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Abstract
The present study has analysed the Spatial-temporal distribution  
of groundwater level (GWL) in the Ghazipur district has been calculated 
using statistical and graphical methods for the period 1998, 2008 and 
2018. In the present study, the GWL trend was analysed using the  
non-parametric Modified Mann-Kendall (MMK) test for the 39 locations  
of the Ghazipur district of UP, India. The trend analysis has been tested at 
a 5 %  significance level. The mean, minimum and maximum GWL during 
the pre-monsoon season (PRM) ranged from 3.16 m to 12.71 m. However, 
in the post-monsoon (PTM) season, it ranges from 1.76 m to 9.09 m.  
The GWL  trends have been estimated using the non-parametric tests,  
MMK during the period 1998 to 2018 at 39 locations in the Ghazipur district 
of Uttar Pradesh, India. From the analysis, The GWL trend analysis has 
revealed negative magnitudes for 8 locations that covered  20 % portion  
of total area and positive magnitudes for 31 locations spread in 80 % area in 
the PRM season. However, in the PTM season, 9 locations spread in 10 % 
area showed negative trends and 30 locations covering major area which is 
90 % of total area showed positive trends. The changes in the GWL trends 
in two different seasons (PRM and PTM)  can be included in the recharge 
by rainfall in the PTM season. This study reveals the behaviour of GWL over 
the study area. This study will help in providing valuable information about 
the long-term behaviour of groundwater levels for ensuring sustainable 
groundwater management in the Ghazipur district, Uttar Pradesh.
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Introduction
Groundwater is the major source of freshwater, 
which fulfils the domestic as well as industrial and 
irrigation requirements of water in many parts  
of the world.1,2,3,4 Alluvial aquifers are one of the 
most important sources of groundwater worldwide. 
The Indo-Gangetic basin (alluvial aquifer system)  
is considered to be one of the world's most valuable 
water resources, yet it is also the most heavily 
exploited.5,6 More than one-fourth of the world's 
groundwater is withdrawn from the Indo-Gangetic 
basins.7,8

In India, due to excessive use of groundwater, the 
status of groundwater development is very high 
(more than 100 %) in the states like Delhi, Haryana 
and Punjab. In Tamil Nadu, Himachal Pradesh and 
Uttar Pradesh, the level of groundwater development 
is 70% and above.9 Large-scale groundwater 
development and use in large parts of India have led 
to a decrease in fresh groundwater (GW) resources 
and the spread of grey and dark areas across 
the country.10 Groundwater supplies in India from  
Indo-Gangetic Plains (IGP) have been stressed  
by intensive agriculture and rapid industrial 
expansion.11 The MK test has been used to find 
patterns and trends in daily groundwater level, 
annual temperature and precipitation.12,13,14,15

The parametric linear regression test and the MMK 
test were used to calculate trends in the GWL  
of the Sagar district.16 Similar research has been done 
in Punjab, Uttar Pradesh and Chhattisgarh.17,18,19  
The district is characterized by alluvium consisting  
of clay, sand kankar. Older, as well as Newer 
alluvium, are come across in the district. The area 
cuts the topographic contour of 68 to 77m amsl.

In general, the results of such studies revealed  
a negative and positive trend in the GWL time 
series. Groundwater management and protection, 
on the other hand, need the use of optimal 
management methods. However, groundwater 
management requires the application of effective 
management methods. So yet, no research has been 
conducted on the IGP (Indo-Gangetic plains) in India.  
As a result, the present study uses statistical and 
graphical methods to determine the spatial-temporal 
variation of groundwater levels based on data from 
the GWL of the Ghazipur district. The non-parametric 
test was used to find trends in groundwater levels. 
This study is helpful in the sustainable management  
and development of the water resources in the 
Ghazipur district, Uttar Pradesh

