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Abstract: Bangladesh is considered to be one of the most vulnerable 

countries to climate change. The aim of the current study is to explore the 

existing and future climatic conditions of the northwestern region of the 

Bangladesh. Different indices describing the climatic condition of a region 

including Standardized Precipitation Index (SPI), Precipitation Concentration 

Index (PCI) have been used to study the variation of climatic condition of the 

study area. Then a time series analysis has been made to explore the 

variability of climates over the study area. Among four study areas, it is 

found from the results of PCI that three districts exhibit irregular rainfall 

patterns. This demonstrates that the seasonal rainfall occurring mainly in the 

monsoon period dominates most of the study area. The results of SPI value 

indicate that about 75% of the study area is the drought prone which signifies 

the scarcity of water. This has important implications for the municipal water 

supply and irrigation activities in the region. Finally, Artificial Neural 

Network (ANN) is used for the future prediction of climatic conditions in 

study area. In the current study, ANN is implemented through neural 

network toolbox of MATLAB. The developed ANN model is calibrated and 

validated to predict the future climatic conditions of the study area. The 

results of the ANN model demonstrate that the future rainfall is expected to 

be in highly irregular condition and the probability of increasing the drought 

rate in the study areas. It is expected that the results of this study will be 

supportive to develop the adaptive policy for sustainable water resources 

management in the northwestern region of Bangladesh.  
 

1. Introduction 

Climate change is the most concerning issue in the world, as it has a negative impact on the 

environment. One visible example of climate change is an increase in global average 

temperature of 0.74 °C +/- 0.18 °C in just last 100 years (1906–2005). Global warming has 

accelerated and intensified the world's water cycle, potentially leading to more intense storms, 
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food shortages, and droughts (Mohammad et al., 2019).). Bangladesh is regarded as one of the 

most vulnerable countries to adverse impact of climate change. The country's climate is 

warming as a result of increased population, rapid urbanization, and uncontrolled use of fossil 

fuels (Murshed et al., 2011).  

Bangladesh is the most vulnerable countries to natural disasters. Bangladesh is one of the 

vulnerable countries due to temperature and rainfall changes. It facing two types of climatic 

problem; one is coastal problem in southern part and another is very lot weather condition in the 

northwestern portion of Bangladesh. The region has been facing less rainfall and acute 

shortages of water due to the impact of climatic change (Dey et el., 2012). The economic losses 

for natural disaster such as floods, tornadoes, cyclones etc. are not higher now where the 

droughts influenced the production of crops. Due to their low ability for adaptation, people who 

are subjected to the most severe climate-related dangers are frequently least equipped to deal 

with the resulting effects and will be even more vulnerable in the future. People's lives and 

livelihood have already been influenced by the climate change impact in the different regions of 

Bangladesh (MoP, 2011). 

In this study, an attempt has been made to study the existing and future climatic conditions of 

the northwestern region of Bangladesh. There is a huge variation on the climate of this region 

(Dey et el., 2012). The region has been facing extreme low and high temperature and very less 

rainfall compared to the other parts of the country. The annual average temperature of this 

region used to vary from 27ºC to 29ºC. This study area is selected because this portion is fully 

covered by Barind Tract that is very responsible for natural climatic condition especially 

droughts, hot weather and precipitation. This assessment can help the policy maker in the 

decision making process for saving ecosystem, environment and minimize economic losses.  

 

2. Methodology 

The aim of the current study is to explore the existing and future climatic conditions of the 

northwestern region of Bangladesh. The working steps include the selection of the study area 

and collection of necessary data. Next, different indices such as precipitation concentration 

Index (PCI) and standardized precipitation index (SPI) have been used to study the variation of 

climatic condition of the study area. Finally, climate forecasting is undertaken based on the 

aforementioned parameter using the most widely used artificial neural network (ANN) 

technique. The methodological framework is presented in Figure 1, which is detailed in the 

following subsections. 

 

 

Figure 1. The flowchart of the methodological framework adopted in this study 
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2.1 Study Area and Data Used 

The northwestern region of Bangladesh spreads over Rajshahi and Rangpur divisions of the 

country. Barind Tract, being the largest rice producing area of the country, is located in this 

region. This region is characterized by the extreme low and high temperatures as well as less 

rainfall and consequently, the region faces frequent occurrence of droughts. Therefore, most of 

the districts of this region are drought-prone. Four districts of this region such as Bogura, 

Rajshahi, Dinajpur and Rangpur are selected as study areas.  The situation is intensified due to 

the impact of climate change. In 1994, there was a severe outbreak of droughts in the 

northwestern part of Bangladesh (Dey et el., 2012). The region is affected by extreme 

temperatures and high spatial variability of rainfall patterns causing frequent droughts (Sikder 

and Xiaoying, 2014). Therefore, the purpose of this study is to explore the future climates of the 

northwestern region of Bangladesh which will help to aware the farmers, meteorologists, and 

water managers. In order to carry out the analysis, necessary climate data including rainfall and 

temperature data are collected for period of 1990-2015 from the Bangladesh Meteorological 

Department (BMD). The topographic map and geographic coordinates of the study area are 

collected and processed in the ArcGIS software platform.  

