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Abstract

Bangladesh is one of the most climatic hazard-prone countries in the world. Rainfall in Bangladesh is highly variable which depends on
each season and location. This study aims to investigate spatiotemporal variability of rainfall linked to groundwater level under changing
climate in the northwestern region, Bangladesh during the period of 1976-2016 using rainfall and groundwater level data. A number of
statistical approaches such as Mann-Kendall (MK) test, linear regression model, Sen’s slope estimator and Spearman’s rho (SK) test,
Coefficient of Variation (CV) were employed to reveal trends and variability of rainfall and groundwater level. Additionally, wavelet
transform was applied to assess temporal variability of rainfall time series in the northwestern region, Bangladesh. The results show
that the annual rainfall variability was the highest in the Ishwardi station (25.39%) and the lowest was found in Rajshahi (20.70%). The
MK test results reveal that the trends of annual and seasonal rainfall decreased gradually, where the highest significant decreasing
trend of annual rainfall was found in Rajshahi (-2.976 mm/year) and the lowest decreasing trend was found in Syedpur (-1.278
mm/year). Furthermore, monsoon and winter seasons represent the decreasing trends of rainfall for all the stations. The results of
wavelet analysis demonstrate that the monthly rainfall variance of average rainfall in the northwestern region was low from the period
of 2006 to 2014, indicating the dry years. The annual and seasonal rainfall trends in the northwestern region were decreased,
particularly in the recent decade. The relationship between rainfall and groundwater level indicates that rainfall was decreased and the
ground water level was also declining at the same time in the study region. Interestingly, it is observed that a significant high decreasing
trend of annual rainfall is found in Rangpur but the annual groundwater level depth is less increased in Rangpur at the same time.
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1. Introduction

Global rainfall patterns are being changed due the climate change impacts and in Bangladesh the climate is changing more
unpredictably in recent years (Ahammed et al., 2014). Various research studies indicate that global warming is responsible to climate
change and for this rainfall has reformed resulting in frequent extreme weather events (Briffa et al., 2009; Zhang et al., 2009). The
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Intergovernmental Panel on Climate Change (IPCC) has accepted that climate change issue is an established fact in recent years and it
is a threat to sustainable development (Fatima Denton 2013).

Bangladesh is one of the most vulnerable countries in the world experiencing different types of natural hazards almost every year due
to the impacts of climate change (Ahammed et al., 2014). Rainfall dominated the climate of Bangladesh which remains high during the
seasons of summer, monsoon and low in the remaining period of years. Bangladesh experiences a tropical monsoon climate (Rahman et
al., 2015). The rainy season occurs during the monsoon from June to September, with heavy and frequent rainfall caused by low pressure
weather systems from the Bay of Bengal. In some places of this country, the maximum temperature in summer season rises up to 35°C
or more. Temperature decreases slightly with the rainy season (Banglapedia, 2003). The climate of northwestern region, Bangladesh is
humid. This region is well known for its weather extremes. Rainfall in this area is erratic and low with an average value of 1483 mm per
year (Rahman et al., 2016).

In Bangladesh, a few studies were carried out on rainfall trend and variability (Bari et al., 2016; Choudhury et al., 2013; Ahasan et al.,
2010; Ahmed and Kim, 2003). However, they do not clearly signify the spatial and temporal trend of rainfall and their variation over time
for different climatic regions of Bangladesh, especially for the northwestern region. Rahman et al., (2016) analyzed rainfall trend over
Bangladesh where in annual rainfall increasing trends were found for Cox’s Bazar, Satkhiraand Khulna and the decreasing trends was
found in Srimangal areas. For monthly rainfall Comilla had decreasing trend where Rangpur and Khulna had increasing trends. Ahasan
et al., (2010) analyzed variability and trends of summer monsoon rainfall over Bangladesh in which the average monsoon rainfall trend
was decreasing. The summer monsoon rainfall exhibits increasing trends in the northwestern region and in the south-central and extreme
in the southeastern region. Mirza et al., (2010) studied trends and persistence in precipitation where a significant increase in annual and
pre-monsoon rainfall was found in the Ganges, Brahmaputra and Meghna river basins, Bangladesh. Hossain et al., (2010) studied spatial
and temporal variability of rainfall over the south coast of Bangladesh where the trend of mean annual rainfall was increased. Pre-monsoon
and monsoon rainfall had decreased. The post-monsoon and winter rainfall trends increased in south coast region, Bangladesh.
Choudhury et al., (2013) analyzed seasonal variations of temperature and rainfall characteristics in the northeastern part of Bangladesh.
The annual rainfall was decreased in the northwestern region except Rangpur and the pre-monsoon and monsoon rainfall had decreasing
trends in the northwestern region. However, no research was found on rainfall variability for northwestern region, Bangladesh. This part
of Bangladesh represents the most climatic subdivisions and covers the wettest and the driest parts of the country (Bari et al., 2016).
Drought frequency in Bangladesh has increased in recent years, particularly in the northwestern region (Adhikari et al., 2013). In some
parts of Bangladesh, it is a recurrent phenomenon, but the northwestern region is severely drought prone because of the high variability
in rainfall (Shahid and Behrawan, 2008).

Due to the effects of climatic variability and climate change this region’s agriculture-based economy, economic developments, water
and food security are highly vulnerable. For the contribution to crop water demand on agricultural production, rainfall has the highest
impact than other climatic factors (Islam et al., 2009). Agricultural practices in the northwestern region in Bangladesh are mainly dependent
on rainfall and ground water. In this region’s ground water based irrigation system, ground water provides about 75% water for irrigation
(Sarkar and Ali 2009; Bari et al., 2000). The groundwater based irrigation system in the northwestern region has reached a critical stage
as the water level has dropped below shallow wells in many places (BADC 2005). The northwestern region has been experiencing below-
average rainfall that is the cause of lowering the ground water levels in aquifers which leading to water crisis for industry, household and
agriculture in this region. Various statistical methods are now frequently used by researchers for analyzing variability and trends (Kozak,
2008; Ye et al., 2017; Meshram et al., 2016; Shahid, 2010), the non-parametric test gives much proper result than the parametric test. In
this study the spatiotemporal analysis of rainfall variability and trend are done for the northwestern region, Bangladesh and the potential
causes of rainfall variation are also discussed. To detect the variations in rainfall, coefficient of variation (CV) was used. The non-
parametric Mann-Kendall test was applied to calculate the trends of rainfall. Spearman’s rho test was used to measure the degree of
association of rainfall. Sen’s slope estimator was used to predict the magnitude of rainfall trend. Linear regression method was used to
detect long term trend of rainfall. The wavelet transform method was used to analyze variability of rainfall time series which was applied
for the first time in Bangladesh and Pearson correlation method was used to reveal the relationship between rainfall and ground water
level. The aims of this study are to investigate the spatiotemporal variability and trend of rainfall, to assess the temporal variability of
rainfall time series and to reveal the relationship between rainfall and ground water level in the northwestern region, Bangladesh.