Fig. 1: Study area
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Material and Methods
Study Area 
In India, the IGP is regarded as the world's most 
fertile land for agriculture. The IGP (Indo-Gangetic 
Plain) encompasses the entire state of Uttar 
Pradesh. The majority of the soils in this study 
are deep silty-loam soils, which are favourable 
for agricultural purposes. This zone contributes  
a significant quantity of freshwater from the 
Himalayan snow which is important for groundwater 
recharge. The border of Uttar Pradesh touches 
Nepal, Himachal Pradesh, Haryana, Rajasthan, 
Madhya Pradesh and Bihar on the North, Northwest,  
West, Southwest, South & South-West, and  
East side, respectively. The present study was done 
for the Ghazipur district of Uttar Pradesh which  
is situated in the Eastern part of the Gangetic 
plain, having an areal extent from 25019’ 
to 25054’N latitude and 8304’ to 83058’E longitude.  
In the current study, 39 sites were collected 
from the 13 blocks of the Ghazipur district to 
explore the spatial-temporal distribution and trend  
of groundwater levels. The location map is illustrated 
in Figure 1.

Material and Methods
GWL data sets of  PRM and PTM seasons for 
the period 1998-2018 have been taken from the 
State Groundwater Department, Uttar Pradesh.  
There are 39  ground Water Level (GWL) stations 
that are considered under 13 blocks of Ghazipur 
districts, which are situated in Uttar Pradesh.  
To detect the temporal trend, the MMK test 
was used while for spatial variation, the IDW  
method has opted.

Modified Mann–Kendall Test (MMK)
Bias-Corrected Pre-whitening (BCPW)
A time series Xt = x1, x2, . . . , xn, with a linear trend 
that follows a first ordered serial correlation process 
can be specified as                                                       

Xt = ρXt−1 + α + βt + εt ...(1)

Where,
Xt and Xt−1 - data collected at time t and t−1
ρ -  the serial correlation coefficient
α - constant intercept term
β - represents the trend slope related to time
εt - noise term that is uncorrelated

The matrix calculation shown below yields the 
calculated values of ρ, α, and β.

[ ρ α β ]T =  (ZTZ )-1ZTy ...(2)

Where, Z is the matrix of dimension  (n − 1)·3,  
in which the second column holds (n − 1) values 
equal to 1, the third column contains the numbers 2 
to n and y is a vector of dimension (n − 1)·1 holding 
the data x2 to xn. The bias-corrected serial correlation 
coefficient ρ *20,21 is estimated using the formula 
given in Equation (3). This value is used in BCPW 
and trend analysis. 

ρ* = (n ρˆ + 2)/n − 4 ...(3)

Inverse Distance Weighted (IDW) 
The IDW technique with Arc Map 10.4 environment 
was used to prepare spatial GWL variation maps for 
the PRM  and PTM seasons. In the IDW technique, 
the weightage of the given point is specified to be 
in inverse relation to its distance from the calculated 
point. The formula is given below.

    

where: 
Xˆ = value to be  calculated 
xi = known magnitude  
d1, d2, d3,d4 …, dn = distance from the n observations 
points to the calculated point n.

Results and Discussion
The water table fluctuation trends can be studied 
using continuous records of  PRM and PTM 
groundwater levels. The study highlights the 
groundwater level trend at 39 locations under  
13 blocks of Ghazipur district. The GWL trend was 
detected from the Modified Mann-Kendall test (Bias-
Corrected Pre-whitening ) at a 5 % significance level. 
In the trend analysis for 39 locations, there are four 
primary categories two show the negative trend 
i.e., negative significant and negative (Z-statistics 
values <-1.96 and -1.96 to 0) and the other two show 
positive trend i.e., positive and positive significant  
( Z-statistics values 0 to 1.96 and >1.96). The value 
of the upward or downward trend was calculated  
by Sen's slope magnitudes.
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Statistical Analysis
In the current study, during PRM and PTM seasons, 
39 locations have been analysed using average, 
standard deviation (SD) and coefficient of variation 
(CV). In the PRM, the values of mean, SD and  
CV varied from 3.16 m (Ranipur) to 12.71  
m (Rohipur), 0.31 (Deoria) to 3.68 (Kokilpura) and 

5.17 % (Tajpur) to 67.44 % (Rohipur), respectively. 
However, in the  PTM season, it varied from 1.76 m 
(Deval) to 9.09  m (Ranipurt ), 0.53 (Daulatnagar) 
to 2.95 (Dharvara) and 19.78 % (Karanda thana) 
to 69.40  % (Dharvara) respectively. Table 1  
shows station-by-station GWL fluctuations and  
their statistics.

