over the

region of the tropical Pacific between latitude
5°N-5°S and longitude 170°-120°W), the
Southern Oscillation index (SOI), and rainfall
(Bangladesh and India). An additional dataset
used for verification is the flooding extent in
Bangladesh. Based on aggregate summation of
five strong El Nino, moderate El Nino, and La
Nina years, the Grid Analysis and Display Sys-
tem (GrADS)' has been used to construct the
indices of SST and atmospheric circulation pat-
terns for all seasons (ONDJ, FMAM, and JJAS),
at a level of 850hPa (Figs. 8—11) (only JJAS
indices are reported in this study).

2.1 Classification of El Nino
and La Nina years

Commonly used indices like SOI and tempera-
ture anomalies show that El Nino events over the
past 50 years occurred in 1951, 1953, 1957-58,
1963, 1965-66, 1969, 1972-73, 197677, 1982—
83, 1986-87, 1991-95 and 1997-98 while La
Nina events occurred in 1949-50, 1955-56,
1964, 1970-71, 1973-75, 1988-89, 1995-96,
and 1998-2000 (McPhaden, 2001, pp. 356-57).
It has been observed that some El Nino and La

Uhttp: //grads.iges.org/grads
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Nina events persist for as many as two full years.
Also observed is that not all El Nino and La Nina
events are of equal duration nor do they all
evolve in the same wayz. In fact, observations
indicate a fair amount of variability in the life
cycles of individual El Nino and La Nina events.

Given that there are typical characteristics of
El Nino and La Nina, how are specific ‘ENSO
events’ defined? How large must the value of
the index be, and for how long must it persist in
order for an El Nino or La Nina to be identified as
strong or moderate? Any definitive objective pro-
cedure for classifying intensity is yet to be
explored. However, a common method used for
this purpose is based on the Nino 3.4 SST index.
In this method, an El Nino or La Nina event is
identified if the 5-month running average of the
Nino 3.4 index exceeds +0.4 °C (for El Nino) and
—0.4°C (for La Nina) for at least 6 consecutive
months®  (Trenberth, 1997). According to
this multivariate ENSO index, 7 major El Nino
years are 1997-98, 1991-92, 198687, 1982-83,
1972-73, 1965—-66 and 1957-58, and 7 major La
Nina years are 1998-99, 1988-89, 1975-76,
1973-74, 1970-71, 1964-65, 1954-55 and
1949-50*°. This ranking would even vary if
based on an averaged Nino 3.4 index over differ-
ent seasons. Further it was observed that
the relative ranking of events would vary if the
ranking were based on an index other than Nino
3.4. For example, the classification system in the
Western Regional Climate Center (WRCC) that is
based on the average value of SOI° for the months
of June—November provides a different ranking

2 http:/ /www.cpc.ncep.noaa.gov /products /analysis_monitoring /
ensostuf

3 http: / /iri.columbia.edu /climate /ENSO /background /paste-
NSO /background/pastevent

“http: / /www.geocities.com /CapeCanaveral /Hall /6104 /elnino

> http:/ /iri.columbia.edu/climate /ENSO/index

% The Southern Oscillation (or atmospheric) component of ENSO
is measured by the SOI, usually defined as the anomalous Sea Level
Pressure (SLP) in the eastern Pacific at Tahiti (17.6° S, 149.6° W)
minus SLP in the western Pacific at Darwin, Australia (12.4° S,
130.9° E) (Torrence and Webster, 1999). In general, smoothed time
series of the SOI correspond very well with changes in ocean
temperatures across the eastern tropical Pacific. The negative phase
of the SOI represents below-normal air pressure at Tahiti and above-
normal air pressure at Darwin. Prolonged periods of negative SOI
values coincide with abnormally warm ocean waters across the
eastern tropical Pacific typical of El Nino episodes. Prolonged
periods of positive SOI values coincide with abnormally cold ocean
waters across the eastern tropical Pacific typical of La Nina episode.

of events. With this WRCC approach, the ENSO
phase is determined by atmospheric quantities
(SOI) (value of SOI <—1.0: Strong El Nino,
SOI < —0.5: Moderate El Nino, SOI >+40.5:
Moderate La Nina, and SOI >-+1.0: Strong La
Nina)’. Another classification that is based on
cold (La Nina) and warm (El Nino) episodes is
also available®. This has been compiled to pro-
vide a season-by-season breakdown of cold and
warm conditions in the tropical Pacific.

So, the process of ranking the events in this
research was primarily subjective using Nino
3.4 SST, average SOI for six months, and sea-
son-by-season cold and warm episodes. Based
on this information we have classified 5 strong
(or major) El Nino years — 1951, 1958, 1972,
1982, and 1997, and 5 strong (or major) La Nina
years — 1964, 1973, 1975, 1988 and 1998. We
hadn’t much of a problem classifying these
strong events as most of the measuring param-
eters (like Nino 3.4 SST, SOI, and cold/warm
events) supported the ranking. However, some
problem was encountered when the moderate
events were chosen. It was quite complicated to
draw a firm line in using all three parameters.
Finally, in addition to Nino 3.4 SST, values of
SOI, and cold/warm events — all on a season-
by-season breakdown — were used to identify the
moderate El Nino and La Nina years. The years
we have finally identified for moderate El Nino
are 1963, 1965, 1969, 1974, and 1987, and for
moderate La Nina are 1956, 1970, 1971, 1984
and 1999 (also see Hossain et al., 2001).

