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Fig 4. Critical subsidence zone map of Mashhad-Chenaran plain
A. zone 1: south-east area , B.zone 2: central area , . zone 3: north-west area
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Fig 6. Comparison between mean subsidence rate computed from leveling projected on the
INSAR data in the BCBD path of leveling, A:Leveling period 1994-2002, B: re-Leveling period
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Fig8. combination of subsidence and groundwater level depletion(30 years) maps
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Fig9. Combination of subsidence and groundwater level depletion(30 years) maps
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Fig. 10. Groundwater depth with subsidence graphs in group 1 of selected piezometers
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Extensive exploitation of groundwater resources in the Mashhad-Chenaran aquifer in the last 50 years
(1970-2021) has led to a sharp decline in groundwater levels. Negative effects of subsidence due to
the severe development of groundwater resources have occurred in some parts of the plain since the
late 1980s and in recent years has covered the entire plain. In this study, subsidence of the entire
Mashhad-Chenaran plain has been investigated using Sentinel-1A radar jmage data between 2014 and //{ Deleted: Satellite ]
2020 using Small Baseline Subsci(SBAS) Interfergrametry method, Examination of subsidence maps ——{ Formatted: Highlight ]
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processing at the location of Golmakan GPS stations and Toos power plant with the actual measured \ :
values show the high compliance of these two time series. Adaptation of 30-year groundwater level
drop curves and subsidence map shows that the triple subsidence zones correspond to areas with
groundwater level drop of more than 30 meters. Also, to investigate the relationship between
subsidence and groundwater level drop, correlation coefficients and determination coefficients for
each well have been calculated using groundwater level and subsidence data at the location of selected
observation wells. Based on the obtained correlation coefficients, the selected wells are divided into
two groups with a correlation coefficient of more than 0.8 (75% of wells) and between 0.46 and 0.008,
which indicates a good correlation between subsidence rate and groundwater level drop in the most
observation wells.
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Investigation of land subsidence development trend of Mashhad-Chenaran plain using
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Statement of the Problem: Mashhad-Chenaran study area, in terms of water, political and sociql
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resources, is the most important sub-basin in Qaragoom catchment and Khorasan Razavi province.
Extensive exploitation Intensive use of groundwater resources in Mashhad-Chenaran aquifer in the
last 50 years (1970-2021) has led to a huge decline in groundwater level. The negative implications
of land subsidence due to the severe development of groundwater resources have occurred in some
parts of the plain since the late 1980s, which has covered the entire plain in recent years. Despite
numerous researches in the last 20 years, no comprehensive one has been conducted to cover the
entire Mashhad-Chenaran plain. in fact, in the almost all previous studies, the central and southeastern
parts of the plain have been included. In this study, for the first time, the subsidence map of the entire
plain has been prepared using Sentinel-1A radar satellite data image and its relationship with
groundwater decline has been statistically investigated.

The main purpose of this study is to investigate the trend and extent of land subsidence caused by
groundwater overextraction in Mashhad-Chenaran plain within the period 2014 to 2020 using radar
interferometry technique.

Materials and Methods

To achieve the purpose of the study, 106 Sentinel-1A radar images, in the period of October 2014
to May 2020, received from the European Space Agency, have been used. Moreover, the existing
leveling routes data for the period 1992-2004 and the Golmakan and Toos power plant GPS stations
data has been received from the National Cartographic Center and the groundwater level data received

from Khorasan Razavi Regional Water Company. The radar images were processed using the SBAS /
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method with GMTSAR open source software. The subsidence maps and time series were prepared
and for the entire plain. In order to verify the obtained information, the results were compared with
the existing leveling information for the period of 1994-2005 and Golmakan and Toos power plant
GPS stations.

Results and Discussion :

According to the land subsidence maps prepared for the periods of October 2014 to April 2016
and August 2016 to June 2016 three main subsidence zones were identified in the southeast of
Mashdad city (Zone 1), between Mashhad — Chenaran cities(Zone 2) and northwest of Chenaran
city(Zone 3). In the period from October 2014 to April 2016, the maximum annual rate of subsidence
in Zone 1,2 and 3 is 16.3, 8 and 9.3 cm, respectively. In the period from August 2016 to June 2016,
the maximum annual rate of subsidence is equal to 19, 8.9 and 12.1 cm in Zones 2, 1 and 3,
respectively. In general, the subsidence rate has increased from 2014 to 2020.

According to the validation of land subsidence rate estimated using radar image processing with
the actual values along the leveling routes from 1994 to 2005 as well as the Golmakan and Toos
power plant GPS stations for the period 2014-2020, despite the time mismatch, the rates are consistent
in terms of intensity and trend of changes, which confirms the accuracy of the processing steps. Also,
the comparison of the land subsidence and 30- year groundwater decline maps shows the adaptation
of the three main subsidence zones with of areas of more than 30 m drop in groundwater level. To
investigate the relationship between subsidence and groundwater level decline, the time series of
groundwater level changes and subsidence at the location of observation wells were compared. For
this purpose, correlation and determination coefficients for each well have been calculated in 20
selected observation wells. Based on the obtained correlation coefficients, the selected wells could be
classified into two groups. In the first group, which includes the majority of selected wells (75%), the
correlation coefficient is more than 0.8, which indicates a very strong correlation between the
subsidence rate and groundwater level decline. In the second group, which includes Qalea-e-
Sakhteman (Zone 1), Hassanabad Virani, Jooy-e-Paien, Tokhm Marz and Bahrabad wells (Zone 2),
the correlation coefficients vary between 0.46 to 0.08, which indicates a medium and very small
correlation between the subsidence rate and groundwater level decline.

Conclusion :

The results of Sentinel-1A radar image processing show that land subsidence due to groundwater
over extraction has spread in a large part of the Mashhad-Chenaran plain so that three subsidence
zones can be distinguished. Although there is a high correlation between land subsidence rate and
groundwater level decline in these three zones, in some other areas this correlation has decreased
significantly. In these areas, in addition to the drop in groundwater level, other factors such as the
fine-grained sediments percentage, the presence of clay layers and the groundwater discharge amount
play a more significant role. In addition, the structural geology of Mashhad plain such as the major
faults control the expansion of subsidence areas.

This study showed that Radar Interferometry technique, in addition to being an efficient tool in
estimating the rate of subsidence and its extent, enables the detection of the temporal changes in the

subsidence rate.

Keywords: Land subsidence, Radar Interferometry, Groundwater, Correlation coefficient, Mashhad-
Chenaran plain
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