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Band Wavelength
Designation (cm)

Ka 0.75-1.10
K 1.10-167
Ku 1.67-240
X* 240-375
c* 3.75-7.50
S 7.50-15.0
L* 15.0 - 30.0

P 30.0 - 130

* most commonly used bands
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Margat, 2008 Top-3 countries: Top-10 countries:
Groundwater abstraction
in km3/a summed over India 190 km3/a India 190 km3/a
entire countries. USA 115 km3/a USA 115 km3/a
Synchronization of data is | China 97 km3/a China 97 km3/a
poor (data from 1990 to Subtotal: 402 km3/a Pakistan 55 km3/a
2004) C Iran 53 km3/a
50 % of Global total: Mexico 38 km3/a
global At least 800 km3/a Saudi Arabia 21 km3/a
total Indonesia 12.5 km3/a

Russia 11.6 km3/a
Japan 10.9 km3/a

, Subtotal: 604 km3/a

Data of variable
quality and poor
synchronization

(Margat, 2008) ;o> ;0 suejn) <l gl 5l oS cilsy Jgl ,5iS 00 VA=Y IS

Top-10 countries:
: L e Iran 835 m3/a
- ‘ A ALY Iceland 712 m3/a
3 y < Libyan A.R. 673 m3/a
. Bulgaria 663 m3/a
UAE 644 m3/a
Georgia 608 m3/a

Legend
Annual abstraction per
cubic meter per

: || Saudi Arabia 594 m3/a
Swaziland 568 m3/a

@ <we Russian Fed. 533 m3/a
E 2ee=aee Pakistan 398 m3/a
g

- »u 400

i GGIS, 2005
Groundwater abstraction per capita
(related to dependency on groundwater)

Data of variable
quality and low
spatial resolution
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] D:ACivil Engineen‘ng\A:shad\Payannameh\Khoruje:\Nos\71_()_i2008‘03-05f8_m_2_\ir1m—on§i6

| D:\Givil Engineering\Arshad\Payannameh'\Khonujee'\Alos'\710\2008-03-02 To 2008-06-02\Import\710

Normal Baseline (m) = 187.422 Critical Baseline min - max{m) = [-9816.727] - [9816.727]
Range Shift (pixels) =-2388.114

Azimuth Shift (pixels) = 17.885

Slant Range Distance {m) = 869669.379

Absolite Time Baseline (Days) = 92

2 Pl Ambiguity height (InSAR) {m) = 342.677

2 P Ambiguity displacement (DInSAR) {(m) = 0.118

1 Pixel Shift Ambiguity height (Stereo Radargrammetry) (m) = 13599.985

1 Pixel Shift Ambiguity displacement (Amplitude Tracking) {m) = 4.684

Master Incidence Angle = 38.733 Absolute Incidence Angle difference = 0.011
Pair potentially suited for Interfferometry, check the precision plot

] D:\Civil Engineering\Arshad‘\Payannameh'\Khorujee\Sentinel\1-2015-2016\Import\sentinel 1_53_2016

] D:\Civil Engineering\Arshad\Payannameh'\Khorujee\Sentinel\1-2015-2016\Import\sentinel 1_53_2015

Nomal Baseline {m) = 18.890 Critical Baseline min - max{m) = [-6426.456] - [6426.456]
Range Shift {pixels) = 19.465

Azimuth Shift {pixels) = 4017.320

Slant Range Distance {m) = 878976.298

Absolute Time Baseline (Days) = 360

Doppler Centroid diff. (Hz) =-41.543  Critical min-max (Hz) = [-486.486] - [486.486]
2 Pl Ambiguity height (InRSAR) {(m) = 820.926

2 P| Ambiguity displacement (DInSAR) (m) = 0.028

1 Pixel Shift Ambiguity height (Stereo Radargrammetry) (m) = 68357.766

1 Pixel Shift Ambiguity displacement (Amplitude Tracking) {m) = 2.330

Master Incidence Angle = 39.505 Absolute Incidence Angle difference = 0.001
Pair potentially suited for Inteferometry, check the precision plot
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{3 Interferogram Generation S| =] s

Input Master File ] D:\Gvﬁ_Eﬁgineering\Arshad\Payannameh\mon.ljee\SeMinel\S-ZO1 7-2018\01 Import\sentinel1_93_2(

Input Slave File ] B?ia\-/i_l_éﬁﬁeﬁn_g—\-/—\}shad\Payannameh\lQ'lon.njee\SerﬂineI\S-m} 7-2018\01 lmportgntlr;el 1_§3j2(
DEM File ] D:\Gviagineeﬁng\A:shad\Payannameh\lQ'lon.u}ee\Serﬂinel\?rZO1 7-2018\02 Dem‘\Mashhad_dem