2.2 Rainfall data

A reliable homogeneous basin-wide Bangladesh
rainfall series (1962-2000; basin-wide rainfall
data before 1962 are not available) has been pre-
pared using the available data from various local
sources (i.e. published and unpublished docu-
ments, and personal contact). The ‘daily flood
bulletin’ of the ‘flood forecasting and warning
center’ (FFWC) of the Bangladesh Water Devel-
opment Board (BWDB) was an important source
of information (see http://www.ffwc.net). Rain-
fall data were compiled from 35-monitoring sites

"http: / /www.wrcc.dri.edu/enso/ensodef
8 http:/ /www.cpc.ncep.noaa.gov /products /analysis_monitoring/
ensostuf
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(Ganges: 12, Brahmaputra: 12, and Meghna: 11) anomal_y th basin-wide/regional” rainfall' is pre-
inside Bangladesh (see Fig. 2 for rainfall sta- sented in Fig. 3. The 1962-2000 base period was

tions). Based on the mean (¢) monsoon (JJAS)
rainfall (mm) and the standard deviation (s), The “Flood Forecasting and Warning Center’ classified seven

lt iS assumed that a rainfall Value in excess Of climatic regions: North-West (North), North-West (South), North-
— . . — Central (North), North-Central (South), North-East (North), North-
€+ s is excess rainfall and less than e —s . , .

. : ; . East (South), and Southern regions (see Fig. 2 for location of some
is deficient rainfall. A year-to-year standardized of the regions).
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Fig. 3. Year-to-year standardized deviation of seasonal (JJAS) rainfall in Bangladesh — Basin-wide: 1962-2000 (Note: NW—
N (B): Northwestern (North) region in the Brahmaputra basin; NE-N (M): Northeastern (North) region in the Meghna basin,
and NW-S (G): Northwestern (South) region in the Ganges basin

chosen for the indices because of its optimum
region-wise data coverage.

The other rainfall data (outside Bangladesh:
1950-1998) in the Brahmaputra, Ganges, and
Meghna basins were collected from the available
Hulme Global Precipitation data. Hulme (1994)
adopted a Thiessen Polygon approach to calcu-
late grid-box monthly average rainfall from
monthly station reports. To qualify for inclusion
in the dataset, a station must have 83% of data
present in the analysis base period. Then all
missing data are interpolated using the mean per-
centage anomaly in surrounding stations using an
inverse distance-weighting scheme (Ward, 1998).
Seasonal datasets were formed by summing the
monthly grid-box values from Ganges: on Lat
22.5-32.5°N, Lon 72.5-87.5°E; Brahmaputra
on Lat 27.5-32.5°N, Lon 87.5-95.0°E; and
Meghna: Lat 24.8-25.3°N, Lon 92.5-97.5°E'°.
A year-to-year standardized anomaly of this area-
average rainfall is presented in Fig. 4.

2.3 Flood area data

Digital elevation model (DEM) based flood
information in Bangladesh is incomplete. Signif-

http:/ /iridl.ldeo.columbia.edu/SOURCES/UEA /CRU/Hulme/
Global /prcp/

icant efforts were therefore needed to develop a
reliable homogeneous flood area time-series. The
only source providing year-wise flood affected
area data is the Bangladesh Water Development
Board (BWDB)''. Flood data are primarily taken
from this source. Some data of exceptionally dry
years are still missing, which were collected by
means of personal contact (Fig. 5). According to
BWDB'’s source, an area to be included in the
flooded area needs only to be flooded once dur-
ing the considered monsoon season, i.e. the areas
contributing to the flooded area were not neces-
sarily flooded at the same time (FFWC, 2002).
The flooded area calculated by the BWDB is
mostly related to some kind of damage; it may
be damage to crops, houses, escape of fish stocks,
etc. BWDB divides flood into severe, moderate
and normal. If a Thana'? is severely flooded then
BWDB assumes as a rule of thumb that 35-40%
of the Thana is flooded, but the percentage is
increased as water level increases based on
human assessment. During the flooding years of
1988 and 1998, the percentage was increased
considerably as the water level was far above
the danger level. Approximately 18% of Bangla-
desh is composed of rivers, lakes or other water

"http: / /www.ffwe.net /statistics
'2 Thana is the lowest administrative tier in the country.
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Fig. 5. Time variation of the flood-affected areas in Bangladesh from 1954-2001. Source: Adapted from the FFWC (2002)

bodies and this area is not included in the given
flood area. In addition, a flood area map by gen-
erating a water surface coverage and masking
with the digital elevation model (DEM) of the
same area giving information on the depth and
extent of flooding is also available in the BWDB
during the post-flood period.

