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Abstract 
Drought is primarily an agricultural phenomenon that refers to conditions 
where plants are responsive to certain levels of moisture stress that affect both 
the vegetative growth and yield of crops. It occurs when supply of moisture 
stored in the soil is insufficient to meet the optimum need of a particular type 
of crop. Causes of drought in Bangladesh are related to climate variability and 
non-availability of surface water resources. While it may be possible to indi-
cate the immediate cause of a drought in a particular location, it often is not 
possible to identify an underlying cause. Therefore, to improve all these ser-
vices in favour of enhancing agricultural production and reducing food inse-
curity in Bangladesh, it is mandatory to develop an effective way for dissemi-
nating the SPI data indicating drought indices to farmers, and enhance 
drought and climate resilience. To develop future plan and policy in agricul-
tural sector of Bangladesh, it is vital to understand the previous droughts 
events with accurate indicators. Since this study will contribute to the agri-
cultural development of Bangladesh therefore there is an obvious need to 
understand the change of drought frequency all over Bangladesh using a 
standardized drought index. The main intention of this project is to prepare a 
proper baseline for forecasting drought indices using SPI data. So, the final 
outcome of this project would be a knowledge base where a proper forecast-
ing tools and dissemination networks can be updated/developed for farmers. 
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1. Introduction 

Agriculture is the largest sector of the economy in Bangladesh which is highly 
dependent on climatic phenomena. Despite technological improvement such as 
improved crop varieties and irrigation system, weather and climate variability 
are still key factors in agricultural productivity due to climate induced conse-
quences especially the droughts and increasing temperatures. Causes of drought 
in Bangladesh are related to climate variability and non-availability of surface 
water resources. Besides this, among the local-level causes are human-induced 
changes resulting from vegetation loss due to over exploitation of resources and 
deforestation [1]. Agriculture is the single largest productive sector of the 
economy and it contributes about 20.83% to the total gross domestic product 
(GDP) of the country and employs 48.4% workforce of the country [2]. Despite 
important achievement in food grain production and food availability, food se-
curity at national, household and individual levels remain a matter of main con-
cern for the government mainly due to drought [3]. Decrease in rainfall, short-
age of surface water and ground water abstraction cause depletion in soil mois-
ture. It puts immense pressure on agricultural production which is already in 
deficit status to meet up continuous demand of food for increasing population of 
Bangladesh. North western regions are particularly vulnerable to droughts. Each 
year, during the Kharif season, drought causes significant damage to the T. 
Aman crop in about 2.32 million ha. In the Rabi season, 1.2 million ha of crop-
land face droughts of various magnitudes. Apart from loss to agriculture, 
droughts have significant effect on land degradation, livestock population, em-
ployment and health. Between 1960 and 1991, Bangladesh is affected by drough-
ts 19 times. Very severe droughts hit the country in 1951, 1961, 1975, 1979, 1981, 
1982, 1984, 1989, 1994, 1995 and 2000. Past droughts have typically affected 
about 47 percent of the country and 53 percent of the population. Under this 
circumstance it is high time to develop system to provide early warning about 
drought to the farmers to reduce/minimize the crop production loss and ensure 
effective use of irrigation water to maximum possible extent. One of the impor-
tant contributions of BMD in agriculture sector is to forecast drought through 
standard precipitation index (SPI). Using SPI data, it is possible to generate early 
warning and almost appropriate forecast related to drought and weather ex-
tremes. It can give advices to the farmers against the disastrous impacts, such as 
probable water stress, pest infections and diseases, sunshine hours, solar radia-
tion, high temperature, evaporation and humidity, etc. The main objective of 
this study is to assess the drought indices at Upazila level using SPI data and as-
sist the farmers in coping with climate induced drought through micro-level 
agricultural water management [4]. 

2. Review of Literature 

Generally, the Standardized Precipitation Index is being used worldwide due to 
its low data requirement and its ability to analyse the various aspects of drought 
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based on varying time-scales. However, in arid and semi-arid regions, high tem-
perature along with deficit precipitation is a key factor responsible for the de-
velopment and progression of droughts. Nowadays, the Standard Precipitation 
Index (SPI) has become very useful parameter to predict meteorological and 
agricultural drought over a region [5] [6]. As a probability index of rainfall, it 
shows negative value for drought and positive value for a wet condition. 

