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Abstract: Rainfall is one of the most common natural disasters in Bangladesh which rigorously affect agro-based economy 

and people’s livelihood in almost every year. The main objective of this study is to examine the variation, prediction and trend 

of rainfall in Bangladesh. The data for this study have been extracted from the Bangladesh Meteorological Department (BMD). 

Data used in this study were collected from 31 rain gauge stations located in different parts of the country for a period of 40 

years (1975-2014). Linear regression model is used to understand the variation, trend and prediction of rainfall for annual and 

various climatic seasons such as pre-monsoon, monsoon, post-monsoon and winter. We also estimated mean rainfall with 

standard deviation of pre-monsoon, monsoon, post-monsoon and winter. Finding reveals that, the trends of mean rainfall of 

annual, pre-monsoon and winter have decreased, whereas rainfall remained unchanged in monsoon season and has increased in 

post-monsoon. Data predicts lesser rainfall in the period 1975, 1989, 1992, 1994, 2004, 2009, 2012, 2013 and 2014 years. 

These results indicate lesser precipitation in future over Bangladesh. The predicted rainfall amount from the best fitted model 

was compared with the observed data. The predicted values show reasonably good result. Thus the model can be used for 

future rainfall prediction. It is expected that this long term prediction will help the decision makers in efficient scheduling of 

flood prediction, urban planning, and rainwater harvesting and crop management. Classification of rainfalls in a systematic 

way is therefore critical in order to take necessary actions toward drought mitigation and sustainable development. 
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1. Introduction 

Climate change and global warming are recognized 

worldwide as the most crucial environmental dilemma that 

the world is experiencing today [1-3]. Concern regarding 

climate change and global warming by the international 

community, non-government organizations and governments 

has brought great interest to the meteorologists on climate 

trend detection at global, hemispherical and regional scales 

[4, 5]. Bangladesh is located between 20° to 26° North and 

88° to 92° East. Even though Bangladesh is a small country 

with a size of 147340 km
2
, inter-regional climatic differences 

in this flat country is not minor. Furthermore, the climate of 

Bangladesh is greatly influenced by the presence of the 

Himalayan mountain range and the Tibetan plateau in the 

north, the Bay of Bengal in the south. The eastern and 

northeastern parts of the country are wet, whereas the central 

and western parts are dry. Four distinct climatic seasons can 

be recognized: (i) dry winter (December-February), (ii) pre-

monsoon (March-May), (iii) monsoon (June-September), and 

(iv) post monsoon (October-November). Rainfall in 

Bangladesh is not uniform throughout the country. On 

average, the northwest part of the country receives about 

1,400 mm of rainfall every year and the northeast receives 

more than 4,400 mm of rainfall. More than 75% of the 

rainfall in Bangladesh occurs during the monsoon season [6]. 

It is the country where economy is largely depends on 

agriculture. The impact of low and high precipitation is very 

important for agricultural production. Livestock and human 

ecology depends on the water system especially rainfall. 

Drought of different intensities occurs across Bangladesh. 

Rice and other crops productions are severely affected by 

dryness. To make better understanding of rainfall system 
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which can help the formulation of policies that might include 

preserve and an efficient use of rainfall water in near future. 

In order to implement a better policy, the policy makers 

especially farmers need to know the future state of amount of 

rainfall. Since in all weather happenings, rainfall plays the 

most imperative role in human life. Human civilization 

depends to a great extent upon the frequency and amount to 

various scales of rainfall [7]. The rainfall of Bangladesh is 

mainly governed by the activities of monsoon system, 

tropical cyclonic disturbances, local land origin weather 

systems and sub-tropical western disturbances [8]. Prediction 

of rainfall is still a huge challenge to the climatologists. It is 

the most important component of a climate system. Most of 

the burning issues of our time like global warming, floods, 

draught, heat waves, soil erosion and many other climatic 

issues are directly related with rainfall. Agriculture is still the 

main source of economic activities in the most of the 

developing countries of the world like Bangladesh. In order 

to increase crop production and protecting crops, human life, 

and ecosystem, there is an increasing demand from the policy 

makers for a reliable prediction of rainfall [9].  

