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Climate is one of the most important factors in agricultural production and livelihoods of the coastal 
zone of Bangladesh and the bay of West Bengal, India. In this study, nearly 40 years (1970 – 2017) of 
historical rainfall and temperature data from six weather stations located in the coastal zone were 
analysed to assess their key characteristics influencing crop growth and yield. The results revealed 
that the rainfall in the coastal zone varied both spatially and seasonally. The total annual rainfall 
generally increased from the west to east and from north to south, resulting in rainfall difference up 
to 1000 mm year-1. In addition to spatial variations, the rainfall varied seasonally, with the wettest 25% 
of days during the wet season contributing to more than 70% of the annual total precipitation. Heavy 
rainfall (> 40 mm day-1) was found to occur in the dry season (from December to February), including 
around the sowing time of rabi crops, resulting in a risk of waterlogging. Daily temperature and rainfall 
were also investigated to detect linear trends over the 40-year period. Maximum temperature was found 
to have increased at five weather stations with an average rate of 0.04°C year-1 except at Canning, West 
Bengal showing that the coastal zone has been experiencing hotter and longer summers. The rainfall 
behaviour was more varied, although it exhibited a general increase in the recent decade.
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The focus of the special issue in agriculture of the 
coastal zone of Bangladesh and West Bengal, India 
is soil, water and crop management to increase crop 
production (Bell et al., 2019; Mainuddin et al., 2019).  A 
key objective of the overall research work is to develop 
strategies for growing dry season crops in an area where 
it is not practiced traditionally. The success of growing 
dry season crops depends partly on the weather as too 
much rain around sowing may lead to waterlogging and 
failure of seedlings; whereas, modest rain at sowing or 
at other times in the dry season is beneficial for crop 
growth and yield realization. The various experimental 
trials described elsewhere on this subject, of course, 
subject to the vagaries of the weather, but may not give 
a representative picture of the prospects for crop growth 
and yield. The intention of this study is to understand 
variations in temperature and rainfall and enhance the 
value of the experimental trials by assessing the extent 
to which the historic weather patterns in the coastal 
region might help or constrain crop growth and yield.  
A comprehensive knowledge on weather data will not 

only help in updating the crop calendar but also help 
farmers in increasing crop yields, minimise crop failures 
and equip them in adapting to erratic weather patterns 
and natural disasters triggered by global warming and 
climate change.

A number of studies found to examine the 
historic climate of the region, particularly focussing 
on trends in rainfall and temperature (Tables 1 and 2). 
Some researchers examined extreme events such as 
droughts (Shahid and Behrawan, 2008) and extreme 
rainfall (Sultana and Roni, 2015). Studies of historical 
temperature and rainfall trends in the region observed 
that the average temperature has increased everywhere 
(Tables 1 and 2), this is also generally true for maximum 
and minimum temperatures, and in different seasons 
(Islam and Neelim, 2010; Shahid et al., 2012; Mondal 
et al., 2013; Shahid et al., 2014). However these studies 
do not yield a single, consistent picture with respect to 
rainfall (Tables 1 and 2), though several studies (Shahid 
and Khairulmaini, 2009; Shahid, 2010, 2011; Mondal 
et al., 2013; Rahman et al., 2017) agree that rainfall has 
increased in the coastal region. The differences in the 
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suggested rainfall trends may result from the substantial 
variability of rainfall, coupled with differences in the 
periods and areas studied.

Whereas, the studies noted above give a reasonable 
picture of the climate trends over Bangladesh and West 
Bengal as a whole, and to some extent the coastal region 
in particular, but they generally do not address some 
of the climate characteristics critical for increasing 
cropping intensity in the coastal zone. None of the 
studies examine the likelihood of heavy rainfall (which 
may result in waterlogging and seedling failure) in 
the sowing period for winter crops. While some of the 
studies assessed trends of winter rainfall, none was found 
to assess the likelihood of rainfall in useful quantities 
(or, conversely, extended dry periods) at critical periods 
(such as grain filling).  Keeping the research gap in mind 
this study attempts to assess the historic climate in terms 
of key characteristics of temperature and precipitation 
for crop growth and yield. 