The basis of the index is that it builds upon the relationships of drought to 
frequency, duration and timescales. Compared with PDSI (Palmer drought se-
verity index) [7], SPI is a simpler tool because it is based on rainfall data and 
with less calculation effort. It allows an analyst to determine the rarity of a 
drought at a given time scale (temporal resolution) of interest for any rainfall 
station with historic data. It can also be used to determine periods of anoma-
lously wet events. It is calculated using the following equation; 

PISPI X Xm
σ
−

==  

X = Precipitation for the station 
Xm = Mean Precipitation 
σ = Standardized deviation 
Positive SPI values indicate the rainfall is greater than median rainfall and 

negative values indicate less than median rainfall. In dry condition monitoring, 
the drought part of the SPI range is divided into near normal conditions (−1 < 
SPI ≤ 1), moderately dry (−1.5 < SPI ≤ −1), severely dry (−2 < SPI ≤ −1.5) and 
extremely dry (SPI ≤ −2.0). A drought event starts when SPI value reaches -1.0 
and ends when SPI becomes positive or close to positive again (Table 1). 

Drought events are indicated when the results of SPI, for whichever timescale 
is being investigated, become continuously negative and reach a value of −1. The 
drought event is considered to be ongoing until SPI reaches a value of 0. SPI can 
be calculated with data missing from the period of record for a location. Ideally, 
the time series should be as complete as possible, but SPI calculations will pro-
vide a “null” value if there are insufficient data to calculate a value, and SPI will 
begin calculating output again as data become available. SPI is typically calcu-
lated for timescales of up to 24 months, and the flexibility of the index allows for  
 
Table 1. SPI values and drought categories in the USA. 

SPI values Category 

2.00 and above Extremely wet 

1.50 to 1.99 Very wet 

1.00 to 1.49 Moderately wet 

−0.99 to 0.99 Near Normal 

−1.00 to −1.49 Moderately dry 

−1.50 to −1.99 Severely dry 

−2.00 and less Extremely dry 

Source: National Climatic Data Center, U.S. Department of Commerce, 2012. 
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multiple applications addressing events that affect agriculture, water resources 
and other sectors [8]. Meteorological drought is referred to as a sustained period 
without significant rainfall [9]. It is considered a deficit of water in comparison 
with a given reference value with both deficit duration and magnitude taken into 
account [10]. Hydrological drought may be defined as a period during which 
stream flows are inadequate to supply established uses under a given water 
management system [11]. Agricultural drought occurs when rainfall and soil 
moisture are inadequate for healthy crop growth during the growing season, 
leading to extreme crop stress and wilt [12]. 

3. Methodology 
3.1. Study Area 

Based on climate change and drought vulnerability, the study areas (e.g. Upazila) 
selection will be based on the climatic problems and hotspots and expert opi-
nion. Considering all the factors, Paba Upazila of Rajshahi District is thought to 
be perfect for conducting this study as this Upazila is highly vulnerable to the 
drought and effect of climatic variability is severe. About 54.68% of the popula-
tion of this Upazila is fully dependent on agriculture and that’s one of the main 
reason to select this Upazila for this study as the main objectives include proper 
water management understanding drought indices. The study area maps have 
been presented in Figure 1 for a better understanding of the area.  

3.2. Geographic Location 

Paba Upazila of Rajshahi District is located between 24˚18' and 24˚31' north la-
titudes and between 88˚28' and 88˚43' east longitudes. It has a total area of 
280.42 km2. Paba Upazila is bounded by Mohanpur and Tanore Upazilas on  
 

 
Figure 1. Study area of the proposed project. 
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the north, West Bengal state of India and Charghat Upazila on the south, Puthia 
and Durgapur (Rajshahi) Upazilas on the east, Godagari Upazila on the west. 
Paba Upazila is mainly comprised of five geological units namely: Alluvial sand, 
Alluvial Silt, Alluvial silt and clay, Barind Clay residuum and Marsh clay and 
peat. 

