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Article Info ABSTRACT
Article type: In arid and semi-arid regions, groundwater is more important for
Research Article humans and ecosystems than surface water. Land subsidence is caused
by the pumping and uncontrolled use of groundwater in an area. When
Article history: the extracted quantities are not replenished by rainfall, it leads to
Received damages such as road failures, destruction of residential areas,
2021/08/31 railways, as well as water and gas pipelines. The Yazd-Ardakan plain
Received in revised is or)e of the main_ plains in_Yazd province, h_osting _75% of the
2021/06/10 province's population density and most industrial centers.
Additionally, this plain has been subjected to a ban by the Ministry of
Accepted Energy due to a sharp decline in groundwater levels. This study aimed
2021/10/23 to quantify and compare the extent of subsidence using four Synthetic
Pre-Published Aperture Radar (SAR) images of the C-band from the Sentinel-1
2021/10/23 satellite and the radar differential interferometry method from 2017 to
Published online 2021. The maximum subsidence recorded in 2017 was 13 cm, while
2025/03/21 in 2020 and 2021, it decreased to 9 cm, primarily concentrated in the
Shamsi region between Meybod and Ardakan. Furthermore, to
validate the satellite-derived results, they were compared with those
Keywords: obtained through accurate leveling methods conducted by the Iran
DINSAR, National Cartographic Center. The study revealed that Sentinel images
Interferogram, exhibit a strong capability to estimate the extent of subsidence.
SNAP, Considering the examination of groundwater consumption and
Subsidence. depletion statistics in recent years, potential reasons for the reduction
in subsidence in the study area could be attributed to management
measures such as water transfer to this basin, alterations in agricultural
practices, and a decrease in groundwater depletion compared to
previous years in this region.
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Introduction

In arid and semi-arid regions with low rainfall, water requirements are primarily fulfilled
through groundwater and well extraction, often resulting in land subsidence. In recent years,
radar interferometry and differential radar interferometry have been employed to measure
land deformation. The Yazd-Ardakan Plain is faced with a critical situation due to population
growth, traditional irrigation methods in agricultural areas, and the presence of numerous
industrial centers. Recently, the Yazd-Ardakan Plain has been designated as a restricted area,
leading to more cautious groundwater exploitation. Moreover, traditional agriculture in this
area has declined, with a shift towards greenhouse cultivation and modern irrigation
techniques. Additionally, the introduction of a water transmission line from Isfahan to Yazd
has supplemented the region's drinking water supply. As a result, it is expected that
groundwater extraction and subsequent subsidence rates in this area have decreased. The
objective of this research is to assess the extent of subsidence in the Yazd-Ardakan Plain
using Sentinel-1 satellite images and the differential radar interferometric method. The study
aims to compare current subsidence levels with those of previous years and analyze them in
conjunction with recent trends in water consumption.

Methods and Material

In this research study, Sentinel-1 images spanning from 2017 to 2021 were employed to
determine the annual rate of subsidence. The differential radar interferometric technique was
utilized to quantify the deformation of the Earth's surface. SNAP software was employed to
process the Sentinel-1 images and generate interference maps. Subsequently, the SNAPHU
algorithm was employed to analyze these interference maps and obtain the interferometry
phase. Finally, the Snap software was utilized to compute the magnitude of the land
deformation.

Results and Discussion

Based on the findings of this study, the maximum amount of subsidence observed between
the years 2017 and 2018 was 13 cm. Subsequently, there was a decrease in the highest
recorded subsidence between 2018 and 2019, which amounted to 8 cm. This indicates a
reduction in subsidence during that particular period. The amount of subsidence remained
relatively constant at a peak of 9 cm between the years 2019 and 2020, as well as 2020 and
2021, compared to the initial measurement in 2017. This suggests a stabilization of
subsidence rates during these years. It is worth noting that the region experiencing the highest
levels of subsidence consistently across all years was Rastaq, located between the cities of
Yazd and Meybod. In the past, traditional irrigation methods in agriculture heavily relied on

the extraction of groundwater in this area. However, with the designation of the Yazd-
Ardakan Plain as a critical area in terms of water resources and subsequent enforcement of
prohibitions, management efforts have focused on reducing water consumption. As a result,
farmers have transitioned to greenhouse agriculture and modern irrigation techniques,
leading to a decrease in water usage. This shift in agricultural practices may contribute to the
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observed decrease in subsidence rates in recent years . Furthermore, in previous years,

groundwater was used to supply drinking water to the cities surrounding the Yazd-Ardakan
Plain. However, with the implementation of water transfer projects from Isfahan to Yazd, a
significant portion of the drinking water demand has been met through this external source.
This has resulted in a reduction in groundwater extraction. This suggests that water transfer
initiatives have been effective in conserving groundwater resources and mitigating
subsidence rates within the basin. Additionally, the agricultural sector, which historically

accounted for the highest water consumption, experienced a notable decrease of 705.27
million cubic meters in water usage from 2011 to 2019. This reduction coincided with a
decline in the number of wells, springs, and aqueducts, with the number of wells decreasing
by 191 units during the same period.

Conclusion

In this study, the subsidence of the Yazd-Ardakan plain in the region between the cities of
Yazd and Ardakan was assessed using Sentinel-1 images and the differential radar
interferometry method for the period from 2017 to 2021. The solar area, primarily used for
agriculture and dependent on underground water extraction for irrigation, exhibited the
highest degree of subsidence. By analyzing and comparing water resource consumption,

discharge, and the number of wells in recent years, it was discovered that water consumption,
particularly in the agricultural sector, decreased by 705.27 million cubic meters in 1399
compared to 1381. This decline in water consumption could be attributed to the reduction in
subsidence observed in comparison to previous years. Additionally, both the number and
volume of discharge from wells, springs, and aqueducts have decreased over time.

Furthermore, the Rastaq region, which experiences the most significant subsidence, has
witnessed a shift from conventional agricultural techniques to greenhouse farming in recent
years. This transition has contributed to a decrease in water consumption within the
agricultural sector. Although land subsidence is a challenging issue to reverse, efficient water
resource management can play a vital role in mitigating subsidence rates in a given area.
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