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Abstract
Scarcity of groundwater is a severe problem in this region due to over exploitation of groundwater from unconfined hard 
rock aquifers. The main objectives of this study are to analyse the spatiotemporal variability and fluctuation of groundwater 
table and to predict the location of groundwater depression pockets. Total 21 consecutive years (1996–2017) groundwater 
monitoring well data (pre- and post-monsoon) have been collected from CGWB, Government of India. The nonparametric 
Mann–Kendall trend analysis and standardized precipitation index (SPI) have been applied to detect the trend of groundwater 
level and rainfall variability, respectively. Exponential smoothing has also been fitted for future prediction. The pre- and 
post-monsoon results (1996–2017) showed that around 77% (22 stations) and 78% (23) monitoring stations were indicating 
declining trend of groundwater table at the rate of −0.006 to −0.205 m/year and −0.005 to −0.192 m/year, respectively. 
Similarly, future (2040) groundwater depression result predicted that around 75% (21) stations, the groundwater table will 
be depleted above 5 m during pre-monsoon while about 53% (16 stations) monitoring wells, the groundwater table will be 
fallen above 5 m during post-monsoon. Consequently, around 52% (15) and 50% (14) stations are being faced groundwater 
drought in the recurrent interval of above 2 years during pre-monsoon and post-monsoon, respectively. Driving factors of 
water table depletion are huge withdrawal of groundwater for dry farming and reduction of recharge areas due to rapid land 
use modification. The uniqueness of this study exhibits the nature of declining trend of groundwater table and identification 
of depression pockets.
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Introduction

In the recent years, excessive stress on groundwater resource 
is due to unexpected population growth along with urban 
and rural infrastructural development. This indispensable 
natural renewal resource can sustain the whole biota of the 
earth system and fortunately, this renewal resource which 
is automatically recharged through precipitation. Different 
geological structures such as fault, joint, bedding, cleav-
age, fracture, foliation and lineaments have the ability to 
transmit and store the groundwater through the porous, satu-
rated water bearing and water holding aquifer (Nilsen et al. 
2003; Basu and Bera 2010). In the present era, groundwater 
crisis has become a global concern and the magnitude and 
frequency of groundwater vulnerability have been tremen-
dously increased (Halder et al. 2020). Groundwater is the 
significant source of drinking water in various parts of India 
particularly in arid and semi-arid regions. In India, total 50% 
irrigated land depends on groundwater irrigation and it leads 
overexploitation of this precious natural resource in differ-
ent parts of our country (CWC 2006). Groundwater is the 
cleanest and purest form of water resource, and it meets the 
overall demand of the biosphere. So, a sustainable use of this 
natural resource should be maintained in various parts of the 
world (Assaf and Saadeh 2009).

The principal causes of groundwater table depletion for 
shallow unconfined aquifers are the unscientific exploitation 
of groundwater resource for industry, agriculture, drinking 
and other domestic purposes (Thakur and Thomas 2011). 
The use of groundwater has been augmented approximately 
300% by different socio-cultural activities since 1950s (Doll 
et al. 2012). The groundwater quality is very much depend-
ent over the aquifer characteristics, materials and perme-
ability (Bera 2010). The fluctuation of groundwater table 
is a time-dependent stochastic phenomenon which varies 
mainly inflow, outflow and through flow of the aquifer sys-
tem (Bera 2010). The height of the groundwater table is an 
illustration of the hydrological system, transmissivity and 
the hydraulic conductivity of the aquifer system of an area 
(Thakur and Thomas 2011; Bera 2010). In India, most of the 
rainfall occurs in the monsoon season and the variability of 
monsoon rainfall is a crucial factor behind the fluctuation 
of groundwater table (Hanson et al. 2004; Bera 2010). The 
consequence of groundwater fluctuation, depletion and the 
groundwater shortage over an area is termed as groundwa-
ter drought which has a significant negative effect on agri-
culture, industry, domestic and mainly drinking purposes 
(Bloomfield and Marchant 2013; Bera et al. 2021b).

Since the last few decades, groundwater extraction is 
being increased tremendously around the globe and the 
major consumers of groundwater are developing countries 
of south and south-east Asia such as India, Bangladesh, 