3. Rainfall and flooding patterns
in Bangladesh
3.1 Rainfall patterns

The distribution of rainfall demonstrates a dis-
tinct seasonal regime and a gradual increase from
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west to east. Thus the total annual rainfall at
Khulna (southern part of less wet Northwestern
region in the Ganges basin), and Rajshahi (north-
ern part of the moderately wet Northwestern
region in the Brahmaputra basin) are 1600 mm
and 2500 mm respectively; it is about 2000 mm
in Dhaka (moderately wet Central region in the
Brahmaputra basin), 3500 in Sylhet (northern
part of Northeastern region in the Meghna basin)
and over 5000 mm in Chittagong (wettest South-
eastern region in the Southeastern Hill basin)
(see Fig. 2 for location). The standardized devia-
tions of basin-wide regional rainfall are pre-
sented in Fig. 3. The monthly rainfall patterns
of Bangladesh are as follows:

(i) February—May: There is some insignificant
and scattered rainfall during the month of
February. During March, some areas like
the northeast part in the Meghna basin,
receive moderate rainfall (50-100 mm),
although in most of Bangladesh, the rainfall
is still below 50 mm. By April, the eastern
half of the country receives over 100 mm
while the northeast part receives more than
300 mm. In May, the rainfall increases to at
least 200 mm in the whole country and over
500 mm to the northeast part.

(i) June—September: This is the monsoon sea-
son in Bangladesh. More than 80 per cent
of total rainfall occurs in this season. During
this period the southwest monsoon is at its
peak and, as a result, the whole country
receives rainfall over 300 mm/month with
maxima over the northeast and southeast part
of the country. The rainfall patterns in the
month of June, July and August are, by and
large, similar. September is the month of
withdrawal of the southwest monsoon and
rainfall decreases by half in many places.

(iii) October—January: Other than some rainfall
in the northeastern and southeastern part of
Bangladesh, the country is practically dry
during these four months.

3.2 Flooding patterns

Since 1954, as a regular phenomenon in Bangla-
desh, floods have annually inundated an area of
about 28,000 km? of land, roughly corresponding
to 18 percent of the country’s total area. Several

floods have inundated more than 50,000 km?.
Catastrophic floods that occurred in 1955,
1974, 1987, 1988, and 1998 inundated more than
34 percent of the country’s total area (Fig. 5).
The early onset of flood involves shallow flood-
ing'?, which usually starts in April and May
inundating lowlands. Deep flooding'* in the
monsoon occurs in July and August, with pro-
longed inundation extending up to September
and October. All low, lower middle and upper
middle lands are submerged due to such deep
floods.

The main factors involved in flooding in
Bangladesh are (i) spill from the main river sys-
tems (Brahmaputra, Ganges, Meghna) and from
small rivers, (ii) drainage congestion due to flat
topography and floodplain development, (iii)
excessive rainfall within Bangladesh, (iv) tidal
blockage, and (v) storm surge (Chowdhury and
Sato, 1996).

4. ENSO - Rainfall relation in the greater
GBM basins

In order to understand the association between
the monsoon rainfall and the SOI values for
extreme, excess or deficient, rainfall years during
the period were examined. In the next stage com-
posite pictures of 5 excessive and 5 deficient
rainfall years were made. Finally, correlation
analyses between SOIs versus rainfall of the pre-
ceding and concurrent seasons (lag —2, lag —1;
and lag 0) were computed. Results are summar-
ized as follows:

4.1 ENSO - rainfall: Bangladesh

It is evident that the seasonal-average rainfall in
Bangladesh (ABR) shows a negative and general
decreasing tendency during strong El Nino
events (Fig. 6). Major El Nino years like those
of 1951, 1958, and 1972 have recorded signifi-
cant rainfall deficits —38%, —48%, and —10%
respectively. Other strong El Nino years like

13 Shallow floods mean that the depth of flood-waters on the
floodplain is less than 1 meter, the natural levees remain above
the flood level.

'“Deep floods mean the depth of flood-waters exceeds 2 meter
and the levees are usually submerged. A deep monsoon flood is an
annual event whereas abnormally deep floods are exceptional and
catastrophic.
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the one in 1982 did not record any significant
variation, but the excess rainfall during 1997
(+14%) provided some disagreement in the
SOI - rainfall relationship. Other than the late
onset of El Nino during the preceding years,
which resulted in negative anomalies that were
not that strong in the following years, no specific
reasons are available. The same time-series
showed that during the moderate El Nino years
(1963, 1965, 1969, 1974, and 1987), there is a
tendency for excessive rainfall (Fig. 6). Other
than 1963, the fall increased by +18% in 1965,
+16% in 1969, +7% in 1974, and +34% in
1987. Similarly, except 1975, all the major
(strong) La Nina years (1964, 1973, 1988 and
1998) recorded excessive rainfall (1975 appears
to be the year of onset of El Nino). Recorded
increases were +4% in 1964, +8% in 1973,
+30% in 1988, and +10% in 1998. Like the
strong La Nina years, the moderate La Nina
years (1956, 1970, 1971, 1984, and 1999)
recorded excessive rainfall. The increases were
1.7% in 1956, 11% in 1970, 5% in 1971, 18%
in 1984, and 12% in 1999 (Fig. 6). Also it was
observed that prior to 1963, ABR is generally
negative, while after 1981 it is positive, and again
between 1963 and 1971 inclusive, ABR values
are positive also (Fig. 6), which indicates an

interesting pattern of SOI and ABR variability
on a quasi-decadal timescale.

