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ABSTRACT  
Management of groundwater resources plays a vital role in conserving the sustainable conditions of an aquifer. 
Modern tools and techniques that can reveal the critical conditions of water resources are thus indispensable 
for the effective groundwater management. In this paper, application of a well-known geostatistical technique, 
kriging, for the spatial analysis of groundwater level fluctuations is explored. Rajshahi district in the 
northwestern Bangladesh is taken as a case study area, which has experienced considerable variations in 
groundwater levels due to intensive exploitation of groundwater for increased irrigation expansion. 
Groundwater level records obtained from 25 monitoring wells for 13 years (1996-2008) are collected from the 
Bangladesh Water Development Board (BWDB). Each year is divided into two seasons (wet and dry) and total 
26 empirical variograms are calculated for each set of data. Exponential, Gaussian and Spherical variogram 
models are fitted to the empirical variograms and total 78 variogram models are obtained. For each set of data, 
a best variogram model is chosen by rigorous trial and error wherein 4 goodness-of-fit measures (RMSE, MAE, 
R, RSS) are used for model identification and parameters optimization. The finally selected models are then 
used by ordinary kriging in ArcGIS platform to estimate the groundwater levels and estimation variance (which 
express the accuracy of the estimated groundwater levels). Results demonstrate that a strong spatial structure 
existed for groundwater level fluctuations due to very low nugget effects. On average, the range of variograms 
for spatial analysis is found as 25.5 km in wet season and 42.3 km in dry season, respectively. Ordinary kriging 
technique with cross-validation is applied to assess the accuracy of the estimation of the groundwater level 
fluctuations for spatial scales. Cross-validation results indicate the appropriateness of chosen variogram for 
kriging analysis. Results of ordinary kriging revealed that groundwater level fluctuations were underestimated 
by only 5% for spatial analysis, which are acceptable errors and support the unbiasedness hypothesis of 
kriging. Groundwater levels were also interpolated by generally used Inverse Distance Weighting (IDW) 
method and it is found that IDW method exhibits higher errors as compared to ordinary kriging method. This 
study, therefore, proves that kriging generates spatial maps of groundwater level fluctuations with low 
uncertainty and can be used as an appropriate tool for identifying the critical regions where more attentions for 
sustainable use of groundwater are necessary. The study finally suggests that in the identified critical areas 
water harvesting systems should be practiced to recharge the groundwater, and current cropping pattern should 
be altered to another one that need less water requirement. 
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1. INTRODUCTION 
Northern part of Bangladesh is now facing water scarcity problems in both agriculture and secured livelihood 
(Alice Mbugua, 2011). The Barind area in Rajshahi zone of Bangladesh greatly depends on ground water for 
irrigation and other municipal water requirement (Ahmeduzzaman et al., 2012). With the mounting use of 
ground water for cultivation, municipal, industrial needs, the annual extraction of groundwater is going far from 
the net average recharge from natural sources. As a result groundwater is being withdrawn from storage without 
enough recharge and water levels are lowering resulting in crop failure. Thus for the last few decades 
Bangladesh is experiencing water related difficulties like river bed Siltation, low water flow, scarcity of water 
for irrigation etc. This northern part is 37 meter above sea level. People of this region used to cultivate rice once 
a year, but at present they are producing various crops round the year. As a result, they are facing water scarcity 
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problem. Most of the crops need more irrigation water for production. For high yield of crops water is therefore 
a vital factor.  To investigate the problem associated with groundwater in this region, Barind Multipurpose 
Development Authority (BMDA) did a survey. They reported on their 71st board meeting that, 7.52 lakh 
hectares of farming fields along with 2.61 lakh hectares of irri-boro land through operating 14,090 power-driven 
deep tubewells (DTWs) almost everywhere in the country’s northwest zone. These irrigated lands have yielded 
almost 61.08 lakh tonnes of extra crops especially food grain in the region especially the vast Barind Tract 
yearly.  To have proper monitoring on groundwater level and agriculture practice smooth, analysis work must be 
done. For better crop yield it is a must to keep the water table within suction limit. BMDA (Barind Multi-
purpose Development Authority) have taken necessary protective measures to ensure the annual withdrawal less 
than the annual recharge to keep the GW level in position. This is an optimistic measure for surely. They 
estimated GW recharge in the area at least one-third of the annual rainfall and that was about 500 mm/year 
(Asaduzzaman and Rushton, 2006). Islam and Kanumgoe (2005) estimated the long-term annual average 
recharge of 152.7 mm using water balance study and aquifer simulation modeling. A government report 
suggests that recharge to GW in the northwestern part varies from 210 to 445 mm. However, exploitation of 
GW in the area is going on the basis of one-third rainfall recharge hypothesis of BMDP, which is beyond the 
sustainable yield according to Islam and Kanumgoe (2005). Therefore, study related to GW depletion is an vital 
requirement in the northwestern region of Bangladesh.  