Several researchers studied the variability and trends in 

rainfall across the world. Nicholson observed that one of the 

most important contrasts in rainfall is the multi-decadal 

persistence of anomalies over northern Africa [10]. 

Nicholson and Grist had identified several changes in the 

general atmospheric circulation that have accompanied the 

shift to drier conditions in West African Sahel [11]. Rainfall 

variability in southern Spain on decadal to centennial time 

scales were studied by Rodrigo and his colleagues [12]. 

Rotstayn and Lohmann showed a prominent feature is the 

drying of the Sahel in North Africa and suggest that the 

indirect effects of anthropogenic sulfate may have 

contributed to the Sahelian drying trend [13]. Murphy and 

Timbal reported that most of the rainfall decline has occurred 

in Autumn (March-May) in southeastern Australia [14]. A 

similar rainfall decline occurred in the southwest of Western 

Australia around 1970 that has many common features with 

the southeastern Australia decline. Nicholls and Lavery 

reported that summer rainfall over much of eastern Australia 

increased abruptly around 1950s [15].  

Bangladesh demonstrates seasonal alterations with six 

seasons where natural calamities cause tragic death of lives 

and severe hazardous in Bangladesh regularly and 

frequently. It is difficult to predict the weather pattern 

because of non-linear characteristics of natural disaster and 

seasonal changes in the country. The conventional weather 

prediction models are conducting in a huge domain and 

high resolution in Bangladesh which is constraint to show 

reliable seasonal disaster predictions [16]. Rahman et al. 

used trend analysis to study the changes in monsoon rainfall 

of Bangladesh and found no significant change [17]. 

Shamsuddin Shahid has analyzed rainfall variability and the 

trends of wet and dry periods in Bangladesh over the period 

1958-2007 using the rainfall data recorded at 17 stations of 

BMD distributed over the country. The result shows a 

significant increase in the average annual and pre-monsoon 

rainfall of Bangladesh. The number of wet months is found 

to be increased and the dry months are found to be 

decreased in most parts of the country. Seasonal analysis of 

wet and dry months shows a significant decrease of dry 

months in monsoon and pre-monsoon [18]. A number of 

studies have been carried out on rainfall patterns but only 

very few works have been found on rainfall trends and 

extremes in Bangladesh [17-20]. The results of this study 

may help to drive up the understanding of rainfall 

variability and prediction of Bangladesh. 

2. Material and Methods 

Data for this study have been extracted from the 

Bangladesh Meteorological Department (BMD). The BMD 

collects everyday surface data through weather stations 

situated at all over Bangladesh. There are 34 old rain gauge 

stations under BMD in Bangladesh. Of those, 31 stations 

collected data before 1975. In this study, we used data from 

31 rain gauge stations of Bangladesh except Mongla, 

Chuadanga, Sayedpur and Tangail. The study period is 

January 1975 to December 2014. It is notable that, there 

were some missing data in some months. The missing 

rainfall values are computed by expectation maximization 

(EM) method. A full description of the EM algorithm can 

be found in McLachlan and Krishnan [21]. The collected 

data have been compiled, tabulated and analyzed by MS 

Excel and SPSSv21 (SPSS Inc., Shicago, IL, USA). Annual 

and monsoon average of rainfall for different stations are 

anticipated to analyze the variation and to estimate trend 

line for the period 1975 to 2014. The monthly and yearly 

rainfall data have been obtained from daily rainfall data. 