3.3. Rainfall 

Rainfall is the most dominant element of climate in Bangladesh. The rainfall da-
ta for the last 30 years (1988-2017) depicts that the highest rainfall occurs in the 
area from April to October while November to March is drier part of the year 
with very less rainfall. The analysis of data shows that the monthly average rain-
fall varies from 252 mm to 315 mm in monsoon and the area received the max-
imum of 763 mm rainfall in July, 1997. The monthly maximum, minimum and 
average rainfall is shown in Figure 2. The historical maximum annual rainfall of 
this station was recorded as 2062 mm in 1997 and minimum was 791 mm in 
2010. The annual rainfall of this period is shown in Figure 3. 

3.4. Temperature 

The analysis of 30 years (1988-2017) data depicts that the average of maximum 
temperature in the study area varies from 26˚C to 39˚C while the average of 
minimum temperature varied between 8˚C and 25˚C. The temperature rises in  
 

 

Figure 2. Monthly maximum, minimum and average rainfall. 
 

 

Figure 3. Annual rainfall of during 1988-2017. 
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March to October and falls in November to February. The annual maximum and 
minimum of average temperature of this station were recorded as 32.2˚C in 2016 
and 19.5˚C in 1989 accordingly. It reveals that the trend of the maximum and 
minimum temperature is increasing. It is to assume that temperature in summer 
becomes warmer and in winter it becomes also higher. 

3.5. Relative Humidity 

The value depends on temperature and the pressure of the system of interest. As 
the temperature of the atmosphere increases, vapor carrying capacity in water 
increases, and thus the atmospheric vapor pressure also increases for the year of 
1988-2017 by Rajshahi BMD. The analysis of the Relative Humidity (RH) data 
indicates that the maximum Relative Humidity (RH) varies seasonally from 71% 
to 90%. The most humid months are from May to January. 

3.6. Topography 

Elevations within the study area range from 12 to 21 m + PWD with an average 
elevation of 16.5 m + PWD. Figure 4 shows the land elevation of the Paba Upa-
zila of Rajshahi District.  

3.7. River Network 

There are Ganges River, Baranai River, Sib River and Hoia River in the study 
area. But the study area is mainly governed by Ganges River which is shown in 
Figure 5.  

3.8. Surface Water 

To assess the surface water characteristics of the study area from Figures 6-10,  
 

 

Figure 4. Digital elevation model of the Paba Upazila of Rajshahi district. 
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Figure 5. River system of the study area. 
 

 

Figure 6. Monthly water level at Rampur Boalia (Rajesh) station (1980-2009). 
 

 

Figure 7. Annual maximum and minimum water level at Rampur Boalia (Rajesh) Station 
(1980-2009). 
 
two water level data have been collected from non-tidal gauge stations of BWDB 
for Rampur Boalia (Rajesh) (ID 88) on Ganges River and Nawhata (ID: 261) on 
Baranai River. 
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Figure 8. Monthly water level at Nawhata Station (1980-2009). 
 

 

Figure 9. Annual maximum and minimum water level at Nawhata Station (1980-2009). 
 

 

Figure 10. Annual maximum discharge at Nawhata Station (1973-2006). 

3.9. Ground Water 

Monthly variations in ground water levels for year 1984-2013 have been plotted 
in Figure 11 for the ground water observation well at Paba (named as RAJ038). 
The variation pattern shows that the Ground Water Table (GWT) ranges vary 
from 2.71 m to 7.58 m. 

3.10. Agro-Ecological Zones 

Paba Upazila is mainly comprised of three (3) agro-ecological regions, namely: 
Active Ganges Floodplain (AEZ-10), High Ganges River Floodplain (AEZ-11) 
and High Barind Tract (AEZ-26) (BBS, 2017). About 74.20% of the area is occu-
pied by High Ganges River Floodplain, 23.35% is Active Ganges Floodplain and 
2.45% is High Barind Tract. The locations of agro-ecological zones are presented 
in Figure 12. 
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Figure 11. Average monthly variations of ground water table at RAJ003 station. 
 

 

Figure 12. AEZ of study area. 

3.11. Land Type 

Land type of the study area has been presented in Figure 13. 

3.12. Land Use 

Land use of the study area has been presented in Figure 14. 

3.13. Agriculture 

See Table 2. 

