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Desertification early warning based on forecasting of groundwater
guantitative and qualitative parameters (Case Study: Mashhad plain
aquifer)

Mahdi Golashani!, Gholamreza Zehtabian?, Hassan Khosrvi3*, Arash Malekian?4, Khaled Ahmadali®, Samaneh
Bagheri®

Abstract

This paper tries to forecast and determine the desertification warning threshold using groundwater
resources guantitative and qualitative parameters modeling. The data from 62 piezometric wells and 55
guantitative wells were selected from Iranian Water Resources Management Company and Khorasan
Razavi Regional Water Authority. Handling missing data, and statistical analyzes such as the Mann-
Kendall test and Pearson correlation were performed. The desertification intensity and early waring
maps was provided based on the Iranian Model of Desertification Potential Assessment (IMDPA)
Model. The maps of quantitative and qualitative indices of groundwater were classified according to the
desertification severity and threshold of each index for a 20-years period (1996-2016). Desertification
intensity and warning threshold maps of each groundwater quantitative and qualitative index were
classified according to the IMDPA Model. The ground water parameters were predicted by MATLAB
2015 software and artificial intelligence fore 2022. The results showed that among the quantitative and
gualitative indices the highest decertification warning area was related to drop index. The electrical
conductivity index was in second-order warning. Sodium sorption index is located in low desertification
class and only southern part of Mashhad aquifer will be in warning condition in 2020. In terms of
chlorine content, the aquifer of Mashhad plain has not been under warning condition. But considering
the trend of changes in the index in the future may be on the verge of warning.

Keywords: Interpolation, Neural Network, Geostatistics, IMDPA Model, Warning Threshold.
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Introduction

Identifying desertification criteria and indices in areas affected by this phenomenon is essential for
proper management and planning. Restriction of water resources, reduction of water quality, and
improper exploitation have destroyed groundwater resources and other processes to be recognized as
the leading causes of desertification. On the other hand, insufficient quality water is an influential factor
in soil salinity and desertification. This paper tries to forecast and determine the desertification warning
threshold using groundwater resources quantitative and qualitative parameters modeling. By preparing
a map of the future intensity of desertification for each index, the areas in the warning zone in terms of

desertification be identified.

Materials and Methods

In this study, the desertification early warning of the Mashhad plain aquifer has been investigated based
on the prediction of quantitative and qualitative parameters of groundwater. The data from 62
piezometric wells and 55 quantitative wells were selected from the Iranian Water Resources
Management Company and Khorasan Razavi Regional Water Authority. Handling missing data and
statistical analyzes such as the Mann-Kendall test and Pearson correlation were performed. Using
interpolation methods such as inverse weighting of distances, radial basis functions, and kriging, the
best method for interpolating qualitative data of wells, including electrical conductivity, absorption ratio
of sodium, chlorine, was determined. The zoning map of each parameter for 1996, 2001, 2006, 2011,
2016 was obtained. The Schuler diagram was used to evaluate the quality of drinking water. To
determine the quality of irrigation water for agriculture, the zoning maps of SAR and EC parameters
were merged and classified according to the Wilcox diagram for every year. Finally, the irrigation water
quality map was classified. Using data from 62 piezometric wells, water level zoning maps were drawn
in two feeding and discharging seasons to investigate the potential of the aquifer water level and
determine the direction of groundwater flow and identify power supply and drainage sources, and
determine groundwater inflow and outflow fronts. The desertification intensity and early warning maps
were provided based on the Iranian Model of Desertification Potential Assessment (IMDPA) Model.
The maps of quantitative and qualitative indices of groundwater were classified according to the
desertification severity and threshold of each index for 20 years (1996-2016). Desertification intensity
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and warning threshold maps of each groundwater quantitative and qualitative index were classified
according to the IMDPA Model.

Discussion and Conclusion

This study showed that the radial basis functions and the multilayer perceptron method had the best
results for predicting groundwater quantitative and qualitative indices using an artificial neural network.
Therefore, with the data related to the period of 1996-2016, the values of the index were predicted for
the year 1400. The results showed that the percentage of groundwater class with good quality has
changed from 36.5% to 17% and medium quality from 34.5% to 52.5%. Inadequate quality also
occupies an average of 30% of the aquifer area. The results show a sharp decline in water quality for
agricultural use in the Mashhad plain aquifer. In terms of drinking consumption, except for magnesium,
the other elements had an increasing trend, and the highest increase was related to sodium. In terms of
drinking, the amount of sodium from the acceptable quality class changed to inappropriate. Calcium
and bicarbonate were in good quality class and sulfate, chlorine, and hardness were in acceptable quality
class and magnesium was changed from acceptable quality class to good. Using the difference between
the feeding season and the discharge season maps, the annual drop was an average of 83 cm per year,
with the largest drop belonging to 2006 at 100 cm per year. This can be due to over-exploitation of
groundwater resources, unregulated agriculture, population growth as well as droughts. In terms of
desertification intensity, drop index and electrical conductivity index have the highest warning area,
respectively. The results showed that among the quantitative and qualitative indices, the highest
decertification warning area was related to drop index. The electrical conductivity index was in the
second-order warning. In this study, quantitative and qualitative parameters of groundwater resources
were used to predict and determine the threshold of desertification warning. This study showed that the
trend of changes in chlorine indices, sodium adsorption ratio, electrical conductivity, and groundwater
drop of Mashhad plain aquifer increases. In the future, more areas of the aquifer will be in the range of
desertification warnings. Therefore, it is suggested that more comprehensive research be conducted in
the study area with other desertification criteria and indicators and provide an early general
desertification warning map for the study area.
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