Pakistan and China due to its high growth rate of popula-
tion (Gun 2012). According to the report of central ground-
water board (2017–2018) in India, groundwater extraction 
had increased around 62–63% and the most over-exploited 
regions are Delhi, Punjab and Haryana due to its high agri-
cultural and economic activities. Around 60% of the wells 
in India showed a declining trend of groundwater table for 
hydrological drought (CGWB 2017–2018). A continuous 
declining trend of groundwater quality is a great concern 
among different parts of India. Groundwater quality has 
been affected by domestic, industrial and agricultural con-
taminants. The groundwater table fluctuation was also ana-
lyzed over Netherland and a declining trend of groundwater 
table was observed in an extensive area due to drought and 
extensive unscientific exploitation by the farmers (Gehrels 
et al. 1994). In West Bengal particularly in Bankura, Purulia, 
Paschim Medinipore districts have faced declining trend of 
water table. Subsequently, Purulia district (an extended part 
of Chota Nagpur Plateau) is popularly known as a water 
scarcity and drought prone district of West Bengal (Bera 
et al. 2021b). The scarcity of water in this region is not only 
because of uncontrolled use of groundwater but also unfa-
vourable geo-hydrological characteristics of this hard rock 
terrain (Bera and Ghosh 2019). Fluctuation of groundwater 
level is not always related with rainfall and drought charac-
teristics; sometime it is highly correlated with poor manage-
ment, improper planning and policy (Pophare et al. 2014). 
Purulia district is an extended part of Chota Nagpur gneissic 
complex of Singhbhum Protocontinent and groundwater is 
mainly restricted within diverse structural units such as fault, 
lineament, joints and fractures (Bera and Ghosh 2019). The 
intersection of different linear structures or the shear zones 
is considered as a favourable condition for groundwater stor-
age (Cook 2003). When the fault lies perpendicular to the 
flow direction of groundwater, then the groundwater is chan-
nelized along the perpendicular fractures and it helps for 
groundwater storage. This kind of landforms can accelerate 
the level of permeability (Babiker and Gudmundsson 2004). 
Geo-statistical methods are the important tools for analy-
sis of the spatiotemporal variability, interpolation between 
various points or principal values and generate the maps 
associated with error statistics (Zhou et al. 2011). Recently, 
various geo-statistical methods are extensively used to 
predict the spatial variability of groundwater quality and 
availability (Nazari Zade et al. 2006). The trend detection 
of groundwater level in a time series can be estimated by 
different statistical methods such as linear regression analy-
sis, Mann–Kendall test, different high accuracy parametric 
and nonparametric methods (Mantegna and Stanley 2000). 
Mann–Kendell test is a nonparametric test which has been 
considered as a robust statistical trend analysis method in 
a time series data and it does not require any particular or 
normal distribution of the dataset (Yang et al. 2004; Mondal 
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et al. 2012). Different geo-statistical approaches have been 
considered for mapping of groundwater level, fluctuation 
and identify the trend dynamicity of groundwater (Mini et al. 
2014). This scientific study will definitely assist to regional 
planners, administrator and policy makers for combating 
such hydro-environmental hazard as well as to improve the 
livelihood of the local people. The uniqueness of the study 
is to identify the pattern of declining trend of groundwater 
table along with regional depression pockets through most 
reputed methods. The main objectives of the study are (i) 
to analyse the seasonal (post-monsoon and pre-monsoon) 
groundwater level variability and fluctuation trend through 
nonparametric statistical method with future prediction and 
(ii) to investigate the reasons behind the groundwater table 
fluctuation in Precambrian hard rock terrain.

Study area

Purulia district is located in the western part of West Bengal 
and the topographical characteristics of Purulia district are 
similar to Chota Nagpur plateau region and it is an extended 
part of Chota Nagpur gneissic complex. Latitudinal and 
longitudinal extension of Purulia district is 22°42′19''N to 
23°42'N and 85°49′19''E to 86°54′25''E with 6259 sq km 
area (Fig. 1). Climatologically, the study area is under sub-
tropical and semi-arid region along with dry winter and hot 
wet summer (Dolui et al. 2014). The whole district is drained 
by different principal rivers such as Damodar, Subarnarekha, 

Kumari, Kangsabati and their tributaries (Bera et al. 2019; 
Nayak et al. 2020). Regionally, this is a part of eastern Indian 
peninsular shield and Chota Nagpur Gneissic complex 
(CGC). This region consists with granitic rock and meta-
sediments of Precambrian age which is considered as a base-
ment rock or the fundamental rock of this area and the whole 
region is situated in the northern part of Singhbhum craton 
(Dunn and Dey 1942; Chakraborty et al. 2021).

Lithological and aquifer characteristics of Chota Nagpur 
Gneissic Complex (under Singhbhum Protocontinent)

A triangular shaped Singhbhum Protocontinent is bounded 
by Eastern Ghats Granulite Belt in the south, Mahanadi Lin-
eament (Rift Basin) in the southwest, Damodar Valley Rift 
Basin in the north and the youngest sediment–filled Ben-
gal Basin in the east (Fig. 2b). Singhbhum Protocontinent 
consists of three adjacent states like Odisha, Chhattisgarh, 
Jharkhand and West Bengal. The Protocontinent encom-
passes three main lithotectonic blocks: the Chota Nagpur 
Gneissic Complex in the north, the North Singhbhum Fold 
Belt in the middle and the Singhbhum Granite Complex in 
the south.

The Chota Nagpur Gneissic Complex is also portrayed as 
the Chota Nagpur Granite–Gneiss Complex which is situated 
between the North Singhbhum Fold Belt in the south and 
the Damodar Valley Rift Basin in the north (Roy 2012). The 
Chota Nagpur Gneissic Complex contains largely gneisses 

Fig. 1  Geographical location of the study area
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and granitoids of various petrological compositions. The 
gneiss shows distinctive banded character that appears 
quite like to those comprising the ancient basement rocks 
in diverse parts of the Indian Shield. There are few gneissic 
rocks which are also characterised by mafic in character 
and these are illustrated as diorite gneiss. The amphibolite 
is also termed as hornblende gneiss (Pascoe 1973) and the 
different shapes and sizes hornblende gneiss is occasion-
ally found as enclaves within the gneiss–granite complex. 
Few gneissic rocks have consistently layered and planner 
shaped fabric of secondary origin that is also depicted as 
mylonite gneiss (Roy et  al. 2016). Numerous bodies of 
granites are occurred in the form of isolated plutons in the 
Chota Nagpur Gneissic Complex. Majority of the granite 
plutons are found in the Ranchi-Purulia Belt. Broadly, the 
granites are coarse-grained and porphyritic type. These are 
continuously weathered and turned into rounded, dome-
like bosses and tors. Primarily, the grey and pink coloured 
granites have been identified in the Chota Nagpur Gneissic 
Complex and the grey granites have been originated from the 

