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the Land Subsidence in Qazvin Plain

M. Janbaz Fotamy ”*, M. Kholghi?, A. Abdeh
Kolahchi®, and M. Roostaei*

Abstract

Nowadays, intensified consolidation and land-subsidence led
to irreparable damages to financial, environmental and human
resources. In this research, land subsidence rate was
investigated according to the impacts of the main factors of the
aquifer including the geological and hydrodynamic
characteristics. Long-term subsidence map was prepared for
Qagzvin plain based on SENTINEL-1 satellite data from 2015
to 2021 using Differential Interferometry SAR (D-InSAR)
method. The maximum of land subsidence value in Qazvin
Plain during 2015 to 2021 was equal to 47 cm occurred in
southwest areas of the Qazvin province. The subsidence spatial
distribution was analyzed according to the Weight-of-
Evidence (WOE) method to reveal the aquifer characteristic
effects. The water-table decline, hydraulic conductivity, slope,
land use, fine-grained soil thickness, geology, and bedrock
depth were used in WoE method to determine the impact of
each factor on subsidence. The results of WOoE, land
subsidence hazard potential maps were validated using
Receiver Operating Characteristic (ROC) diagram. The most
effective land subsidence factor in the Qazvin plain were the
thickness of fine-grained soil with a value of 3.77, while the
influence of water level decline was ranked fourth. The land
subsidence potential hazard map was able to predict the future
land subsidence with an accuracy of 0.87 that indicated a very
good prediction. Although water table decline was responsible
for the land-subsidence in general, the results of this study
indicated that the thickness of fine-grained soil layer was the
most effective factor on the land-subsidence phenomenon.
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Land subsidence of Qazvin aquifer
during 2015-2018 and 2018-2021
using Sentinel-1 radar

Aquifer effective parameters selection
Land use, Geology, by",b" AR k", Slop, DEM
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Weight of Evidence model
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4

Effective parameters weighted maps

Developing LS potenitial hazard maps
using sum of weighted maps

Validation ~~~~  —74@——

LS potenitial hazard map
using ROC curve validation
based on LS from 2018 to 2021

“LS=Land subsidence, h0=Thickness of fine-grained soil, /=Bedrock depth
Ah=Water-table decline, K=Hydraulic conductivity

Fig. 1- Flowchart of research implementation steps
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Table 1-The pairs of the SENTINEL-1 images used for measuring land subsidence

Commniiig y3 dawline Capa SENTINEL-L (5,051, pobas zg9j-) Jgso

No. Path and Frame Time data master Acquired time Data slave Acquired
1 108,471 12/31/2015 11/18/2014
2 108,472 12/25/2016 12/31/2015
3 108,472 12/20/2017 12/25/2016
4 108,472 1/7/2018 1/2/2019
5 108,472 1/2/2019 1/9/2020
6 108,472 1/9/2020 1/3/2021
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Table 2- Class range of all effective factor

P U STV LI RVORT) LI PRE RS g PRV

Class Range
Class b0 K Slop DEM Bedrock depth Ch Land use Geology*
No. (m) (m/day) (%) (m) (m) (m)
1 0.5-38 0.25-0.75 0-04 1145-1170 54-132 (-11.85)- (-6.5)  Dry-farming otl
2 38-44 0.75-1.5 0.4-0.6  1170-1190 132-150 (-6.5)- (-6) Garden Qt2
3 44-49 1.5-3 0.6-0.75  1190-1205 150-165 (-6)- (-5) Bare-land Plvav
4 49-53 3-8 0.75-1  1205-1220 165-178 (-5)- (-4.5) Urban Qcf
5 53-57.5 8-15 1-1.2 1220-1235 178-195 (-4.5)- (-4) Agriculture Urig
6 57.5-62.5 15-25 1.2-14  1235-1250 195-200 (-4)- (-3) Qal
7 62.5-70 25-35 14-16  1250-1265 200-215 (-3)-(-2)
8 70-78 35-50 1.6-1.85 1265-1285 215-240 (-2)- (-1.5)
9 78-84 50-100 1.85-2.3  1285-1315 240-260 (-1.5)-0
10 84-184.3  100-537.5 2.3-7 1315-1513 260-300 0-2.3
Qtl High level piedmont fan and valley terrace deposits Quaternary
2 5 Qt2 Low level piedmont fan and valley terrace deposits Quaternary
% k= Plvav Basaltic lava flows Pliocene
&g Qcf Clay flat Quaternary
x5 Urig Red marl, gypseous marl, sandstone and conglomerate (Upper red Fm.) Miocene
Qal Stream channel, braided channel and flood plain deposits Quaternary