Output Root Name | D:\Givil Engineering\Arshad\Payannameh'\Knonujee \Sentinel\3-2017-2018\Int file_name
Shift Parameter File ] D:\GviiE&t;eﬁng\Arshad\Payannameh\momjee\Senﬁnel\?rZD1 7-2018\Int\file_name_par

[
[
[
| Geometry GCP File |
l
[
[
l

Coregistration Setting || Flattening setting |

Compute Shift Parameters [ | Compute Shift Parameters Only Generate Coregistered SLC Coregistration with DEM

Azimuth Looks 1 Range Looks 6

[ Cartographic System |
[ Sot_)(SoeBach ][ Conca J[__Heb ]
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£ Adaptive Filter and Coherence Generation @E‘g

[ Interferogram File ] D:\Civil Engineering\Arshad\Payannameh'\Khorujee\Sentinel%3-2017-2018\03 Product\IW2_3_2017_
[ Input Master File ] D:\Civil Engineering\Arshad\Payannameh'\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_

Input Slave File D:\Civil Engineering\Arshad'\Payannameh‘Khorujee\Sentinel\.3-2017-2018\03 Product\IW2_3_2017_
Qutput Root Name D:\Civil Engineering\Arshad'\Payannameh‘Khorujee\Sentinel%3-2017-2018\03 Product\IW2_3_2017_

Coherence generation  [V] Adaptive fitter Coherence from Fint

(") Adaptive () Boxcar @ Goldstein [ Filtering setting ]

[ Stat || StoreBatch |[ Cancel || Hep |
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) Statistics Results: 2008_03_02_to_2008_06_02_cc =] E .

File

Options

‘ Select Plot '} | Clear Plot ‘

1.4x10°
1.2x10°
1.0%108
8.0x10%

6.0x10%
4.0x10*
2.0x10*

v

Dims:

Band 1

| Select Stat v |

Basic Stats
Band 1

Histogram

Bin=0.00371

Hin
0.001624

DN
.001624
.005340
.009056
.012772
.016487
.020203

o e e e e e

Max Hean
0.949163 0.458600

Hpts Total

21 21

46 67

78 145

75 220

112 332

107 439

Filename: D:\Ciwvil Engineering“Arshad:\Payanname »
Full Scene (15,989,600 points)
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Oy Statistics Results: IW2_3_2017_05_29.to_2018.05_24_... | [ s S

File Options

[ Select Plot v} [ Clear Plot [

o4
Data Yalue

0.6

[ Select Stat v

Dins:
Ba=ic Stats Hin
Band 1 0.000107
Histogram DN
Band 1 0.000107
Bin=0.00391 0.004024
0.007941
0.011857
0.015774
0.019690

Filename: D:NCivil Engineering“Arshad>\Payanname »
Full Scene (6,378,543 points)

Max Mean S
0.998842 0.410691 0.16
Npts Total Perce
305 305 0.00

847 1152 0.01
1560 2712 0.02
2035 4747 0.03
2650 7397 0.04
3324 10721 0.05
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SARscape H Interferometry HPhase Processing

Interferometry
Single Steps

Phase Unwrapping

SARSCape 45938l lawgs 51 polie puoeal Jolpe VF-F S

- .
@ Phase Unwrapping | = | = R |

[ Interferogram File ] D:\Civil Engineering‘\Arshad‘\Payannameh‘\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[ Coherence File ] D:\Civil Engineering‘\Arshad'\Payannameh'\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_201 7;
[ Unwrapped Phase File ] D:\Civil Engineering\Arshad'\Payannameh‘\Khorujee'\Sentinel\3-2017-2018\03 Product\IW2_3_201 7;

(©) Region Growing @ Minimum Cost Flow  (©) Delaunay MCF

Decomposition Levels 1 Unwrapping Coherence Threshold 0.15000 Interferometry setting ]

| Stat || StoreBatch || Cancel || Hep |
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&) Refinement and Re-flattening @M

[ Coherence File ] D:\Civil Engineering\Arshad‘\Payannameh'\Khorujee\Sentinel\3-2017-2018\03 Product\|W2_3_2017_
[ Interferogram File ] D:\Civil Engineering\Arshad\Payannameh\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[ Unwrapped Phase File ] D:\Civil Engineering\Arshad\Payannameh‘\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[ Input Master File ] D:\Civil Engineering\Arshad\Payannameh'\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[ Input Slave File ] D:\Civil Engineering\Arshad\Payannameh'\Khonjee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[ Synthetic Phase File ] D:\Civil Engineering‘\Arshad\Payannameh‘Khorujee\Sentinel\.3-2017-2018\03 Product\IW2_3_2017_
[ Slant Range DEM File ] D:\Civil Engineering‘\Arshad\Payannameh‘Khomjee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_
[
[
[
[
[
[