3.14. Study Approach 

To accomplish the scope of works, this study will follow a very simple approach. 
At the very beginning the study team will do an extensive literature review re-
lated to droughts and water stress and SPI as well as the existing practices for 
weather forecasting for agriculture. The steps approach of the study will be 1)  
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Figure 13. Land type of the study area. 
 

 

Figure 14. Land use of the area. 
 
Conceptualization of study, 2) Downscaling of data into Upazila level, 3) SPI in-
dexing, 4) Drought indexing and mapping and 5) Technical documentation and 
dissemination of study outputs. However, the detailed methodology has been 
described in Figure 15. 

4. Result and Analysis 
4.1. Monthly Total Rainfall Comparison 

For calculating SPI Index, the only parameter which is required to collect as  
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Table 2. Cropping pattern of the study area.  

Kharif-I (March-June) Kharif-II (July-October) Rabi (November-February) 

Fallow T-aman HYV-Boro 

Vegetable T-aman Potato 

Maize T-aman Potato 

Fallow T-aman Potato 

Vegetable Fallow Mustard 

Dhaincha T-aman HYV-Boro 

Jute T-aman Wheat 

Fallow Vegetable Onion 

Fallow T-aman Mustard + HYV-Boro 

Fallow Vegetable Lentil 

Chilli Fallow Vegetables 

Fallow Fallow HYV-Boro 

Source: DAE, PabaUpazila, 2018. 

 

 

Figure 15. Inductive flow diagram of the methodology. 
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primary data is the daily rainfall data. Required data was collected from the Ban-
gladesh Meteorological Department. Two types of rainfall data were collected 
from BMD. One is the daily Rainfall data for the Rajshahi station as Observed 
data and Union wise Rainfall as Downscaled data. 

For calculation of the SPI Index, the data from 1981-2018 was used. On the 
other hand, for showing the monthly variation of rainfall, the recent year’s data 
(2014-2018) was considered. The Sum of the monthly rainfall is shown in Fig-
ures 16-19, which indicates the comparison between highest and lowest 
amount of rainfall over the 5-year period. Also this graph shows the union 
wise variation of rainfall with each other and the observed data. As it is already 
known the study area Paba Upazila Rajshahi is comprised of 12 unions so for 
better representation in the graph 12 unions were divided into 4 groups to com-
pare the variation with Observed data (Rajshahi Station). The 4 groups of the 
unions are—Harian 02, Harian 01 and Noahata Paurashava (Group 1), Parilla, 
Katakhali Paurashava and Haripur (Group 2), Baragachi, Darshan Para and 
Damkur (Group 3) and Haragram 01, Haragram 02 and Hujuri Para (Group 4).  
 

 

Figure 16. Observed and downscaled (union wise) monthly rainfall data comparison-1. 
 

 

Figure 17. Observed and downscaled (union wise) monthly rainfall data comparison-2. 
 

 

Figure 18. Observed and downscaled (union wise) monthly rainfall data comparison-3. 
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Figure 19. Observed and downscaled (union wise) monthly rainfall data (total) compari-
son-4. 
 
The monthly total rainfall of these groups of unions was compared with the ob-
served rainfall. For all the graphs the variation pattern between the observed and 
downscaled data is almost identical. For the month of May to October the value 
of Downscaled rainfall data is quite high and often exceeds the observed value. 
This may occur due to the process followed while downscaling. The rainfall val-
ue is in 100 to less than 550 mm range approximately for the year 2015, 2017 and 
2018, while in 2014 and 2016 the rainfall is quite less in the yearly peak time of 
rainfall (less than 250 - 350 mm). The range of rainfall value is between 0 - 50 
mm in the dry and winter season (November to March). The variation of rainfall 
between the unions is very small and therefore it can be called minimal or insig-
nificant. 

4.2. Monthly Average Rainfall Comparison 

The Monthly Average Rainfall is also represented in Figures 20-23 following the 
same procedure of dividing the unions into four groups along with the observed 
data. The 4 groups of the unions are—Harian 02, Harian 01 and Noahata Pau-
rashava (Group 1), Parilla, Katakhali Paurashava and Haripur (Group 2), Bara-
gachi, Darshan Para and Damkur (Group 3) and Haragram 01, Haragram 02 
and Hujuri Para (Group 4). 