melting of tonalite-trondhjemite-granodiorite gneisses (Roy 
2012). The ‘pink’ granite is the youngest intrusive bodies 
within the gneissic complex (Saxena et al. 1992; Mahadevan 
1992). Mainly metasedimentary and metavolcanic rocks of 
supracrustal bodies occupy as enclaves within the gneissic 
rocks. These supracrustal rocks include mica schist, marble, 
banded iron formation and quartzite along with patches of 
mafic and ultramafic rocks. The high grade granulite facies 
have been found mainly along two belts e.g. (i) in the east-
ern part of Purulia district of West Bengal and (ii) in the 
Ranchi-Palamau area in Jharkhand (Mahadevan 2002). The 
most significant presence of lenticular or elliptical bodies of 
anorthosite has been identified in the Chota Nagpur Gneissic 
Complex and locally it is coupled with thin lenses of syenite 
(Mahadevan 2002; Bera et al. 2019). The biggest body of 
anorthosite has been occupied at the eastern margin of the 
Singhbhum Protocontinent. Around 40-km-long ‘tadpole-
shaped’ intrusive body is termed as the Bengal Anorthosite 
(Ghosh et al. 2008) which is encircled by politic granulites 
and felsic gneisses (Bhattacharya and Mukherjee 1987).

Fig. 2  a Hydro-geological map of Purulia district. b Geological map shows principal lithotectonic units of the Singhbhum Protocontinent. c 
Lithologs showing the lithological condition of different parts of the Purulia district
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It has been observed that in northern Singhbhum craton 
area most of the aquifer systems are semi confined aquifer. 
Unconfined aquifer system has been observed in the western 
part and north eastern part of Purulia district and the major 
rock systems of this unconfined aquifer zone are amphibo-
lites, hornblende, mica schist, intrusive granite, crystalline 
limestone etc. (Fig. 2a). The formation of these aquifers is 
confined between Palaeozoic to Jurassic age and the ground-
water potentiality and permeability is always high in this 
kind of water bearing layers (Bera et al. 2021a). Ground-
water potentiality and permeability is very low in this water 
containing layers. Amphibolite, calcareous granulite, mica 
schist are the significant rock system in this water holding 
layers. In granitic gneiss terrain, the movement of ground-
water is totally controlled by lithological characteristics 
(Fig. 2c), topography, joints, fractures, depth of weathered 
zone etc. (Bhattacharya 1989; Acharya and Prasad 2017; 
Bera and Ghosh 2019).

Materials and method

Data set

To analyse the pattern of groundwater assessment of 
Purulia district, groundwater (monitoring well) data have 
been collected from CGWB (central groundwater board), 
Government of India. Data of total 21 consecutive years 
(1996–2017) have been extracted in a periodic form (pre-
monsoon and post-monsoon). The digital elevation model 
(DEM) of Purulia district has been downloaded from USGS 
website (https:// earth explo rer. usgs. gov/). The long-term 
rainfall data have been extracted from MINISTRY OF JAL 
SHAKTI website, Government of India (https:// india wris. 
gov. in/ wris/). Lithologs data have been obtained from India-
WRIS website, government of India.

Mapping of variability of groundwater table 
through interpolation

Precise mapping of spatial and periodic variability (post-
monsoon and pre-monsoon) of groundwater table or ground-
water level requires spatial interpolation method. In this 
research kriging method has been applied for spatial interpo-
lation considering different monitoring borehole water depth 
data of different years (1996, 2001, 2006, 2011 and 2016) in 
a periodic time scale (post- and pre-monsoon).

Kriging method

Kriging is a robust geo-statistical method which is consid-
ered as optimum approach for interpolating the unknown 
locations. The primary benefit of kriging is that it offers 
the estimation opportunity of the interpolation error of the 
values of the regionalized variable where there are no ini-
tial measurements (Adhikary et al. 2010). Kriging method 
is a reliable interpolation estimator associated with maxi-
mum linear and non-biased estimate with minimum vari-
ance (Rasel et al. 2019). The spatial dependence of krig-
ing method has been quantified through Semivariogram 
and mathematically it described as mean square variability 
between two neighbouring values (Burgess and Webster 
1980). It follows,

where �(h) refers the Semivariogram, N(h) signifies num-
ber of observation that is separated by distance (h) and z(xi) 
means the random variable.

Here, Nugget is used for error measurement and the range 
is the distance at which the semivariance starts to level off, 
whereas the sill is the semivariance at which the levelling 
takes place.

Mann–Kendall test

Mann–Kendall trend test is one of the most significant 
nonparametric tests which are commonly used for statisti-
cal significant trend analysis of different time series data 
(Kendall 1975). As it is a nonparametric test so it does not 
require the data in a particular distributional form. In case of 
Mann–Kendall test, two hypotheses have been constructed: 
null hypotheses  (H0) and alternative hypotheses  (H1). Null 
hypothesis signifies that there is no trend in the dataset, 
whereas the alternative hypothesis defines that there is a 
presence of positive or negative trend (Halder et al. 2020). 
Chatterjee et al. (Chatterjee et al. 2020) have successfully 
applied Mann–Kendall test for the determination of the fluc-
tuation trend of groundwater table in Murshidabad district of 
Bengal (India). In this research, Mann–Kendall test has been 
applied over a long-term groundwater data set (1996–2017) 
to properly demarcate the positive or the negative trend of 
the groundwater level in the study area. The entire process 
has been performed using R-Studio programming package 
with the help of 26 different observatory tube well data. It 
follows,

(1)�(h) =
1

2N(h)

N(h)∑
i=1

[
z
(
xi + h

)
− z(xi

)
]2

https://earthexplorer.usgs.gov/
https://indiawris.gov.in/wris/
https://indiawris.gov.in/wris/
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where S defines Mann–Kendall statistics, n means sample 
size and sign indicates signum function.

Where

If n < 10 , the value of S directly compared to the theoreti-
cal distribution of S. If n > 10 , the S variance follows,

The test statistics ZC follows,

Here ZC follows a standard normal distribution.

