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1-introduction

Rapid population growth, expanding irrigation, and increasing industrialization, as well as a shortage of
surface water resources, have created an increasing demand for groundwater (Kazi et al. 2009). In this
regard, excessive exploitation of groundwater resources mainly reduces the groundwater level and the
quality of groundwater aquifers. This situation has been raised as an important problem in many countries.
Therefore, groundwater resource management, especially temporal and spatial assessment of groundwater
quality to find hazardous areas of pollution in groundwater aquifers on a regional scale is essential for
sustainable management of groundwater resources (Kumar and Balamurugan 2018; Wagh et al. 2018). A
spatial information system (GIS) can be used for the spatial analysis of groundwater quality. Spatial
information systems can be used in mapping, monitoring, and modeling groundwater resources. The spatial
information system can be used to better visualize the spatial distribution of the water quality index (Shamsi
et al. 2005; Enwright et al. 2009; Kholghi et al. 2009; Teikeu et al. 2015; Yan et al. 2016; Gunarathna et
al. 2016). In this regard, in the present study, spatial autocorrelation patterns and temporal changes of
groundwater quality parameters in Hamadan province in the spatial information system environment have
been studied. Spatial analysis can be effective in showing the trend of changes in water quality parameters,
and as a result, it is possible to investigate the cause of these changes and provide supportive solutions to
improve the quality of groundwater resources. Investigating the quality and pollution of groundwater
resources is essential in planning and developing groundwater resources. The purpose of this study is to
investigate and evaluate the spatial distribution pattern, spatial autocorrelation patterns and spatial-temporal
changes of groundwater quality parameters in Hamadan province between 2009 and 2020 in the spatial
information system environment.

2-Material and methods

The study area in this study is Hamedan province in western Iran. Unconventional use of these resources
can have a devastating effect on the environment, so in order to achieve sustainable development goals, it
is necessary to study the trend of groundwater quality. Calculations of the Moran index in 1988 show that
all indices had a random spatial distribution. But in 1992, the parameters of electrical conductivity (EC)
with 95% confidence level, total soluble solids (TDS) with 91% confidence level, and sodium absorption
ratio (SAR) with 99% confidence level have a cluster distribution pattern and in 1996 The electrical
conductivity (EC) parameters with a 90% confidence level and the sodium absorption ratio (SAR) with a
99% confidence level have a cluster distribution pattern. The important point is that the parameters of
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electrical conductivity and sodium adsorption ratio in 1992 and 1996 have a cluster distribution pattern
with a level of confidence above 90%. Statistical analysis of the data also shows that the average
parameters of electrical conductivity, total soluble solids, acidity, hardness, total anions, and cations in
the study area have increased from 2009 to 2020, and the parameter value of sodium adsorption ratio has
decreased. In this study, indexing to evaluate the clustering of data with high or low values shows that
indicators with cluster distribution have a high value, which indicates that large values are in the
neighborhood of each other (Quino Lima et al. 2020). To study the temporal changes of groundwater
guality in terms of electrical conductivity due to changes in its distribution pattern, first using the stable
model ordinary kriging method (Belkhiria et al., 2020), suitable variograms for data interpolation are
extracted, and then the electrical conductivity zoning map for in 2009, 2013, 2017 and 2020 produced.
The difference between the map of 2017 and 2020 shows that the most changes in electrical conductivity
are in the city of Hamedan. The results of this study show that the study of the groundwater pollution
phenomenon can play an essential role in the optimal management and sustainable development of
groundwater resources.