2. Materials and methods

2.1. Study area

Bangladesh is a riverine, low-lying and a densely-populated country located in South Asia. Rainfall dominating the climate of
Bangladesh including the northwestern region. The present study area for spatiotemporal analysis of rainfall includes six stations of the
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northwestern region, Bangladesh. The stations are Syedpur, Dinajpur, Rangpur, Bogra, Rajshahi and Ishwardi and the study area also
shows the ground water level includes five districts of northwestern region, viz, Dinajpur, Rangpur, Bogra, Rajshahi and Pabna. The
northwestern part denotes the Rajshahi division and Rangpur division of Bangladesh. The study area is situated between 25000'N to
25050'N latitudes and 89000'E longitudes. Figure 1 shows the location map of the study area.
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Figure 1: Location map of the study area.

2.2 Data

To analyze spatiotemporal variability and trend for the study area, the monthly rainfall data of the 6 stations of the northwestern region
during the period of 1976 to 2016 have been collected from the Bangladesh Meteorological Department (BMD), Agargaon, Dhaka. Dinajpur
and Syedpur stations have data record for the period of 1981 and 1991. Ground water level data of the 5 districts of northwestern region
for the period of 1981 to 2014 have been collected from Bangladesh Water Development Board (BWDB). Locations of rainfall stations
and ground water observation districts are shown in Figure 1.

To analysis annual variability and trend of rainfall and its relation with ground water level, first the monthly data were calculated and
then accumulating those data to annual data. To analysis seasonal variability and trend of rainfall, first the monthly data were calculated
and then accumulating those data according to season. For the pre-monsoon season, data of March, April and May were included. For
monsoon season, data of June, July and August were included. For the post-monsoon season, data of September, October and November
were included. For the winter season, data of December, January and February were included. Average monthly rainfall data and monthly
data of Rangpur and Dinajpur stations were calculated to study wavelet analysis for identification of rainfall variability in this area. Besides
annual and seasonal average of rainfall data for the period were calculated to study linear trends. Detailed descriptions of the methods
are given below-

2.3 Statistical analysis
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The basic statistical parameters such as min, max, mean, standard deviation (SD), skewness and kurtosis of rainfall were adopted in
the present study for statistical analysis of rainfall. Also coefficient of variation (CV) was applied to detect the variations in rainfall and
Pearson correlation was applied to give the relation between rainfall and ground water level.

2.3.1 Variability analysis (Coefficient of Variation)

A measure of normalized of the spread about the mean was measured by the coefficient of variation (CV). In this study CV was used to
detect the variations in rainfall. It is estimated by the Eq. (1).

CVv= i x 100 1)

X
Where, the x is the mean and the S is the standard deviations. Annual and seasonal variability of rainfall in the study area were analyzed
using coefficient of variations. CV values < 20% indicates less variable, between 20% and 30% indicates moderately variable and>30%
indicates highly variable (Teyso et al., 2016).

2.3.2 Pearson correlation

In statistics, the Pearson correlation is a measure of the linear correlation between two variables X and Y. It has a value ranging
between +1 and -1, where 1 is a total positive linear correlation, 0 is no linear correlation, and -1 is a total negative linear correlation. Karl
Pearson developed this. In the present study Pearson correlation was used to reveal the relationship between rainfall and ground water
level.

Pearson's correlation coefficient when applied to a sample is commonly represented by the letter r and may be referred to as the sample
Pearson correlation coefficient. Containing n values then that formula for r is given below Eq. (2).

i2:1:()(i =X)Yi-Y) o

> =% [ (-9

where, n is the sample size. xi, yi are the single samples indexed with i and % 1 is the sample mean and analogously for y
(Kozak 2008). n

X.

n
1
i=1

2.4 Methods of trend analysis

Many methods are available to describe spatiotemporal trends of rainfall and ground water level. These methods may be classified
into several categories. The methods of

trend analysis is given below.
2.4.1 Mann-Kendall test

The non-parametric Mann-Kendall test was applied to calculate the trends of rainfall and ground water level. For detecting a trend in
hydro-climatic time series, Mann- Kendall (MK) test is one of the most important statistical methods commonly used in it. In this paper,
the MK test was used to detect the trends of rainfall and ground water level. Its statistic is depended on plus or minus signs, that’s why
the nonparametric Mann—Kendall test is useful (Ye et al., 2017).

The Mann—Kendall statistic S is described by the Eq. (3).

n-1 n
s= > Y sign(xj — xi) ®)

=1 j=i+l
Where xj and x| are the annual values in years jand i, respectively, and Sign (d) = 1, if d> 0; Sign (d) = 0, if d = 0; and Sign (d) = -1, if d<
0. The variance of Scan be computed using the following Eq. (4).
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[n(n—1)(2n +5) - itii(i ~1)(2i +5)]
Var (S) = 1;1 @)

Where tis the number of ties of extent i. For n> 10, the test is conducted using a normal distribution approximation and the standardized
test statistic (Z) is given as following Eq. (5).

S-1
Z= ———— if$>0;
JVar(S)
7=0,if$=0; ©)
S+1
7= ———— ifs<o.

JVar(S)

An upward trend was indicated by a positive Zwhile a negative Zindicated a downward trend. A statistically significant trend was
evaluated using the Z value and here the statistics Z had a normal distribution. For testing either an upward or downward monotone trend
(a two-tailed test) Significance level a was used. If Z appears greater than Za/2 where a depicts the significance level, then the trend is
considered as significant. The value for Za/2 is obtained from the standard normal cumulative distribution tables for the significance levels
(a) 0.001, 0.01, 0.05 and 0.1(Ye et al., 2017).

2.4.2 Spearman’s rho

The degree of association is measured between two variables and to give the correlation between time and the data, Spearman’s rho
test is used (Meshram et al., 2016). In this study it was used to measure the degree of association of rainfall and to show the correlation.
Spearman was developed it and for this it is called as Spearman’s rank correlation. It was a non-parametric test which is computed by the
Eq. (6).

2
ey S298°

n®—n
Where, R denotes the Spearman’s rank correlation, d denotes the difference in the rank, and n is the total number of the data.