Refinement GCP file ] D:\Civil Engineering"\Arshad\Payannameh'\Khorujee\Sentinel"\3-2017-2018\04 Gep'\gep xml
DEM File ] D:\Civil Engineering“\Arshad\Payannameh'\Khorujee\Sentinel\3-2017-2018\02 Dem\Mashhad_dem
Output Root Name ] D:\Civil Engineering“\Arshad\Payannameh'\Khorujee\Sentinel\3-2017-2018\03 Product\IW2_3_2017_

Cartographic System |
Start || Store Batch || Cancel | Help |
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SARscape Interferometry

A

1 e
Phase Processing J Interferometry Single Steps

-

v

Phase to Displacement
Conversion and Geocoding

SARsCape 4ig;sl lawgs gl>asl> 4 58 Loy Jol e :YY-F s

e — —
@haseto Displacement Conversion and Geocoding e

/‘ [ Unwrapped Phase File ] D:\Civil Engineering\Arshad'\Payannameh'\Khorujee\Sentinel\1-2015-2016\Product\IW2_6_2015_05_28_to_2016
[ Coherence File J D:\Civil Engineering\Arshad'\Payannameh'\Khorujee\Sentinel\1-2015-2016\Product\IW2_6_2015_05_28_to_2016
[ DEM File ] D:\Civil Engineering \Arshad'\Payannameh‘\Khorujee\Sentinel\1-2015-2016\Dem‘\mashhad_dem

[ Output Root Name ] C:\Users\Hesam‘AppData‘Local\Temp\IW2_6_2015_05_28 to_2016_05_22

Interpolation Window Size 7 [ Product Coherence Threshold 0.150000

GRID SIZE X Dimension  25.000 Y Dimension 25.000

[ Displacement Custom Direction [7] Slope Displacement

| Vertical Displacement
Azimuth Angle 0.000000 i

Inclination Angle 0.000000

[] Dummy Removal

[ Cartographic System ]
I s:a.f ][ StoreBatch || Cancel [ Hep |
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Sloadas 6)9-‘25 Lg)lii

No. EventID Origin Time Lat. Llong. Depth(km) Mag. Mag. Type RMS(sec) AzimuthalGap (deg) Download
1 11702 2007/11/03 07:13:09.4 36.926 55.956 2.7 3.2 MN 0.2 234 _
2 12030 2007/11/16 00:23:21.9 35.980 58.712 17.6 3.1 MN 0.3 153 =
3 12203 2007/11/20 00:09:11.4 36.675 59.461 3.9 2.6 MN 0.4 98 —
4 12865 2007/12/12 07:20:16.7 36.183 60.000 5.6 2.5 MN 0.3 332 ey
5 13188 2007/12/25 09:10:27.5 36.241 58.990 10.0 2.6 MN 0.3 200 =
6 15565 2008/03/24 08:26:57.6 35.824 59.947 3.0 2.6 MN 0.2 286 —
7 15663  2008/03/29 18:32:26.4 35.715 58,658 13.0 3.3 MN 0.5 160 _
8 15896  2008/04/09 05:21:52.6 36.626 59.896 6.2 2.8 MN 0.2 201 oy
S 15908 2008/04/08 12:20:41.9 36.341 58.744 2.0 2.5 MN 0.2 239 ==
10 16402 2008/04/30 08:33:04.7 36.790 58.955 218 2.8 MN 0.2 278 —
11 16927 2008/05/23 09:37:33.6 35.734 58.438 17.2 3.0 MN 0.3 131 _

Magnitude
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N .
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55y Lasss aS Yo VAL OIVE B Y VO/ OIVA s ol &) looy Jie (5 55 ooty bgypo ,Lel A-F Jsor