3-Results and discussion

Groundwater resources are one of the important sources of water supply for domestic and agricultural
purposes. Unconventional use of these resources can have a devastating effect on the environment, so in
order to achieve sustainable development goals, it is necessary to study the trend of groundwater quality.
Calculations of the Moran index in 2009 show that all indices have a random spatial distribution. But in
2013, electrical conductivity (EC) parameters with 95% confidence level, total soluble solids (TDS) with
91% confidence level, and sodium absorption ratio (SAR) with 99% confidence level have a cluster
distribution pattern and in 2017 Electrical conductivity (EC) parameters with 90% confidence level and
sodium absorption ratio (SAR) with 99% confidence level have a cluster distribution pattern. The
important point is that the parameters of electrical conductivity and sodium absorption ratio in 2013 and
2017 have a cluster distribution pattern with a level of confidence above 90%. Statistical analysis of the
data also shows that the average parameters of electrical conductivity, total soluble solids, acidity,
hardness, total anions, and cations in the study area have increased from 2009 to 2017 and the parameter
value of sodium adsorption ratio has decreased. In this study, indexing to evaluate the clustering of data
with high or low values shows that indicators with cluster distribution have a high value, which indicates
that large values are in the neighborhood of each other. To investigate the temporal changes in
groundwater quality in terms of electrical conductivity due to changes in its distribution pattern, first
using the ordinary model kriging method, suitable variograms are extracted for data interpolation and
then the electrical conductivity zoning map to 2009, 2013, and 2017 produced. The difference between
the map of 2017 and 2009 shows that the most changes in electrical conductivity are in the city of
Hamedan. The results of this study show that the study of the groundwater pollution phenomenon can
play an essential role in the optimal management and sustainable development of groundwater resources.

4-Conclusion

The results of Moran and coefficient of gery show that the spatial distribution pattern of all water quality
parameters in 2009 and 2020 is random and for the parameters of electrical conductivity and sodium
adsorption ratio in 1992 and 1996, respectively, with a high level of confidence of 95% and 90%,
respectively, it had a spatial distribution with a cluster pattern with high values. To investigate the spatial
variations of electrical conductivity using the Kriging method, water quality maps in terms of electrical
conductivity parameters for the years 2009, 2013, 2017, and 2020 have been prepared. The map of
electrical conductivity changes prepared in the period of 2009 to 2020 years shows that the amount of
electrical conductivity in the city of Hamedan (Qahvand) and Razan and Kaboudar Ahang plains has
more increasing changes, which indicates a decrease in groundwater quality in the case study area.
Therefore, planning is necessary to correct the decline in groundwater quality.
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Table 1.Statistical data of water quality parameters in 2009, 2013, 2017 and 2020

SAR PH TDS (mg/l) EC (uS/cm) Number |,
Mean  Max Min  Mean Max Min Mean Max Min Mean Max Min Of samples
1.88 11.85 0.146 1.7 8.4 6.2 715 4147 174 1089 6190 276 222 2009
1.67 9.78 0.191 7.6 8.2 6.2 736 4737 178 1124 7070 283 230 2013
1.57 7.93 0.203 7.56 8.05 6.49 777 6365 211 1181 9500 330 233 2017
1.41 6.59 0.218 7.53 8.10 6.50 736 6499 237 1121 9700 370 200 2020
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Table 1 (continue) .Statistical data of water quality parameters in 2009, 2013, 2017 and 2020

Total cations (mg/I)

Total anions (mg/l)

TH (mg/1) Number of

Mean  Max Min Mean  Max Min Mean Max Min samples Year
11.05 654 2.88 109 637 3 351.3 2075 135 222 2009
11.33  74.3 2.97 112 721 2.9 376.5 2245 135 230 2013
11.54 79.8 2.98 114 789 293 397.1 2360 130 233 2017
11.13 938 3.08 11 93 3.04 397.1 3200 135 200 2020
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Table 2.Moran index and spatial distribution pattern of water quality parameters in 2009

Patterntype  P-Value  Z-Score Variance Moran’s I Index
Random 0.554938 0.590377 0.682360 0.483156 EC
Random 0.561824 0.580134 0.682577  0.474772 TDS
Random 0.768119 0.294837 0.716513  0.245046 PH
Random 0.421218 0.804311 0.704862 0.670 743 SAR
Random 0.650412 0.453189 0.666245 0.365385 TH
Random 0.601848 0.521744 0.681308 0.426130  Total anions
Random 0.586481 0.543942 0.680364 0.444141  Total cations
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Table 3. Moran index and spatial distribution pattern of water quality parameters in 2013

Pattern type P-Value Z-Score  Variance Moran’s | Index
Cluster 0.046376  1.991956  0.142100 0.746523 EC
Cluster 0.088531 1.703196  0.142012 0.637473 TDS
Random 0.419144  0.807908  0.146504 0.304867 PH
Cluster 0.000003 4.691712  0.147318 1.796405 SAR

Random 0.312853  1.009254  0.138101 0.370692 TH
Random 0.111714 1.590535 0.141534 0.594008 Total anions
Random 0.108924 1.603047 0.141313 0.598245 Total cations
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Table 4. Moran index and spatial distribution pattern of water quality parameters in 2017