(6)

2.4.3 Sen’s slope estimator

Sen’s slope can be estimated by using a nonparametric procedure developed by Sen (1968). The Theil-Sen estimator (Sen 1968;
Theil 1950) was used to estimate the slope of n pairs of data points. In this study the Theil-Sen estimator identified the slope of the trend
line in rainfall time series. Sen’s estimator predicted the magnitude of trend; here the slope T; of all data pairs is computed by the Eq. (7).

X i X;
Ti=——— )
J=1
Where, ¥ and xi are considered as the data values at time j and | (j > i) correspondingly. The median of these N values of T; is represented
as Sen'’s estimator of slope. Sen’s estimator is computed as:
Qmed = T(N+1)/2 if N appears odd;
Qmed =[TN/2+ T (N+2)/21]/2if N appears even

A positive value of Qi indicates an upward or increasing trend, and a negative value of Qi gives a downward or decreasing trend in
the time series (Shahid, 2010).

2.4.4 Linear regression method

To detect any trends in rainfall time series data a linear regression analysis using the least square method was applied and the
confidence level of 95%was taken as the threshold (Rahman et al., 2015). This method is used for examining the trends in data over time.
For trend detection the most ordinarily utilized methodology is a linear model that examining the trends between data and time series in
the following Eg. (8).

X= o+ Bt +et 8)
Where, xt (t=1,2, ..., n) denotes the observed value of time t, a and 8 are the regression coefficients, and et denotes the random error
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(white noise) with a zero mean and variance of S2v.

In seasonal and annual rainfall, long-term trends are determined by a linear regression model that was extensively used in this study.
An increasing trend is indicated by the positive slope value and a decreasing trend is indicated by the negative value. The aggregated
change for the consideration period was gained by multiplying of the slope by the number of years (Meshram et al., 2016).

2.5 Wavelet transform

To analyze time series the wavelet transform can be used that contain power which is non-stationary at many several frequencies
(Torrence & Compo, 1998). The Morlet wavelet is demonstrated as a complex explicatory wave product and a Gaussian envelope that is
calculated by the Eq. (9).

LP(T]) 1/4 mo;,e—qz/z (9)

where WO0(n) is the wavelet value at non-dimensional time n, and w0 is the non-dimensional frequency, equal to 6 in this study in order to
satisfy an admissibility condition; i.e., the function must have zero mean and be localized in both time and frequency space to be
“admissible” as a wavelet. This is the function of basic wavelet. The “scaled wavelets” are defined by the Eq. (10).

(n n)dt] )/z (n'—n)dt]

S S (10)
where the “dilation” parameter is s which is used to change the scale, the translation parameter is n which is used to slide in time. The s-
1/2 factor is a normalization which keeps the total energy of the wavelet constant scaled. Each value is separated in time by a constant
time interval 6t. The wavelet transform W, (s) is just the inner product (or convolution) of the wavelet function with the original time series
in the following Eq. (11).

(n'=n)dt
Wi(s) = Z X wr [ ]
S (1)
The asterlsk (*) denotes complex conjugate. A new time series of the projection amplitude versus time can be constructed by sliding
this wavelet along the time series (Torrence & Compo, 1998).

2.6 Spatial distribution analysis

Spatial analysis is one kind of geographical analysis used to spatial expression and location examination (Rahman et al., 2016). The
Inverse Distance Weighting (IDW) method was used to interpolate spatial distribution of rainfall. It is based on the assumption that the
weighted average of known values within the neighbourhood is used to estimate the value of a non-sampled point (Lu and Wong, 2008).
In the present study the Inverse Distance weighting (IDW) method was used to interpolate variability and trend of rainfall using ArcGIS
10.3 software. IDW is a very flexible spatial interpolation method. It is easy to use to interpolate spatial distribution. Its easiness and
estimate accuracy is better than other interpolation methods. For these reasons, IDW method was used in this study to interpolate spatial
distribution. MS Excel, SPSS, Past, Mat lab, and R software were used to carry out this study.

3. Results and discussion
3.1 Statistical analysis of rainfall variability

In this study, the annual rainfall data of 6 meteorological stations have been analyzed to explore the rainfall variability in the
northwestern region. Basic statistical parameters such as min, max, mean, standard deviation (SD), skewness and kurtosis of rainfall for
the 6 stations are displayed in Table 1. The central tendency and dispersion were determined by the statistical analysis of data. The
variability in annual rainfall was denoted by the high standard deviation and it showed that how rainfall is dependable in terms of its
existence. Table 1 shows the high variation at each meteorological station in minimum and maximum annual rainfall. Mean annual rainfall
was the highest in Rangpur which indicates the highest annual rainfall received at this station and the mean annual rainfall was the lowest
in Rajshahi which indicates the lowest annual rainfall received at this station. Mean annual rainfall of different stations varied from 1472.73
to 2365.87 mm. The highest standard deviation was found in Rangpur (583.56 mm) followed by Syedpur (502.71 mm), which showed that
in annually there is high variability in the amount of rainfall received. The skewness and kurtosis were analyzed to check the distribution
normality of annual rainfall data. The skewness denotes the symmetry of the data. For normal data distribution the skewness is zero and
any symmetric data should have near zero skewness. All the meteorological stations showed positive skewness, which indicates that the
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amount of rainfall distribution was normal. Data flatness relative to a normal distribution is measured by kurtosis. The high kurtosis tends
to have high peak near the mean and dataset with low kurtosis have a flat peak near the mean. Normal distribution of data has the zero
kurtosis. The positive kurtosis indicates the peaked distribution. The Ishwardi and Rangpur stations had high kurtosis. The present study
shows positive skewness in all the stations. Rahman et al., (2018) analyzed on spatial rainfall variability and drought assessment in the
Khyber Pakhtunkhwa province of Pakistan by calculating various indices like standard deviation, skewness, and kurtosis from annual
rainfall of 15 meteorological stations during periods of 1971-2015. Their findings showed that all the stations showed a positive skewness
except one. These results are consistent with the present study. According to Khan (2015), the areas where annual mean rainfall exceeds
750 mm are classified as humid areas. In this study, all the stations exceed 750 mm in annual mean rainfall which indicates humid areas.

Table 1 Statistical parameters of annual rainfall at 6 meteorological stations of the North-Western region (1976-2016).

