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Extended Abstract

Introduction

Groundwater is a vital resource for agricultural water supply, particularly in arid and semi-arid regions. Overextraction of
groundwater aquifers has led to both qualitative and quantitative degradation, reducing their potential for sustainable water
supply. Monitoring spatial and temporal variations in agricultural water quality is essential for efficient utilization and aligning
water quality parameters with agricultural usage. Geostatistics has emerged as a powerful tool across various disciplines,
especially for interpolation and estimation tasks. Numerous methods are available for studying and mapping groundwater quality
variations, with their accuracy depending on regional conditions and data availability. Previous research highlights the reliability
of interpolation methods in generating groundwater quality maps. Thus, creating groundwater quality maps using local data
and appropriate spatial analysis methods is vital for water resource management. This study evaluates geostatistical methods to
analyze spatial and temporal variations in groundwater quality parameters for agricultural purposes in Malayer Plain, Hamadan

Province.

Methodology

The study area encompasses the main aquifer of Malayer Plain in Hamadan Province, with an area of 518.63 km?. Data from
31 wells, provided by the Hamadan Regional Water Company, were used to analyze groundwater quality parameters. These
parameters included EC, pH, HCOs, CL, and SAR, measured during June and September over a five-year period (2016-2020).
Zoning maps were created using Inverse Distance Weighting (IDW) and Kriging (Ordinary, Universal, and Simple) methods with
exponential, Gaussian, and spherical variograms in ArcGIS 10. The accuracy of the zoning methods was evaluated using statistical
metrics such as Mean Error (ME), Root Mean Square Error (RMSE), and Root Mean Square Standardized Error (RMSSE). The
best interpolation method for each parameter was selected based on these metrics. Temporal variations in groundwater quality

parameters were assessed by generating algebraic maps using the Raster Calculator tool, dividing the parameter values for June
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and September 2020 by those from 2016. Continuous classified maps were created using the Wilcox agricultural water quality

index implemented via Python scripting in ArcGIS 10.

Results and Discussion

In June, the most suitable interpolation methods for each parameter were Ordinary Kriging, Universal Kriging, IDW, and
Ordinary Kriging, respectively. In September, the preferred methods for EC, pH, HCOs, CL, and SAR were Ordinary Kriging,
Universal Kriging, IDW, Ordinary Kriging, and IDW, respectively. Groundwater quality was classified into four standard classes—
excellent, good, medium, and poor—based on EC and SAR. Maps of agricultural water quality standards were developed for
June and September. The SAR parameter exhibited a stable trend in June but showed significant fluctuations in September,
particularly in 2017. For EC, despite an increasing trend in both months, values were consistently lower in June compared to
September. According to the Wilcox index, areas classified as “good” quality decreased by 4.9% from 2016 to 2020 in June and
by 12.3% in September.

Conclusion

This study utilized GIS tools to determine the quality standards for agricultural water and analyze spatial-temporal variations
in groundwater quality parameters in the saturated aquifer of Malayer Plain. Python scripting was employed to produce classified
raster maps based on the Wilcox index. The results indicated that the geostatistical methods used were sufficiently accurate
for the study area. Kriging and IDW provided the best interpolation accuracy. The analysis covered five years of data for June
and September, focusing on EC, pH, HCOs, CL, and SAR. The results showed declining groundwater quality, with increased
concentrations of CL, HCOs, and EC over time, while slight reductions were observed for pH and SAR. None of the areas were
classified as “poor” according to the Wilcox index, but central and southeastern parts of the aquifer fell into the “medium” class,
indicating vulnerability to critical conditions. Given the importance of groundwater quality for agriculture, the environment,
and the economy, the continued application of interpolation methods can serve as a fast and effective approach for groundwater

quality monitoring in Malayer Plain.
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Fig 2. Classification of water quality according to the

Wilcox method for agricultural uses: * very good water, **
good water, *** moderate water, and the remaining classes

are unsuitable.
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Table 1 - Comparative error values of parameter zoning in June