Sen’s slope estimator

Sen’s slope estimator was proposed by Sen and it has been 
used to calculate the statistically significant magnitude of the 
trend (Sen 1968). This statistical method has been widely 
used by the researchers in case of time series data such as 
hydro-meteorological data, different climatic data, etc. Sen’s 
slope estimator provides us statistically accurate result than 
simple linear regression model. In this research, Sen’s slope 
has been performed to analyse the magnitude of the ground-
water level data trend. Sen’s slope is following the equation.

(2)S =

n−1∑
k=1

n∑
j=k+1

sign(xj − xk)

(3)

sign
(
xj − xk

)
= 1 ifxj − xk > 0

= 0 if xj − xk = 0

= −1 if xj − xk < 0

(4)Var(S) =
n(n − 1)(2n + 5)

∑m

i=1
t1(i)(i − 1)(2i + 5)

18

(5)

ZC =
S − 1√
Var(S)

ifS > 0

= 0 if S = 0

=
S + 1√
Var(S)

if S < 0

 where xj and xk represent the values of the data.
Where N is the number of data pairs where,

Analysis of standardized precipitation index 
(SPI)

Standardized precipitation index is a widely used statisti-
cal index which can statistically measure the meteorologi-
cal drought on the basis of long-term monthly precipita-
tion data. The SPI is closely related to soil moisture and 
precipitation. Presently, standardized precipitation index 
becomes an efficient and useful index to calculate the onset, 
duration and magnitude of meteorological drought events by 
SPI values (Table 1) (McClaran and Wei 2014). It is a sta-
tistical indicator that compares the total or the accumulated 
rainfall within a restricted timeframe or a specific month to 
long-term cumulated rainfall (Nam et al. 2012). SPI can be 
calculated by the different time scale such as 1-, 3-, 12- and 
48-month time scale. In this research SPI has been calcu-
lated to demarcate the anomaly or variability of dry climatic 
condition as well as the drought condition. SPI follows,

where X means Precipitation of the station, Xm indicates 
mean precipitation and � demarcates standardized deviation.

Determination of SPI is based on long-term precipitation 
data. Gamma distribution function is highly used and it has 
advantage to fitting the probability data. It can be estimated 
by the following formula (McKee et al. 1993).

 where a > 0, b > 0andx > 0 signifies shape parameters, 
scale parameters and precipitation accumulation. The 
gamma function Γ(�) portrays as,

The SPI can be calculated by transforming the cumulative 
probability with null average to a standardized distribution 
(McKee et al. 1993).

(6)(Qi) =
xj − xk

j − k
i = 1, 2,…N

(7)xj > xk =
n(n − 1)

2

(8)SPI =
X − Xm

�

(9)g(x) =
1

��Γ(�)
xa−1e−x∕�

(10)Γ(a) =

∞

∫
0

y�−1e−ydy

Table 1  Drought type classification table based on SPI values

SPI values Classes

Above 2.0 Extremely wet
1.50 to 1.99 Very wet
1.00 to 1.49 Moderately wet
−0.99 to + 0.99 Normal
−1.00 to −1.49 Moderately dry
−1.5 to −1.99 Severe dry
Below −2 Extremely dry
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where C0 = 2.5155,C1 = 0.8028,C2 = 0.0103, d0 = 1.4327, d1

= 0.1892, d2 = 0.0013

Analysis of LULC through maximum 
likelihood classifier

The changing pattern of LULC has been analysed because 
there is a close relationship between LULC and ground-
water depletion of any region. In the recent years, large-
scale anthropogenic activities may deplete the groundwater 

(11)SPI =

⎧
⎪⎨⎪⎩

−
�
t −

C0+C1t+C2t
2

1+d1t+d2t
2+d2t

2

�

+
�
t −

C0+C1t+C2t
2

1+d1t+d2t
2+d2t

2

�
⎫
⎪⎬⎪⎭

equilibrium trend of a particular region. So, total three 
LULC maps have been prepared considering 10-year inter-
val (2000, 2010 & 2020) period. Subsequently, Landsat 
images have been considered and Erdas Imagine software 
is used to find out the actual changing scenario of LULC in 
last two decades and correlates it with groundwater fluctua-
tions trend.

Standard groundwater level index (SGWI) 
and future prediction

Determination of Standard groundwater level index (SGWI) 
is similar to standardized precipitation index (SPI) that is a 
quantitative approach to determine the groundwater level 
depletion for long-term average scenario. It can easily 

Fig. 3  Changes of groundwater height scenario at Purulia district of different years in pre monsoon season, a 1996–2001, b 2001–2006, c 2006–
2011, d 2011–2016
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determine the groundwater deficit and groundwater drought 
condition for a particular time period. Standardised ground-
water level index can easily evaluate the groundwater defi-
ciency of a region on the basis of previous measured ground-
water level data in different temporal scale. Based on SGWI, 
we can directly identify the drought affected years and based 
on this index the level of water scarcity and its variation can 
be observed (Pathak and Dodamani 2019).

Here, groundwater drought condition has been calculated 
over different sample sites over Purulia district for pre- and 
post-monsoon time period since 1996 to 2017. It is calcu-
lated applying the given equation.

(12)SGWI =
X −M

�

Here, SGWI indicates Standard groundwater level index, 
X demarcates the height of groundwater table of that par-
ticular year. M and � indicate mean and standard deviation, 
respectively, in the restricted time frame.