loadcd (5,5i8 (5,505,

No. EventID Origin Time Lat. long. Depth(km) Mag. Mag. Type RMS(sec) Azimuthal Gap (deg) Download
1 97957 2015/06/08 10:15:20.2 35.890 59.62%9 13.7 2.7 MN 0.2 248 s
2 97965 2015/06/08 18:44:35.8 36.709 59.316 12,0 2.8 MN 0.3 106 £
3 97970 2015/06/08 19:56:03.6 35.908 59.608 10.0 2.5 MN 0.4 270 =
4 98698 7 :26:28.7 37,011 58.425 10,0 2.5 MN 0.2 107 =
S 98697 2015/07/12 23:30:40.5 36.697 59.435 12,0 3.3 MN 0.4 98 .
6 98907 7 7:32:19.4 36,013 59.234 13.2 2.7 MN 0.3 240 ==
7 99571 2015/08/19 05:03:14.8 35.838 59.934 8.0 2.5 MN 0.6 209 -
8 99600 4:39:4 36.160 58.727 16.0 2.7, MN 0.6 184 —
9 99712 2015/08/24 06:08:29.5 36.455 58.482 19.1 2.9 MN 0.3 149 S
10 99726 4 16:18:48.9 36.471 58.467 10.0 2.7 MN 0.2 201 —
11 99843 2015/08/27 22:21:19.6 36,703 59.446 12,0 3.1 MN 0.6 87 —
12 101762 2015/11/06 10:04:45.5 36.562 58.556 8.8 2.7 MN 0.5 187 -
13 102660 2015/12/12 20:08:40.5 36.099 59,953 8.0 2.5 MN 0.4 111 o
14 103064 2015/12/2521:31:38.1 36,582 58.640 8.0 2.8 MN 0.5 73 —
15 103598 2016/01/10 18:32:26.6 36,167 58,515 10,0 2.9 MN 0.3 119 e
16 103633 4:35:41.1 35,780 59,450 8.9 3.0 MN 0.3 49 —
17 103829 2016/01/17 12:28:35.3 35.791 58.501 7.0 3.0 MN 0.6 36 —
18 103897 2016/01/20 03:37:11.7 35.779 58.504 7.8 3.1 MN 0.5 51 —
19 104298 :05:32.7 36.559 58.621 7.4 2.5 MN 0.3 126 —
20 104337 2016/02/04 18:02:46.6 36,875 59.592 14.2 2.7 MN 0.2 224 -
No. Event ID Origin Time Lat. Long. Depth(km) Mag. Mag. Type RMS(sec) Azimuthal Gap (deg) Download
21 105099 2016/03/03 14:38:08.0 36.591 58.809  13.3 2.5 MN 0.4 137 =
22 105537 2016/03/17 08:07:06.4 36.986 58.533 8.0 3.4 MN 0.5 186 _
23 105848 2016/03/29 20:46:12.5 36.399 58.625 8.2 3.3 MN 0.5 64 —
24 106532 2016/04/24 22:39:38.5 35.642 58.423 12.9 2.5 MN 0.4 97 —
25 107134 2016/05/13 13:24:18.3 36.025 59.224 9.4 3.5 MN 0.5 41 _
26 107383 2016/05/23 03:35:12.8 35.987 59.183 8.0 2.6 MN 0.3 112 =
27 107384 4:57:34.6 36.019 59.200 10.4 2.7 MN 0.5 109 —
28 107742 2016/06/04 22:52:12.8 35.941 59.273 8.0 2.5 MN 0.2 161 _
29 108179 2016/06/19 06:22:23.2 35.691 58.459 8.3 3.2 MN 0.6 45 _
30 108691 2016/07/06 04:20:05.5 35.636 59.612 10.0 2.9 MN 0.6 61 —
31 109229 7/24 01:18:07.9 36.262 58.613 10.0 2.5 MN 0.4 154 s
32 109315 2016/07/27 02:02:06.4 36.899 58.945 8.6 2.7 MN 0.4 130 e
33 109801 2016/08/1001:48:19.9 36.955 58.664 10.0 2.6 MN 0.5 105 —
34 110957 2016/09/17 04:35:41.9 35.718 58.453  10.0 2.5 MN 0.5 104 _
35 111191 2016/09/25 09:38:30.0 35.655 58.351  10.7 2.6 MN 0.4 100 _
36 111804 2016/10/14 03:16:55.4 35.989 60.011 8.0 2.5 MN 0.3 122 S
37 112673 2016/11/10 09:41:39.0 36.536 59.734 10.0 2.8 MN 0.4 159 S
38 115401 2017/02/08 21:02:44.6 36.404 58.657  12.0 2.7 MN 0.2 242 .
39 115570 2017/02/16 18:36:55.4 36.566 59.754 12.0 2.5 MN 0.5 171 —
40 115703 2017/02/21 20:03:46.1 36.746 58.449  12.5 2.6 MN 0.3 180 _

A



No. EventID Origin Time Lat. Long. Depth(km) Mag. Mag. Type RMS(sec) Azimuthal Gap (deg) Download