MATERIALS AND METHODS

We examined more than 40 years (1970 - 2017) of 
historical daily temperature and rainfall data at the six 
weather stations (Khulna, Mongla, Barishal, Patuakhali, 
Khepupara in Bangladesh and Canning in West Bengal, 
India) as shown in Fig. 1. The stations at Khulna and 

Mongla, are around the cropping experiment site in 
Polder 31, Patuakhali and Khepupara are in the vicinity 
of the sites in Polder 43, and Canning is close to the 
experiment site on Gosaba Island. Locations and data 
information of all observatories are listed in Table 3.

In order to evaluate impacts of both small and 
large amounts of daily rainfall, this study looked 
into contributions of the different classes of daily 
precipitation in the coastal area in Bangladesh and West 
Bengal, India, by assessing the rainfall concentration 
index. The details of theory and calculation process 
could be found in Harrison (1983) and Martin-Vide 
(2004). The accumulated percentages of precipitation 
(Y), contributed by the accumulated percentage of rainy 
days (X), was analysed using Eq. 1.

…(1)

In the present study, a rainy day is defined as a day 
with precipitation of at least 1 mm, according to Martin-
Vide (2004) and Khatun et al. (2016). The daily rainfall 
during the entire period was classified at an interval of 
1 mm. The number of rainy days (ni) and amount of 
total rainfall (pi) were calculated at each class (i). The 
cumulative percentages of rainy days and precipitation 

Fig. 1. The field experiment sites and surrounding weather stations in the study coastal area in Bangladesh and West Bengal, India
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were calculated and fitted into an exponent function 
(Eq. 2) at each station, 

Y= aXexp(bX), 0 ≤ X ≤ 100 and 0 ≤ Y ≤ 100   …(2)

where k denotes the maximum class, a and b are the 
constant coefficients of exponential functions. To 
describe the irregularity of rainfall distribution, the 
rainfall concentration index, CI, was calculated for each 
observatory as follows (Eq. 3).

                                           
 …(3)

Large amounts of daily rainfall usually result in 
water logging. Therefore, it is virtually important to 
accurately evaluated exceedance probabilities and 
returning periods of extreme rainfall events to inform 
risk-based crop and water management practices. 
Extreme rainfall probabilities and their return periods 
were calculated using Eqs. 4 and 5, by applying Weibull’s 
ranking method (Rao, 1985; Khan and Mainuddin, 
1991),

	                
…(4)

	                
…(5)

where M is the total number of observations to be 
considered and m is the rank of an observation.

To further investigate the variations in extreme 
weathers in long term, 27 climate indices of different 
climate parameters, such as annual maximum 
temperature and rainfall and annual longest dry period, 
were computed using software RClimDex designed 
by Climate Research Division, Canada (http://etccdi.
pacificclimate.org/index.shtml). Here we focus on nine 
indices which are listed in Table 4. Based on the daily 
precipitation over the last 40 years, the variation in 
trends was detected and the significance was tested. 

Observatories Canning Khulna Mongla Barishal Patuakhali Khepupara
Division West Bengal Khulna Khulna Barishal Barishal Barishal

Latitude (N) 22°18´ 22°47´ 22°28´ 22°43´ 22°20´ 21°50´
Longitude (E) 88°40´ 89°34´ 89°36´ 90°22´ 90°20´ 90°41´
Elevation (m) 3.5 2.1 1.8 2.1 1.5 1.8

Data Start 1966 1974 1991 1949 1973 1974
Data End 2017 2017 2017 2017 2017 2017

Table 3. Observatories in coastal zone in Bangladesh and West Bengal

Indices Definition Unit
TMAXmean Annual average of monthly maximum 

value of daily maximum temperature
°C

TMINmean Annual average of monthly minimum 
value of daily minimum temperature

°C

SU25 Annual count of days when daily 
maximum temperature > 25°C

days

DTR Monthly mean difference between daily 
maximum and minimum temperature

°C

RX1day Monthly maximum 1-day precipitation mm
RX5day Monthly maximum consecutive 5-day 

precipitation
mm

PRCPtot Annual total precipitation in wet days 
with precipitation >= 1 mm

mm

CDD Annual maximum number of consecutive 
days with precipitation < 1 mm

days

CWD Annual maximum number of consecutive 
days with precipitation >= 1 mm

days

Table 4. Definition of extreme air temperature and precipitation 
indices applied in this study