In addition to ABR, the associations between
ENSO and region-wise rainfall were explored.
Three regions — North—West (South) in the
Ganges, North—West (North) in the Brahmapu-
tra, and North—East (North) in the Meghna
basins were selected for this analysis (see Fig.
2 for locations of these regions). Despite some
disagreement (i.e. year 1975), the association
gave improved insights about the regional rain-
fall variability in Bangladesh — especially, in the
Ganges basin. Regional rainfall data from 1962—
2000 revealed that other than NE—N (Meghna),
both the NW-S (Ganges) and NW-N (Brahma-
putra) tended to show a better association with
ENSO, i.e. significant rainfall deficits were
recorded in strong El Nino years; rainfall
remained moderate-to-high during the moderate
El Nino and La Nina (both strong and moderate)
years (Fig. 3). In general, the Ganges is a drier
basin and the rainfall variability in normal years
is higher than in the wetter basins (i.e. Brahma-
putra and Meghna). Our analysis, therefore, sug-
gests that the existence of any association
between the rainfall variability and ENSO index
in the Ganges basin is very high. This finding is
consistent to the previous finding of Ropelewski



M. R. Chowdhury
114

ions of
) region
. cribed 19 re tics are
h des cteris
oo mreciniation ehara the Ganges
< orld w NSO p ions (also
25 the w e E ion
4225 88 2 related to t}:)f those 19 reg picture of
o —— - = . c ite (]
2|2z | 3 basin is 0111) composit ears, Soml
=1 > t al., 2001). from  the hip in these yd seasonal
1 ions an E
. * aluating lation ine SOI n
g 29 2w > Ev _response_res relating ble 1). St1‘01§97)
zl " g 2 — | % events tlng ﬁndlng ppeared (’ga 1982’ and rage
g == | 2 interesting 1 tion a 1972, he ave
—_ | o <t . deVla 958, nd t nd
2|2 e infall 51,1 SOl a 9% a
%) o~ ~8 T3 ® rain s (1951, es of —1 .
S ¥z e S ino years (19, values 1 were basins.
2133 | N — Nino ative infal utra
<3 < ided neg 1 ra Mmaputra 0 ant
= 0 3 g ; § provl.de f seasona and Brah ny Slgnlﬁc r
AN a SANRES | — deficits o the Gangez not show a ignificant fo
|28 2 i for in di e sl ie.
T 2esls _16(1<O/Ieghna basflinit is found t°£n mond-lsdi(ngs
2 NN " | = The e defic ive mons Fin
g o : : g R a < j:: variation. ’-ll;l; Successlved Septembeg)bl for the
< o — n
2| 2|7 S nToen 5 most of t August, a value of orrelated to
£ 2 EN Ay 4 =a £ July, ative ly ¢ Dur-
kT "o MRS ‘ z June, d that a negl 9) is strong gladesh. Ols
|| w2 % le (—1. in Ban fS
S| =25 revea AS ht ln_ es o
gl 2 S ARz =y onths of JJ't and droug ative Va-lu § season
< 5 IS B ¥ S ¢ fall defici ifio years, neie previou ch SOI
& I - = 7 n n . ar.
3 Llg |~ Sy 'rig these El Nring frothay s Mthe mod-
— oA - 1
| |51z FEEEEELS started (20.4), and the considering the mod-
= v | g AF <= X S'[MAM (—0.4 X 5). While ative values high as
= n = F ive (—1.5). neg tas
= S men no < is negative ( years, the lues were no and May
£ T oo 8% 7 ¢ 3 1 El Nino 1. but va : —0.2, e rain-
% S i o erate as usual, FMAM: in a revers f-
= &9 " | = cared as us —1.2, Ited in d of de
g = B | N0 2 app (JJAS: This resu ich. instea rall
ED ..:E Ny a "l" % - e =2 beforeMar _08) 1 deSh’ whic ’ase of ove nd
= EIEEET: g minus in Bangla an_ incre Ganges a
2 R T el icture show for the he suc-
3 8 9z 22 ol icits. ten © 4+13. sins. o. In
& £ 28§ 8x g icits, infall: tra ba nds to
= o s — .. Seaso e Br S11M valu .
s /M EX N9 g 20% for thhS displaye(,i~ years, t,he (FMAM:
ﬁi g NS A S “RA&4F Z. + ive mont La Nina ositive high
20 = | =28 T = m Cesslvse of strong negative t(i %) and theed an
2 g 'T ~ @ ca rom . ) us
S 52 23288 5 the changed fi s March: +S (+1.9) ca infall
5 SY A ad 2 < SOIs May mmusol in JIA d monthly ra the
‘S %) EAPSINE B S —04’ e of nal an r than .
2 ST 2 edl= sitive valu rage seaon D). Othe ed active
£ - - oT % o AR = po ease of ave sins (Table fall occurr
S N S N incr e ba ssive
= 4 & & in all thre in, the exce s too. hat the
2l Q = a t ear t
2| o | ! n 1n, 1 are
AN R B 2 Yieghna basin, the ¢ ' findings oes of SOt ol
2z, oo en R P ing the m rtant find alue infa
= | § Z | NG @y S during 1mpo 1ve v ie. ra
2 b= E = N S n - he most . and pos . bllltY’ L : JJAS’
=2 < RIS dla2 T ative variabul SOIs in -
AR SRR & & ¢ neg infall tive SU nom
=128 R ] trem rai negative > he
= =] INIEEL @ - €x . d to eme 1 Nino p Is
g = | g RN w oclate ith the extr ch (E itive SO
s ERES EXR o g o R ass with inus Mar post ina
g - ses nu me Nin
ERl: s oS 22 n RS = decrea and May m ith the extre March (La ars,
AR 1N~ 25 FMAM, a creases w Y enie ENSO e
B 5 L 5|7 o |== on); it in M, and M oderate uccessive
2| 2|55 % 9 s S en JAS, FMAM, r other m for two s minus
g 5 & s e IZ = in]J non). Fo verages he May
= g E S <o |z : henome f SOI a and t
g 20 28 22 0\ p th o )
= i3 = . =g he streng 2, lag
E < £ dw 5= t ns (lag —2,
3 gy % S8 seaso
* =9 cn-:z < Z .8
% °|D E ) 2 g ] [5+] i Z
) £Z g2 23 23
— = > [
2| 5 2
= ]
< >~
-