A future prediction has been done over the groundwater 
level data to determine the futuristic condition and prob-
able groundwater scare or depressed zones. For forecast-
ing, two widely used exponential smoothing methods are 
Holt-Winter soothing and simple exponential (Hyndman 
et al. 2008). The statistical based Holt-Winter exponen-
tial smoothing method has been used to forecast the future 
groundwater level scenario. Holt-Winters’ Exponential 
Smoothing method has been employed for spatiotemporal 
trend analysis of groundwater table in Malayer plain due to 
over exploitation and Kabudarahang aquifer, Iran (Sakizadeh 

Fig. 4  Changes of groundwater height scenario at Purulia district of different years in post monsoon season, a 1996–2001, b 2001–2006, c 
2006–2011, d 2011–2016
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et al. 2019; Khorasani et al. 2016). This trend method also 
used for forecasting of water level of the Mtera dam, Tan-
zania (Mgandu et al. 2020). This method can easily provide 
the future forecasting value in an effective way (Razali et al. 
2018). Future depression zone map of 2040 (Fig. 10) has 
been prepared using Surfer software. This method follows,

where, Lt , bt , St signify level, trend and season, respectively.

(13)Lt = �
(
Yt − St−m

)
+ (1 − �)

(
Lt−1 + bt−1

)

(14)bt = �
(
Lt − Lt−1

)
+ (1 − �)bt−1

(15)St = �
(
Yt − Lt

)
+ (1 − �)St−m

Results

Spatial and periodic variation and trend 
of groundwater table

Declining trend of groundwater table is related with the 
unscientific extraction of this natural resource from the 
concerned aquifer system (Russo and Lall 2017). To deter-
mine the changing pattern, distribution and variation of 
groundwater table in pre- and post-monsoon, the borehole 
data were analysed for the time frame (1996–2017). It is 
observed that in the selected years (1996, 2001, 2006, 2011 
and 2016) along with various seasons, groundwater table 
height was above 250 m from M.S.L (approximately 25% 
monitoring wells) in western areas, particularly the blocks 
of Arsha, Jhalda, Balarampur, Baghmundi etc. whereas the 
groundwater table was below 250 m (approximately 75% 
monitoring wells) in the north-east and eastern parts of the 
region particularly the blocks of Santui, Puncha, Manbazar, 
Raghunathpur I & II etc. The changing pattern of groundwa-
ter level has been analysed for different periods (1996–2001, 
2001–2006, 2006–2011 and 2011–2016) in both the sea-
sons (Figs. 3a–d, 4a–d). It has been detected that most of 

Table 2  Result of Mann–
Kendall trend test on pre-
monsoon groundwater table 
data

Borehole location Z P value S Vars Kendall tau Sen’s slope

Kantadihi −3.628 0.00028 −89 588.33 −0.6568 −0.205
Barabazar −0.7696 0.04415 −23 817 −0.1345 −0.065
Banduan 0.818 0.04133 30 1256.66 0.13015 0.036
Baghmundi −1.2252 0.022 −36 816 −0.2111 −0.045
Mathabura −2.8514 0.0043 −102 1254.66 −0.4444 −0.130
Hura −2.3686 0.0178 −85 1257.66 −0.3679 −0.122
Bispuria −2.0593 0.0394 −74 1256.66 −0.321 −0.069
Joypur-I −0.28835 0.0773 −8 589.33 −0.0588 −0.044
Kotshila-I −1.4846 0.1376 −31 408.33 −0.2952 −0.105
Naduara 0.0757 0.0939 3 697 0.0196 0.009
Palashkhola −0.1557 0.04763 −3 165 −0.05454 −0.006
Manbazar −1.277 0.0201 −32 589.33 −0.2352 −0.074
Ankro62 −0.3757 0.0707 −3 28.333 −0.2 −0.125
Gobag 1.1566 0.0247 42 1256.66 0.1822 0.095
Neturia −0.4379 0.06614 −9 333.66 −0.0989 −0.115
Anara −1.1494 0.025 −39 1093 −0.187 −0.023
Dabra −1.8493 0.05 −58 950 −0.3052 −0.099
Kenda-I −0.5366 0.05 −7 125 −0.1555 −0.108
Bagda20 −0.4671 0.046 −7 165 −0.1272 −0.090
Tamna −3.1549 0.0016 −98 945.33 −0.5213 −0.093
Chakaltore −1.4675 0.0142 −53 1255.66 −0.2304 −0.055
Podalaroad −1.9024 0.0471 −64 1096.66 −0.3047 −0.068
Kustar-I −1.6314 0.102 −55 1095.66 −0.2625 −0.051
Chinpina 1.6092 0.1076 40 587.33 0.2963 0.085
Suisa-2 0.5355 0.0392 14 589.33 0.1029 0.115
Balitora 0.818 0.0413 30 1256.66 0.1301 0.036
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the period (1996–2001, 2001–2006 and 2006–2011), the 
groundwater table height has dropped within 0 to −3mts in 
both the periods (approximately 45–65% monitoring wells), 
particularly the eastern and middle parts of the region. But 
within the period 2011–2016, a positive trend of ground-
water table has been observed. In this period approximately 
45% stations have faced a rising trend (0 to 3mts), mostly 
eastern and western parts of the study area.

The nonparametric Mann–Kendall test along with Sen’s 
slope estimator can easily predict the significant positive or 
negative trend with 5% level of significance in both seasons 
(pre- and post-monsoon). Around 77% and 78% monitoring 
tube wells have faced a negative trend of groundwater table 
in pre- and post-monsoon, respectively. In pre-monsoon 
period a drastic negative trend has been observed in the 
areas of Kantadihi (−0.205), Kotshila I (−0.105), Ankro62 
(−0.125), Neturia (−0.115), Kenda I (−0.108) meter/year 
(Table 2). Simultaneously, in post-monsoon season, dras-
tic negative trend has been found in the areas of Kenda I 
(−0.173), Ankro62 (−0.110), Palashkhola (−0.192), Kotsh-
ila I (−0.173), Naduara (−0.156) meter/year (Table 3). Fig-
ure 9 shows that in pre-monsoon season, the north-eastern 

blocks of Purulia district particularly Kashipur, Neturia, 
Raghunathpur I, Raghunathpur II, Para, Santuri face a posi-
tive trend of groundwater table whereas in post-monsoon 
season, only some parts of Bandwan and Raghunathpur I 
blocks show a slight positive trend of groundwater. Descrip-
tive statistics and error statistics also been given in Table 4.