) Min rainfall Max rainfall Mean rainfall Standard .
Stations o Skewness Kurtosis
(mm) (mm) (mm) Deviation (mm)
Rangpur 1301 3975 2365.87 583.56 1.176 1.502
Dinajpur 1142 3116 1982.72 44378 0.463 0.415
Syedpur 1244 3145 2100.62 502.71 0.692 -0.231
Bogra 1081 2601 1744.19 389.18 0.146 -0.731
Rajshahi 792 2241 1472.73 304.86 0.111 0.344
Ishwardi 894 2845 1553.36 394.33 1.251 2.514

3.1.1 Analysis of annual and seasonal rainfall variability

Rainfall variability is the fluctuations of rainfall above or below a long term normal value occurring annually or seasonally. The
northwestern region of Bangladesh is more vulnerable to climate change due to high special and temporal rainfall variability. The variability
of rainfall varies from location to location. For assessment of crop water requirements, seasonal rainfall variability is more important
(Hossain et al., 2010).

Figure 2 shows the annual rainfall variability and Figures 3 shows the seasonal (pre-monsoon, monsoon, post-monsoon and winter)
rainfall variability of the northwestern region. From the Figure 2, it shows that the annual rainfall variability was the highest in the Ishwardi
station (25.39%). The lowest annual rainfall variability was found in Rajshahi (20.70%). The range of annual rainfall variability was 20.70
- 25.39 % per year. Spatial variation showed that the highest annual rainfall variability ranges between 24.67-25.39% per year in the
northwestern region. Figure 3 shows that in the pre-monsoon season the highest rainfall variability was 50.17% found in Ishwardi. The
lowest rainfall variability in the pre-monsoon season was 32% found in Rangpur. The range of pre-monsoon rainfall variability was 32-
50.17%. For the pre-monsoon season the highest rainfall variability ranges between 48.85-50.17%. During the monsoon season the
highest rainfall variability was 37.10% found in Ishwardi. The lowest rainfall variability in the monsoon season was 20.70% found in
Rajshahi. The range of monsoon rainfall variability was 37.10-20.70%. For the monsoon season the highest rainfall variability ranges
between 32.99-37.10%. During the post-monsoon season the highest rainfall variability was 45.26% found in Dinajpur. The lowest rainfall
variability in the post-monsoon season was 36.67% found in Ishwardi. The range of post-monsoon rainfall variability was 36.67-45.26%.
For the post-monsoon season the highest rainfall variability ranges between 41.80-45.26%. During the winter season the highest rainfall
variability was 93.97% found in Bogra. The lowest rainfall variability in the winter season was 77.94% found in Rangpur. The range of
winter rainfall variability was 77.94-93.97%. For the winter season the highest rainfall variability ranges between 89-93.97%. In the present
study it is found that the northwestern region had experienced the highest rainfall variability in the winter season than the other seasons.
It was between 89-93.97% per year. The annual rainfall variability was lower than the seasonal rainfall variability in the northwestern
region. In the present study, variation analysis showed that rainfall in this region was erratic during the pre-monsoon season (50.17% per
year) and become more erratic during the winter season (93.97% per year) for the last 40 years. In these season variability occurred due
to low precipitation which received in the pre-monsoon and winter season. For this those seasons had more rainfall variability than other
seasons.
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Rahman and Lateh (2015) analyzed the spatiotemporal variation in rainfall and temperature trends over Bangladesh for 40 years
(1971-2010) by using MK test, CV. In their study, they analyzed 34 stations and observed that the annual rainfall variability was highest
in the northwestern and northern part of Bangladesh. The pre-monsoon rainfall variability was also remarkable for this region. They
mentioned that there was decreasing in rainfall in the northwestern region and also for Bangladesh than the past. Their analysis is
consistent with the present study.

The northwestern region experienced declines in rainfall in the recent decades. For this high rainfall variability occurs in this area. In
Bangladesh the decreasing of rainfall occurs during EI-Nino years. This is the main cause of high rainfall variability (Ahmed et al., 1996).
A study by Rajeevan et al., (2008) found that the inter-decadal and annual variability of rainfall may be linked with the variations and
anomalies of sea surface temperatures over the Equatorial Indian Ocean and also for the sea surface temperature over the Equatorial
Indian Ocean and also for the global warming. For this the variations in the rainfall can occur. For these variations in rainfall the
northwestern region in Bangladesh is the most vulnerable to drought.
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Figure 2: Spatial variability (CV) of annual rainfall in the study area.
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Figure 3: Spatial variability (CV) of seasonal rainfall in the study area.

3.2 Spatio-temporal trend analysis of rainfall

Rainfall of Bangladesh varies, depends on season and location. Rainfall in the study area is erratic and low with an average value of
1483 mm per year. Here most of the rainfall occurs between June and September. Spatiotemporal variation of rainfall in this area is very
common (Choudhury et al.,2003). The results of this study on the spatiotemporal trend analysis of rainfall over the northwestern part of
Bangladesh for the period of 1976-2016 have been analyzed and discussed here. Mann-Kendall test, Sen’s slope estimator, Spearman’s
rho test, linear regression model is used for spatiotemporal trend analysis of this study.

3.2.1 Spatial trend analysis of annual and seasonal rainfall

Figure 4 shows the Z values of the MK test of annual rainfall and Figure 5 shows the Z values of the MK test for the seasonal (pre-
monsoon, monsoon, post-monsoon and winter) time scales of 6 selected stations. These methods are used to reveal the trends of rainfall
in the northwestern region, Bangladesh. Rainfall trends for the period of 41 years (1976-2016) are analyzed.
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Figure 4: Spatial distribution of MK Z values for the annual rainfall trend during 1976-2016.

For the annual rainfall it is found that (from Fig.4) the number of decreasing trends using the MK test at significant 95% and 99 % lev
els were found to be 3 and 1 respectively. The positive Z value indicates increasing trend and the negative value indicates a decreasin
g trend. Two stations showed decreasing insignificant trends in the annual rainfall. Out of 6 stations no station showed an increasing tren
d in the annual rainfall. From the Figure 4 it is shown that the highest decreasing trend of annual rainfall was found in the Rajshahi statio
n that was -2.976 mm per year, which was significant and the lowest decreasing trend of annual rainfall was found in the Syedpur station
that was -1.278 mm per year which was insignificant. It is found that for the Sen’s slope of annual rainfall, the most decreasing trend wa
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s found in Syedpur that was -17.33 mm per year and the less decreasing trend was found in Ishwardi that was -10.44 mm per year. In th
is case the Sen'’s slope result and MK test value do not comply with each other. For annual rainfall the magnitude of negative trend was i
n the range of 10.44 to 17.33 mm per year. No positive or increasing trend was found in annual rainfall. From one station to another rainf
all trend showed variability in the magnitude. The Spearman’s rho test and MK test value fully comply with each other.
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Figure 5: Spatial distribution of MK Z values for the seasonal rainfall trend during 1976-2016.

