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ABSTRACT

In this paper attempts have been made to study the correlation between minimum temperatures (Tmin) of pre-
monsoon season with the rainfall of monsoon season over Bangladesh and to study the distribution of minimum
temperature over the country. The correlation coefficient (CC) between pre-monsoon minimum temperature with
the monthly and seasonal rainfall of monsoon season has been studied using the data sample of thirty
meteorological stations during 1951 to 2000 all over Bangladesh. The correlation coefficients between the
monthly/seasonal rainfall of pre-monsoon and monsoon seasons with the monthly/seasonal minimum
temperature of pre-monsoon season have been determined. Highest minimum temperature (Tmin) has been
observed in the southern part of Bangladesh and lowest Tmin observed in the northern and north-eastern part of
the country in the months of March, April and May. The average minimum temperature of March, April and pre-
monsoon season was positively correlated with the rainfall of June all over the country with little anomalies. On
the other hand the average minimum temperature of March, April and May are negatively correlated with the
rainfall of July, August and September in the eastern and central region of the country.
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1. INTRODUCTION

Bangladesh has a tropical monsoon climate with significant variations in rainfall and temperature throughout the
country. There are four meteorological seasons: the pre-monsoon (March-May) has the highest temperatures and
experiences the maximum intensity of cyclonic storms, especially in April and May; the monsoon (June-
September) when the bulk of rainfall occurs; the post-monsoon (October-November) which, like the pre-
monsoon season, is marked by tropical cyclones in the Bay of Bengal and the winter, the cool and sunny dry
season (December-February). Among the four seasons, monsoon is the most important one for rainfall in
Bangladesh. Most of the annual rainfall occurs in this season. The impact of rainfall in Indian sub-continent is
tremendous in monsoon season. In this season, sometimes large amount of rainfall occurs in Nepal and Northeast
India, which causes flood in northeast India and Bangladesh. It sometimes causes the heavy flood in Bangladesh.
From the recent studies, it has been found that Dry Bulb Temperature (DBT) (Ara et al., 2005), maximum and
minimum temperature and rainfall (Karmakar et al., 2000) have increased all over Bangladesh.

Nor’westers is meso-scale severe thunderstorms that occur in Bangladesh during the pre-monsoon season
(March-May). These are local severe storms. Economic losses are also enormous due to these weather events.
Two transition periods between southwest and northeast monsoons over the India-Bangladesh-Pakistan
subcontinent are characterized by local severe storms. In Bangladesh, these transition periods are known as pre-
monsoon (March-May) and post-monsoon (October-November) seasons. Of these, it is the pre-monsoon season
when most of the local severe storms occur over different parts of Bangladesh with frequent intervals.

On an average 75% of Bangladesh’s annual rainfall occurs in the monsoon season. The quantity of monsoon
rainfall has a socio-economic impact on the peoples of Indian subcontinent. A study on daily rainfall in
Bangladesh during the summer monsoon season by Ahmed and Kim (2003), the variability of annual rainfall by
Shamsuddin and Ahmed (1974), spatial and temporal variability by Samad and Islam (1993), correlation between
winter temperature and monsoon rainfall over Bangladesh by Alam (2002) and correlation between winter
temperature and post-monsoon rainfall by Alam and Hussain (2004) are among the significant studies towards
understanding of rainfall characteristics and distribution in Bangladesh.

The mean rainfall during the monsoon season ranges from 1000 to 3000 mm in the country. Banerjee et al.
(1978) showed that the total monsoon rainfall over India is significantly correlated with the latitudinal position of
the subtropical ridge of the mean circulation of April at 500 hPa level. Upadhyay et al. (1990), and Kanaujia et
al. (1992) determined that the rainfall correlation decreases exponentially with distance. Kanamitsu and
Krishnamurti (1978) and Verma (1980, 1982) have shown that the future performance of the monsoon is
reflected by the upper tropospheric thermal and circulation anomalies over the Indian subcontinent for pre-
monsoon months. Chowdhury and Debsharma (1992) observed the increasing tendency of the lowest minimum
temperature over Bangladesh. Warick et al. (1994) studied the variations of temperature and rainfall over
Bangladesh. The long term variations of hemispheric or regional surface air temperature are shown by many
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studies (e. g., Jones and Briffa, 1992; Hansen and Lebedeff, 1987; Jones, 1994; Parker et al., 1994). Karmakar et
al. (1994) tried to find the correlation between pre-monsoon rainfall and monsoon rainfall over different stations
of Bangladesh and observed no correlation. Alam (2004) tried to find the correlation between winter pressure
and pre-monsoon rainfall and found significant correlation in different stations over Bangladesh.