 

2.2 Calculation of PCI and SPI 

Precipitation concentration is an important component of climate, and an unbalanced 

distribution of precipitation can result in an abundance or scarcity of water resources, 

influencing plant growth, flood risk, and water resource use (Shahid, 2012). It is a useful 

attribute to determine the degree of rainfall. Whether the rainfall is in regular or irregular 

condition can be known from the precipitation concentration index (PCI) values. The annual 

PCI has been estimated by the Equation (1)  

           
∑    

  
 

 ∑     
  
 

                                                                 

Where, Py is the monthly rainfall rate in y month. According to Shahid (2012), PCI value <= 10 

indicates uniform distribution or rainfall in regular basis. PCI value ranges from 11 to 15 

indicate moderate precipitation concentration. PCI value ranges from 16 to 20 designate 

irregular distribution and PCI value greater than 20 indicates strongly irregular rainfall. 

Standardized precipitation index (SPI) has been used to quantify the precipitation deficit in 

monsoon and non-monsoon periods from 1990 to 2015 to analyze the impact of rainfall 

deficiency on drought occurrence in the study area (Bhuiyan, 2004). The SPI is calculated by 

using the Equation (2). 

    
     

  
   

 
                                                                                   

Where, Xij is the rainfall at ith rain gauge station and jth observation, Xim is the long-term mean 

rainfall, and σ is the standard deviation of the rainfall time series. 

 

2.3 Development of Neural Network Model 

The term neural has come from the word 'neurons'. Neurons are used to receive signals from the 

external world and control everything sending commands to the muscles. Artificial neural 

networks (ANNs) are presented as a simplified mathematical model, similar to and analogous to 
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biological neural networks (Lazarevska et al., 2014). Hence, it can be said an artificial 

intelligence. ANN is one of the best tools for predictive analysis compared to other traditional 

methods. The neural network model is developed in the MATLAB platform using the neural 

network toolbox. The adopted neural network architecture is shown in Figure 2. In this ANN 

model, two inputs have been used. Ten neurons have been set in hidden layer where w is the 

weight co-efficient and b is the biased weight. Then the training function is set according to 

Levenberg-Marquardt optimization. The main advantage of the ANN model is that it does not 

require a priori formulation to identify the relationship between the input and outputs (Campolo 

et al., 2003). 

 

Figure 2. A three layer feed forward neural network architecture 

 

2.4 Prediction of Future Climates 

After the development, training and testing of the neural network model, the future climate is 

predicted. The model was calibrated and validated to get better regression with the lowest error 

and highest correlation coefficient between inputs and outputs. In order to analyze the spatial 

diversity of climates over the study area, the outputs of the ANN are plotted in the graph with 

the past & existing condition for time series analysis. Finally, the current and future climate 

conditions of the study areas are compared through time series analysis. The year 2015 is 

considered as the current condition and in the year 2030, the future climatic conditions are 

estimated using the ANN model. From the ANN model analysis results, the regression 

coefficient has been found to be 0.85, which indicates that the climate prediction is satisfactory 

and the ANN model can be implemented for further climate prediction in the study area. 

 

3. Results and Discussion 

The current and predicted climatic condition of four stations considered in the current study is 

obtained by the ANN modeling technique using the PCI and SPI time series, which is shown in 

Figure 3. It is evident from the predicted PCI and SPI values in Figure 3 that the study area is 

expected to have less rainfall and more droughts in future. Based on the ANN model predicted 

results on the PCI, it is found that Rajshahi and Dinajpur are in extreme irregular rainfall 

condition. On the other hand, Bogura is having moderate and Rangpur is having moderate 

irregular distribution. On the other hand, it is found from the ANN based predictive analysis 

using SPI that Bogura, Rajshahi and Dinajpur are characterized by different levels of drought 

conditions. Among them, Rajshahi has been observed as in extreme drought condition. Rangpur 

has been predicted as drought free area. 
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Figure 3. Time Series variation of current and future PCI and SPI over the study area 

The spatial distribution of PCI values for the current and future climate conditions in the study 

area is shown in Figure 4. As can be seen from the figure, three-fourth of the study areas is 

having moderate irregular rainfall distribution and one area is in moderate precipitation 

condition. It is found from the figure that about 65% areas are expected to be in moderate 

irregular condition, about 10% will belong to strongly irregular condition, about 20% will be in 

moderate precipitation and about 5% will be in uniform rainfall distribution. 
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Figure 4. Spatial variation of current and future PCI over the study area 

 

Figure 5 shows the spatial distribution of SPI values for the existing and future climatic 

conditions over the study area. It can be observed from the figure that almost 75% of the study 

areas are in drought condition and the remaining areas are free from droughts. Based on the 

ANN based predictive analysis using SPI, it is also found that almost 65% of the total areas are 

characterized by different levels of drought conditions. Among them, about 5% has been 

observed as the extremely drought condition. The analysis also reveals significant variation in 

climatic condition in the northwestern region of the country has been observed which is 

alarming for the people of that region. Having low rainfall and high temperature are the main 

reason of such variation in the climate of the study area. 

 

Figure 5: Spatial variation of current and future SPI over the study area 

2015 2030 

2015 2030 
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4. Conclusions 

Based on the results obtained in the current study, the following conclusions can be drawn.  

 The ANN model highly effective for short-term climate prediction and thus ANN 

model can be implemented for climate prediction in the northwestern region of 

Bangladesh.  

 Based on the ANN model predicted results using PCI, it is found that about 65% areas 

are expected to be in moderate irregular condition, about 10% will belong to strongly 

irregular condition, about 20% will be in moderate precipitation and about 5% will be 

in uniform rainfall distribution. 

 Based on the ANN based predictive analysis using SPI, it is found that almost 65% of 

the total areas are characterized by different levels of drought conditions of which about 

5% has been observed as the extremely drought condition.  
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