41 116925 7/04 :120:47.1 36.950 59.916  13.2 2.5 MN 0.3 226 _
42 119118 2017/04/29 19:17:49.1 36.994 58.500 8.0 2.5 MN 0.5 89 _
43 120018 2017 04:06:03.8 35.598 58.363 6.0 3.8 MN 0.4 44 _
44 120224 2017/05/26 00:55:21.5 35.601 58.392 8.0 3.4 MN 0.5 46 .
45 120282 7 702:17:49.9 35.993 59.217  17.0 2.9 MN 0.8 109 _
46 120396 2017/05/29 06:49:42.6 36.415 58.746 9.0 2.5 MN 0.2 97 .
47 120494 17, 02:56:39.0 36.778 58.537 7 3.4 MN 0.4 82 _
48 121564 2017/07/07 02:57:13.0 35.922 59.573 10.0 2.9 MN 0.4 sS4 .
49 122957 17, 4:20:12.1 36.952 59.378  17.0 2.5 MN 0.5 188 _
S0 123658 2017/09/14 16:57:47.7 36.528 58.694  10.5 2.8 MN 0.3 128 _
51 123827 2017/09/19 16:32:57.6 36.910 59.807 9.2 3.2 MN 0.3 217 _
52 124887 2017/10/19 15:29:52.4 36.229 58.414  14.1 3.4 MN 0.6 31 _
53 125699 2017/11/11 20:38:33.5 36.254 58.572  10.0 2.6 MN 0.3 177 _
54 127248 2017/11/26 17:13:45.3 37.011 58.328 8.0 3.5 MN 0.4 102 _
55 128001 2017/12/02 22:19:42.3 36.959 58.482  10.0 2.8 MN 0.4 135 _
S6 128706 2017/12/10 04:34:21.4 36.884 58.549 7.6 2.6 MN 0.4 89 _
57 130307 2017/12/2413:12:11.0 37.015 58.726 8.0 3.0 MN 0.4 50 _
S8 131051 2018/01/03 05:47:26.1 36.996 58.547 6.0 3.1 MN 0.3 95 _
59 131989 2018/01/1504:17:49.1 36.152 59.138 7.2 3.4 MN 0.5 50 _
60 132820 2018/01/29 17:21:22.6 36.907 58.558  12.0 2.5 MN 0.3 o1 _
No. Event ID Origin Time Lat. Llong. Depth(km) Mag. Mag. Type RMS(sec) Azimuthal Gap (deg) Download
61 133517 2018/02/12 13:58:24.9 36.262 58.608 12.0 2.5 MN 0.3 193 —
62 135216 4 05:37:04.3 37.007 58.978 8.7 2.9 MN 0.5 151 _
63 135619 2018/04/01 14:44:14.3 36.932 59.967 10.0 2.5 MN 0.5 234 .
64 136559 2018/04/25 17:45:55.9 36.844 58.454 8.0 2.9 MN 0.4 78 =
65 136640 2018/04/28 01:35:50.3 36.552 58.626  10.0 2.5 MN 0.4 127 _
66 137068 2018/05/1022:12:13.9 36.924 59.971 8.0 2.5 MN 0.6 235 _
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Abstract:

Land subsidence is one of the most destructive geological phenomena that can cause
irreparable financial and life damage and damage many structures and infrastructures.
One of the main causes of this phenomenon is the unnecessary harvesting of groundwater
aquifers. Radar interferometric technique is a suitable method for detecting changes
occurring on the surface of the Earth. The calculation of displacements occurring at the
ground level using this technique has unique capabilities in terms of cost, time and
accuracy compared to other measurement techniques. In this study, the amount of
subsidence in Mashhad plain was calculated and determined using radar interferometry
technique from 16/10/2007 to 02/06/2008 and 28/05/2015 to 24/05/2018. For this
purpose, the data of two different sensors ALOS and Sentinel-1, which are in radar L and
C, respectively. Cumulative maximum subsidence value calculated from ALOS satellite
IS 13.7 cm between 16/10/2007 to 02/06/2008 and Sentinel-1 satellite 53.8 cm between
28/05/08 / 2015 has been until 24/05/2018. Distribution of subsidence zones also
indicates maximum settlement in the central part of Mashhad plain and northwest.
Groundwater level of the submerged area has been steadily decreasing since 2006 and the
water level in the piezometric wells has declined every year compared to the previous
year. By comparing groundwater level mapping in Mashhad plain with identified wells
position in the subsidence area, it is determined that the highest level of water loss is
related to the subsidence area. Therefore, the subsidence occurred in a part of the plain
that had the highest groundwater level decline.

Keywords: Radar interferometry, Subsided, Mashhad plain
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