Rainfall is a parameter which is highly station based. For that reason, it is dif-
ficult to take an average of rainfall and may often be misleading for the obser-
vant. However, monthly average rainfall gives one indication about the rainfall 
intensity in a particular area throughout the month. For example, in the case of 
these unions it can be said that the rainfall in the month of November to Febru-
ary the rainfall is very less and can be called no rain situation. It also indicates 
the dry situation. On the other hand, the month of June, July and August the 
rainfall is quite high and indicates the wetness. 

For the average rainfall the rainy season (May to October) the monthly aver-
age rainfall is approximately 3 to less than 18 mm on the other hand during No-
vember to April it is 0 to less than 3 mm. The trend followed by the total rainfall, 
is also governed here (i.e. the rainfall is less in the 2014 and 2016 rainy season).  

4.3. Monthly Standard Precipitation Index Calculation 

Monthly Standard Precipitation Index calculated using the rainfall data which is  

https://doi.org/10.4236/acs.2021.111003


M. H. Sarker et al. 
 

 

DOI: 10.4236/acs.2021.111003 45 Atmospheric and Climate Sciences 
 

 

Figure 20. Observed and downscaled (union wise) monthly average rainfall data com-
parison-1. 
 

 

Figure 21. Observed and downscaled (union wise) monthly average rainfall data com-
parison-2. 
 

 

Figure 22. Observed and downscaled (union wise) monthly average rainfall data com-
parison-3. 
 

 

Figure 23. Observed and downscaled (union wise) monthly average rainfall data com-
parison-4. 
 
shown in Figure 24. For calculating the SPI value, a very user friendly and 
widely used index calculating software was used. The software is known as the 
DrinC software. This software can be used for calculating SPI Index for monthly, 
3 monthly, 6 monthly, 12 monthly and higher period of time. For Calculating  
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Figure 24. Calculation of monthly index from rainfall data. 
 
Monthly SPI Index, daily rainfall data is prepared monthly according to the Hy-
drological Year (HY) followed by the software. For every union separate 
monthly rainfall data (Sum) was prepared and Monthly SPI Index was the out-
put after putting the command calculated in DrinC. Gammma distribution was 
used as the recommendation of the BMD experts.  

4.4. Comparison of Observed and Downscaled SPI 

The Monthly SPI Index was calculated using DrinC software. For all the down-
scaled data (Union wise) and Observed data the Index was found. The Union 
wise Index and Average SPI Index among the Unions were compared with the 
Index calculated from the Observed data. The standard Precipitation index ob-
tained from each union (Baragachhi, Damkur, Darsha Para, Haragram 1, Hara-
gram 2, Harian 1, Harian 2, Haripur, Hujuri Para, Katakhali Paurashava, Noa-
hata Paurashava and Parilla) was compared with the Index obtained from the 
observed data. From the representation and trend line shown in the figures 
(Figures 25-37) it can be said that the variation of Observed and downscaled 
data is not extreme and this statement is also supported by the R2 value. The sta-
tistical R2 value shows the variation among two sets of data. The more it is close 
to 1, it is more scattered and skewed. On the other hand, the more it is close to 0 
it is uniform. Here it can be said that the observed and Union wise downscaled 
data is very close and not scattered.  

4.5. Preparation of Drought Map 

The Monthly SPI Index values calculated for all the Unions, the Master Table of 
Monthly SPI value was prepared. For the Interpolation of Index Values, the 
Kriging and Spline Method was used. As the data is downscaled to union wise it 
gives better result for both the Kriging and Spline Interpolation. For preparing 
the drought map the classification suggested by the national climatic data center, 
US Department of Commerce, 2012 was followed. 
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Figure 25. Comparison of observed and downscaled (union wise) monthly index-1. 
 

 

Figure 26. Comparison of observed and downscaled (union wise) monthly index-2. 
 

 

Figure 27. Comparison of observed and downscaled (union wise) monthly index-3. 
 

 

Figure 28. Comparison of observed and downscaled (union wise) monthly index-4. 
 

 

Figure 29. Comparison of observed and downscaled (union wise) monthly index-5. 
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Figure 30. Comparison of observed and downscaled (union wise) monthly index-6. 
 

 

Figure 31. Comparison of observed and downscaled (union wise) monthly index-7. 
 