Table 1:  Statistics of GWLfrom 1998 to 2018.

Block Station   PRM   PTM

  Mean  SD CV(%) Mean  SD CV(%)

Barachaur Barachaur 5.26 0.75 14.35 3.01 1.05 34.88
 Shermath 6.13 1.57 25.59 4.81 1.58 32.87
 Kokilpura 6.29 3.68 58.43 6.28 1.55 24.67
Bhadaura Baksada 7.39 1.55 20.95 2.91 1.41 48.41
 Deval 3.91 1.12 28.73 1.76 0.73 41.47
 Gahmarthana 4.8 0.9 18.66 2.5 0.69 27.46
Bhawarkol Beerpur 4.96 1.72 34.67 2.23 0.78 34.77
 Bhawarkol 4.27 1.02 23.87 2.13 0.85 40.21
 Mirzabad 6.58 1.01 15.37 4.34 1.39 32.1
Virno Dahebua 5.51 1.11 20.17 2.91 0.97 33.28
 Mohanpur 6.55 1.25 19.06 3.75 1.55 41.24
 Tanti 4.86 1.28 26.44 2.99 1.38 46.09
Ghazipur Faxganj 12.12 1.01 8.32 6.94 1.51 21.76
 Ranipurt 12.71 0.95 7.5 9.09 1.92 21.08
 Rohipur 3.16 2.13 67.44 2.04 1.04 51.12
Zamania Deoria 5.67 0.31 5.41 2.57 0.78 30.29
 Devaitha 4.93 1.37 27.78 1.98 1.15 58.36
 Tajpur 6.14 0.32 5.17 3.08 0.63 20.5
Karanda Chochakpur 11.9 1.58 13.26 8.54 1.74 20.34
 Gosandrapur 8.67 1.57 18.16 6.65 1.51 22.68
 Karanda thana  9.85 0.98 9.9 7.2 1.42 19.78
Kasimabad Dharvara 6.58 2.51 38.19 4.25 2.95 69.4
 Gangauli 4.42 0.61 13.82 2.47 0.83 33.46
 Khajuha 4.32 0.78 17.96 1.88 0.57 30.45
Manihari Hansrajpur 6.33 1.3 20.48 2.94 1.12 38.07
 Katghara 5.17 0.96 18.59 2.87 1.27 44.26
 Madhuvan 6.23 1.14 18.35 4.59 1.13 24.66
Mardah Bauri 4.39 2.15 48.98 3.05 0.93 30.42
 Gehurhi 6.74 2.74 40.7 4.74 1.84 38.89
 Pirthipur 3.8 1.69 44.65 1.98 1.34 67.77
Mohammadabad Pakkainara 7.38 1.4 18.97 3.76 1.33 35.33
 Parsa 6.19 1.28 20.69 3.96 1.87 47.14
 Ichauli 5.2 0.91 17.45 3.04 1.67 54.73
Reotipur Medanipur 7.13 0.87 12.22 5.61 1.11 19.85
 Reotipur 6.28 1.58 25.17 4.87 1.43 29.39
 Utrauli 6.81 1.05 15.39 4.59 1.23 26.89
Sadat Daulat Nagar  5.14 0.58 11.2 2.32 0.53 22.98
 Kaura 3.45 1.11 32.15 2.12 1.24 58.61
 Ukraon 5.1 2.02 39.61 2.89 1.38 47.75
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Spatial Variation  of CV values of  Groundwater 
level (GWL)
The spatial maps were generated using average 
GWL and CV (%) results from all stations from 

1998 to 2018. Figure 2 shows a spatial map of GWL 
fluctuation based on CV (%) values during the PRM 
and PTM seasons.