The average, standard deviation (SD) and prediction of 

rainfall in Bangladesh have been estimated from yearly 

rainfall data. 
Regression is a statistical empirical technique that helps in 

understanding the relation between two or more quantitative 

variables on observational database so that an outcome 

variable can be predicted from the others. We used two 

methods: simple linear regression and multiple linear 

regression models. Regression produces a polynomial 

describing the relationship between any set of inputs and 

corresponding output [22]. The linear regression line has 

been fitted by commonly used least squares method. This 

method calculates the best fitting line for the predicted 

rainfall by minimizing the sum of the squares of the 

deviations from each simulated rainfall to the line. If a 

simulated rainfall lies exactly on the straight line then the 

algebraic sum of the residuals is zero [23]. 

Residuals are defined as the difference between simulated 

rainfall at a point in time and the rainfall read from the trend 

line at that point in time. The simulated rainfall that lies far 

from the line has a large residual value and is known as an 

outlier or an extreme value. The equation of a linear 

regression line is given as: 

Y Xα β= +                                         (1) 
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where, Y  is the predicted rainfall as the dependent variable 

and X  is the simulated rainfall as the independent variable; '

α ' is the intercept of the line on the vertical axis and ' β ' is 

the slope of the line. The estimation of the intercept 'α ' and 

the regression coefficient ' β ' by the least square method is 

as follows:  

ˆˆ Y Xα β= −  

and 
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In order to fit regression lines, a large number of simulated 

rainfall (dependent variables) associated with heavy rainfalls 

are required and plotted. Linear regression line is then fitted 

to determine the predicted rainfall.  

3. Results and Discussion 

The results of this study on the trends of rainfall over 

Bangladesh have been analyzed and discussed. Time series 

data sets are used for this study. Annual, winter, pre-

monsoon, monsoon and post-monsoon mean total rainfall 

over 31 rain gauge stations of Bangladesh during the 40 years 

(1975-2014) are discussed below. 

3.1. Trend of Annual Rainfall 

Annual mean rainfall over Bangladesh during the 40 

years is shown in Figure 1. The analyses of data depict 

that the amount of mean annual rainfall for different 

stations are found to be between 154 mm to 247 mm with 

standard deviations of 41 mm to 97 mm. In the year 2014, 

BMD declare that the annual average normal rainfall is 

202 mm. 

 

Figure 1. Annual mean rainfall of Bangladesh during 1975-2014. 

The analysis reveals that the annual average rainfall of the 

study are highly lowest from normal rainfall in the years 1975, 

1979, 1980, 1985, 1989, 1992, 1994, 2003, 2006, 2009, 2010, 

2012, 2013 and 2014. It is seen from analysis that the rainfall 

variability of all stations of the study are decreasing and the 

trend is towards the downward. The observed data and linear 

trend line shows the decreasing trend of annual rainfall at the 

rate 0.013 mm per year in Bangladesh. 

3.2. Trend of Pre-monsoon Season Rainfall 

The mean rainfall of Bangladesh for the pre-monsoon 

season in the last four decades is shown in Figure 2. We 

observed that, the mean rainfall of this season for different 

stations is found to be between 65 mm to 249 mm with 

standard deviations of 41 mm to 101 mm. According to 

BMD (2014), the average normal rainfall of that season was 

153 mm. Analysis of this study shows that the average 

rainfall of the study are highly lowest from normal rainfall in 

years 1975, 1976, 1979, 1982, 1985, 1986 1987, 1989, 1992, 

1995, 2003, 2004, 2007, 2008, 2009, 2012 and 2014 for this 

season. Data also suggest the decreasing trend of the rainfall 

variability and trend of all stations for the study period. The 

observed data and linear trend line show the decreasing trend 

and the pre-monsoon mean rainfall of the Bangladesh rate is 

recorded as 0.041 mm per year. 