 

Figure 32. Comparison of observed and downscaled (union wise) monthly index-8. 
 

 

Figure 33. Comparison of observed and downscaled (union wise) monthly index-9. 
 

 

Figure 34. Comparison of observed and downscaled (union wise) monthly index-10. 
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Figure 35. Comparison of observed and downscaled (union wise) monthly index-11. 
 

 

Figure 36. Comparison of observed and downscaled (union wise) monthly index-12. 
 

 

Figure 37. Comparison of observed and average downscaled monthly index-13. 
 

The Monthly variation of the drought map shows the Harian (Station Id: Ha-
rian 2) area is the most vulnerable area in case of low rainfall. It is also observed 
the Kriging interpolation gives more uniform result than spline interpolation. 
Though the Study area is very small and only an Upazila, still the map shows 
different SPI range in different areas which is obviously more precise and well 
distributed. The difference of the values between Spile and Kriging Interpolation 
is discussed in the next subsection. 

Figure 38 and Figure 39 represent the Monthly Drought map for the Month 
of February to June in both the Kriging and Spline Interpolation method. The 
Monthly variation and variation due to the change in method is quite significant. 

The Drought Map prepared following Kriging Interpolation and Spline In-
terpolation varies significantly. The area covered in these two processes quite 
different. For comparing the area covered by the SPI range, the Drought map of 
the month of June 2018 is taken. Here in Figure 40, we see the difference in the 
SPI range and area Coverage. The area coverage of Spline and Kriging interpola-
tion is shown in Table 3. 

In the Spline Interpolation total study area is distributed into 7 classes of SPI 
range on the other hand in Kriging interpolation the study area is divided into 5 
categories. The extreme dry condition also governed for 3962.25 ha area in 
Spline interpolation case on the other hand in Kriging interpolation it is 3530.75 
ha. 
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Figure 38. Monthly standard precipitation index map—Kriging interpolation (June, 2018). 
 

 

Figure 39. Monthly standard precipitation index map—Spline interpolation (June, 2018). 
 
Table 3. Area coverage of Kriging and Spline interpolation. 

SPI Index Range Category 
Kriging Interpolation 

Area (ha) 
Spline Interpolation 

Area (ha) 

−2.00 or less Extremely dry 3530.75 3962.25 

−1.50 to −1.99 Severely dry 1281 1786.75 

−1.00 to −1.49 Moderately dry 2175.75 3007.75 

−0.99 to 0.99 Near Normal 23,389 20,740.25 

1.00 to 1.49 Moderately wet 82.5 352.25 

1.50 to 1.99 Very wet - 271 

2.00 and above Extremely wet - 338.75 

https://doi.org/10.4236/acs.2021.111003


M. H. Sarker et al. 
 

 

DOI: 10.4236/acs.2021.111003 51 Atmospheric and Climate Sciences 
 

 

Figure 40. Comparison of monthly SPI map—Spline and Kriging interpolation (June, 
2018). 

5. Conclusion 

Weather forecast for agriculture sector should be of prime importance. An effec-
tive and user friendly early warning system will help to improve agricultural 
production which will contribute to achieving the food security of the country. 
Therefore, it is very crucial to ensure the best utilization of the existing forecast-
ing message. To achieve this target, end users should be well aware of and in-
formed about the services. Moreover, training should be provided to the farmers 
to understand the linkage of the weather with the agricultural practices and the 
benefits of agro-meteorological forecasting. The farmers should also train up on 
the response mechanism after receiving the forecast. In addition to the farmers, 
the relevant departments are also equipped with providing training for better 
application of knowledge and information into practice. Moreover, institutiona-
lization of the forecast and proper networking among the departments are also 
very vital for sustainability and best utilization of the forecast. 

6. Limitations 

1) The study going to generate SPI and Drought index using the moderate 
resolution downscaled climate data.  

2) Generation of water stress map and use for irrigation scheduling is new 
concept. This output will be prototype.  

3) The flexibility of SPI to be calculated based on the downscaled data where 
maybe many missing values may contain. This may create problems to generate 
quality outputs or expected result.  

4) The positive issue is that the output of the study will give researchers, 
planners and decision maker’s new arena of local level water management issues 
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using SPI or drought index to be generated under this study.  
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