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Fig. 1. Diagram of research processing steps. The upper part is related to the differential interferometry technique in SNAP software,
the lower part is related to the processing of permanent distributors in StaMPS software
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Fig. 2. Shows the geographical location of the study area based on the catchment area
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Fig. 3. Geographical location of the study area, Iran, Yazd province and Khatam city, respectively
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Table 1. Complete list of data used by Sentinel-1 sensor

L;)jcv_ &t Lol sl Oleslu 3l eddags (53 5m0 Il 53 IW (6513 52 5 sl o 0303 ¢ gazme o]
Laesls s,
2017/03/20 S1IA IW_SLC 1SDV 20170320T142545 20170320T142612 015777 _019FAE_ 6870 1
2017/04/25 SIA_IW_SLC__1SDV_20170425T142547 20170425T142614 016302_01AF8C_08BB 2
2017/06/12 SIA_IW _SLC__1SDV_20170612T142550 20170612T142617_017002_01C507 8337 3
2017/07/18 SIA_ IW_SLC__I1SDV_20170718T142552_20170718T142618 017527 _01D4FB_58EC 4
2017/05/19 SIA_IW _SLC__ISDV_20170519T142548 20170519T142615 016652 _01BA33_AElA 5
2017/08/23 S1A_IW_SLC_1SDV_20170823T142554 20170823T142621 018052 _01E4F8 SA7A 6
2018/01/14 S1A_IW _SLC_1SDV_20180114T142553 20180114T142620 020152 _0225F7 7510 7
2017/10/22 S1A_IW _SLC__1SDV_20171022T142555 20171022T142622 018927 01FFC4_566A 8
2018/01/26 S1A_IW_SLC__1SDV_20180126T142552 20180126T142619 020327 022B81 44F1 9
2018/02/07 S1A IW_SLC 1SDV 20180207T142552 20180207T142619 020502 02311A_6EFC 10
2018/02/19 S1IA IW_SLC 1SDV 20180219T142552 20180219T142619 020677 0236AE B2BC 11
2018/03/03 SIA IW_SLC 1SDV 20180303T142552 20180303T142619 020852 023C3A_3EE9 12
2018/09/23 S1A IW_SLC_1SDV _20180923T142601 20180923T142628 023827 02999B 1AB6 13
2018/10/29 S1A_IW_SLC_1SDV_20181029T142602 20181029T142629 024352 02AAAA 7EAB 14
2018/04/08 S1A IW_SLC 1SDV_20180408T142552 20180408T142619 021377 _024CCF 2176 15
2018/06/19 SIA IW_SLC 1SDV 20180619T142556 20180619T142623 022427 026DCC _82EF 16
2018/11/22 S1A_IW _SLC__1SDV_20181122T142601 20181122T142628 024702 _02B767 391E 17
2018/12/04 S1A IW_SLC 1SDV 20181204T142601 20181204T142628 024877 02BD5B 298F 18
2018/12/16 S1A IW_SLC 1SDV 20181216T142600 20181216T142627 025052 02C3A2 FE21 19
2019/01/09 S1A IW_SLC_1SDV _20190109T142558 20190109T142626 025402 02D047_EEB9 20
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Table 2. Some parameters related to the master image

(Sub-Swath) _:iy .5 alad Tl e S e sl addejled addlass e adlae gl
IW-2 1 ¢ VV  YOAE/0A qy S Ol g
IW-2 A b VV YA EA qy g o Ol gl

Cou g
Gl b e FIE 8 el s
ES O el b sl e s Sl gleeds
Sl Lo abos Sl s B3 - 5« SNAP2SMPS
N T CE Y P TSP N I
G’Q&é@s&uduﬁ,ﬁgsgpw
ol S3LG 55 e e £ K5 5 SNAP2StaMPS
AlGde s g S gl S ash onl 0 &S
55 e T 33 L SRTM st _slis,) Joe 51 31 S 505
TSl el fen A el 25l e ol
SlaeiS S L e b5 i, 5ol b L I
Sl V= ot ki ($15ly e E Sl sslinal L odls
sl 03,5] e S I Sl 0 ges 53 (8 K5 LS
oerabi L S ) oln K IS8l 5 el
Lo glely s e el Sl AU el asils
I g o ng Wl lse iomen Can ol
23 $iaslES ol 5l U alS Ry 5 el S >
ple amys g pepded B, s Sl Corge baasU
52 03 S5 alael ol el JelS & pons g 68 S
ol IS rl s GG s Gles abee Bt Jsb s 4

et (ol (G i 534S (E Jsd) Sl

03 by Gl e G 3 S5l s A

53 4D 35 40) 85 5 5 dte s ¢l§ Sl oo candlas ol
8 s ) 0L glacey Sl SWS w0 (2 bl I
skl Gl G x5 sl sileeslel oyl
Gl 5 Slesissn 5 el g p 33 o 550 e plnl