RMSE! ME? RMSSE? el Je
osle ol
Selected
Number Name IDW K-S K-O K-U IDW K-S K-O K-U K-S K-O -
model
1 EC 182.8 256.6 2389 2657 10.883 -9.777 -11.438 -13.292 1.402 1.105 1.141 K-O!
2 TDS 122.8 172.1 1603 1784 -6.988 -6381 -7.386 -10.628 1.407 1.105 1.147 K-O
3 PH 0335 0379 0388 0511 -0.012 0007 0013 -0.068 1247 1.109 1.020 K-U?
4 HCO, 1.023 1.115 1.104 1.152 0.080 -0.029 -0.007 -0.037 1.217 1.005 0.909 K-U
5 CL 0.570 0.641 0.609 0.661 -0.018 -0.027 -0.022 -0.042 1379 1.025 1.188 ‘IDW
6 SO, 1.251 1429 1412 1.562 -0.235 -0.022 -0.003 -0.086 1.243 1.073 2.040 K-O
7 SUM Anion 1746 2532 2328 2617 -0088 -0.114 -0.135 -0.109 1403 1.121 1.131 IDW
8 Ca 0.680 0.698 0.717 0.735 0.035 -0.019 -0.005 -0.009 1300 1.220 1.033 K-U
9 Mg 0.792 0.787 0.762 0905 0.063 -0.027 -0.009 -0.076 1354 1.096 1.148 K-O
10 Na 1304 1828 1716 1.824 -0215 -0.101 -0.160 -0.158 1.883 1.150 1222 K-O
11 K 0.013 0.015 0.014 0.016 -0.001 -0.001  0.000 -0.001 1.397 1.023 1.201 K-O
12 SUM Cation 1760 2506 2301 2560 -0.076 -0.122 -0.152 -0.149 1462 1.199 1.107 IDW
13 Prc Na 9.252 10.548 10.498 12.157 -2.354 -0.034 0.092 -1.236  1.341 1.067 2.305 K-O
14 SAR 0740 0942 0899 0959 -0.139 -0.040 -0.047 -0.083 1747 1.140 1239 K-O
15 TH 60.71 63.946 62451 69.725 4.001 -2.262 -0.942 -3.640 1328 1.130 1.138 K-O
el OV ST e el sl s 5 e s s e EC il 53 RMSE a5
s ol 53 b el o U (slgulin plie -2 Sz
Table 2 - Comparative error values of parameter zoning in September
RMSE! ME? RMSSE* Jote
Number Name
IDW K-S K-O K-U IDW K-S K-O K-U K-S K-O K-U sl
1 EC 343.6  352.0 3417 13639 10.181 8.577 -2.746 1363.9 1.628 1.475 11430 K-O*
2 TDS 233.6 2394 2324 958.1 6.992 5.620 -2.121 958.1 1.648 1.492 11.148 K-O
3 PH 0.243  0.278 0.275 1.382 0.010 0.012  0.009 1382 1369 1270 1242 K-U?
4 HCO3 1.139  1.241 1.183 2323 -0.013 0.055 0.028 2323 1369 1.248 16.868 C°IDW
5 CL 0.856  0.868  0.847 6.834 0.043  0.009 -0.013 6.834 1.724 1.507 1.707 K-O
6 SO, 1.717  1.677 1.658 10.217 0.065 -0.009 -0.064 10.217 3.071 2.569 2.741 K-O
SUM
7 3344 3444 3333  15.047 0.076 0.087 -0.014 15.047 1.631 1465 11985 K-O
Anion
8 Ca 0.854 0904 0.859 2.486 0.039 0.015 -0.009 2486 1.290 1.161 7.148 K-O
9 Mg 0.855 0962 0.923 1.324 0.071  0.039 0.032 1.324 1340 1.227 18239 K-O
10 Na 2.094 2166 2.079 12331 0.006 0.011 -0.081 12331 2.838 2.243 2.276 IDW
11 K 0.015 0.016 0.016 0.075 0.000 0.001 0.000 0.075 1943 1.659 2314 IDW
SUM
12 3346 3450 3.334 15387 0.081 0.093 -0.011 15387 1.641 1474 11458 K-O
Cation
13 Prc Na  10.852 12.047 11.167 37.689 0.240 0477 -0.118 37.689 1.499 1.324 1215 K-U
14 SAR 0988 1.053 0.994 5.576 0.004 0.021 -0.028 5.576 2.126 1985 1.909 IDW
15 TH 79.692 85.253 80.712 175.193 4.734 2468 1417 175.193 1333 1.183 15.502 K-O
el ) OV ST e s el sl 55 5 e 5 ese AW EC el )l )3 RMSE a1
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Fig 3 . Annual variations of the parameters pH, HCO, (meqg/L), CL (meg/L), SAR (meq/L), and EC (mS/cm) in the months
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