RESULTS AND DISCUSSION

Basic climatic conditions of the six stations are 
summarised in Table 5. For all the stations together, the 
annual mean daily maximum and minimum temperatures 
were around 30.8°C and 22.0°C, respectively, with 
small coefficients of variation, indicating similar warm 
weather across the region. 

Annual precipitation and concentration

The annual precipitation was found varied spatially, 
which is decreasing from more than 2000 mm in the east 
(Khepupara and Patuakhali) to 1800 mm in the west 
(Canning). Similar spatial variation was found in the 
number of rainy days, changing from 123 days in the 
east to 100 days in the west. This implies that the eastern 
part of the coastal region generally experiences longer 
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Observatory Canning Khulna Mongla Barishal Patuakhali Khepupara
Study Periods 1966-2017 1974-2017 1991-2017 1949-2017 1973-2017 1974-2017

Annual mean daily maximum 
temperature (°C)

Mean
CV %

30.9
1.08

31.3
1.44

31.1
1.13

30.5
1.38

30.7
1.82

30.5
1.73

Annual mean daily minimum 
temperature (°C)

Mean
CV %

21.9
2.16

21.9
2.26

22.5
1.56

21.4
2.09

22
1.56

22.2
1.28

Annual total rainfall (mm) Mean
CV %

1833
19.08

1853
17.6

1962
17.29

2112
19.74

2643
17.58

2783
14.22

Annual numbers of rainy days 
(count)

Mean
CV %

100
11.74

112
12.41

120
6.78

122
21.96

123
12.57

123
10.58

Table 5. Basic temperature and rainfall conditions in coastal zones

and wetter rainy periods. In addition, lower latitudes 
were found to have larger amounts of total precipitation, 
as seen by comparing Khepupara with Patuakhali, 
and Mongla with Khulna. Overall, the precipitation 
generally increased from west to east, and from north to 
south (1853 mm in Khulna and 2783 mm in Khepupara) 
within the study area. 

Although the annual rainfall varied spatially, a 
similar rainfall distribution structure was found at all 
six stations. The curves of accumulated percentages 
of precipitation, Y, contributed by the accumulated 
percentage of rainy days, X, are shown in Fig. 2. The 
maximum and minimum concentration indices, CI, 
are 0.66 at Canning and 0.61 at Mongla, respectively.  
Fig. 2 shows that the wettest 25 percent of days 
(equivalent to the 75th percentile of cumulative rainy 
days) contributed about 70% of precipitation at all 
stations. Thus, heavy to extremely heavy rainfall events 
make a large contribution to total rainfall. 

Extreme rainfall events

The annual cumulative precipitation (from the 1st 

Dec to 30th Nov) between 1998 and 2017 for all stations 

is shown in Fig. 3.  Little precipitation occurs during 
December to February, which is the rabi season. The 
precipitation is comparatively higher between March 
and September, with average slopes of approximately 
15 mm per day-1 at Khepupara and Patuakhali, and 
11 mm day-1 for the other stations. The total annual 
precipitation can reach up to 2000 mm at Canning in the 
west and 3000 mm at Khepupara in the eastern costal 
region. The annual rainfall differed in different five-year 
periods, with the period 2008-2012 being the driest at 
all stations, with a reduction of about 20% compared 
to other three periods. The reduction is attributed to 
reductions of extreme rainfall events during that period. 
The 10-year moving averages of annual maximum 
5-day precipitation are shown in Fig. 4.  An average of 
28% reduction in annual maximum 5-day precipitation 
was found in the south of the coastal zone (Canning, 
Patuakhali and Khepupara) between 2010 and 2017, 
which again indicates the reductions of extreme rainfall 
events in the recent years. 