Analysis the increasing pattern 
of population and LULC trend

Manbazar I has faced highest decadal growth rate of popula-
tion (20.74%) within the time period 2001–2011, followed 
by Purulia I, Baghmundi, and Arsha with a rate of 20.64%, 
20.57% and 19.81%, respectively, whereas the lowest dec-
adal growth rate has been observed at Kashipur (6.97%) 
followed by Neturia, Hura and Santuri with a rate of 11.89, 
12.66, 12.83%, respectively. So it can be easily concluded 
that population growth of all the blocks has been tremen-
dously increased in last few years. The LULC maps revealed 
that the areas of settlement and agricultural land have been 
tremendously increased in last two decades. Total areas of 

Table 3  Result of Mann–
Kendall trend test on post-
monsoon groundwater table 
data

Borehole location Z P value S Var Kendall tau Sen’s slope

Kantadihi −1.439 0.015 −39.000 697.000 −0.255 −0.060
Barabazar −0.332 0.074 −12.000 1094.667 −0.057 −0.005
Banduan 1.540 0.012 52.000 1096.666 0.248 0.229
Baghmundi −0.385 0.070 −12.000 816.000 −0.070 −0.010
Mathabura −1.072 0.028 −39.000 1257.666 −0.169 −0.062
Hura −1.410 0.015 −51.000 1257.660 −0.221 −0.053
Bispuria −1.242 0.021 −45.000 1255.660 −0.565 −0.030
Joypur−I 0.303 0.076 9.000 697.000 0.059 0.020
Jhargo23 −0.894 0.037 −11.000 125.000 −0.244 −0.051
Kotshila-I −1.789 0.054 −21.000 125.000 −0.467 −0.173
Naduara −1.212 0.023 −33.000 697.000 −0.216 −0.156
Palashkhola −2.409 0.016 −45.000 333.666 −0.495 −0.192
Manbazar −0.865 0.039 −22.000 589.330 −0.162 −0.079
Ankro62 −0.751 0.045 −5.000 28.333 −0.333 −0.110
Gobag −0.060 0.952 −3.000 1095.660 −0.014 −0.008
Neturia −1.642 0.010 −31.000 333.660 −0.341 −0.060
Anara −0.846 0.040 −29.000 1095.666 −0.138 −0.022
Dabra −1.006 0.031 −32.000 950.000 −0.168 −0.070
Kenda-I −1.789 0.074 −21.000 125.000 −0.467 −0.173
Bagda20 0.343 0.043 6.000 212.666 0.091 0.023
Tamna −2.757 0.006 −86.000 950.000 −0.453 −0.096
Chakaltore −1.006 0.031 −32.000 950.000 −0.168 −0.015
Podalaroad −1.963 0.050 −66.000 1096.666 −0.314 −0.040
Kustar-I −1.611 0.011 −47.000 815.000 −0.276 −0.086
Chinpina −0.842 0.040 −18.000 407.333 −0.172 −0.031
Suisa−2 0.371 0.711 10.000 589.330 0.074 0.095
Balitora −2.099 0.036 −61.000 817.000 −0.357 −0.074
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settlement were around 289.57 sq.km, 360.79 sq.km and 
409.98 sq.km in 2000, 2010 and 2020, respectively, whereas 
the areas of agricultural land were 2929.03 sq.km, 3058.21 
sq.km and 3378.27 sq.km in 2000, 2010 and 2020, respec-
tively (Figs. 5 1a–1c).

Influence of climatic variable and SPI

Primarily, the groundwater recharge depends on precipita-
tion rate, intensity and landscape characteristics. Height of 
groundwater table is highly correlated with the intensity and 
duration of rainfall. In this research, the rainfall variability 
has been analysed through standardized precipitation index 
(SPI) and it is found that rainfall has a slide decreasing trend 
(Fig. 6) which clearly illustrates the variability or fluctuation 
of groundwater table under unconfined aquifers. Here, SPI 
has been analysed by the monthly precipitation data for the 
period between 1996 and 2020 (Fig. 7) in two different time 
scale (3 month and 9 month).Total 104 mild droughts, 26 
moderate droughts, 6 severe drought and 10 extreme drought 
months have been identified by the 3-month time scale. 
Simultaneously, 95 mild drought, 30 moderate drought, 7 
severe drought and 8 extreme drought months have been 
identified through 9-month time scale of SPI within the 
period 1996–2020 (Table 5) and the result clearly shows the 
dominancy and high occurring rate of drought. The drought 
heat map clearly shows the variability, pattern and duration 
of the drought events in the study area within the time frame 
(1996–2020) (Fig. 8).