5 S ke ek b S g o8 (2 bl (gl
s el o8 ol s s e FI bl
Jyemapsbar o35 o8 55 355 o el ezl 135l 5
bog s jemle 003 b G ol labniy
Olgeas psw o8 (YY) Wi o Jlasl 5 2 5L0s sl 5l 5
oS onl s essdipe Cpmime B3I o (5 Sl
Glp by bl 5105 sl 5 S 2l ks &of Slowlons
Saul w3l Sllas sz o slol | TOPSAR (slaesls
slwl o(YE) as iy b g5 s (Back-geocoding) s S
0Ll 53 5 gl ey 151 30 5B Gl dales I
s e gs s b IS e 5l bk G
o e Sl a bl Sl e 38 e el S

Al Cews s (1sle,diff0,geo,dem) sl Sl b

J|J..3’L1. soacs u,’;;SlJ.; L o J:'-LU
rLAJ cW\ )‘J_e‘rj BE U‘LJbﬁ 4.l>]4 L}“?J;J U'i‘ BL
J‘?":“‘”\ slealy s sk ui)'lzﬁ SECia 6%@



e goils G RS b o S e S 3l

30°10"30"N

z
-

=
[ag)
Iy

=a)
s
[

2l
=~

4°29'E

S4°E 54°6'E  54°12'E  54°18'E

Fig. 4. Two examples of selected interference views in the final processing of the interferometric measurement (PSI)
method, with a length of 336 days and 60.77 meters: a) Interferogram of the facade related to Marvast aquifer
b); Interferogram of the facade related to Herat aquifer
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Table 3. Statistical parameters estimated from the average displacement velocity map along the satellite line of sight
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Fig. 5. Medium rate satellite landscape displacement (LOS) maps obtained from permanent Interferometry
measurement (PSI) and Sentinel-1 data processing during the period 20/02/2017 to 10/02/2019 from the Herat
groundwater aquifer Has come (a) and the aquifer is Marvast. Positive values indicate upward movement in the
direction of the satellite view and negative values indicate downward movement in the direction of the sensor's line of
sight. The background is taken from the Alos satellite (ALOS) based on the 30 m high surface level model (DSM)

95 A 53 Cundin o Sle dalps Llal 50 slaast Ko s b S omlw Ol8 e A S8 bl
oyl U’”L""‘J" Laa~L U'l‘ A ul:;‘.‘.a‘ u.?l:.ma.n 03 ghoo Sioslis g;'*")‘ 03 SRl R) ;j C‘J.>r.;'...a‘ JJ|J.1 TJ.':S\ LY
s I bl ban gt 2B iy 3 Bl o el aalsl s iomen 5 S cdalia

AY



e goils G RS b o S e S 3l

54°17'24"E 54°21'36"E 54°25'48"E

30°7'12"N 30°11"24"N

30°3'N

&
F
S
2

| F
i 3
"

|
t aea

29°58'48" N

54°5'24"E  54°  54°16'12"E

29°54'36"N

@)“,‘i@&bi«@}0)‘}65\.4-\.L:L}-‘S’_L‘wajéM)JQJ@wﬂcj#b@b&k}ﬂd‘jb@;)b&l@‘y9‘}13'
< okoslizul (ALOS-DSM30m) (s o ¥+ o ll ol sale el ol 1 42 sion g 5| iy 3

Fig. 6. Areas selected to evaluate the exact results of the average subsidence rate in line with the satellite line of sight.
For better display, the subsidence map is used from the background of the altitude map of ALOS satellite 30 meters
(ALOS-DSM 30m).
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Fig. 7. Medium displacement map in the direction of the satellite line of sight from the second area in the study area of
Herat Aquifer. To better display the results, the background of the 3D digital surface model of Alos satellite (ALOS
3D), and the background of the ARCGIS-Pro software mapping service from Esri company have been used -
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Fig. 8. The average displacement map in the direction of the satellite line of sight from the second area located in Marvas aquifer.
For a better view, the background of the digital 3D surface model of the Alos satellite (ALOS 3D), and the background of the

ARCGIS-Pro software mapping service from Esri company have been used.
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Table 4. Estimation of baseline for selecting pairs of interferometry images obtained from Sentinel-1 sensor images.
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aquifer of Marvasht plain
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Fig. 10. Display the time series of displacement in direction (LOS) The graph on the right is related to the Shoshuran
aqueduct of Marvast aquifer and the left is related to the white aqueduct of Herat aquifer (as shown in Figure 8).
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Table 4. Compare the estimated change rates between the selected areas
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Figure 11. Consequences of subsidence in the studied areas in the studied period (20/03/2017 to 10/03/2019). a) and b)
white aqueduct area in Herat aquifer, b) Shuran aqueduct area of Marvast aquifer.
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Abstract