Water-table decline map Geologyl map
49400 E SP00VE S0°20'0"E, . 49°400"E 50900, 50°200"E

36°40"0"NA ‘ : " 36°40°0" N
Legend
L I oy . a
ruu o Qazvin Aquifer Qazvin
|:| Qazvin Province
Water-table decHARSINT3] 36°20°0"N
CLASS (m) Legend
I -11/85--6/5 :-_ :-_' Qazvin Aquifer
[ 1-6/5-6 [ Qazvin Province
B 65 Geology
TS5 300N class 36°0'0"N
[ ]-45-4 Qtl
P 43 o B

v * Bui s
[ 132 PLvav ".:E“'“ Zahra s
215 [ Qa o [E O
I s0 400N [ Qef 35°40'0"'N
I 023 Bl URig Avaj
L

0510 20 30 40 0510 20 30 40
™ ™ (Lo meters WGS_1984 UTM_Zone 39N ™ ™™ ilumeters WGS_1984_UTM_Zone_39N

a) b)

333 ol oanass aolivgg IF Y 30L F b lowd (o595 Jw ¢l ! of Kb Oligdss
Volume 19, No. 3, Fall 2023 (IR-WRR)- Special Issue: Groundwater
AMIA



x Hydrolic conductivity map N Slop map
WA 49°40'0"E 50°0'0"E 50°20°0"E. Wi 49°40'0"E 50900 50°200" K
’ 36°40'0" N ‘ ’ ’ ; 36°40'0"N
s s
Legend Legend
. . - e 0 Aduifer §
e w o Qazvin Aquifer o ru u o Qazvin Aquife 5
azvin

[ Qazvin Province Qazvm [_] Qazvin Province Q
Hydrolic conductfvify0" N Slop 36°20'0"NA
CLASS (m/day) CLASS (degree)
[ Tor25-0/75 B 0-0/4
B 075175 I 0/4-0/6
[ 153 [ 0/6-0/75
s 36°0"0"N- B /7541 36°0'0"N-
[ 815 L

15-25 0 1214
B 25-35 B 1416
[ 13550 N 1/6-1/85
B s0-100 35400 B 18523 35°400"NA

100-53/75 Bl 237 Avaj

L)
051 20 30 40 I ' 0 510 20 30 4 ' ' '
e O . ilometers WGS_1984_UTM_Zone 39N ™ il mters WGS_1984_UTM_Zone_39N
c) d)
N

Bedrock depth map

>
"*ﬁ'f” 49°200"E 50900

4
! .
Legend

. ".E QazvinAquifer
QazvinProvince
Bedrock dept
CLASS (m)
[ os452
| |s2m
[ 7796
| 9112
[ 112126
| 126141
[ 141168
B 165196
[ ]196-22
P 2262833

0510 20 30 40
IN N B Kilometers

36°0'0"N

50°0'0"E

WGS 1984 UTM_Zone 39N

e)

49°40"E S0°0'0"E 50°20'0"E

[ Qazvin Province
Thickness ﬁne—g?‘gﬁlue'aus%i
CLASS (m)
— 10538
[ 38-44
I 44-49

[ 149-53
N 53-57/5
[ 5756215
[ Te25-70
B 70-73

[ 17884
I 84-184/3

36°0M0" N

35°40°0"'N

0510 200 3N 44

™ ™ il mcters

WGS_1984_UTM_Zone_39N

D

w0325 P i pruass aolingrg VFeY 50l ¥ 0 lond (o23595 Jw oyl ! O @olie ol
Volume 19, No. 3, Fall 2023 (IR-WRR)- Special Issue: Groundwater

Y&



N DEM map

WS
AT 3earnN

S
Legend

49°40'0"'1 S0°0°0"'1% 50°200" K

e« o Qazvin Aquifer
|:| Qazvin Province
DEM 36°20"0"NA
CLASS (m)
B 1145-1170
[ 1170-1190
B 1190-1205
[ 12051220
B 1220-1235
[ 112351250
[T 1250-1265
[ 12651285
[ 1285-1315 35°40°0" N7
B 1315-1513