2. METHODOLOGY 
Methodology of this study begins with the selection of study area. The groundwater level data is collected from 
BWDB. Then the data is processed and divided into dry and wet periods. The data is checked for normal 
distribution with histogram tool, QQ plot, trend analysis and semivariogram cloud. Geostatistical analysis is 
done under kriging method using ArcGIS platform. Three types of variogram are generated with the groudwater 
level data. The best variogram model is chosen based on different types of prediction errors. Finally, the 
corresponding groundwater surface maps are generated. 

2.1 Study Area 
Rajshahi district, under northwestern region of Bangladesh is selected as the study area. The location of study 
area in Bangladesh and location of observation well stations used for the collection GWL data are shown in 
Figure 1. 

2.2 Data Collection 
After selecting the study area (Rajshahi district in Bangladesh), GW level data are collected from the 
Groundwater Circle (GWC) of Bangladesh Water Development Board (BWDB), Dhaka for 25 GW monitoring 
stations. Location of data collection points are shown in Figure 1. After processing and analysis the GW time 
series data, the cumulative deficit is calculated. Long-term weekly GW level fluctuations data are available 
from; 1996-2008. Certain kriging method works best if the data is approximately normally distributed. To run 
this analysis work on Geostatistical analysis tool the distribution of data must be checked. This distribution of 
data is checked for normality by the following criteria. The details of the collected data are presented in table 1. 

2.2.1 Histogram Tool 
All the collected data is checked with histogram tool. The groundwater level data for dry season 1996 is checked 
by histogram tool. The mean and median value differs from each other. By Log transformation mean and 
median values become very close. This is the confirmation of the distribution of input data. All the data for other 
years are checked with histogram tool. Histogram analysis of GWL data for dry period in the year 1996 is 
shown in Figure 3 and 4. 

2.2.2 QQPlot 
The QQPlot is another useful tool to check the normality of the distribution of data. Data of dry period of 1996 
is plotted with QQ plot. Some points are scattered from the straight line. By log transformation this data came 
close to the straight line. Similar work is does for all other years’ data. QQPlot of GWL data for dry period in 
the year 1996  is shown in Figure 5 and 6. 

2.2.3 Trend Analysis 
Before kriging trend (if present in dataset) has been removed. Global trends of the input dataset are identified by 
the trend analysis tool. The data for dry season of 1996 is plotted on trend analysis tool. By applying 30˚ 
rotation, it is found that there is U shaped curve present. This indicated that second degree trend is present on 

 391 



 
2nd International Conference on Civil Engineering for Sustainable Development (ICCESD-2014) 

the data. This trend is removed for generating a smooth surface in kriging method. Trend analysis of GWL data 
for dry period in the year 1996  is shown in Figure 7. 

2.2.4 Semivariogram Cloud 
To examine spatial correlation between the measured sample points semivariogram clouds are used. The 
semivariogram cloud value for dry period 0f 1996 is obtained by the difference squared between values of each 
pair of location, plotting on y axes and the distance separating each pair plotting on x axes.  From this 
semivariogram cloud global and local outliers are identified. The data set shows the local and global outliers 
present on the data. Using the semivariogram cloud outliers are selected for other years’ data. Semivariogram 
cloud of GWL data for dry period in the year 1996  is shown in Figure 8. 