Fig. 2: GWL Variation (m) during the PRM and PTM periods from 1998 to 2018.

Fig. 3:Spatial-temporal distribution of groundwater in (m) during PRM and PTM for the 
period 1998,2008 and 2018.
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Analysis of Spatial-temporal distribution of
Groundwater level during a period (1998, 2008
and 2018).
In the current study, the spatial-temporal distribution 
maps have been prepared for all the locations during 
the PRM and PTM seasons as shown in figure 3 
for 1998, 2008 and 2018. In PRM season during  
the period of 1998, 2008 and 2018, the area varying 
from 6.26 % (10-12.5 mbgl) to 43%  (2.5-5 mbgl ),  

0.19 % (10-12.5 mbgl) to 66.30 (2.5-5 mbgl ), 2.25 % 
(10-12.5 mbgl) to  66.42 % (5-7.5 mbgl), respectively. 
Whereas, in PTM season of  1998, 2008 and 2018, 
the area varied from  2.15 % m (7.5-10 mbgl)  
to 53.78 (5-7.5 mbgl ), 0.40 % (7.5-10 mbgl ) to  
84.48 % (2.5-5 mbgl), 0.15 %(10-12.5 mbgl) to   
48.37 %(2.5-5 mbgl), respectively.

GWL Trend Analysis During 1998-2018 

Table 2:  MMK test results for PRM and PTM during the period 1998-2018.

Block  Location PRM(β) Sen Slope    PTM(β) Sen Slope
   values  values

Barachaur Barachaur 1.20 0.04 3.08b 0.12
 Shermath 2.24b 0.07 3.08b 0.21
 Kokilpura 0.39 0.02 2.17b 0.12
Bhadaura Baksada 1.01 0.06 1.46 0.08
 Deval 1.59 0.06 -1.01 -0.03
 Gahmarthana 0.23 0.01 0.88 0.03
Bhawarkol Beerpur 1.65 0.07 2.56b 0.07
 Bhawarkol -1.91 -0.05 -0.03 0.00
 Mirzabad -0.55 -0.02 -0.42 -0.03
Virno Dahebua 1.72 0.08 1.65 0.06
 Mohanpur 2.89b 0.14 1.65 0.10
 Tanti 2.89b 0.14 2.76b 0.14
Ghazipur Faxganj 0.42 0.03 0.62 0.05
 Ranipurt 3.80b 0.09 2.76b 0.16
 Rohipur -2.21a -0.15 0.03 0.00
Zamania Deoria 0.62 0.01 -0.81 -0.02
 Devaitha 2.30b 0.11 0.55 0.01
 Tajpur 0.16 0.00 -2.50a -0.08
Karanda Chochakpur 0.94 0.04 0.55 0.05
 Gosandrapur 0.49 0.02 1.07 0.06
 Karanda thana  0.94 0.04 0.29 0.03
Kasimabad Dharvara 2.76b 0.16 2.11b 0.18
 Gangauli 2.50b 0.06 1.52 0.05
 Khajuha -0.10 0.00 1.01 0.02
Manihari Hansrajpur 1.43 0.05 1.52 0.08
 Katghara -1.59 -0.05 0.42 0.04
 Madhuvan 1.40 0.04 1.52 0.07
Mardah Bauri 0.36 0.05 -0.55 -0.03
 Gehurhi 0.42 0.04 -0.10 0.00
 Pirthipur 1.14 0.08 1.52 0.08
Mohammadabad Pakkainara -0.23 0.00 -1.65 0.00
 Parsa 2.50b 0.13 2.69b 0.22
 Ichauli 2.63b 0.10 1.01 0.06
Reotipur Medanipur 0.29 0.00 1.72 0.07
 Reotipur 1.72 0.06 0.55 0.04
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 Utrauli 2.63b 0.10 2.63b 0.13
Sadat Daulat Nagar  -1.14 -0.03 -1.46 -0.03
 Kaura 1.98b 0.08 1.01 0.06
 Ukraon 0.68 0.05 2.24b 0.11

Note: where, a and b indicate the significantly increasing& decreasing trend at 5% significant level, 
respectively.