In the pre-monsoon season, two stations showed positive or increasing trends in rainfall. These two stations were Rangpur and
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Syedpur. Other stations showed decreasing trends in the rainfall in pre-monsoon season. The highest decreasing trend in the pre-
monsoon season rainfall was found in the Ishwardi station that was -2.292 mm per year which was significant. In the monsoon season
the number of decreasing trends using the MK test was found to be 6 out of 6 stations. The result showed that all the stations had a
decreasing trend in monsoon season rainfall. In those stations 2 stations showed significant decreasing trends in monsoon rainfall. The
highest decreasing trend in the monsoon season rainfall was found in the Rajshahi station that was -2.538 mm year which was significant.

In the post-monsoon season the number of decreasing trends was found at 4 stations. 2 stations had a positive or increasing trend in
rainfall in the post-monsoon season. The highest decreasing trend in the post-monsoon season rainfall was found in the Rajshahi station
that was -1.303 mm year which was insignificant. In post-monsoon season there was no significant increasing or decreasing trend was
found. The result showed that in the winter season all the selected stations had the decreasing trends in rainfall. There was no significant
decreasing trend in rainfall was found in the winter season. The highest decreasing trend in the winter season rainfall was found in the
Rajshahi station that was -1.721 mm year which was insignificant. The Mann-Kendall test identified an increasing trend in pre-monsoon
rainfall for Rangpur and Syedpur, also an increasing trend for Rangpur and Ishwardi in post-monsoon season. Monsoon and winter season
represent decreasing trends of rainfall for all stations. That means the northwestern regions received less rainfall in the monsoon and
winter season than the past.

From supplementary (Table S2), in pre-monsoon season only two stations showed the positive values of Sen’s slope estimator for
Rangpur and Syedpur. Four other stations had declining trends in the pre-monsoon season. In the monsoon season all stations had
declining trends. In post-monsoon season only two stations showed the positive values of Sen’s slope estimator for Rangpur and Ishwardi.
Four other stations had declining trends. All stations had declining trends in the winter season except one station that was Rangpur. The
Sen’s slope result and MK test value comply with each other except one for Rangpur in winter season. Spearman’s rho showed the same
results as the Sen’s slope except winter season. All the stations showed negative trend in the winter season in the Spearman’s rho test
and in Sen’s slope 5 out of 6 stations showed negative trends in this season.

In the present study the three tests (MK test results, Spearmon’s rho and Sens’s slope) values are complying with each other in case
of positive and negative value in all the stations for annual and seasonal rainfall except for the one station in winter season. The MK test
result and Spearman’s rho in winter season for Rangpur station is negative but in Sen’s slope there is a positive value in Rangpur station
for winter season.

Annual rainfall in the northwestern region, Bangladesh showed negative trends. Which means the annual rainfall in this area was
decreasing. In the present study the northwestern climatic region of Bangladesh experienced a negative trend. Rangpur, Bogra and
Rajshahi districts had a significant negative trend in annual rainfall that means these stations received low annual precipitation than the
past. Rahman et al., (2016) analyzed the rainfall trend over Bangladesh for the 60 years (1954-2013) and applied the MK test, and Sen’s
slope estimator to detect annual trends for 34 stations. In the result, it was shown that the southeastern and the southwestern part of
Bangladesh were experiencing an increasing rainfall trend where a decreasing trend was found in the northwestern region. This finding
is consistent with the present study.

The present study correlates with the trends in rainfall over South Asia, which was analyzed by Solomon et al., (2007). In their analysis,
it was found that the rainfall significantly decreased in South Asia. Due to climate change the South Asia’s rainfall was decreasing and for
this many areas becoming arid. Rahman and Lateh (2015) analyzed the spatiotemporal variation in rainfall and temperature trends over
Bangladesh for 40 years (1971-2010) by using the MK test. In their study, they analyzed 34 stations and observed that the general trend
was positive for the annual rainfall in some regions and negative for seasonal rainfall in the country. Their analysis showed that the
greatest rainfall decreased over the year in the post-monsoon season and the rate of rainfall change decelerated in the last 30 years. This
analysis agrees with the present study. Shahid (2010) analyzed rainfall variability and trends over Bangladesh using Sen’s slope and
Spearman’s rho. In this analysis, it was found that in the northwestern region Rangpur station was represented an increasing trend in
rainfall. It is agreed with the present study except for the annual and monsoon season rainfall. Winter rainfall showed no significant trend
in the northwestern region, Bangladesh. This finding is consistent with the other studies (Agrawala et al., 2003; Shahid 2010). Post-
monsoon rainfall trend increased non-significantly in the present study that also analogous to other studies (Agrawala et al., 2003; Shahid
2010). Monsoon rainfall in the northwestern region was decreased and this analysis is similar to the other studies (Ahasan et al., 2010;
Choudhury et al., 2012).

3.2.2 Temporal trend analysis of annual and seasonal rainfall

Figure 6(a) shows the mean annual rainfall trend and Figure 6(b), 6(c), 6(d) and 6(e) show the mean seasonal (pre-monsoon,
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monsoon, post-monsoon and winter) rainfall trends of the northwestern region during the 41 years (1976-2016). All tests were considered

at the 95% significance level.
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Figure 6: Mean annual and seasonal rainfall distribution in the north.

In this study a decreasing trend was observed for annual rainfall. In Figure 6(a) slope of -7.73 mm per year is seen for the annual
rainfall. It is observed that there was a decreasing trend in annual rainfall over the northwestern region, Bangladesh. In the present study
a decreasing trend was found for the monsoon season rainfall. In the study, pre-monsoon and winter season rainfall had also a decreasing
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trend. But post-monsoon rainfall was showing a little increasing trend. Figures 6(b), 6(c), 6(d) and 6(e) represent a slope of -0.51 mm per
year for pre-monsoon, -1.93 mm per year for monsoon, 0.05 mm per year for post-monsoon and -0.17 mm per year for winter rainfall
series. From supplementary (Table S3) the t test statistic indicated that the monsoon and the winter rainfall trend in the northwestern
region was significant at the 5 % level.

