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Land subsidence, resulting mainly from excessive groundwater withdrawal and
aquifer degradation, is one of the most serious and irreversible forms of land
degradation, often marking the final stage of desertification. Traditional models
of desertification assessment have emphasized climate, soil, and vegetation
factors, while the role of subsidence has received less attention. Recent
approaches, such as the IMDPA model, incorporate groundwater indicators—
including groundwater level decline, electrical conductivity (EC), and sodium
adsorption ratio (SAR)—together with subsidence data to provide a more
comprehensive evaluation of desertification risk. In this study, the Abarkouh—
Sirjan watershed was assessed using groundwater level decline, EC, SAR, and
land subsidence as key indicators. Thematic layers were prepared and integrated
to produce a desertification severity map. Results showed that about 60% of
groundwater resources exhibited high salinity (EC > 5,000 uS/cm). SAR values
were generally low, except in playa areas where values ranged from 18 to 26.
Average groundwater level decline was 54 cm, with maximum values reaching
237 c¢cm. Land subsidence was most severe in the Abarkouh, Bavanat, and
Sarchahan aquifers. The final map indicated that over 90% of the area falls
within moderate to very severe desertification classes, highlighting subsidence
as a decisive criterion for identifying critical zones and guiding sustainable
management.
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EXTENDED ABSTRACT

Introduction

Land subsidence, as an irreversible result of excessive groundwater withdrawal and aquifer degradation,
represents one of the final stages of desertification and threatens ecological and economic land
functions. Despite its significance, most desertification models focus mainly on climatic, soil, and
vegetation factors, with limited attention to subsidence. Recent approaches, however, integrate
groundwater indicators—such as level decline, EC, SAR, and subsidence rate—to improve accuracy in
assessing land degradation. Models like IMDPA now allow for reclassification of desertification
severity and better identification of critical zones. This study therefore evaluates the impact of
groundwater depletion, water quality deterioration, and subsidence on desertification in the Abarkouh—
Sirjan watershed using the IMDPA model.

Materials and Methods

To this end, thematic layers of groundwater-related indicators—including groundwater level decline,
electrical conductivity, sodium adsorption ratio—and land subsidence maps were prepared and
classified in terms of desertification risk. Subsequently, by integrating the qualitative and quantitative
groundwater degradation maps with the land subsidence map (considered as a soil criterion) through a
regional averaging approach, the final desertification severity map was generated. Ultimately, the
spatial distribution of desertification intensity was mapped using final desertification risk classes
derived from the averaged values of the individual indicators.

Results and Discussion

For the evaluation of desertification status, groundwater quality indicators (EC and SAR) were first
examined. Since land subsidence data for the Abarkouh-Sirjan basin were available for the 2015-2016
hydrological year, groundwater quality indices were assessed for 2015-2016 and 2016-2017, and their
spatial averages were calculated. Results indicated that approximately 60% of the groundwater
resources in the study area exhibited high salinity levels (EC exceeding 5,000 uS/cm). The spatial
distribution of SAR revealed that, except for Sirjan and Ghotrooyeh playas (values between 18 and 26),
SAR values across the rest of the study area were generally below 18 (low category). The regional
average groundwater level decline was about 54 cm for the entire area and 57 cm for aquifers, with
variations ranging from 1 cm to 237 cm across the basin. Moreover, land subsidence was most
pronounced in the Abarkouh, Bavanat, and Sarchahan aquifers, classified within moderate to very
severe categories. The final map demonstrated that more than 90% of the study area fell within moderate
to very severe desertification intensity classes.

Conclusion

Analysis of hydrogeological data revealed considerable spatial variability in groundwater level decline
across the Abarkouh-Sirjan basin, leading to water quality changes such as increased EC and SAR in
certain locations. The land subsidence zoning map also identified vulnerable areas with varying
subsidence rates. By integrating groundwater quantitative and qualitative indices with land subsidence
data, the final desertification intensity map was produced, showing that more than 90% of the region
lies within moderate to very severe categories, of which approximately 10% is classified as very severe
and around 40% as severe. Furthermore, desertification severity was concentrated in zones experiencing
substantial groundwater decline and high subsidence rates. These findings highlight the critical
importance of land subsidence as a key criterion in desertification assessment and demonstrate that
integrating hydrogeological and geomechanical data can play a decisive role in identifying critical areas
and formulating effective management policies.
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