Analysis of the groundwater drought 
and future water scarcity

In this research groundwater drought has been calculated 
using standard groundwater level index from 1996 to 2017. 
The frequency of groundwater drought has been determined 
through the data of different wells in Purulia district. It has 
been observed that total 48% and 50% monitoring wells are 
faced severe groundwater drought problem (less than 2 years 
recurrence interval) in pre- and post-monsoon, respectively. 
Jhargo-23 (1.71), Kotshila-I (1.67), Palashkhola (1.38), 
Podalaroad (1.75), Kusta-I (1.75) and Suisa-2 (1.89) are the 
remarkable high frequency groundwater drought stations in 
pre-monsoon period. Whereas Baghmundi (1.9), Barabazar 
(1.62), Bispuria (1.69), Chinpina (1.88), Gobag (1.75), Jou-
pur-1 (1.64), Kusta-I (1.9), mathabura (1.83) and Tamna 
(1.82) are the remarkable high frequency groundwater 
drought stations in post-monsoon period within 1996–2017. 
Exponential smoothing has been fitted over the groundwater 
level data for future prediction (2040) to illustrate the future 
groundwater depression zone as well as high water scarcity Ta
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regions over Purulia district. After curve fitting it can be 
concluded that around 75% and 53% monitoring stations 
have faced severe groundwater depression problem (below 
5mts) in pre- and post-monsoon, respectively. During pre-
monsoon period some remarkable water void areas (meter) 
will be Anara (8.4), Barabazar (9.2), Bishpuria (8), Dubra 
(11.2), Hura (15.7), Joypur-I (8), Kantadihi (14.8), Kotshila-
I (9.2), Manbazar (10.2), Mathabura (12), Naduara (8.6) and 
Suisa-2 (11.8) in 2040. While in post-monsoon season, some 
remarkable water scare regions (meter) will be Anara (6), 
Hura (10.2), Jhargo 23 (8.5), Kantadihi (7.5), Kenda-1 (8), 

Manbazar (7.6), Naduara (11.6) and Palashkhola (10.1) etc. 
in 2040.

Discussion

The study area comes under sub-tropical and semi-arid 
region which receives monsoonal rainfall. In summer sea-
son, average temperature exceeds above 40 °C. Nowadays, 
groundwater loss and crisis has become a global calamity 
particularly due to climatic variability, pollution explosion 

Fig. 5  LULC maps of different years, 1a 2000, 1b 2010 and 1c 2020. Choropleth maps showing the population density of Purulia district of dif-
ferent years, 2a 2001 2b 2011

Fig. 6  Bar graph showing 
the month wise distributional 
pattern of rainfall at Purulia 
district in a time frame of 
1996–2020. Here the dotted red 
line indicates the general trend 
of rainfall in the restricted time 
period (1996–2020)
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and contamination and excessive stress on groundwa-
ter resources. Determination of hydro-geological drought 
through various groundwater level data can exaggerate the 
eco-system services (Krogulec 2018). The nonparametric 
Mann–Kendall test with Sen’s slope estimator has been 

illustrated a declining trend of groundwater in most parts 
of the region with a high significance level (Fig. 9) due to 
its tremendous increase of population growth and related 
anthropogenic stress. A study in Murshidabad district of 
Bengal depicted that the climatic variability and cropping 
pattern have a significant impact over groundwater level but 
the human encroachment over hydraulic regime and con-
tinuous pumping through groundwater is responsible for 
negative trend of water level (Chatterjee et al. 2020; Bera 
et al. 2021b). The results of land use land cover map of 
Purulia district clearly indicate a rising trend (15.34%) of 
agricultural land within 2000–2020. The increasing trend of 
drought condition and the extreme drought period are more 
in the western plateau of West Bengal, particularly the parts 
of Bankura, Purulia, and some isolated areas in Rarh Ben-
gal where the rapid growth of settlement has been occurred 
(Pan et al. 2011; Bera et al. 2021b). Some recent studies also 
highlighted that the severe meteorological and hydrological 
drought have been identified by regular monitoring of pre-
cipitation and underground borehole data (Bloomfield and 
Marchant 2013). During post-monsoon season, the average 
regional trend of hydraulic gradient is from north-east and 
south-east towards the groundwater depression pockets in 
the middle portion of the region (Fig. 9).

Fig. 7  Standardized precipita-
tion index (SPI) values in differ-
ent time scale, a 3 month time 
scale b 9 month time scale

Table 5  Determination of drought characteristics by SPI index in 3- 
& 9-month time scale in between the year 1996 and 2020

Period SPI3 SPI9

Value Category Period Value Category

Mar 1996 0.2373 Normal Sep 1996 −0.1133 Normal
Apr 1996 −0.9460 Normal Oct 1997 −0.1774 Normal
May 1996 −2.6049 Extremely 

Dry
Nov 1997 −0.1604 Normal

Jun 1996 0.7165 Normal Dec 1997 −0.1613 Normal
. . . . . .
. . . . . .
. . . . . .
Sep 2020 −1.4268 Moderately 

Dry
Sep 2020 −0.286 Normal

Oct 2020 −0.8335 Normal Oct 2020 −0.7117 Normal
Nov 2020 −1.0600 Moderately 

dry
Nov 2020 −0.6994 Normal

Dec 2020 −0.3575 Normal Dec 2020 −0.7976 Normal
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In the last three decades, the drastic change of LULC 
showed that the surface recharge areas have been reduced 
along with unscientific withdrawal of groundwater is being 
increased mainly for high yielding varieties of agriculture 
in this region (Bera et al. 2021b). Similarly, the Rabi and 
Kharif crops cultivation have been significantly intensified in 
the recent years through groundwater irrigation (Bera et al. 
2021b). From the future prediction study, it is stated that 
there is high probability of ground water depression dur-
ing post-monsoon season in the eastern and western part 
of Purulia district particularly in Naduara and Hura region 
(Fig. 10) whereas in pre-monsoon two large groundwater 
depression pockets will be developed in the middle of east-
ern and western section of the study area (Fig. 10).