Rahman and Kamal (2016) analyzed rainfall variability and linear trend models on northwestern part, Bangladesh. They analyzed
data of the 40 years (1975-204) over the northwestern part of Bangladesh using a linear trend model. Their linear trend line showed the
declining trend in annual rainfall, the decrease of monsoon rainfall trend over northwestern region. In their study the rainfall trend and
variability in all stations were decreasing. This analysis agrees with the present study. Ye and Li (2017) analyzed 30 stations on Huaihe
river basin, China. They analyzed that there was an increasing trend in annual and winter rainfall. Rainfall intensity was increasing that is
disagreed with this study. The IPCC 4™ assessment report also mentioned the declining rainfall trend over Bangladesh (IPCC 2007). For
the effects of climate change the annual and seasonal rainfall trends are decreasing.

3.3 Wavelet analysis of rainfall time series

Rainfall time series can be analyzed by wavelet transform which contain non-stationary power at many different frequencies. Wavelet
transform allows analyzing different scales of temporal variability. It does not need a stationary series. To analyze irregular distributed
events and time series it is appropriate that contain non-stationary power at many different frequencies. For analyzing localized variations
of power within a time series, it is becoming a common tool. Wavelet analysis is done with long time series on the average monthly rainfall
of the northwestern region and monthly mean rainfall of Rangpur and Dinajpur station. It is done to analyze the rainfall variability in these
areas. The wavelet of rainfall time series is analyzed and discussed here.

3.3.1 Wavelet power spectrum

Since the present data are distributed monthly, the wavelet analysis parameters are set as 6t = 1 month and sO = 2 months because
s = 28t, §j = 0.25 to do 4 sub-octaves per octave, and j1 = 7/8j in order to do 7 powers-of-two with §j sub-octaves each. The figure below
(Fig.7.b) shows that the power (absolute value squared) of the wavelet transform for the monthly average rainfall in the northwestern
region of Bangladesh. Average monthly rainfall time series is presented in Fig. 7(a).

It has been stated before that the (absolute value)? gives information on the relative power at a certain scale in a certain time. The
actual oscillations of the individual wavelets, rather than just their magnitudes are shown in this figure. By observing Fig. 7(b), it shows
that there is more concentration of power between the 8—14-months band. In which it is clear that this time series has a strong annual
signal. Here it shows that no significant peaks were attained for low frequency periods. However, wavelet power spectrum for rainfall
episodes with characteristic scale of 8—14 months (Fig. 7.d) presents five low peaks, at the 5% significance level.

The Fig. 8(b) shows that the power (absolute value squared) of the wavelet transform for the monthly rainfall in the Rangpur station
of Bangladesh. Monthly rainfall time series of Rangpur station is presented in Fig. 8(a). The (absolute value)? gives information on the
relative power at a certain scale in a certain time. By observing Fig. 8(b), it shows that there is more concentration of power between the
8-14-months band. In which it is clear that this time series has a strong annual signal. Here it shows that for this area there is an important
significant peak was attained in low frequency periods. Wavelet power spectrum for rainfall episodes with characteristic scale of 8-14
months (fig. 8.d) presents two low peaks, at the 5% significance level.

The Fig. 9(b) shows that the power (absolute value squared) of the wavelet transform for the monthly rainfall in the Dinajpur station
of Bangladesh. Monthly rainfall time series of Dinajpur station is presented in Fig. 9(a). The (absolute value)? gives information on the
relative power at a certain scale in a certain time. By observing Fig. 9(b), it shows that there is more concentration of power between the
8-14-months band, in which it is clear that this time series has a strong annual signal. Here it shows that for this area there is a low
significant peak was attained in low frequency periods. Wavelet power spectrum for rainfall episodes with characteristic scale of 8-14
months (Fig. 9.d) presents an important peak and a low peak, at the 5% significance level.

In these figures, there exists a zone called the cone of influence at the border of the wavelet power spectra, where the variance has
reduced by zero padding. In it we are dealing with finite-length time series. In which errors will occur at the beginning and end of the
wavelet power spectrum.

Santos et al., (2001) analyzed wavelet transform with the total monthly rainfall data of Matsuyama city, Japan. They analyzed that no
significant peaks were attained for low frequency periods. Their results agree with the results of the present study in average monthly

Wwww.euraass.com


http://www.euraass.com/

Eur. J. Geosc. 2019, 1(1) 35 - 56

49

rainfall and disagree with the results of monthly rainfall of Rangpur and Dinajpur stations of this study.
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Figure 7: (a) Average monthly rainfall in the northwestern region for 1976-2016 periods. (b) The wavelet power spectrum using Morlet mother wavelet. Cross-
hatched region is the cone of influence, where zero padding has reduced the variance. Black contour is the 5% significance level using a red-noise (a = 0.72)
background spectrum. (c) The global wavelet power spectrum. The dashed line is the 5% significance level for the global wavelet spectrum; and (d) Scale-
average wavelet power over the 8-14 months band. The dashed line is the 95% confidence level assuming red noise a = 0.72.
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(a) Rainfall Time Series of Rangpur Station (Monthly mean)
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Figure 8: (a) Monthly rainfall in Rangpur station for 1976-2016 periods. (b) The wavelet power spectrum using Morlet mother wavelet. Cross-hatched region
is the cone of influence, where zero padding has reduced the variance. Black contour is the 5% significance level using a red-noise (a = 0.72) background
spectrum. (c) The global wavelet power spectrum. The dashed line is the 5% significance level for the global wavelet spectrum; and (d) Scale-average wavelet
power over the 8-14 months band. The dashed line is the 95% confidence level assuming red noise a = 0.72.
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(a) Rainfall Time Series of Dinajpur Station (Monthly mean)
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Figure 9: (a) Monthly rainfall in Dinajpur station for 1981-2016 periods. (b) The wavelet power spectrum using Morlet mother wavelet. Cross-hatched region
is the cone of influence, where zero padding has reduced the variance. Black contour is the 5% significance level using a red-noise (a = 0.72) background
spectrum. (c) The global wavelet power spectrum. The dashed line is the 5% significance level for the global wavelet spectrum; and (d) Scale-average wavelet
power over the 8-14 months band. The dashed line is the 95% confidence level assuming red noise a = 0.72.