The El Nino-Southern Oscillation (ENSO) and seasonal flooding

March SOI can provide useful predictions of
ENSO — monsoon relationship in Bangladesh.
Previous findings of Singh et al. (2002) provided
useful information on the impact of May minus
March SOI and monsoon depressions in the Bay
of Bengal. In view of this, correlation coefficients
between Bangladesh rainfall and SOIs during con-
current, preceding winter, spring seasons (lag —2,
lag —1, and lag 0), and May—March were com-
puted. Other than concurrent season (JJAS), CCs
between various SOI — rainfall during preceding
winter and spring seasons were not significant as
the SOI — rainfall relationship develops simulta-
neously and even follows the monsoon season.

4.2 ENSO - rainfall: Basin-wide

Basin wide — extending from upstream India to
downstream Bangladesh — monsoon rainfall pat-
terns control flood peaks of the Ganges, Brahma-
putra, and Meghna Rivers in Bangladesh.
Therefore, inside Bangladesh, the stream-flow in
the major rivers is the result of monsoon rainfall
in upstream India. On the other hand, the co-rela-
tion between the rainfall in Bangladesh and India
along the Brahmaputra basin is non-existent; it is
correlated (CC. 0.44, significant at the 5% level)
along the Ganges basin; the correlation is very
high (CC. 0.76, significant at the 1% level) along
the Meghna basin — the northeastern part of
Bangladesh. Further, inside Bangladesh, the rain-
fall in Meghna shows positive correlation (CC.
0.48, significant at the 1% level) with the rainfall
in Brahmaputra and Ganges (CC. 0.40, significant
at the 5% level). Therefore, Bangladesh rainfall is
positively correlated to the rainfall in the upstream
Meghna basin — the northeastern part of India.
Previous findings of Kripalani et al. (1996) iden-
tified that the rainfall over Bangladesh shows sig-
nificant positive relationship with rainfall over
north-east India only; the correlations with rainfall
over other parts of India are insignificant and even
negative.

However, by and large, the seasonal rainfall in
upstream India is a major factor that contributes
significantly to the stream-flows in the down-
stream Bangladesh. Therefore, the ENSO — rain-
fall relation in upstream India is essential for
drawing any comprehensive climate perspectives
in Bangladesh. The following section provides a
more detailed basin-wide ENSO — rainfall picture.

Table 2. ENSO Index and seasonal rainfall deviations in the greater Ganges-Brahmaputra-Meghna basins in up-stream India

Average rainfall deviation (%)

Year

SOl

Up-stream Meghna basin

Up-stream Brahmaputra basin

Up-stream Ganges basin

JJAS May-Mar. JJAS

Jul. Aug. Sep. JJAS  Jun. Jul. Aug. Sep. JJAS  Jun. Jul Aug. Sep.

Jun.

@.
—
[

8.2 33 —49 -67 26 74 =237 -838 0.7 74 78 —-189 —-0.7 -15
20.2 39.0 21.7 23.1 31.7 205 19.4

—12.9

Average —18.2

SD

Strong-

N
—

1.1

23.8
—0.8

23.5

23.1

25.5

22.2

25.9

20.6

23.8
—38.2
19.7

El Nino**

2
1.5
1.9

0.7

1.0
1.0
2.9
-0.3

7.1 10.0
538 303

22.7
22.8

1.6
32.7

8.5
11.9

—-34

0.6
20.0

1.8
23.5

6.0
0.0

6.5

1
2

—140 —-184 —139 7.9
41.9 27.8 195 21.1

—14.2
20.9

=7.1
28.7

Average

SD

Moderate-
El Nino*
Strong

3.5

33.8
-94

2.9

27.6
—8.7

7.3
39.1
—25.0

7.3
22.6

18.0 6.6
45.5 25.7 345 46.0
—-5.3

—10.0

0.3

242
—2.4

11.2 04 10.0 52 —12.0
17.2 15.8 17.0 194 42.4

-0.8
27.6

Average

SD

C
La Nina

0.6
0.6

1.4
23.1

2.7

—5.2

2.6 10.3 9.5 18.5 28.6
46.5

31.2

51.5

Average
SD

Moderate-

28.7 39.8  30.0 1.5

28.6

9.7 245

9.0

44.6
** Strong EI Nino: 1951, 1958, 1972, 1982, & 1997 /(* Moderate El Nifio: 1963, 1965, 1969, 1974, & 1987); * Strong La Nifia: 1964, 1973, 1975, 1988, & 1998 /(* Moderate La