In India, hard rock formation occupies total 65% 
geographical area. In hard rock terrain, fluctuation and 
movement of groundwater mostly dominated by second-
ary porosity (fracture, structure, fault, lineament etc.) 
(Saraf and Choudhury 1998). In 2006, the water level in 
Purulia district was ranged from 4.32–11.68 mbgl and 
2.07–5.60 mbgl for pre- and post-monsoon, respectively. 
In the period 1997–2006, water table in Baghmundi, 
Barabazar, Arsha, Jhalda, Puncha blocks showed a ris-
ing trend of groundwater during pre-monsoon and post-
monsoon season (CGWB 2011). Seasonal fluctuation of 
groundwater table in hard rock aquifer system of Purulia 
is a common situation and the rising trend of groundwater 

level is mainly observed in post-monsoon season (Roy 
2014). The groundwater occurs within crystalline rocks 
with weathered residuum in unconfined and semi-confined 
conditions particularly in the extended part of Chota Nag-
pur Plateau region (Bera et al. 2021a, d). Subsequently, 
groundwater storage and movement is largely controlled 
by joints, fractures and fissures in this Precambrian hard 
rock terrain (Bera et al. 2021d). In the recent years, it is 
observed that agricultural and hydrological drought have 
been experienced due to drastic drop of groundwater table. 
Pre- and post-monsoonal negative change of groundwater 
table occurs due to huge withdrawal of groundwater for 
irrigation and domestic purposes (Bera et al. 2021c). As a 
result, the groundwater contamination by fluoride ions has 
been amplified due to speedy interaction between water 
table and rock-soil (Bera et al. 2021d, e).

Influencing factors of groundwater 
variability over the study area

The population growth rate of different blocks of Purulia dis-
trict has been tremendously changed within last few years. 
The anthropogenic activities can control the overall ground-
water recharge. The land utilization over a region by differ-
ent human activities such as road, settlements, industries 
and types of agricultural practice can be an obstacle for the 
groundwater recharge like infiltration or percolation. Increas-
ing trend of population can convert forestland into bare land 

Fig. 8  Drought heat map of SPI3 & SPI9 showing the drought periods within the restricted time frame
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which can increase the surface runoff process and it decreases 
the recharge capacity into aquifer zones. The declining trend 
of groundwater table is one of the primary reasons behind 
groundwater drought. In semi-arid and arid region, climate 
change is the primary influencing factor on groundwater 
resources. Generally, groundwater fluctuation depends on 
precipitation, evaporation and infiltration. But recent changes 
of these climatic parameters significantly influence the declin-
ing trend of groundwater (Li et al. 2014). In hard rock aqui-
fer system the groundwater table usually affected by rainfall, 
topography, slope, aquifer transmissivity, land use land cover, 
proximity to drainage line (Machiwal and Singh 2015). This 
scientific study predicted that there is a high probability of 

groundwater depression in the extended part of Chota Nagpur 
gneissic complex and the whole region will be faced severe 
water scarcity. The irregular exploitation of groundwater 
resource due to anthropogenic activities also increases the 
discharge of groundwater and it affects the natural flow sys-
tem of the region. Development of reservoirs in the upstream 
region can significantly reduce the recharge of groundwater in 
the lower stream regions (Li et al. 2013). The primary factors 
of groundwater table variability are i. capacity and character-
istics of soil, particularly the physical characteristics such as 
porosity, field capacity, permeability, texture, structure, and 
infiltration. ii. The climatic variability and changing pattern 
of climate makes critical condition for natural replenishment 

Fig. 9  Interpolation map showing the magnitude of groundwater change with a high statistical significance (p < 0.5) between year 1996 and 2017 
along with 3D model in different period, a pre monsoon, b post monsoon
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in the unconfined aquifer system. iii. The huge anthropogenic 
pressure such as over exploitation and unscientific uses of 
groundwater are other significant reasons behind groundwa-
ter variability. Anthropogenic influences can contaminate the 
quality and reduce the level of groundwater table by agricul-
tural and industrial activities (Huang et al. 2013). Groundwa-
ter is mainly recharged by the rainfall. Subsequently, periodic 
variation or change of rainfall quantity and pattern can affect 
the concentration level of groundwater. The lower level of rain-
fall can cause the groundwater level depletion in an unconfined 
aquifer system.

Conclusion

The present study attempts to illustrate the seasonal fluc-
tuation pattern of groundwater table and demarcates the 
trend of groundwater change through different geospatial 
techniques and statistical nonparametric analysis. The 
Mann–Kendall with Sen’s slope estimator reveals that a 
major portion of Purulia district (extended part of Chota 
Nagpur Plateau) has been observed a significant declin-
ing trend of groundwater table in both periodic times 

(post- and pre-monsoon). The pre- and post-monsoon 
results (1996–2017) displayed that around 77% (22 sta-
tions) and 78% (23) monitoring stations were significantly 
declining trend of groundwater table at the rate of −0.006 
to −0.205 m/year and −0.005 to −0.192 m/year, respec-
tively. The future prediction indicates that there is high 
probability of groundwater depression in different pockets 
and this area is also experienced by recurring groundwater 
drought. This scientific study revealed that steady decline 
of groundwater table is due to unscientific withdrawal of 
groundwater and land use modification may obstruct the 
natural recharge of groundwater. The study showed that 
the land use patterns have been tremendously changed 
in this semi-arid region. Now, farmers are using massive 
groundwater for pre- and post-monsoon crop cultivation. 
The study focused that the entire region is being faced 
severe water scarcity problem particularly during pre-
monsoon season. So, sustainable water resource manage-
ment is highly essential for regional development of this 
region. Artificial and natural aquifer recharge, rainwater 
harvesting, continuous monitoring of groundwater fluc-
tuation level and integrated watershed management are 
suitable sustainable management techniques to improve 

Fig. 10  Illustration of future water depression zones (2040) over Purulia district, 1.a. Post monsoon 1.b. Pre monsoon 2.a. 3d representation of 
post monsoon groundwater level 2.b. 3d representation of pre monsoon groundwater level
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the groundwater table in the unconfined and semi con-
fined aquifer of an extended part of Chota Nagpur Plateau 
Region.
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