Pattern type P-Value Z-Score  Variance Moran’s | Index
Cluster 0.099396 1.647787  0.144225 0.621451 EC
Random 0.193888 1.299163  0.142204 0.485603 TDS
Random 0.488056  0.693404  0.071582 0.181095 PH
Cluster 0.000002 4.741524  0.153573 1.853818 SAR
Random 0.412957 0.818702  0.139128 0.301065 TH
Random 0.188101 1.316218 0.142774 0.493029 Total anions
Random 0.189604 1.311752  0.142718 0.491244 Total cations
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Table 5. Moran index and spatial distribution pattern of water quality parameters in 2020

Pattern type P-Value Z-Score  Variance Moran’s | Index
Random 0.745097 0.325111  0.541685 0.234229 EC
Random 0.742833  0.328104  0.542597 0.236635 TDS
Random 0.701784  0.382914  0.632292 0.299430 PH
Random 0.788598 0.268132  0.630004 0.207773 SAR
Random 0.719959 0.358514  0.526091 0.254987 TH
Random 0.729900 0.345258  0.538400 0.248285 Total anions
Random 0.730209  0.344848 0.538884 0.248098 Total cations
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Table 6. High/low clustering index and spatial distribution pattern of water quality parameters in 2009

Pattern type P-Value Z-Score G Index
Random 0.578986  -0.554867  0.000016 EC
Random 0.589695 -0.539278  0.000016 TDS
Random 0.450534  -0.754525  0.000046 PH
Random 0.611884 -0.507386  0.000012 SAR
Random 0.577318 -0.557306  0.000021 TH

Random 0.607006  -0.514352  0.000016 Total anions
Random 0.604306 -0.518218 0.000016 Total cations
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Table 7. High/low clustering index and spatial distribution pattern of water quality parameters in 2013

Pattern type P-Value Z-Score G Index
High cluster 0.028129  2.195477  0.000531 EC
High cluster 0.054956  1.919223  0.000239 TDS
Random 0.601309 -0.522519  0.000237 PH
High cluster 0.000003  4.642723  0.001031 SAR
Random 0.286601  1.065607  0.000349 TH

High cluster 0.068327  1.822844  0.000490  Total anions
High cluster 0.062880  1.860037  0.000496  Total cations
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Table 8. High/low clustering index and spatial distribution pattern of water quality parameters in 2017

Pattern type P-Value Z-Score G Index
Random 0.067658  1.827281  0.000478 EC
Random 0.135935  1.491101  0.000460 TDS
Random 0.253563  -1.141739  0.000238 PH

High cluster 0.000003  4.642712  0.000888 SAR
Random 0.380209  0.877512  0.000339 TH

Random 0.115809 1.572611 0.000465 Total anions
Random 0.116675 1.568882 0.000465 Total cations

WA Jlo ol ceaS Gla el b S5 g9 5551 9 o5T0L 5 (amadgs asli-q Jgax
Table 9. High/low clustering index and spatial distribution pattern of water quality parameters in 2020

Pattern type P-Value Z-Score G Index
Random 0.665590 -0.432209  0.000030 EC
Random 0.669692 -0.426571  0.000030 TDS
Random 0.367642 0.900898  0.000066 PH
Random 0.769201 -0.293421  0.000041 SAR
Random 0.608576 -0.512108  0.000030 TH
Random 0.651580 -0.451568  0.000029 Total anions
Random 0.651178 -0.452127  0.000029 Total cations
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Fig.3. The best fitted variogram for the electrical conductivity parameter in 2009
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Fig.4. The best fitted variogram for the electrical conductivity parameter in 2013
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Fig.5. The best fitted variogram for the electrical conductivity parameter in 2017
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Fig.6. The best fitted variogram for the electrical conductivity parameter in 2020
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Table 10. Accuracy specifications of the best models fitted to the toxic experimental electrical
conductivity variogram (conventional kriging)

Root Mean Square Mean Standardized Root Mean Mean Error Year
Standard Error Standardized Error Error Square Error
1.04 -0.013 647.56 -8.33 2009
1.16 -0.001 712.84 -1.06 2013
1.12 -0.003 742.29 -1.57 2017
1.50 0.0008 798.01 2.31 2020
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