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Fig 1. Geographical location of the study area.
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Fig 2. Flowchart of Sentinel-1 image pre-processing to produce interferograms and subsidence maps.
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obtained by radar interferometry.



(Ll 5 LT3 ob o s 1053 50 4alllan) (5l vin 15 K | e s 5 20

0355 ol Gl 4 Lol e ls slazel B )KJJs-l.x: A

(0 JS2) wamr gL sy g0 | WSy s Sl b 3
SIS e T g 5 edasgli s sla e Sy o el
BE CJL««M LSYL’ ‘)L*.w...v C3s aS 03 4 +/q LEYL’ )&J}U}

ot S s e DB Ctis B 0 a5l
3 andlaes ; se adein mhaws 55 G LS B F S e Como
S ) Sl i JHI (o3 2 8) SIS JHIN a5
A eslazal Gl gladssil 5 sl 858 ((Sbe
=S ppd Ak R Lo -
1 S 3las Ol ednsOlis S0 S0 s e

VG &ﬁ)K; S e 6&().*@1)\.&‘ RGO U

34°10'0"N

34°0'0"N

@ sa3iaa claliug,
ﬂ aadlas 3 ga 03 gAas
(om <eudis i i)

m 1cm

-4 cm

47°0'0"E

Kilometers, Z¢

47°20'0"E

34°10'0"N

47°20'0"E

ARC GIS 5 SNAP SANTINEL ,i33lp 5 Jaes 53((gms 2 55D J5105 3y gos s 3ty i (i s 0 JS3

Fig 6. Validation of subsidence using coherence image in SNAP SANTINEL and ARC GIS software
environment.
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Table 2. Verification numbers in coherence image (SNAP SANTINEL).

product Pixel info
Image-x 2486 pixel
Image-y 1690 pixel
longitude 46. 55,02 Edegree
latitude 34. 08, 29 Ndegree
Dicplacement_vv 0.00180 metres
Coherency_wv < AFf.y
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Abstract

Mapping the patterns of spatial distribution and
determining the trend of spatial changes in
environmental data is very important. In this regard,
the current research is planned with the aim of
determining the spatial correlation and occurrence
pattern of the instantaneous maximum discharge
data in Ardabil province in different return periods
using Moran's index. The flood discharge values
were calculated using CumFreq software at
different river gauge stations in 5, 10, 25 and 50
years return periods. Spatial correlation was
calculated through the Global Moran's | index, and
then the cluster occurrence pattern of floods was
determined using Anselin Local Moran | index.
Based on the results, the values of Global
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Moran's | index have been calculated as 0.168,
0.201, 0.268, 0.115in 5, 10, 25, and 50 years return
periods, respectively. The least spatial correlation
was observed in the 50-year return period and the
highest spatial correlation was observed in the 25-
year return period. A high-high (HH) cluster pattern
was observed in Gilandeh and Pol-Almas stations.
On the other hand, some river gauge stations of the
Sablan mountain range and the northeastern area of
Ardabil province had not significant z-statistic
values, which means there is no cluster pattern in
the data of the mentioned stations with the
neighboring stations. As a concluding remark, it can
be said that the difference in the clustering pattern
of instantaneous maximum discharge is related to
different climatic conditions, topography and the
difference in the causes of flooding in the
watersheds. Studying the spatial pattern changes
and trends of flood-generating precipitation
characteristics (intensity, duration, frequency) and
evaluating the impact of land use changes and
encroachment on river riparian zones are proposed
research avenues. Some floods occur due to changes
in precipitation characteristics resulting from the
intensification of extreme events and climate
change. Therefore, assessing the pattern of
precipitation occurrence and the conditions
affecting flood intensification necessitates a more
comprehensive evaluation.
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Extended Abstract

Statement of the Problem: Subsidence is a
morphological phenomenon that occurs due to the
lowering of the earth's surface. This phenomenon can be
affected by factors such as chemical dissolution,
withdrawal of underground water resources, withdrawal
of mineral resources, withdrawal of oil and gas resources,
underground fires and finally tectonic movements.
Although the occurrence of this phenomenon has a
relatively high frequency and sequence, due to the very
slow and slow movement of the earth, it is often not
possible to understand and measure it correctly.
Therefore, the occurrence of this phenomenon in most
areas can only be recognized when it affects the surface
morphology and especially in the facilities and
equipments and causes destruction and damage. This
natural phenomenon sometimes occurs due to intensified
pressures on groundwater resources, such as
overexploitation beyond their replenishment capacity.
the trend And it takes a wide range. There are two direct
and indirect methods to calculate the amount of
subsidence. Among various methods, the indirect
approach using satellite imagery (radar interferometry) is
considered the most effective for continuously measuring
Earth's crustal changes.

Purpose: The aim of the current research is to investigate
the subsidence of the land in Sarfirouzabad plain
(Kermanshah province), using the radar interferometry
technique in the Snap Sentinel software environment. In
the present perusal, in order to achieve the above purpose,
using satellite data and radar interferometry techniqu, the
deformation of the subsidence in Sarfirozabad plain in
the has been investigated.

Research method. In this research, using the radar
interferometric technique, the amount of land subsidence

in the Sir Firouzabad plain in a period of 5 years (2017-
2022) has been obtained using Sentinel 1 radar images
and analysis in Snap sentinel software.

Results and discussion: Regarding the
geomorphological impacts of land subsidence in
Sarfirozabad Plain, it is expected that changes in
topography will significantly affect hydrology and
surface morphology in the near future. Change the bed of
the rive. rs and small channels in the plain and by
changing the bed slope and in some cases creating the
opposite slope, make it possible to flood the residential
areas. In the studied area, according to the fault map of
the area, it can be seen that the waterways follow the fault
lines and this can cause more geomorphological issues
and problems due to the subsidence of the land in the
area. Sarfirouzabad plain (Kermanshah province), like
most plains in Iran, is also subsiding, and in recent years,
we have witnessed a significant subsidence. Based on the
current research, the average subsidence rate in
Sarfirozabad Plain was 1-4 c¢cm during the 5-year period
from June 3, 2017, to December 22, 2022. and the highest
amount of subsidence is in the area of agricultural lands
and fields in the villages of Sarfirozabad. And this
indicates that every year there is a certain amount of
subsidence with a little movement in the region. This
phenomenon poses a significant threat to agricultural
lands and residential areas in nearby villages.

Conclusion: The results of this study showed that the use
of radar interferometric technique can be considered an
efficient tool in estimating the displacement of the Earth's
crust.

Keywords:  subsidence, radar interferometry,
morphological changes, time series, Serfirouzabad
Kermanshah.
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