3.3.2 Global wavelet power spectrum

In these time series the annual frequency (12 months) is confirmed by an integration of power over time (Figs 7.c, 8.c and 9.c), in
which it shows that only one significant peak above the 95% confidence level for the global wavelet spectrum, assuming a= 0.72
represented by the dashed lines. Figures 7(c), 8(c) and 9(c) also present an almost significant peak (at the 5% level) which centered in
the 2—4-months band. Most extreme monthly precipitation values for Rangpur station (values above 1000 mm in Fig. 8.a) correspond to
pulses of highly significant power within the 8—14-months band (Fig. 8.b). This global wavelet power spectrum provides an impartial and
balanced estimation of the true power spectrum of the time series. It is a simple and robust method to characterize the time series
variability. It is good to use global wavelet spectra to describe rainfall variability in non-stationary hyetographs. In hyetograph structures
the regions that do not display long-term changes, global wavelet spectra can be useful for summarizing the region’s temporal variability

and also compare it with rainfall in other regions. The shape of the global wavelet spectrum is controlled primarily by the distribution of
feature scales.

Ideiao and Santos (2005) analyzed precipitation time series of north-eastern Brazil using wavelet. They analyzed that only one
significant peak above the 95% confidence level in the global wavelet spectrum represented by the dashed lines. An almost significant
peak centered in the 2-4 months band. Their analysis agrees with this analysis.

3.3.3 Scale-average time series

The average variance in a certain band is shown in the scale-average time series (Figs 7.d, 8.d and 9.d). The 8-14-months band is
used to examine modulation of one-time series by another, or modulation of one frequency by another within the same time series. These
figures are made by the average of Figs 7(b), 8(b) and 9(b) over all scales between 8 and 14 months. By this it gives a measure of the
average year variance versus time. The variance plot shows some distinct periods when monthly rainfall variance of average rainfall in
the northwestern region was low in Fig. 7(d), e.g., from 2006 to 2014.These are the dry years and there is no important peak in the scale
average time series. When in this fig. 7(d), the years 1984, 1987, 1998, 1999, 2004, 2005 indicating wetter than the normal years. Monthly

Wwww.euraass.com


http://www.euraass.com/

52 Eur. J. Geosc. 2019, 1(1) 35 -56

rainfall variance in Rangpur station was low in Fig. 8(d), e.g. from 2006-2014. These are the dry years and an important peak in the scale-
average time series can be identified for 1984 to 1987, which clearly indicating a period wetter than normal years. Monthly rainfall variance
in Dinajpur station was low in Fig. 9(d), e.g. from 2006-2016. These are the dry years and an important peak in the scale-average time
series can be identified for 1987, which clearly indicating a year wetter than normal years.

Santos et al., (2001) analyzed scale average time series for the 8-16 months band. This gives a measure of the average year variance
versus time. In the present study a measure of the average year variance versus time is done for the 8-14 months band. The variability of
monthly rainfall time series is analyzed for the northwestern region by wavelet analysis. The wavelet power spectrum shows a big power
concentration between the 8-14 months band. It shows that rainfall variability occurs from station to station. The distribution of rainfall is
uneven.

3.4 Relationship between rainfall and ground water level

Groundwater in Bangladesh occurs at a very shallow depth. The groundwater table over most of the Bangladesh lies in very close to
the surface and it fluctuates with the annual recharge discharge conditions. In the northwestern region, Bangladesh irrigation accounts for
more than 70% of total water withdrawals and for more than 90% of total consumptive water use. This lead ground water depletion and
increase drought condition (Adhikari et al., 2013). There is a relationship between rainfall and ground water level. Pearson correlation,
MK test and time series are used to reveal the relationship between rainfall and ground water level. The relationship between rainfall and
ground water level is discussed here-

3.4.1 Correlation between rainfall and ground water level

In this study, the annual and seasonal ground water level data of 5 districts of northwestern region for the period of 1981-2014 have
been analyzed to find out the relationship of it with the rainfall. Table 2 shows the Pearson correlation between rainfall and ground water
level of the northwestern region, Bangladesh for the period of ~ 1981-2014.

From the Table 2 it is seen that all the correlations are negative and significant at 1% and 5% level. In annual correlation, r value is -
.570 which is strongly negative significant. In pre-monsoon season correlation, r value is -.475 which is strongly negative significant.
In monsoon season correlation, r value is -.430 which is negatively significant. In post-monsoon season correlation, r value is -.470 which
is strongly negative significant and in winter season correlation, r value is -.372 which is negatively significant. There is a negative
relationship between rainfall and ground water level. That means when rainfall increases the ground water level depth is decreased. When
rainfall decreases the ground water level depth is increased. This indicates that when rainfall decreased the ground water level declined
and when rainfall increased the ground water level was not declined. From Table 2 the correlation of annual, pre-monsoon and post-
monsoon rainfall and ground water level are negative and significant at the 99% level. Correlation of monsoon and winter season is also
negative and significant at the 95% level. So it is seen that when the rainfall decrease, the ground water level depth increase and when
the rainfall increase, the ground water level depth decrease.

Table 2: Pearson correlation between rainfall and groundwater level.

r Value of Pearson Correlation between Rainfall and

Annual and Seasons
Ground Water Level

Annual -.570"
Pre-monsoon -.475”
Monsoon -.430"
Post-monsoon -.470”
Winter -372°

** Correlation is significant at the 99 % level
* Correlation is significant at the 95% level
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3.4.2 Relationship analysis between rainfall and ground water level trends

The Table 3 shows the MK test Z values of annual and seasonal rainfall for the period of 1976-2016 and ground water table depth for
the period of 1981-2014 in the northwestern region, Bangladesh to explain the relationship. From the Table 3 it is seen that in the annual
rainfall the highest decreasing trend was found in Rajshahi (-2.9765 mm/year) and in the annual ground water level depth the highest
increasing trend was found in Rajshahi (6.4338 m/year). That means Rajshahi had the highest depleted rate at the annual ground water
level. One interesting finding is observed that there was a significantly high decreasing trend in annual rainfall in Rangpur (-2.280 mm/year)
but the annual ground water level depth in Rangpur was less increasing which was significance at the 95% level. In the pre-monsoon
season the highest decreasing trend of rainfall was found in Pabna (-2.2915 mml/year) and in the ground water level depth the highest
increasing trend was found in Rajshahi (6.9971 m). Also Pabna had high increasing trend in ground water level depth (5.0403 m). In the
monsoon season the highest decreasing trend of rainfall was found in Rajshahi (-2.5386 mm/year) and in the ground water level depth
the highest increasing trend was found in Rajshahi (5.3961 m). In the post-monsoon season the highest decreasing trend of rainfall was
found in Rajshahi (-1.303 mm/year) and in the ground water level depth the highest increasing trend was found in Rajshahi (5.3072 m).
In the winter season the highest decreasing trend of rainfall was found in Rajshahi (-1.7207 mm/year) and in the ground water level depth
the highest increasing trend was found in Rajshahi (6.8192 m). It is found that the Rajshahi district had decreased in the rainfall and for
this the ground water level also depleted.