2.2.5 Conversion of location coordinates  
Map projection on GIS follows the method of representing the three dimensional earth surface into a two 
dimensional plane. For the accuracy of projection the conversion of coordinates have been done. Universal 
Mercator Projection (UTM) is a widely used projection system. Now a day this system is used for generating 
digital maps. In this system the earth (between 80˚S and 84˚ N latitude) is divided into sixty zones, each a six 
degree band of longitude and a secant transverse Mercator is used in each zone. The longitude of Bangladesh 
lies between 88˚E and 92˚E. The UTM system uses 6˚ band on longitude to divide the earth into zones. 
Bangladesh has fallen into two Different UTM zones. For this reason problem arises while mapping a zone of 
Bangladesh. To minimize this problem Flood Action Plan 19 (FAP 19) studied a new projection system known 
as BTM projection system. This BTM system defines some necessary parameters. For mapping on ArcGIS these 
parameters can be used to set BTM projection. 

2.2.6 Kriging Method 
The kriging is started with the selection of the proper attribute. The trend is removed by before plotting different 
variogram model. Calculation is done to determine the values of nugget, lag size, lag numbers, range and partial 
sill. To achieve the best fitted variogram these parameters are used. Five neighbors are included and sector type 
is used as ellipse. Angle is used as 45 for better cross- validation. All the error data are noted and the measured 
and predicted data was also taken onto account for the generation of surface map. Exponential, gaussian and 
spherical models and their corresponded surface maps were generated. Comparing the Mean Error (ME), Root 
Mean Square Error (RMSE ), Average Standard Error (ASE), Mean Standardized (MS), Root Mean Square 
Standardized (RMSS) of these models, the best variogram is chosen. To provide the best prediction the model 
must satisfy the following criteria 
 

• The Mean Error (ME) should be zero. 
• Root Mean Square Error (RMSE ) and Average Standard Error (ASE) should be as small as possible. 
• Root Mean Square Standardized (RMSS) should be close to 1. 

2.2.7 Generation of Different Variograms 
 
Different types of variograms are generated with calculated parameters such as nugget, partial sill, range, lag 
size and number of lags. In this study exponential, Gaussian and spherical variograms are generated for 
producing surface maps. Different variograms for dry period in 1996 is shown in Figure 9. The regression 
equations for different variograms are as following: 
 
Regression equation for Spherical model = 0.754 x + 3.051 
Regression equation for Gaussian model= 0.754 x + 3.053 
Regression equation for Exponential model= 0.630 x + 4.500 

2.2.8 Cross Validation 
 
Cross validation indicates the acceptance of the model in terms of predict the unknown values. Taking on 
account all points cross-validation omits one point, then measures its value with respect to all other values and 
compares the measured and predicted values. The main objective of cross-validation is to make the informative 
decision of choosing the best model that gives accurate predictions. The model which gives best prediction is 
obtained by evaluating the prediction errors. Figure 10 shows the cross-validation for dry period in 1996. 
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2.2.9 Generation of Surface Maps 

 
Figure 11 shows surface maps for exponential, Gaussian and spherical variogram models for both dry 1996. The 
maps show the variation of GW level at different locations of Rajshahi district. From cross-validation error data 
Gaussian model is chosen as best model. Gaussian and spherical models were very close by the prediction 
errors. The surface maps also show that GW level fluctuation is almost same for these two models. In the middle 
portion of the map, the GW level comprises within 8-11 mPWD. This zone is identified as critical zone and 
facing scarcity of GW. 

3. ILLUSTRATIONS 

3.1 Figures and Graphs 

The location of study area in bangladesh and data collection points is shown in figure 1. 

