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Abstract
Background and objectives
Land subsidence, primarily caused by excessive groundwater extraction, constitutes the most
advanced and irreversible stage of desertification and land degradation. While this phenomenon
poses a significant threat to numerous plains and major urban centers across Iran, existing
desertification assessment models have largely overlooked subsidence rates and the agricultural
sector's substantial groundwater consumption. This study evaluates desertification intensity in the
Qaragom basin through the dual lenses of water resource utilization and land subsidence
dynamics.
Methodology
The study employed the Inverse Distance Weighting (IDW) method in GIS 10.8 to create zonation
maps for three critical groundwater indices: electrical conductivity (EC), sodium adsorption ratio
(SAR), and groundwater level decline. Data from 273 observation wells (2001-2018) were
classified into four desertification intensity categories (low, moderate, severe, and very severe).
These maps were integrated with a land subsidence rate map (2015-2016 water year) derived from
Sentinel-1 satellite imagery provided by the Geological Survey of Iran. Additionally, reservoir
volume changes (1985-2018) were analyzed for each aquifer to assess their relationship with
subsidence patterns.
Results
Analysis revealed severe to very severe desertification across 46.6% of the basin based on EC
values, while SAR indicated low degradation in 90.6% of the area. Groundwater depletion
showed the most critical conditions, with 53.4% of the basin experiencing severe to very severe
impacts, particularly in the Sarakhs, Fariman-Torbat Jam, southwest Mashhad, and Narimani
aquifers. Subsidence rates reached severe levels in 18.1% of the basin, with maximum values
observed in the Mashhad, Fariman-Torbat Jam, Taybad, and Karat aquifers. The Mashhad aquifer
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demonstrated the highest subsidence rates and the most significant reservoir volume changes.
Integrated assessment of groundwater and subsidence criteria classified 55.9% of the Qara Qom
watershed as moderately affected and 26.1% as low-intensity desertification.

Conclusion

As agriculture represents the dominant water consumer in the basin, immediate implementation
of water efficiency and productivity measures in this sector is crucial to prevent irreversible socio-
economic and ecological consequences of ongoing desertification and land degradation.
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Figure 1- Location of Qareqom basin and its aquifers in Iran and Khorasan Razavi province
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Table 1- Result of interpolation errors in the estimation of studded indicators

Indicator IDW Kriging
Electrical Conductivity (EC) 1017 1052
Sodium Absorption Ratio (SAR) 8.84 9.54
Groundwater level decline (GWLD, 237 432

centimetres per year

.(Zehtabian et al. 2015)
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Table 2-Classification of qualitative and quantitative indicators for groundwater criteria in the IMDPA model

The current state of desertification

Indicator Low Moderate Severity Very
severity
Electrical Conductivity (EC) 750< 750-2250 2250-5000 >5000
Sodium Absorption Ratio (SAR) 18< 18-26 26-32 >32
Groundwater level dech;:a(rGWLD, centimetres per 20< 20-30 30-50 S50
VWAF-0 b e o V= e slooleale sl GWI = (GWLD x EC x SAR)" Ve
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Table 3. Classification of the subsidence rate index in the IMDPA model

The current state of desertification

Indicator Low

Moderate Severity Very severity

Land subsidence (centimetres per year) >-1.49

-1.5,-2.99 -3,-5.99 <-6
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Table 4- The final table for evaluating desertification

using the IMDPA model.
Desertification Classification Score
Low 0.5-1.5
Moderate 1.5-25
Severity 2.5-35

Very severity 3.5-4
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Table 5- The current status of desertification based on criteria indicators for groundwater levels in the
Qareqoum basin

Quality of groundwater

Quantity of groundwater

Desertification EC SAR Groundwater level
Classification Area (KM2) Area (%) Area (KM2) Area (%) Area (KM2) Area (%)
Low 708.9 8.5 7532.3 90.6 1940.9 233
Moderate 373.1 44.9 785.7 9.4 19375 233
Severity 31949 384 0 0 1596.4 19.2
Very severity 683.1 8.2 0 0 2843.2 34.2
Sum 8318 100 8318 100 8318 100
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Figure 2- Zoning map of the groundwater electrical conductivity index in the Qareqom basin.
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Table 6- The current status of desertification with criteria land subsidence in the Qareqoum basin

The current state of desertification Area (KM2) Area (%)
Low 137.3 26.1
Moderate 294 55.9
Severity 95 18.1
Sum 526.3 100
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Table 7- The current desertification status, groundwater, and land subsidence in the Qareqoum basin.

The current state of desertification Area (KM?) Area (%)
Low 137.3 26.1
Moderate 294 55.9
Sum 526.3 100
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Figure 6- Zoning map the intensity of desertification in the Qareqom basin
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Figure 7- Cumulative changes in the reservoir volume of the aquifers in the Qareqom basin
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Figure 8- The cumulative changes in the volume of the reservoir in the Qareqom basin, separated by each aquifer
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Table 8- Area and area percent of different intensity of land subsidence in every aquifer in the Qareqoum basin

Aquifer and land subsidence intensity Groundwater cumulative change§ in the volume
subsidence Low Moderate severity level(meter) of the reservoir (MCM)
Fariman 21.2 17.8 64.9 17.3 -43 -3732.8
Mashhad 28.3 31.8 47.9 10.2 -23.9 -3546.4
Karat 157 48.2 48.5 34 -43.6 -531.1
Taybad 1.45 10.8 86.4 2.8 -15.6 -568.4
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