Table 3: Z Statistic values of seasonal and annual rainfall for the period of 1976-2016 and ground water level depth for the period of 1981-2014 using the MK
test for the northwestern region.

Districts Pre-monsoon Monsoon Post-monsoon
Rainfall Ground water Rainfall Ground water Rainfall Ground water
level depth level depth level depth
Rangpur 0.0449 4.0322 -1.5163 1.1267 0.1460 4.6213
Dinajpur -0.2452 6.1966 -1.1578 4.5363 -0.5584 5.2182
Bogra -1.010 5.218 -1.9207? 3.9137 -1.1346 4.5659
Rajshahi -0.1460 6.9971 -2.5386° 5.3961 -1.303 5.3072
Pabna -2.29152 5.0403 -1.6511 4.3287 0.4269 3.7654
Winter Annual
Districts
Rainfall Ground water Rainfall Ground water
level depth level depth
Rangpur -0.1574 1.4528 -2.2801° 2.07542
Dinajpur -1.6232 6.1077 -1.8116 5.6629
Bogra -0.4724 6.5228 -2.19022 5.574
Rajshahi -1.7207 6.8192 -2.9765° 6.4338
Pabna -0.8886 5.3368 -2.0330% 49514

2 Significance at the 95% level and ° Significance at the 99% level

Table 3 shows that the districts which have high decreasing trend in rainfall have high increasing trend in ground water level depth.
The districts which have less decreasing trend in rainfall have less increasing trend in ground water level depth. But in case of annual
rainfall and ground water level trend for Rangpur, there is a different finding is observed. Here the annual rainfall trend is decreasing
significantly in Rangpur but the annual ground water level trend is less declined. However, the ground water level is depleted more in
those districts which have highest decreasing rainfall trend. Pre-monsoon and winter season receives less rainfall and thus the ground
water level depletion occurs more in those seasons than other seasons. When rainfall decreased, the ground water level depth increased
that means ground water level depleted in this region and when rainfall increased, the ground water level depth decreased that means
ground water level increased. So there is a strong relationship between rainfall and ground water level.

Shalini et al., (2012) analyzed the ground water level and rainfall variability trend in Jharkhand State, India. They mentioned that the
regions which receive less rainfall have a deeper ground water level than others. Their analysis agrees with my analysis. Thakur et al.,
(2011) mentioned that in the pre-monsoon and winter season had decreased in rainfall and for that the ground water level depleted more
in those seasons. Their analysis is consistent with the present study.
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3.4.3 Relationship analysis between rainfall and ground water level time series

Time series of the relationship between mean rainfall and mean ground water level are shown respectively in figures. Figure 10(a)
shows the mean annual rainfall and ground water level time series and Figure 10(b), 10(c), 10(d) and 10(e) show the mean seasonal (pre-
monsoon, monsoon, post-monsoon and winter) time series of the northwestern region during the 1981-2014. All the time series figures
show that the trend of rainfall is decreasing and the trend of ground water level depth is increasing. That indicates that rainfall is decreasing
and for this ground water level is declining in the northwestern region. Pre-monsoon and winter season have decreased in rainfall more
and for that the ground water level depleted more in those seasons. For decreasing rainfall and increasing use of ground water in irrigation
and other purposes, the ground water level in the northwestern region is depleting. Especially in winter and pre-monsoon season drought

condition may occur. That makes this region more prone to drought condition.
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Figure 10: Time series of annual and seasonal mean rainfall and ground water level.
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Ambeast et al., (2006) investigated on management of declining ground water, India and found that ground water levels are declining
with respect to the ground surface. All the seasons have a declining trend of ground water level. This finding is consistent with the present
study. Northwestern region faces decrease in rainfall mostly from the last decade. Decrease in rainfall leads decrease in ground water
level. That is the main cause of ground water depletion (Adham et al., 2010). Due to decrease in rainfall, ground water recharge is also
decreased. For this ground water depletion occurs. Decrease in rainfall increase the withdrawal of ground water that is used for irrigation
purpose. That is the main cause of ground water depletion in this region (Adhikari et al., 2013). In Bangladesh, large scale of withdrawal
of ground water is one of the main causes of ground water depletion.

4., Conclusion

This study aims to explore the spatiotemporal variability and trends of rainfall link to groundwater level in the northwestern region,
Bangladesh. The results reveal wide variations of rainfall for both annual and seasonal time scales. The findings also reveal that the
highest standard deviation was found in Rangpur (583.56 mm) followed by Syedpur (502.71 mm), which showed that there is high
variability of rainfall received annually. All the meteorological stations showed positive skewness, which indicates that the amount of
rainfall distribution was normal. The annual rainfall variability was the highest in the Ishwardi station (25.39%) where the lowest annual
rainfall variability found in Rajshahi (20.70%). Due to climate change the rainfall is decreasing in recent years and the sharp decreasing
trend of rainfall over northwestern region may be the key or one cause for the decreasing trend of rainfall over the whole Bangladesh. The
study observes that all the stations show a negative or decreasing trend in annual rainfall in which Rajshahi, Rangpur and Bogra districts
have a significant negative trend. In addition, the monsoon and the winter season represents decreasing trends of rainfall for all the
stations. The wavelet analysis of rainfall time series demonstrates that there is a variation in rainfall at district level. The monthly rainfall
variance of average rainfall in the northwestern region was low from the period of 2006 to 2014. These are the dry years and there is no
significant peak in the average time series. The years 1984, 1987, 1998, 1999, 2004, 2005 are wetter than the normal years. In
Bangladesh, the rainfall variability occurs due to the effects of climate change. Due to global warming, climate change occurs and the
temperature of Bangladesh is increasing and thus the rainfall distribution is becoming more uneven. The rainfall variability occurs over
Bangladesh including the northwestern region. The relationship between rainfall and ground water level indicates that rainfall is decreasing
and for this ground water level is declining in the northwestern region. Pre-monsoon and winter season have decreased in rainfall more
and for that the ground water level depleted more in those seasons. Interestingly, it is observed that a significant high decreasing trend of
annual rainfall is found in Rangpur, but the annual groundwater level depth is less increased in Rangpur at the same time. Decrease in
rainfall increases the withdrawal of ground water that is used for irrigation purpose. The Government of Bangladesh should take necessary
measures to save this region from becoming a barren region. Proper steps should take to combat climate change and proper policy should
adopt in the case of groundwater exploitation for irrigation purpose.
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