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Subsidence Causes, In recent years, the irreversible phenomenon of land subsidence has led to
RadarInterferometry, environmental hazards in various plains of Iran including Gorgan. In general, the most
Groundwater, important  activities causing this phenomenon are inappropriate groundwater

withdrawal and geological factors. The research method consists of two sections:
identifying subsidence areas and examining the effective factors and parameters and
evaluating the impact of each. In identification section, radar interferometry technique
was used to compare the phase taken from two radar sets from the same region at two
different times and measurement of land surface changes over time can be achieved
through interferogram, and in the effective factors analyzing section, the determination
and analysis of effective parameters such as water level drop, texture and thickness of
soil layers, especially fine-grained layers were investigated. The results of the satellite
data analysis indicate that the region is steadily subsiding. The mean velocity map
along the satellite line of sight obtained from time series analysis showed a subsidence
rate of 14 mm / month (169 mm / year). The identified subsidence range is
: approximately eastern-western which is consistent with trends in structures such as the
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Extended Abstract

1- Introduction

Inappropriate groundwater withdrawal and geological factors are very effective in the occurrence of
subsidence (Tzampoglou and Loupasakis, 2017). All over the world, most subsidence occurs in areas with
the highest water demand and density of groundwater wells (Jeanne et al., 2019). The porosity of soil layers
aggregates (Zhou et al., 2019; Rezaei & Mousavi, 2019), density (Zhou et al., 2019), type (Zhou et al., 2019),
texture and composition of layers (Rezaei & Mousavi, 2019), pumping mode (Jeanne et al., 2019), the regional
geological structure (Rosen et al., 2000), hydraulic conductivity of hydrous layers (Zhou et al., 2019),
precipitation, and temperature (Zhou et al., 2019) are all factors affecting land subsidence. The prediction and
detection process is based on well data, geophysical tests, and engineering/ geotechnical data to predict and
measure land subsidence, useful porosity, and its compressibility potential (Fazli et al., 2013). This study
aimed to identify possible areas of subsidence in the west of Golestan province, especially in Gorgan City,
the probable causes of subsidence, and identify areas most likely to have vertical displacement.

2- Methodology

Radar interferometry was used to investigate the subsidence of the study area, and the interferograms were

observed and analyzed during the study period (26/1/2007 to 11/12/2010). Researchers from around the world
have identified six key factors in the study of factors contributing to subsidence:

. Investigation of the layering profile and the floor stone

Groundwater level changes

Effective pressure changes and the effect of groundwater level drop on the stress applied to the substrates

Volume compressibility coefficient

Fine-grained layer thickness

. Fault

All the factors mentioned above, and the effects of subsidence processes on the Gorgan plain were investigated in this study.

3- Results and Discussion

The results of the satellite data analysis indicate that the region is steadily subsiding. The mean velocity map
along the satellite line of sight obtained from time series analysis showed a subsidence rate of 14 mm/month.
The identified subsidence range is approximately east-west, which is consistent with trends in structures such
as the Caspian.

4- Conclusions

The phenomenon of subsidence in Gorgan City was studied in this research, and the extent of its subsidence
was determined by radar interferometry over 34 months. Interestingly, the subsidence signal observed in the
north of Gorgan has an almost east-west trend, which is consistent with trends in some of the region's
formations, in particular the Caspian Fault and the mountain frontal boundary. This suggests that although
waterlogging eventually led to subsidence, structural factors seem to have controlled the subsidence range.
Coping with subsidence is based on three principles of prediction, detection, and monitoring. Therefore, the
prerequisite for any geometric modeling to predict and control the phenomenon, as well as to identify the
subsidence areas, is to apply existing geodetic techniques, in particular INSAR and Precise Leveling. On the
other hand, because of the cost-effectiveness and spatial coverage that radar interferometry offers compared
to the spatial coverage and the cost of accurate observation repetition, this technique is applied in addition to
precision observations to control the accuracy of the results obtained from the interferometer.
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Fig (2): Soil stratification profile in Gorgan - Geological section of alluvial deposits of Gorgan plain. This

section is plotted along north-south from Gorgan city to the Qarasu River based on information from five
exploration and exploitation wells
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1-Depth(m) Séﬁ;?:n Description
0-40 Clay
50-120 Sequence of clay layers and find
sandstones
130-150 | e Small to medium sand
160-200 Small to medium silty sand
2-Depth(m) ng;errtn Description
0-40 Clay
50-80 Sequence of fine clay layers and
fine sandstones
- ] .
90-120 E:;:._a::_:;} Gravel sand with clay
130-140 Very fine silty sand alteration
150-160 et Gravel sand with clay
170-200 : Very fine silty sand alteration
:::E:E::::‘ Gravel sand with clay
Small to medium silty sand
3-Depth(m) ng;erT Description
0-40 | | Clay
50-80 —_— Sequence of clay layers and
alternation of silty sand
90-120 Very fine silty sand alternation
130-140 Fine sandy clay
150-160 Gravel. Sand with clay
170-200 Frequency of very fine sand

Tab. 3- An example of agricultural well drilling logs (Regional Water Company of Golestan Province)
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4-Depth(m) Sgﬁ;?{n Description
0-40 Clay
50-120 Sequence of clay layers and find
sandstones
130-150 Small to medium sand
160-200 Small to medium silty sand
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Fig. 4-Groundwater level changes in Gorgan plain (drop Fig.)
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Fig. 6- Groundwater level drop
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