Fig. 4 shows three other features of extreme rainfall 
events. The most significant events were observed at 
Khepupara, which recorded maximum precipitation 
more than 450 mm in 5 consecutive days.  At Patuakhali, 
maximum precipitation up to 400 mm was recorded in 5 
days. The extreme events occurred at the other stations 
were from 250 to 300 mm. 

Return periods of extreme rainfall events at 
observatories with R2> 0.95 in K-S tests are shown in 
Fig. 5. At a return period of 5 years, one-day maximum 
precipitation was generally larger than 150 mm. Extreme 
one-day precipitation reaches approximately 230 mm 
day-1 in the west and 350 mm day-1 in the east at a return 
period of 100 years. Fig. 2. Concentration curves of cumulative rainfall in the coastal zones
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Fig. 3. 5-year average of annual cumulative precipitation at 6 observatories between 1998 and 2017

Fig. 4.  Rolling decadal average of annual maximum precipitation for 5 consecutive days at 6 observatories
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Fig. 5.  Return periods at 5 observatories in the coastal zones

The occurrence of heavy rainfall also varies 
significantly during different seasons. The monthly 
minimum and maximum rainfalls were 0 and 254 
mm, respectively, in the study area from December to 
March, during the rabi season crop growing period. The 
exceedance probabilities of precipitation over a year 
was summarised in Fig. 6. The probability of receiving 
at least 10 mm day-1 was less than 25% in December and 
January. There was also small chance (< 10%) of very 
high rainfall during this period. In contrast, extreme 

Fig. 6.  Exceedance probability in each month in the coastal zones

event as large as 50 mm day-1 rainfall occurs with a 
probability of 75 % during the monsoon season.

Rainfall events during the rabi season

Depending on the seasonal distribution, quantity 
and timing, rainfall either contributes beneficially to 
agricultural production through reduced demand of 
irrigation and increased yield, or negatively through 
increased risks of crop waterlogging. Based on the 
long-term rainfall records, it is evident that some 
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sudden heavy rainfalls have occasionally taken place 
during the rabi season in the recent years, which might 
have negative effects on crop production. Fig. 7 shows 
10-day accumulated quantity and timing of sudden 
heavy rainfall at all observatories between December 
and February over the last two decades. The 10-day 
accumulated precipitation was generally less than 50 
mm in December, but could reach approximately 100 
mm in January and February. Occurrences of sudden 
heavy rainfall increased in the early January during 
the decade 2008-2017, compared to the previous 
decade. In addition to quantity and timing of sudden 
rainfalls, it was also found that despite being the 
driest location, Canning may receive some of the                                                                                                                                          
heaviest sudden rainfall during the rabi season, such 
as 30 mm in the mid December and early January, 75 
mm in the late January, 90 mm in the late February. 
Notwithstanding the heavier sudden rainfall, Canning 
also experienced longer drought periods than the other 
stations. It can be seen from Fig. 8 that the median drought 
periods (consecutive dry days) lasted approximately 80 
days, with the 75th quantile of 100 days, and a maximum 
value of 150 days in Canning. 

Linear trends in long term

The annual trends of extreme indices of temperature 
and rainfall are shown in Table 6. The highlighted 
numbers are statistically significant trends (p<0.05). 
Annual average daily maximum temperature increased 

Fig. 7.  Sudden rainfall events during the rabi seasons over the last two decades

at all stations, with average rates of 0.01°C year-1 at 
higher latitudes (Khulna and Barishal) and 0.028°C 
year-1 or more at lower latitudes (Mongla, Patuakhali 
and Khepupara). This finding is consistent with that of 
other studies (Islam and Neelim, 2010; Shahid et al., 
2012; Mondal et al., 2013). The trend was statistically 
significant at all stations except Canning. Though 
globally there was increasing trend in air temperature, 
there was no change in air temperature observed at 
Canning may be because there was also a decreasing 
trend of sunshine hour in the region. That might be 
responsible for compensation of the increasing behaviour 
of air temperature (Mandal et al., 2019). Stations at 
lower latitudes in the east, Khepupara and Patuakhali, 
have longer summer seasons (SU25), increasing at a rate 
of 0.35 days year-1, and their ranges of daily temperature 
(DTR) are also rising at 0.03°C year-1, indicating a large 
temperature difference over a day. 