Nina: 1956, 1970, 1971, 1984, & 1999)

34.5

12.1 37.3

59.3

La Nina®
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The Basin-wide composite picture of the
events-response relationship shows some inter-
esting association between SOI and seasonal
rainfall deviation in upstream basins. Here also,
all major El Nino years recorded moderate-to-
weak rainfall deficit in all three basins; the sea-
sonal deficits were: —4.9% in the Ganges,
—8.8% in the Brahmaputra, and —0.7% in the
Meghna basins. Similarly, all of the major La
Nina years recorded excessive rainfall: +5.2%
in the Ganges, +6.6% in the Brahmaputra, and
+3.5% in the Meghna basins. Rainfall during the
moderate El Nino years displayed significant def-
icit in the upstream Ganges (—18.4%) and mod-
erately high in the upstream Meghna (4+10%)
basins (Table 2). These give a clear variability
picture of the SOI — rainfall relation along the
greater GB basins (Meghna displays slightly dif-
ferent results) — the relationship is linear in the
upstream India indicating rainfall decreases dur-
ing the El Nino years and increases during the La
Nina years (both in the strong and the moderate
cases). In Bangladesh the moderate El Nino
years are wet and experience excessive local
rainfall. However, CCs between various SOIs
during the preceding winter and spring seasons
and rainfall are not significant.

5. ENSO - Seasonal flooding extent in
Bangladesh

Findings of on-going research of the same author
(unpublished) have shown that the flood-affected

areas (henceforth FAA) in Bangladesh are sig-
nificantly correlated to the maximum flows in
the Ganges River at Hardinge Bridge and
Brahmaputra River at Bahadurabad (CC. 0.59,
and 0.79 both significant at the 1% level). The
CC is 0.47 (significant at the 5% level) to the
maximum flows of the Meghna River at Bhairab
Bazar (see Fig. 2 for locations of monitoring
sites). The step-wise regression showed that the
maximum flows in the Ganges and Brahmaputra
Rivers are statistically significant to FAA (R*
1s 0.70, p<0.01). Another finding has quanti-
fied how the stream flows in the major rivers
in Bangladesh — especially the Ganges and
Brahmaputra are highly correlated to the rainfall
in the upper catchments with typically a lag of
about one month (Chowdhury and Ward, 2003).
The contribution of local rainfall in generating
flows of these two rivers is less dominant
(CC. 0.087 for the Ganges and 0.265 for the
Brahmaputra); however, prolonged localized
rainfall within Bangladesh aggravates the local
flooding situation in these two basins.

The SOI - rainfall relation in the greater GBM
basin systems shows a strong connection to SOI
extremes, negative SOIs for dry, and positive
SOIs for wet. Therefore, when the SOI is nega-
tive (i.e. strong EL Nino years) the whole basin
experiences less rainfall (Tables 1 and 2). The
deficiency of rainfall causes Bangladesh Rivers
to become drier because of low-flow and, as a
result, the country faces severe drought (Fig. 7:
—90% deviation from normal). On the other
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La Niria: (Strong)1964, 73, 75, 88, & 98/ (Moderate) 1956, 70, 71, 84, & 99)

Fig. 7. Flood deviations from normal in the ENSO years
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hand, when the SOI is positive (both in strong
and moderate La Nina years) there is a significant
increase of rainfall along the greater GB basins
causing flooding along the whole catchments
(Tables 1 and 2). This, in turn, severely floods
Bangladesh, as it is the lowest riparian country
in these basins (Fig. 7: +110% deviation from
normal). However, in the case of moderate
SOI - rainfall relationship (moderate EL Nino
years), the basin-wide rainfall picture in down-
stream Bangladesh is relatively different from
upstream India. With a marginal deficit of rain-
fall (—4%) in the Meghna basin, Bangladesh
experiences high rainfall along the Ganges
(+13.6%) and Brahmaputra (+20.4%) basins —
these are all significantly higher than in the La
Nina years (Table 1). Although the upstream
rainfall is not very dominant (—18.4% for
Ganges, 0.6% for Brahmaputra, and +10% for
Meghna) (Table 2), the exceptionally high and
prolonged local rainfall contributes to flooding
in Bangladesh (Fig. 7: +60% deviation from nor-
mal). On the contrary, the excessive rainfall in
the upstream (+418.5% for the Ganges and
+2.7% for the Brahmaputra basins) and down-
stream (419.8% for the Ganges and +8.2% for
the Brahmaputra) during the moderate La Nina
years causes flooding inside Bangladesh (Fig. 7:
+24% deviation from normal). Other than the
concurrent season (JJAS), the CCs between SOIs
during the preceding winter and spring seasons
and flood-affected areas are also statistically
insignificant.