Background and Objective One of the issues that
occur due to groundwater abstraction is land
subsidence. This situation is now reported in many
arid and semi-arid regions of Iran, especially in Yazd
province. In  addition, in recent decades,
heterogeneous development of agricultural lands and
uncontrolled extraction of groundwater from the
reservoirs of Herat and Marvast aquifers in Yazd
province have caused the occurrence of land
subsidence around agricultural lands. The rising metal
wall of deep wells and the horizontal cracks on the
ground directly indicate the degree of subsidence. It is
necessary to identify and identify areas that are prone
to subsidence due to the risk and danger to life.
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On the other hand, we must note that The effects of
subsidence may be accelerated by other natural
activities in the area such as volcanic activity,
earthquakes and landslides, and due to the seismicity
of many areas of our country, attention to this
phenomenon is of particular importance. Today, one
of the most accurate and cost-effective methods for
detecting ground surface movements is the radar
interference technique. By comparing the phases of
two radar images taken from the same area at two
different times, this method will be able to determine
changes in the earth's surface with accuracy and
spatial resolution in centimetres and even millimetres
in that time interval. In this article, for the first time,
we tried to monitor the subsidence of land subsidence
in Herat and Marva's aquifers by using Sentinel-1
satellite images and open source software. In this
research, we try to achieve the following goals by
using the time series data of the Sentinel-1 sensor,
which has not been used in the study of subsidence of
the studied areas. The aim of this study is to
implement the technique of interferometry with
permanent  distributors using the integrated
SNAP2StaMPS package.
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Another goal can be to estimate the subsidence rate by
processing a set of Sentinel-1 sensor images in the
period 20/02/2017 to 10/02/2019, approximately two
years of time series. The ultimate goal was to
investigate the data potential of this sensor in time
series analysis and monitoring of changes due to land
subsidence.

Materials and Methods Herat and Marvast aquifers,
in fact, the study areas in this study include Herat and
Marvast aquifers located in Yazd province. Herat and
Marvast aquifers are geologically part of the Zagros
(ophiolite, radiolarite) and Sanandaj-Sirjan zones. The
study areas are located in the 2nd-degree catchment
area of Abargoo and Sirjan deserts with code 44 and
an area equal to 57125 square kilometres. In this
study, 24 data related to Sentinel-1 sensor were
processed in one-dimensional mixed image level, high
pass, VV polarization and segment number 93 related
over a period of approximately two years in both study
areas. In general, most of the process of processing
and analyzing the time series of interferometers with
permanent distributors (PSI) in this paper was done by
two open source software, Snap and Stamps. Finally,
to automate the single-reference interferometry steps,
a set of code written in the Python programming
language called SNAP2StaMPS was used, which is
well designed based on the graphs of the Snap
software.

Results and Discussion One of the results of
interferometric processing based on the innovative
SNAP2StaMPS algorithm in this research was the
production of interference maps from which the
topographic phase has been omitted. Other results of
the standard deviation scatter index for the average
displacement map of both Herat and Marva's aquifers
were 4.19 and 3.65 mm per year, respectively. Also,
the main results of this study are the estimation of the
average displacement map of the Herat aquifer
between -40.33 to 11.46 mm per year and for Marva's
aquifer between-39.79 to 10.63 mm per year in terms
of satellite visibility during the study period (2017 to
2019). For this purpose, areas were randomly selected

and areas based on subsidence field evidence in both
study areas were selected. Hajiabad Naseri and, 6)
Marvast city, related to the Marvast aquifer can be
named. In this paper, due to the lack of specialized
tools to evaluate and validate the only way to review
the results, its compliance with ground subsidence
evidence, time series diagrams and hydrograph of the
aquifer unit. According to the hydrograph results of
Herat and Marvast alluvial aquifers, the groundwater
level in the Herat aquifer has decreased by about 5.5
meters during the 8-year period from 2011 to 2019,
based on data from 28 observation wells. This
hydrograph shows a drop of groundwater of about 7
meters over an eight-year period. The time series
results obtained from the interferometry of the images
used in this paper show the slope of the fitting line,
which actually shows the amount of displacement (up
or down), indicating a downward trend in the second
area (white aqueduct of Herat aquifer) and Fifth
(Shuran aqueduct from Marvast aquifer) shows its
amount equal to about 5 and 7 cm, respectively. These
results have a significant relationship with the
hydrograph of the unit of both aquifers.

Conclusion In this study, for the first time, to estimate
the rate of subsidence in Herat and Marvast aquifers in
Yazd province, the technique of interferometry with
permanent dispersants was used using Sentinel-1
sensor data and SNAP2StaMPS open source package.
Also, the potential of Stamps and SNAP software for
radar interferometry processing was investigated, and
also the details of the implementation of the Step to
Stamps software package were shown. In general,
based on the processed outputs of this package and the
results of validation, it is possible to understand the
ability of the automated method presented in this
study to monitor subsidence and use this algorithm in
other study areas.
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