In contrast to the trends of increasing temperature, 
trends in precipitation are less uniform and generally less 
significant statistically in the study area. At Khepupara, 
the maximum 5-day accumulated precipitation 
(RX5DAY) and total precipitation (PRCPtot) both 
show increasing trends with statistical significance. 
However, there were no similar long-term trends at 
other places in the coastal zone. Several other studies 
found increasing rainfall (Shahid and Khairulmaini, 
2009; Shahid, 2010, 2011; Mondal et al., 2013; Rathore 
et al., 2013; Hossain et al., 2014; Mukhopadhyay  

2008 - 2017

1998 - 2007
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Fig. 8.  Annual maximum consecutive dry days at 6 observatories

et al., 2016; Mukherjee, 2017; Rahman et al., 2017), but 
some found that there was no significant trend in rainfall 
(Islam and Neelim, 2010; Shahid et al., 2014), or that 
there was a decrease in rainfall accompanied by shift in 
the timing of rainfall (Hossain et al., 2017). However, 
many of the studies referred to, while encompassing the 
coastal zone, covered a wider region such as the whole 
of Bangladesh or West Bengal. Overall, both annual 
maximum precipitation and daily temperature generally 
increased over the years in the coastal zone, as shown in 
Fig. 9, associated with longer durations of consecutive 
wet period. 

Climate is one of the most important factors in 
crop production. Spatial and temporal variations in 
precipitation and temperature in the coastal zone were 

investigated to update the current knowledge, which 
may in turn beneficially contribute to agricultural 
management in coastal zones. 

It was found that precipitation exhibits spatial 
and seasonal variations in the coastal zone. The total 
precipitation generally increased from the west to east, 
and from the north to south. Khepupara received the 
largest amounts of rainfall, comparing with the other 5 
locations.  Although the occurrence of extreme rainfall 
events reduced during the monsoon in the recent years, 
some sudden heavy rainfall events took place during the 
rabi season, particularly in the early January and late 
February. The annual precipitation generally increased, 
associated with longer and wetter summers. The 
investigation of long-term trends of climate condition 

Table 6. Annual trends of the extreme indices of temperature and rainfall in coastal zones

Canning Khulna Mongla Barishal Patuakhali Khepupara

Temperature
Indices

TMAXmean 0.01 0.01 0.03 0.01 0.04 0.04
TMINmean 0.01 0 0 0 0.01 0.01

SU25 -0.21 -0.05 0.04 0.00 0.34 0.35
DTR 0.00 0.01 0.03 0.01 0.03 0.03

Rainfall
Indices

RX1DAY 0.19 -0.22 0.09 0.22 -0.79 0.56
RX5DAY -0.04 0.55 3.02 0.38 -0.25 3.10

CDD -0.31 0.58 1.15 -0.11 0.62 0.42
CWD -0.03 0.09 0.22 -0.42 0.08 0.10

PRCPtot -0.88 2.01 10.12 -0.96 -7.59 9.65
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Fig. 9.	 Annual maximum 5-day accumulated precipitation, temperature and the longest consecutive wet days of the 
year at 6 places in the coastal zone

indicated that the maximum temperature has been 
rising at a rate of 0.04°C year-1, while no statistically 
significant rainfall trends have been found throughout 
the coastal zone implying that rainfall behaviour is more 
varied. 

Increased annual rainfall can reduce the pressure 
on groundwater for irrigation, particularly in the 
southeast coast that has longer and wetter rainy periods, 
comparing with the rest of coastal area. The drought 
vulnerability in the western coastal region, such as 
Canning, may increase due to its longer drought periods 
and relative less amount of rainfall with comparison to 
other places. In addition, increased possibility of sudden 
heavy rainfalls during the rabi season may impact the 
sowing date and crop growth due to failure of seedling 
and a risk of water logging.
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