In this work, attempt has been made to investigate the correlation between the monthly minimum temperature of
pre-monsoon season and the rainfall of monsoon season. Attempts have also been made to find out the
correlation between the seasonal average minimum temperature of pre-monsoon season and seasonal average
rainfall of monsoon season.

2. DATA AND METHOD AND ANALYSIS

At first daily minimum temperature data of pre-monsoon season and daily rainfall data of monsoon season has
been collected for 30 meteorological stations all over Bangladesh during the period 1951-2000 from the Climate
Division of Bangladesh Meteorological Department (BMD). Then daily data are used to obtain monthly,
seasonal and annual data. Mean monthly minimum temperature of pre-monsoon season (March — May) and mean
monthly rainfall of monsoon season (June — September) have been computed for each station and each month
under consideration. These values are then used to compute the correlation coefficient (CC) between rainfall of
monsoon season and minimum temperature of pre-monsoon season with the help of the following relation:

05 -D0i-7)

£ (-0 2077

r(x,y) =

Where,
r (%, y) = correlation coefficient
x; = individual observation of rainfall

X =average rainfall
y.= individual observation of minimum temperature
1

Y = average minimum temperature

The correlation coefficient can vary between —1 and 1. When it is positive, one variable tends to increase as the
other increases. When it is negative, one variable tends to decrease as the other increases. Contours are drawn

over the Bangladesh map with station-wise calculated values of '7' at 0.1 difference by using the “Surfer”
software. The values of CC in different significance level for different stations with the number of data available
years are computed to test whether the results are significant or not. It may be mentioned that for 50 year
observations (1951-2000) r is significant when r>0.24 and r>0.33for 5 and 1% level of significance
respectively. It is also essential to note that there were some missing data in some months at some stations. Data
were considered to be missing when the data were not recorded or stations were not operating on that time.

3. RESULTS AND DISCUSSIONS

The distribution of average minimum temperature of March, April and May has been presented as in Figs. 1(a-c).
The average is made over the available data during 1951-2000 as many years as obtained. The CC between
monthly and seasonal minimum temperature of pre-monsoon season with the monthly and seasonal rainfall of
monsoon season have been presented as in Figs. 2(a-d), 3(a-d), 4(a-d), 5(a-d) and 6(a-d) respectively.

3.1 Distribution of average Minimum Temperature (Tmin) of March, April and May

The average minimum temperature for the month of March to May all over Bangladesh has been presented as in
Figs. 1(a-c). From Fig 1(a), it is observed that about 19°C average minimum temperature is recorded at the
central part of the country in March. From central part, the average minimum temperature decreases toward the
north and increases toward the south. More than 21°C average temperature has been recorded at Sandwip-Hatiya-
Kutubdia-Khepupara belt. The lowest average temperature is recorded at Rangpur, Dinajpur and Ishurdi which is
less than 17°C. The average minimum temperature pattern for the month of April has a good similarity with that
of March as in Fig. 1(b). The figure shows about 23°C average minimum temperature at the central part of the
country. Then the minimum average temperature decreases toward the northern and increases toward the
southern part of the country. Over 24°C average minimum temperature has been recorded at Chittagong, Hatia,
Sandwip, Khepupara, Khulna and Satkhira region. The lowest average temperature is recorded at Rangpur,
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Dinajpur, Sylhet and Srimangal which is less than 21°C. The average minimum temperature pattern for the
month of May (Fig. 1¢) has a good similarity with that of March and April.
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Figure 1(a-c): Distribution of average Minimum Temperature for the month of March, April and May all over
Bangladesh
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Figures 2(a — d): CC between average Minimum Temperature of March and rainfall of June, July, August and
September respectively
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Figures 3(a — d): CC between average Minimum Temperature of April and rainfall of June, July, August and
September respectively
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Around 24°C average minimum temperature has been recorded at the central part of the country. Then like
March and April, the minimum average temperature decreases toward the north and increases toward the south
of the country. The minimum average temperature exceeds 25°C at Teknaf, Cox’s Bazar, Kutubdia, Sandwip,
Khepupara, Khulna, Satkhira, Patuakhali and Barisal region.