For seasonal forecasting, it has been assumed
that climate change will not affect the relations
developed in this paper. However, it is always
possible that changes in the background climate
state, be they natural or anthropogenic, could
alter these correlations, for example through
changes in the hydrological cycle. Another factor
that could come into play for flooding is changes
in sea level in the Bay of Bengal or changes in
glaciers in the Himalayas that might alter river
flow-rates (see for example, Clarke 2003).

6. Comparison with other results: Monsoon
rainfall variability in Bangladesh and India

(1) Parthasarathi and Pant (1985) identified the
relationships between the all-Indian sum-
mer monsoon rainfall (AISMR) and the

(i)

(iii)

(iv)

Southern Oscillation. According to them the
CCs between the all-Indian summer monsoon
series and the SOIs of summer monsoon
(JJA), autumn (SON), and winter (DJF)
minus spring (MAM) seasons are correlated
and significant at the 1 percent level. How-
ever, they also reported that the CCs
between SOI during the preceding winter
and spring seasons and AISMR are not suf-
ficiently high for long-range forecasting. In
our findings also — other than the summer
monsoon (JJAS) — we could not identify any
significant correlation between SOI (during
the preceding winter and spring seasons)
and rainfall in downstream Bangladesh and
upstream India along the greater GBM
basins. Other than JJAS, the FAA in Bangla-
desh did not show any correlation to SOIs.
Krishnamurti et al. (1989) found that during
the summer monsoon of 1987, the monsoon
was very weak and most of the areas receiv-
ing normally abundant rains (e.g. Gangetic
plains, the western Ghats, and eastern and
central part of India) had deficient rainfall
amounting to <50% of its normal value.
They further added that except for some
parts of Bangladesh, west Bengal and Bihar
of India, where normal rainfall occurred, the
whole region had below normal rainfall.
The monsoon withdrew from the northern-
most part of India in September 1987. Dur-
ing September, above normal rains over the
northeastern states of India resulted in some
flooding in that area. These findings, in turn,
provide additional support to our findings
on significant rainfall along with severe
flooding during the summer in 1987 and
the high correlation of rainfall along the
Meghna basin in India and Bangladesh.

Kumar et al. (1995) identified that most of the
EL Ninos are associated with drought years
over India, while the La Nina events are
associated with flood years. Despite this
strong association, quantitative correspon-
dence between the strength of the ENSO
and the rainfall anomaly is relatively weak
and therefore not sufficient for long-range
forecasting. We have observed similar weak
association in the case of Bangladesh climate.
Kripalani et al. (1996) studied the rainfall
variability over Bangladesh, Nepal and
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India, and investigated connections between
them. Their most important result is that
rainfall over Bangladesh shows significant
positive relationships with rainfall over
northeast India (along the Meghna basin)
only. The correlation of Bangladesh rainfall
with other parts of India is insignificant and
even negative. These results are very similar
to what we have identified in our research,
except for the Ganges basin where we
observed some weak-to-moderate associa-
tion (significant at the 5% level).
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Kane (1998) identified that the dynamic
links between ENSO and the weather and
climate in the Indo-Pacific region are most
effective when, in El Nino years, SO minima
and SST maxima occur in the middle of the
calendar year. Bangladesh climate is dry
only with strong EL Nino and SOI minima.
Kinter et al. (2002) gave some interesting
highlights on recent changes in the connec-
tion of the Asian monsoon to ENSO. Kumar
(1999) identified the weakening of the rela-
tionship between the Asian monsoon and
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ENSO (also see Torrence and Webster,
1999; and references therein). According
to Kinter et al. (2002), before 1976, ENSO
was uniquely and closely related to the
atmospheric circulation and precipitation in
the Indian sector. After 1976, the Asian
monsoon rainfall was not a good indicator
of the activity of ENSO. Therefore, in the
context of Bangladesh climate, our current
study also faces several difficulties in under-
standing this change in the monsoon-ENSO

relationship.
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7. ENSO and atmospheric
circulation pattern

The monsoon subsystems — the Asian, Indian and
African monsoons — are connected to variations in
sea surface temperature (SST) in the Pacific.
These, in turn, are linked to the El Nino — South-
ern Oscillation (ENSO), so imposing a quasi
ENSO-type pattern on monsoon precipitation
(Zahn, 2003). During El Nino years, the SST
anomalous behavior in the Pacific — warming
from the long-term average produces a negative
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ENSO index. Composite averages of SST anoma- sented in Fig. 9. Composites of moderate La
lies for five strong El Nino years, five moderate Nina years are not included in the analysis as
El Nino years, and five strong La Nina years are the country is always wet and experiences
presented in Fig. 8. Their differences are pre- high rainfall whether the La Nina is strong or
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moderate; it is only the warm events (El Nino)
that display significant rainfall variation from dry
to wet when the strength of the events varies
(strong to moderate) (see Tables 1 and 2). As com-
pared to La Nina, the average warming in the
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SST of the South-central Pacific is much higher
during the EL Nino years (Fig. 8). The SSTs in
the Indian Ocean during La Nina are warmer
than in El Nino years, which tend to affect the
atmospheric circulation pattern in this region.