36°0"0" N+

Avaj
*

0510 20 30 40

e ™™™ il meters WGS_1984_UTM_Zone_39N

Land-use map

49°40%"E 50°0'0"E

50°20'0"E

36°40'0"'N

36°20'0"N+

Legend

e w w o Qazvin Aquifer
[ 1 Qazvin Province
Land-use 600N
class

- Garden
I Agriculture
] Urban

_ Dry—farmil?gn‘m'ﬂw-
- Bare-land

0510 20 30 4

E Kilometers

WGS_1984_UTM_Zone 39N

h)

Fig. 5- The classification of effective factors on land subsidence, a) Water-table decline 2015 to 2018, b)
Geology, ¢) Hydraulic conductivity, d) Slope, €) Bedrock depth, f) Thickness of fine-grained soil, g)
Topography (DEM), and h) Land use
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Table 3— Calculation of SN and FPR index
FPR 9 SN ua&lw ulm:bm -y Js-\é

Explain Equation Index
Sensitivity, true positive value per real positive value TP/(TP+FN) SN
False Positive Rate, false positive value per real negative value FP/(TN+FP) FPR

Equal Decition

Performance
Tl e
S
=S/ §
T4
NIE
% AUC Quality
& 0/9- 1 Verry well
E 0/8 - 0/9 Well
(o 0/7 - 0/8 Average
% 0/6 -0/7  Poor
7 0/5 - 0/6 Verry poor
| <0/5 Useless
0 FPR=FP/(TN+FP) 1

Fig. 7- ROC curve
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Table 4- WoE Calculation of DEM
DEM ;658 (51,2 ablgad (23359 Slulows —F Joao

%domain Yosub sum domain sub Class factor
131 13.42 26962.49 1383.40 25579.09 1145-1170

1.76 16.35 33017.25 1854.02 31163.22 1170-1190

1.72 13.79 28098.68 1811.32 26287.37 1190-1205

3.57 13.46 29422.63 3764.81 25657.82 1205-1220 o
7.82 13.23 33448.90 8240.56 25208.34 1220-1235 2
11.42 10.70 32434.37 12033.21 20401.15 1235-1250 3
12.36 7.75 27804.92 13028.59 14776.32 1250-1265 =
15.83 6.19 28473.09 16681.01 11792.08 1265-1285

20.38 4.08 29245.74 21476.08 7769.66 1285-1315

23.84 1.03 27091.94 25127.00 1964.93 1315-1513

100.00 100.00 296000.00 105400.00 190600.00 sum
C/s S W o wre C W wt class factor
351.86 0.0070 0.00001  0.00004 2.46 |-0.13 2.32 *1145-1170|
369.94 0.0065 0.00001  0.00003 2.39 -0.16 2.23 1170-1190

320.54 0.0069 0.00001  0.00004 2.21 -0.13 2.08 1190-1205
205.38 0.0070 0.00001  0.00004 1.43 -0.11 1.33 1205-1220 o
82.93 0.0071 0.00001  0.00004 0.59 -0.06 0.53 1220-1235 E
-9.38 0.0077 0.00001  0.00005 -0.07 0.01 -0.06 1235-1250 3
-58.44 0.0089 0.00001  0.00007 -0.52 0.05 -0.47 1250-1265

-106.89 0.0098 0.00001  0.00008 -1.05 0.11 -0.94 1265-1285

-151.40 0.0119 0.00001 0.00013 -1.80 0.19 -1.61 1285-1315

-149.03 0.0228 0.00001  0.00051 -3.40 0.26 -3.14 1315-1513
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Table 5- Selected classes of WoE calculations

a2lgud (23059 Oluwbro Lo S WIS -0 Joso

Factor class W W C C/s
Fine grain soil b0 (m) 226-283/3 3/61 -0/16 3177 560/62
Hydraulic conductivity k (m/day) 0/75-1/5 2/93 -0/18 3/12 497/37
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1- Land Subsidence

2- Persistent Scatterer Interferometry Techniques
3- Weight of Evidence

4- Receiver Operating Characteristic
5- Digital Elevation Model

6- Posterior Probability

7- Bayesian

8- Contrast

9- Binary Classification

10- Positive

11- Negative

12- True

13- True Positive

14- False

15- False Positive

16- True Negative

17- False Negative

18- Sensitivity

19- False Positive Rate

20- Area Under the Curve
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