3.2 Distribution of the CC between Tmin of March and rainfall of June-September

The distribution of CC between average Tmin of March and rainfall of June — September is shown in Figs 2(a-d)
respectively. The CC between Tmin of March and rainfall of June (Fig. 2a) is positive all over the country except
Srimangal, Maizdi Court, Sitakundu, Chittagong and Teknaf region. The CC is maxima at Khepupara and its
value is 0.39 with level of significance 95%. The CC between the average Tmin of March and the rainfall of July
(Fig. 2b) is positive throughout most of the western, northern and some of the southern part of Bangladesh. The
CC is maximum at Teknaf and its value is 0.44 with a level of significance 95%. The minimum CC is observed
at Feni which is -0.31.

The CC between the Tmin of March and the rainfall of August (Fig. 2c) is positive at many places in the west,
south-western, southern and some of the northern part and is negative in the central and eastern part of the
country. The maximum value of the CC is 0.28 found at Hatiya and minimum -0.38 at Maizdi Court. The CC
between the Tmin of March and the rainfall of September (Fig 2d) is positive towards most of the northern,
north-western and north-eastern part of the country. The CC is maximum at Srimangal and its value is 0.30 with
a significance of about 95%. The minimum CC is observed at Ishurdi which is -0.29.

33 Distribution of the CC between Tmin of April and rainfall of June-September

The CC between the Tmin of April and the rainfall of June (Fig. 3a) is positive all over Bangladesh except
southern part and Ishurdi. The maximum value of CC is observed to be 0.55 at Teknaf with a level of
significance 99%. The minimum CC is observed at Cox’s Bazar which is -0.14. The CC between the Tmin of
April and the rainfall of July (Fig. 3b) is negative at Rangpur-Dinajpur- Rajshahi - Ishurdi region. Starting from
the middle part of the country it is also negative at most of the places towards the eastern part. The CC is positive
at the extreme southern part and south-western part of the country. The maximum value of CC is observed with a
level of significance 95% at Teknaf 0.43. The minimum CC of -0.30 is observed at Maizdi Court.

The CC between the Tmin of April and the rainfall of August (Fig. 3c) is positive at Rangpur-Dinajpur-Bogra-
Rajshahi and Jessore-Khulna-Madaripur-Chandpur belt. The figure also shows that CC is negative in the north-
eastern and south-western part of the country. The maximum and minimum CC is found to be 0.25 and -0.35 at
Hatiya and Maizdi Court respectively. The CC between the Tmin of April and the rainfall of September (Fig.
3d) is positive at north-western, south-western and middle part of the country. Most of the other places have
negative CC. The maximum value of CC is observed at Maizdi Court which is 0.28 with a level of significance
95%. The minimum CC is observed at Sylhet which is -0.32.

34 Distribution of the CC between Tmin of May and rainfall of June-September

The correlation coefficient (CC) between the Tmin of May and the rainfall of June (Fig. 4a) is positive at
northern and extreme south-eastern part of the country. It is also positive at Jessore-Satkhira-Khulna-Barisal-
Bhola and Comilla-Feni - Maizdi-Hatiya belt. The CC is negative in other parts of the country. The maximum
CC is found with a level of significance 95% at Maizdi Court which is 0.28. The minimum CC is observed to be
-0.26 at Ishurdi. The distribution of CC between the Tmin of May and the rainfall of July (Fig. 4b) is positive at
central, northern, north-eastern, southern and south-eastern part of the country. The negative CC is observed at
north-western, eastern part of the country and at Satkhira region. At Patuakhali, the maximum CC is found to be
0.25. The minimum CC is observed at Bhola which is -0.46 with a level significance 99%.