 

 

Figure 3: Study area and data collection points 
 
GW level data is available in 25 stations in the study area. These data is used to plot GW hydrograph with 12-
month moving average. The pattern of groundwater level fluctuation is observed by plotting hydrograph. In this 
study 13 years’ (1996-2008) GW level data is analysed. The analysis shows 7 types of nature of hydrograph for 
all 25 monitoring stations. Figure 2 shows two different types of hydrograph at two diffent stations for 
groundwater level data from 1996 to 2008. 
 

 
Figure 4: Hydrographs for groundwater level at two monitoring stations. 
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Figure 5: Histogram plot of GWL data (dry) in 1996 
 

 

Figure 6: Histogram plot(log) of GWL data (dry) in 1996 

 

Figure 7: QQPlot of GWL data (dry)  in 1996 
 

 

 394 



 
2nd International Conference on Civil Engineering for Sustainable Development (ICCESD-2014) 

 

Figure 8: QQPlot(log) of GWL data (dry)  in 1996 

 

Figure 9: Trend analysis of GWL data (dry) in 1996 
 

 
 

Figure 10: Semivariogram cloud for GWL data (dry) in 1996 
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Figure 11: Different types of variograms for dry period in 1996 
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Figure 12: Cross validation for different models for dry period 1996 
 

 
 

Figure 13: Surface maps of GW level for dry period 1996 
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3.2 Equations 

The following equations are used to determine the prediction errors. Statistical prediction such as kriging 
provides the prediction standard error (si) for the locations.  

 
The mean standardized prediction error 

 
And the root-mean-squared standardized prediction error 

 
The root-mean-square prediction errors 

 

3.3 Tables 

Table 1: Table shows the location, coordinates and available years of data. 

Well Station Latitude Longitude Available data (years) 
Alipur 24.49 88.71 13 
Bhabaniganj 24.63 88.76 13 
Bhogobontapur 24.54 88.46 13 
Birkutsha 24.62 88.8 13 
Dumuria 24.43 88.46 13 
Gogram Hatpara 24.45 88.42 13 
Gollapara 24.57 88.55 13 
Gorermath 24.52 88.38 13 
Gorshohurpur 24.28 88.75 13 
Holidagachi 24.34 88.69 13 
Jhokrakul 24.49 88.88 13 
Mohanpur 24.58 88.63 13 
Moktarpur 24.33 88.78 13 
Moshidpur 24.28 88.8 13 
Mullikbagha 24.34 88.77 13 
Mundumalahat 24.62 88.54 13 
Namobhadra 24.38 88.68 13 
Poshunda 24.51 88.32 13 
Puthia 24.42 88.83 13 
Rajapurhat 24.43 88.49 13 
Shamashpur 24.68 88.53 13 
Sreemontapur 24.47 88.32 13 
Tahirpur 24.52 88.85 13 
Tanore 24.63 88.58 13 
Yousufpur 24.29 88.84 13 
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4. CONCLUSIONS 
From the analysis it is found that, the GW level is lowering in almost all the region of the study. The middle 
portion is sharing more than the surrounding areas. This middle portion consists of Paba, Mohanpur, Bagmara, 
Boalia and Durgapur. For continuing cultivation in this zone, it is essential to ensure proper recharge of GW. 
Irrigation required water should be managed from alternative source. Strong and effective water management 
works must be ensured to prevent drought and sustain the present cultivation work in Rajshahi district, 
northwestern of Bangladesh.  The present study can be concluded with the following decisions:  
 

• The spatial maps show the groundwater level in the study area is lowering day by day. 
• This scarcity of GW is caused due to excessive extraction and dependence on GW for irrigation and other 

purpose. 
• Lacks of surface water for irrigation is also responsible for the huge extraction of GW. 
• Demand of GW is increasing for the extension of agricultural lands and cropping intensities.  
• Paba, Mohanpur, Bagmara, Boalia and Durgapur area have been found as critical areas that are facing 

acute GW problem. 
• This study suggests that less extraction and proper recharge must be ensured immediately and to find 

alternative water source of GW. Effective water management steps are also being inspired by this 
study. 
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