Fig. 11. Surface, Zonal, and
Meridional wind (at 850hPa)
differences for the moderate El
Nino and strong La Nina years
(Composite scale for wind
anomalies in meter/sec — for
moderate (M) El Nino minus
Strong (S) La Nina years)
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When SOI is negative, the Walker circulation
is weakened; then the easterly wind is also
weakened or completely reversed (Glantz et al.,
1991). To clearly understand the mechanism, we
have constructed two additional composites: (i)
strong El Nino minus La Nina years (Fig. 10),
and ii) moderate El Nino minus strong La Nina
years (Fig. 11). It is stated in the climate litera-
ture that when the Walker circulation is weak, the
Hadley circulation is strong; that is, the zonal
wind weakens and the meridional wind strength-
ens (Chowdhury, 1994). The underlying hypo-
thesis here is that the movement of tropical
disturbances formed in the Western Pacific gov-
erns the strength of the Bangladesh monsoon.
When the SOI is positive and high, the Walker
circulation is strong, the upper tropospheric
winds in the Australasian region are easterly
and consequently the tropical disturbances are
transported westward into the Bay of Bengal.
Whereas, if the Walker circulation is weak, the
Hadley circulation is strong and the upper tropo-
spheric winds in the Western Pacific are westerly
and as a consequence, the tropical disturbances
are transported northward or north-eastward
depriving Bangladesh from precipitation and
causing either deficit rain or drought. Figure 10
demonstrates the differences in the atmospheric
circulation pattern between strong El Nino and
strong La Nina years. It indicates that the lower
tropospheric wind (at 850 hPa) in the Pacific is
strong and westerly — the direction of zonal wind
with right arrow pointing westerly; the direction
of meridional wind (top/down) clearly indicates
the absence of any significant convergence over
Bangladesh (Fig. 10 — bottom panel). Tropical
disturbances — that can cause rainfall — are
absent in the region of the Bay of Bengal, and
Bangladesh is therefore deprived of rainfall. On
the contrary, when the SOI is negative (moderate
El Nino years), the Hadley circulation is not as
strong as during major El Nino years and, there-
fore, allows the tropical disturbances to cross into
the Bay of Bengal and Bangladesh causing heavy
rainfall and flooding. Figure 11 (bottom panel —
moderate El Nino minus strong La Nina) indi-
cates significant anomalous convergence of the
meridional wind over Bangladesh and the region
of the Bay of Bengal, and Bangladesh therefore
experienced an increase of overall seasonal rain-
fall (+13.6% for the Ganges and +20% for the

Brahmaputra basins) (Table 1). However, over
the broader upstream catchments of the greater
Ganges-Brahmaputra (GB) basins, enhanced
convergence is not seen (Fig. 11). Consistent
with this, the upstream catchment of the Brahma-
putra basin shows no significant rainfall variation
(+0.6%) while the Ganges basin actually shows
a significant rainfall deficit (—18.4%) (Table 2).

8. Summaries and conclusion

The persistence of tropical sea surface tem-
perature (and rainfall) patterns (such as those
associated to El Nino and La Nina) plays a fun-
damental role in making seasonal (3-month) cli-
mate forecasts possible. The state of the ENSO
not only directly affects the climate in the tropi-
cal Pacific, but also affects the climate over many
large regions of the world far removed from the
Pacific through a chain of teleconnections that
takes only a few weeks to occur once an El Nino
or La Nina has established itself.

While the monsoon climate along the greater
GBM basins has a particularly strong relation
with SOl extremes (positive/negative), the
basin-wide quantitative correspondence between
the strength of ENSO and the rainfall anomaly is
extremely weak. Therefore, the simultaneous
development of SOI — rainfall relationship extre-
mely limits its use for seasonal forecasting in
Bangladesh. Again, because of wet climate dur-
ing the moderate El Nino years, the SOl —
rainfall relation appears to be different in
Bangladesh from the one in the Indian monsoon
regime. So, understanding the broad-scale
features of the Asian monsoon with especial
emphasis to Bangladesh is essential.

While ENSO is the largest source of year-to-
year climate variability, there are other known
causes of seasonal climate variability that have
nothing to do with ENSO. Seasonal climate fore-
casts are still possible because unusually warm or
cold sea surface temperatures in other parts of
the tropics can still occur; for example, unusually
warm or cold sea surface temperatures in the trop-
ical Atlantic or Indian ocean (not related to
ENSO) can cause major shifts in seasonal cli-
mate in nearby continents'”. It is clear that know-
ing the ENSO condition ahead of time would

'3 http: / /iri.columbia.edu /climate /ENSO/
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provide substantial opportunities to provide early
warnings of climate extremes in Bangladesh.
However, because of weak teleconnections, sea-
sonal climate prediction in Bangladesh would
also benefit from the inclusion of studies of
atmospheric circulation and warm/cold sea sur-
face temperature.

Since the present technology in Bangladesh is
not in a position to identify the uncertain impacts
of El Nino episodes, the country has to rely on
the latest ideas and technology from developed
countries. Regular exchange of data and a close
co-operation between the local institutions [e.g.
Space Research and Remote Sensing Organiza-
tion (SPARRSO), Bangladesh Meteorological
Department (BMD), Flood Forecasting and
Warning Center (FFWC) of the Bangladesh
Water Development Board (BWDB)] and those
of existing forecast centers, for example, the
International Research Institute for Climate Pre-
diction, would be essential.
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