The CC between the Tmin of May and the rainfall of August (Fig. 4c) is positive at northern, north-western,
central and southern part of Bangladesh. The negative CC is observed at western, south-western and eastern part
of the country. The maximum CC is found to be 0.28 with a level of significance 95% at Bogra. The minimum
CC is observed at Sitakundu which is -0.22. The CC between the Tmin of May and the rainfall of September
(Fig. 4d) is positive at Rangpur-Dinajpur-Rajshahi zone. It is also positive at Maizdi-Hatiya-Chittagong-
Rangamati region. Maximum region of the country has negative CC. The maximum and minimum CC is found
0.19 and -0.26 at Maizdi Court and Feni respectively.
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Figures 4(a — d): CC between average Minimum Temperature of May and rainfall of June, July, August and
September respectively
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Figures 5(a — d): CC between average pre — monsoon Minimum Temperature and rainfall of June, July, August
and September respectively
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Figures 6(a-d): CC between average monsoon rainfall and Minimum temperature of March, April, May and Pre-
monsoon
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35 Distribution of the CC between average Tmin of Pre-monsoon season and average rainfall of
June-September

The CC between the pre-monsoon Tmin and the rainfall of June (Fig. 5a) is positive all over the country except
Ishurdi, Srimangal, Hatiya, Sitakundu and Chittagong. The maximum CC has been observed at Madaripur which
is 0.30 and minimum of -0.18 at Srimangal. The CC between the pre-monsoon Tmin and the rainfall of July is
shown in Fig. 5(b). It has been found from the distribution pattern the eastern, north-eastern and the north-
western part of Bangladesh has a negative CC. The extreme southern, south-eastern and south-western part of the
country has a positive CC. The maximum positive and negative CC have been found at Teknaf and Maizdi Court
which are 0.49 and -0.39, respectively and are significant at 99% level.

The CC between the pre-monsoon Tmin and the rainfall of August (Fig. 5¢) is positive towards the southern part
of the country and Sylhet. The negative CC is observed in the central and eastern part of the country. The
maximum positive CC has been observed at Hatiya which is 0.31 and the maximum negative at Maizdi Court
which is -0.45. The CC is 95% and 99% level of significant at Hatiya and Maizdi Court respectively. The CC
between the pre-monsoon Tmin and the rainfall of September is shown in Fig. 5(d). It has been found from the
distribution pattern that the CC is positive at the north-western, southern and south-eastern part of the country. It
is also positive at Srimangal, Dhaka and Jessore. The maximum positive and negative CC is observed at Teknaf
and Feni 0.27 and -0.39 respectively.

3.6 Distribution of CC between average Tmin of March, April, May and Pre-monsoon season with
average monsoon rainfall

The CC between the Tmin of March and the average monsoon rainfall (Fig. 6a) is positive at the extreme
northern, western and extreme southern parts of the country. The CC is negative in the central, north-eastern and
eastern parts of the country. The maximum positive and negative CC was observed at Khepupara and Maizdi
Court 0.36 and -0.32 respectively and level of significance 95%. The CC between the Tmin of April and the
average monsoon rainfall (Fig. 6b) is positive at the north-western, western, southern and south-eastern parts of
the country. The CC is negative in the north-eastern, eastern and most of the central parts of the country. The
maximum positive and negative CC was observed at Teknaf and Sitakundu which are 0.48 and -0.34 respectively
and level of significance is Teknaf 99%.

The CC between the Tmin of May and the average monsoon rainfall (Fig. 6¢) is positive at the northern, southern
and south-eastern part of the country. The CC is negative in the central, south-western and eastern region of the
country. The maximum negative and positive CC was observed at Sandwip and Barisal -0.36 and 0.27. The CC
is 95% significant at Barisal and 99% significant at Sandwip. The CC between the average Pre-monsoon Tmin
and average monsoon rainfall (Fig. 6d) is positive at Dinajpur-Rangpur-Bogra-Mymensing belt. The CC is also
positive at north-western, southern and south-eastern region. The CC is negative in the central, eastern and south-
western region. The maximum positive and negative CC has been observed at Teknaf and Sitakundu 0.40 and -
0.36. The CC is 95% significant at Teknaf and Sitakundu.

4. CONCLUSIONS

The following conclusions have been drawn:

i) During pre-monsoon season, the southern part of the country is warmer than the northern part and the
south-western part is warmer than the eastern part of the country.

il) The minimum temperature of March, April and May are negatively correlated in the central and eastern
part with the rainfall of July, August and September.

iii) The rainfall of June is positively correlated with the minimum temperature of March, April, May and
average of pre-monsoon season with little anomalies.

iv) The Tmin of March, April and May and pre-monsoon season has positively correlated with the rainfall
of July and August in the southern region of the country.

v) The CC is not significant between the average minimum temperature of March, April, May and pre-
monsoon season with the average rainfall of June, July, August, September and monsoon season.
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