In the current study, results are examined in two 
ways - PRM and PTM. In PRM season out of 39 
stations, 31 stations are representing a positive 
trend of GWL and the remaining 8 are negative. 
However, the result of GWL varied from -0.15 m/yr  
(Rohipur site of Ghazipur block ) to 0.16 m/
yr (Dharvara site of Kasimabad block). In the 
PTM period from total of 39 sites, 9 stations are 
representing a falling trend and for the remaining 
30 stations, rising trend of GWL was observed. 
whereas, the result of GWL differs from -0.08  
m/yr (Tajpur site of  Zamania to 0.22 m/yr (Parsa site 
of  Mohammadabad block). The Z-statistics of the 
total 39 locations during the PRM period differ from 
-2.50  to 3.08 m/yr. In the PRM period, 31 stations are 
representing a downward trend and the remaining  
8 are reflecting an upward trend. Although, from all 
of them, Rohipur stations have followed a significant 
falling trend, while Shermath, Mohanpur, Tanti, 
Ranipurt, Devaitha, Dharvara, Gangauli, Parsa, 
Ichauli, Utrauli and Kaura stations have followed 
significant upward trends at a 5% significance 
level, respectively. In the PTM season, 9 sites are 
representing a downward trend and the rest 30 are 
showing an upward trend. However, from all of them, 
the Tajpur site is representing a significant negative 
trend and, Barachaur, Shermath, Kokilpura, Beerpur, 
Tanti, Ranipurt, Dharvra, Parsa, Utrauli and  Ukraon 
sites are representing significant positive trends  
at 5% significance level, respectively The summarised 
result of the MMK Test (Bias corrected pre-whitening 
test) and Sen’s slope magnitude is detailed in Table 2. 
The average minimum and maximum GWL during the 
PRM season varied from 3.16 m to 12.71 m, and in the 
PTM season varied from 1.76 m to 9.09 m. Ghazipur, 
Karanda and Reotipur blocks of the Ghazipur district 
had the highest groundwater withdrawal in both PRM 
and PTM seasons. Hence, it ranged from 12.71  
to 9.09, 11.90 to 8.54 and  6.58 to  4.25 in PRM and 
PTM  periods, respectively. The south and southwest 
areas of the Ghazipur district were determined to 
be groundwater depletion zones when compared to  

all of the stations in the district. As a result, the 
majority of locations in the Barachaur, Virno, 
Ghazipur, Kasimabad, Zamania, Mohammadabad, 
Reotipur, and Sadat blocks of the Ghazipur district 
show a considerable rising trend, indicating that the  
GWL is declining in these areas as a result of 
excessive groundwater extraction.

Conclusions 
The Influence of groundwater extraction on 
fluctuations in the water contained in an aquifer 
is revealed by long-term groundwater fluctuation 
trends, which is critical for determining the usable 
groundwater potential. Pre-monsoon season  
GWL in Ghazipur district, Uttar Pradesh, revealed 
a significant rising trend from 1998 to 2018,  
and PTM  season GWL showed a significant 
rising trend from 1998 to 2018. The value of GWL  
ranged from -0.15 m/yr (Rohipur ) to 0.16 m/yr  
(Dharvara ) during PRM and, the value of GWL 
ranged from -0.08 m/yr (Tajpur) to 0.22 m/yr 
(Parsa) during PTM seasons. Most of the stations 
(Shermath, mohanpur, Tanti, Ranipurt, Devaitha, 
Dharvara, Gangauli, Parsa, Ichauli, Utrauli and 
Kaura ) in the Ghazipur district showed a significant 
rising trend(s) which depicts the GWL is declining 
at these sites due to excessive of groundwater. 
Hence, effective management plans are required 
to conserve GW storage at specified locations.  
The MMK test was shown to be an appropriate 
method for identifying historical trends in GWL 
fluctuations. Outcomes revealed from study can 
be useful for ensuring sustainable groundwater 
management, agriculture & sustainable development 
of the district.
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