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ARTICLE INFO ABSTRACT

The Persepolis World Heritage Site, located in the northern part of Fars Province, is one
of Iran’s most significant historical landmarks, dating back to the Achaemenid period
(300-560 BC). Studies have shown that the surrounding areas are experiencing land
subsidence due to prolonged drought, dam construction, and excessive groundwater
extraction. Therefore, this study aims to investigate and map the stability/instability
. . patterns of Persepolis from October 27, 2016, to February 22, 2020, using radar
Article History: interferometry. To analyze the time series of subsidence in the study area, we applied
Received 27 November 2024 Persepolis Time Series Analysis (PS-INSAR). The analysis was based on 180
Revised 14 December 2024 SENTINEL-1A images, covering both ascending and descending orbits, to assess the
Accepted 18 December 2024 rate of land deformation at the Persepolis archaeological site. Specifically, we focused
Published 20 Desember 2024 on the Takht-e Jamshid region, located on the southern slope of Mount Ko Rahmat, and
identified and measured land deformation phenomena there. Our results show that
Takht-e Jamshid has not experienced significant subsidence during the observation

Avrticle type:
Research Article

Keywords: period (2016-2020), with an estimated rate of -5 to -10 mm per year. This study
Persepolis, provides evidence that the observed deformation at the site is not related to the
Land subsidence, subsidence of the Marvdasht aquifers, which are underlain by Quaternary sediments.

Overexploitation of groundwater,  These findings contribute to a deeper understanding of land subsidence dynamics in the
Protection of historical heritage, Takht-e Jamshid region and underscore the need for continued monitoring and
Scatterer Interferometry. management of this invaluable archaeological site.
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1. Introduction

Persepolis, also known as Takht-e Jamshid in modern Persian, was the prominent capital of the
Achaemenid Empire and remains one of the world's most renowned archaeological sites. Built
approximately 2,500 years ago during the reign of Darius I, it served as a vital commercial and
administrative hub in the Achaemenid era. In recent decades, persistent droughts, excessive
groundwater extraction, and climate change have led to a decline in water resources in the Marvdasht
plain and the surrounding areas of Persepolis. These changes have caused land subsidence in the
region, posing a significant threat to the site's ancient infrastructure. Previous studies have established
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a direct link between land subsidence and declining groundwater levels, particularly in areas with high
concentrations of soft sediments, such as the Marvdasht Plain. Given these findings, land subsidence is
recognized as one of the most critical threats to archaeological sites, emphasizing the importance of
careful monitoring. Considering the historical significance of Persepolis and the ongoing droughts and
environmental changes affecting Iranian plains, it is essential to address the risk of subsidence at this
World Heritage Site. Therefore, this study aims to fill the existing gap by identifying and evaluating
subsidence patterns in the Persepolis region. It uses radar interferometry techniques, specifically the
PS-INSAR method, with data spanning from 2016 to 2020 to provide accurate and up-to-date
information.

2. Materials and methods

This study utilized the PS-INSAR technique to monitor and quantify ground deformation at the
Persepolis World Heritage Site, a UNESCO World Heritage Site of significant global and national
importance in Iran. The objective was to examine the spatial and temporal changes in land subsidence
and geomorphological variations within the Persepolis site over five years, from 2016 to 2020. A
comparison of INSAR measurements from different orbits revealed a correlation of approximately 0.73
between the measurements, with an RMSE of 1.86 mm per year, indicating strong consistency in the
INSAR data. The results showed that subsidence at the Persepolis site remained largely stable from
2016 to 2020, with an average rate of < -0.107 mm/year based on 26 permanent scatterers (PS). The
estimated subsidence rate for the 2016-2020 period, derived from Permanent Scatterer Interferometry
(PSI), aligns with the geological setting and land use. Given these findings, it can be concluded that an
integrated approach—considering the geological context along with surface and groundwater
management—is essential for evaluating subsidence rates and implementing effective environmental
management strategies.

3. discussion and Results

According to the results derived from the radar images, the southern and western regions surrounding
the Persepolis World Heritage Site are among the areas experiencing the highest rates of land
subsidence, ranging from -200 mm per year to -100 mm per year. These regions, which rely heavily on
groundwater exploitation for agricultural activities, are particularly vulnerable. In the vicinity of
Persepolis, several villages and towns, including Vali Asr (southeast), Kenare (south), Firuzi (east),
and Talar Dehkadeh (northwest), are located in areas prone to significant subsidence. Notably, Kenare
village, situated 3.5 km southwest and south of the Persepolis site, has experienced subsidence rates
exceeding 130 mm yearly. The deposits in these areas consist of silt, sand, and floodplain clay,
scattered across the villages and especially susceptible to subsidence.

During the study period (October 2016 to March 2020), the average annual subsidence rate in the
western Persepolis region was more than -100 mm per year. However, the Persepolis complex itself
showed no significant subsidence. To investigate the rate of subsidence in the broader Persepolis area,
land deformation measurements obtained in the GIS environment were integrated with other
parameters. The region was classified based on geological units, and the resulting subsidence data
were compared with the classified geological map. The comparison revealed a clear correlation
between the subsidence rate and the geological units in the study area, highlighting the role of
underlying soil and sediment composition in influencing land deformation patterns.

4. Conclusion
The study employed the PS-INSAR technique to monitor and quantify ground deformation at the
Persepolis World Heritage Site, a UNESCO World Heritage Site of significant global importance
located in Iran. The spatial and temporal variations in land subsidence and geomorphological changes
were analyzed across the site over five years, from 2016 to 2020. A comparison of InSAR
measurements from different orbits revealed a correlation of approximately 0.73 between these
measurements, with an RMSE of 1.83 mm per year, indicating strong consistency in the INSAR data.
The results showed that subsidence at the Persepolis site remained relatively stable from 2016 to
2020, with an average rate of <-0.107 mm/year, based on the analysis of 26 permanent scatterers (PS).
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The estimated subsidence rate for the 2016-2020 period, obtained using Permanent Scatterer
Interferometry (PSI), was consistent with the area's geological setting and land use patterns.

In light of these findings, it can be concluded that effectively assessing subsidence rates requires an
integrated approach that takes into account both the geological context and the management of surface
and groundwater resources.
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