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Accentod: increased water needs in Iran. Assessing the quality of this vital resource,

N(C)ffilzrlel)ér3 2025 especially in the Markazi Province, is of particular importance. Traditional

Available oniine: evaluation methods are costly and time-consuming; therefore, applying

December 25, 2025 mathematical approaches for mapping and predicting water quality is essential.
In this study, the spatial and temporal changes of three key parameters (TDS,
sulfate, and sodium) in Markazi Province were analyzed for the years 2017—
2018, 2020-2021, and 2023-2024. These parameters, due to their impact on
salinity and hardness, play a crucial role in assessing usability. Samples used in
this research were obtained from the Markazi Water and Wastewater Company
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Laboratory. For spatial modeling, ordinary kriging with three semi-variogram
models—exponential, Gaussian, and spherical—was tested, and model
accuracy was evaluated using RMSE, MAE, and R2. Results showed that the
Gaussian model outperformed the others in predicting all three parameters
across all studied years. The rising mean values of all three parameters in 2019
indicate higher concentrations in some samples that year; however, produced
maps indicate a broad decline in water quality in 2024.
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1. Introduction

Groundwater, as one of the main sources of water supply in arid and semi-arid regions, plays a vital role
in sustainable economic and social development. This important and vital resource has faced numerous
threats in recent decades, including declining water levels, increasing salinity, and anthropogenic
pollution.

Groundwater quality assessment is one of the research and management priorities in the field of water
resources. Among the various indicators, three parameters, TDS, SO+>", and Na‘, are of particular
importance due to their direct impact on salinity, hardness, and consumer health.

Geostatistical methods, as powerful tools in spatial data analysis, have the ability to accurately model the
spatial structure of continuous phenomena such as groundwater quality. Among these methods, global
kriging, considering spatial trends, is more suitable for analyzing data dependent on geographical
coordinates.

The main objective of this study is to accurately assess the spatial structure of TDS, sulfate, and sodium
quality parameters in Markazi Province, determine the best semivariogram model for each parameter, and
analyze temporal trends in the quality of groundwater resources in the region.

Several previous studies on groundwater quality in Iran and other countries have been conducted using
geostatistics. However, many of these studies have either examined only one parameter, were limited to a
specific year, or did not have a temporal analysis approach. The innovation of this research in
simultaneously analyzing three main water quality parameters, in three periods with a total interval of 6
years (2017, 2019, and 2023), with the aim of monitoring temporal and spatial trends and comparing the
performance of different kriging models, distinguishes it from other studies.

The groundwater resources of this region have come under great pressure in recent years. Population
growth, industrial development, extensive agriculture, and excessive use of deep and semi-deep wells
have caused a significant drop in the water table in many parts of the plain. Also, numerous evidences of
increased concentrations of pollutants such as TDS, sodium, and sulfate have been reported in the
regional aquifer, which doubles the necessity of continuous monitoring and spatial modeling of the
quality of groundwater resources. This research attempts to help better understand this situation by using
advanced geostatistical methods.

2.  Materials and Methods

To conduct this research, qualitative data related to three parameters of TDS, SO and Na' in
groundwater were extracted from observation wells in the Central Province during three periods in 2017,
2020, and 2023. For spatial modeling of qualitative parameters, the global kriging method was used. The
reason for choosing this method was the presence of spatial trends in the parameters studied. Global
kriging is more accurate than ordinary kriging in situations where the average parameters are not constant
across the region. In this study, three different semi-virogram models, exponential, spherical, and
Gaussian, were used to model the spatial structure of the data. The model with the lowest RMSE and
MAE and the highest R? was selected as the best model and the final map was drawn based on it.

3.  Results

In this study, modeling was performed using the global kriging method and three types of semi-variogram
models (exponential, Gaussian, and spherical), and the accuracy of the models was compared based on
RMSE, MAE, and R? indices.

In all three years of the study, the exponential model showed the best performance for the TDS parameter.

The results show that TDS values increased in 1402 compared to previous years, which could be due to
reduced aquifer recharge, high evaporation, and increased use of chemical fertilizers and the entry of
sewage into underground sources.



23 _ Iranian Journal of Irrigation and Water Engineering

For the sulfate parameter, the Gaussian model performed better than the other models in all three years. It
shows that the spatial distribution of sulfate has a smoother and more continuous structure, which is more
consistent with the nature of the Gaussian model. The gradual increase in sulfate values could also be due
to increased industrial activities, saline drainage, or greater dissolution of evaporite rocks in the region.

The sodium parameter, similar to TDS, had the best fit with the exponential model in all years. An
increase in RMSE value is also observed in 1402, which is probably due to increased discharge of
agricultural wells and reduced freshwater infiltration into the groundwater aquifer.

Spatial prediction maps generated through the global kriging method in the ArcGIS software environment
represent the spatial distribution of groundwater quality parameter concentrations in this area. The
conclusion of this section shows that the exponential model performed better for TDS and sodium
parameters in all years, but the Gaussian model was the most appropriate model for modeling sulfate. In
addition, the prediction accuracy in 1399 was higher than the other two years, and the errors increased in
1402, and in general, the quality trend of groundwater resources in the Arak Plain indicates a relative
decline in quality in 1402.

4.  Discussion and Conclusion

The results of this study showed that the use of geostatistical methods, especially global kriging, is an
effective method for spatial modeling of groundwater quality parameters in Markazi Province and can
provide a better understanding of the spatial distribution and temporal trends of water quality changes.
This research showed that geostatistical methods are not only a scientific tool for better understanding the
status of groundwater quality, but can also be used as an effective decision-making tool for water
resources managers in planning, monitoring, and controlling water pollution. Repeating the study in
future time periods to analyze long-term trends in quality changes can help to better understand the region
and provide management solutions. In addition, continuous updating of water resource quality databases
and conducting supplementary studies by adding other parameters such as nitrate, chloride, or heavy
metals can give decision-makers a more comprehensive view of groundwater quality.
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