 

Figure 2. Pre-monsoon season mean rainfall of Bangladesh during 1975-2014. 
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3.3. Trend of Monsoon Season Rainfall 

The monsoon seasonal mean rainfall for the period 1975-

2014 was found to be significantly unchanged. The result of 

the study for monsoon season mean rainfall is shown in 

figure 3. The value of the mean rainfall of this season for 

different stations is found to be between 333 mm to 539 mm 

with standard deviations of 113 mm to 235 mm. BMD 

declared that the normal rainfall of that season was 430 mm 

in 2014, whereas this study has found 434 mm in 2014. The 

analysis of this study reveals that the average rainfall of the 

study are highly lowest from normal rainfall in the monsoon 

season in years 1975, 1980, 1989, 1992, 1994, 2006, 2010, 

2012 and 2013. It is seen from analysis that the linear trend 

line shows almost same for every year. 

 

Figure 3. Monsoon season mean rainfall of Bangladesh during 1975-2014. 

3.4. Trend of Post-Monsoon Season Rainfall 

The mean rainfall for the post-monsoon season of 

Bangladesh in the study is shown in Figure 4. The mean 

rainfall of this season for different stations is found to be 

between 27 mm to 201 mm with standard deviations of 23 

mm to 127 mm. According to BMD (2014), the average 

normal rainfall of season was 101 mm. The analyses of data 

for this season indicates that the average rainfall was highly 

lowest from normal rainfall in years 1981, 1982, 1994, 1997, 

2004, 2011 and 2014. Further, the analyses show that the 

rainfall variability and trend of all stations were increasing. 

The observed data and linear trend line shows the increasing 

trends of Post-monsoon mean rainfall of the Bangladesh at 

the rate of 0.012 mm per year. 

 

Figure 4. Post-monsoon season mean rainfall of Bangladesh during 1975-

2014. 

3.5. Trend of Winter Season Rainfall 

The mean rainfall of winter season over Bangladesh during 

1975 to 2014 is shown in Figure 5. From the analyses it has 

been observed that the amounts of mean rainfall in winter for 

different stations are found to be between 1 mm to 33 mm 

with standard deviations of 2 mm to 20 mm. In the year 

2014, BMD declare that the annual average normal rainfall 

was 15 mm. The analysis explores that the annual average 

rainfall was highly lowest from normal rainfall in years 1975, 

1978, 1986, 1989, 2002, 2004, 2009, 2011, 2012 and 2013. It 

is seen from analysis that the rainfall variability and the trend 

of all stations under study are decreasing. The observed data 

and linear trend line show the decreasing trend of annual 

rainfall of the Bangladesh rate at 0.058 mm per year. 

 

Figure 5. Winter season mean rainfall of Bangladesh during 1975-2014. 
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4. Conclusion 

Our prime objective was to examine the trend and rainfall 

variability. The regression models predict 31 rain gauge 

stations in Bangladesh for the period 1975-2014. We 

carefully checked the data before analyzing it. Although the 

data set we use in our study is known to be of high quality, 

we found quite a few numbers of spurious observations in 

it. This finding reemphasizes our concern of data quality. 

We estimated the mean rainfall with SD for annual, pre-

monsoon, monsoon, post-monsoon. We noted that outliers 

in regression can severely affect the fitting of the model as 

their omission can turn a poorly fitted model to be a good 

model fitting. This finding also supports our view to use 

diagnostics in every step of regression fitting. In the study, 

the trend of rainfall in all season decreasing except post-

monsoon. The annual rainfall decreasing trends of all 

stations are greater than those of the monsoon and other 

seasonal rainfall of these stations. The estimated linear 

trend reveals decreasing of mean rainfall which indicates a 

risk towards drought. However, careful cautions are 

warranted to interpret these findings as the study used 

secondary data. Despite these limitations, the findings are 

appreciable and may provide valuable information for 

climate related studies such as water resources planning, 

agricultural productions and drought or flood contingency 

services. Finally, it can be concluded that the rainfall is in a 

decreasing trend in recent years due to climate change and a 

sharp decreasing trend of rain over Bangladesh. The 

classification of rainfalls in a systematic way is therefore 

critical in order to take necessary actions toward drought 

mitigation and sustainable development. 
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