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1- Introduction

A natural hazard is the possibility of a destructive phenomenon occurring in a given location and a time.
The subsidence phenomenon refers to movements downward or close to the earth's vertical due to the
gravitational force of the earth, which can also have a small horizontal displacement vector (Hafezi
Moghaddas and Ghafoori, 2010). Excessive harvesting of groundwater and land subsidence signs in the
Tasuj plain indicate the need for zoning the land subsidence risk in this area so that 33 subsidence cases
in the Tasuj plain aquifer are identified by Mokhtari et al. (2019). Also, according to the research of
Khorshiddoost et al. (2017) in Qaleh Maraghosh village located in Tasuj plain, it has been determined
that the water table drawdown has caused landslides in some parts of this area.

Earthquake is the earth's surface vibration due to the sudden release of accumulated energy inside the
earth's crust. Tasuj area has been one of the most earthquake-prone areas in the country, which has
always caused many casualties and financial losses in this city during the past periods, so preparing an
earthquake hazard zoning map of the Tasuj area is one of the necessities.

The movement of a mass of earth's constituent materials from a downward slope is called the landslide
or slope instability. Due to the primarily mountainous topographic conditions, high tectonic and seismic
activity, and the various geological conditions of the Tasuj region, this region can also be exposed to the
potential for landslides.

2- Methods

Tasuj area is located about 100 km northwest of Tabriz and is one of Shabestar city parts. The
geographical coordinates of the region are limited to longitudes 45° 15" 0" to 45° 30" 0" and latitudes
38° 17" 0" to 38° 25’ 0". Tasuyj plain covers only 258 Km?, and the total area of the study area is 41
Km?. Tasuj's study area is located in an independent zone called the Khoy-Mahabad zone. The region
has many faults, some of which even cut off the fourth era's alluvium. However, the diversity of
formations in the study area is enormous, and all three groups of igneous, metamorphic, and
sedimentary rocks are found and are present in the Precambrian range to the present day.

The AHP model is one of the most comprehensive systems designed for multi-criteria decision making.
This model is based on the three principles of analysis, pairwise comparisons, summation and
prioritization of options, and facilitates judgment and calculation (Saaty, 1994). In the AHP method, the
comparison of factors using a scale from 1 to 9. Also, in this technique, the degree of consistency and
inconsistency of the decision is shown, one of its excellent advantages in multi-criteria decision
making (Ghodsipour, 2007).

3- Results and discussion

In this study, the effect of groundwater drawdown and the resulting subsidence risk were evaluated to
take the necessary measures to reduce these effects if necessary. For this purpose, areas with a high risk
of subsidence were identified using drawdown maps. According to the results of this study, the average
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amount of water table drawdown in the study area is about 6 meters. Also, the map of the water table
level of the Tasuj aquifer in 2018 was drawn using the data of 7 piezometric wells in the region, which
were obtained from the Regional Water Organization of East Azarbayjan Province. According to this
map, the plain's recharge places are the northeastern part, and the direction of the dominant flow is from
northeast to southwest and south. The plain hydrograph was extracted to investigate the water table
fluctuations in the aquifer. The aquifer hydrograph of the plain shows the fluctuation of the water table
during the ten years (2008-2018) and its significant decrease, especially during the years 2016 and 2017.
The decrease can be attributed to the water resources overused or the decrease in the water table in the
region and the occurrence of water shortage and drought.

In order to prepare the hazard zoning maps of subsidence (Fig. 1), earthquake (Fig. 2), and potential for
landslide occurrence (Fig. 3), according to the general conditions of the region, the most critical factors
in the occurrence of the mentioned hazards were determined and examined. Then the information layers
of each criterion were prepared in the geographic information system (GIS). Accordingly, to identify,
evaluate, and zone subsidence hazard in the Tasuj area, nine criteria, water table, water table drawdown,
lithology, land use, elevation, slope, aspect, the distance of stream, and distance of fault were prepared
and used (Table 1). For earthquake hazard zoning, eight criteria, lithology, the distance of epicentre, the
distance of fault, fault length, earthquake magnitude, earthquake depth, slope and elevation (Table 2),
and also for zoning the susceptibility for landslides in the study area, nine criteria, lithology, land use,
elevation, slope, aspect, rainfall, the distance of stream, distance of fault and distance of road were
prepared (Table 3). Then, in the Arc GIS software, after the sub-criteria weighting process, the criteria
were compared in pairs using Extension AHP and the weight of each factor that indicates their
effectiveness was calculated. Then, according to each criterion's quantitative weight values, each factor's
weight map was prepared, and finally, a final map of subsidence, earthquake, and landslide hazard
zoning was prepared using weight layers and weight coefficients related to each of the criteria.

Table 1. The matrix of criteria influencing subsidence, their weight value and consistency ratio.

Data layers (a) (b) (©) (d) (e) (f) (9) (h) (i) Weighting

(a) Water table 1 3 0.5 2 3 3 3 2 3 0.1873

drawdown

(b) Slope 0.3333 1 0.33 0.5 0.5 2 2 0.33 0.5 0.0612

(c) Water table 2 3.03 1 2 3 4 4 3 3 0.2417

(d) Distance of 0.5 2 0.5 1 2 3 3 2 3 0.1458

stream

(e) Distance of 0.3333 2 0.33 0.5 1 2 3 0.5 2 0.0903

fault

(f) Aspect 0.3333 0.5 025 033 0.5 1 2 0.5 0.5 0.05

(g) Elevation 0.3333 0.5 025 033 033 05 1 0.5 0.5 0.0414

(h) Lithology 0.5 3.03 033 0.5 2 2 2 1 2 0.1114
(i) Landuse 0.3333 2 033 033 0.5 2 2 0.5 1 0.071

| Consistency Ratio (CR) = 0.0361
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Fig. 1. Subsidence hazard zoning map of the Tasuj area.

Table 2. The matrix of criteria influencing earthquake, their weight value and consistency ratio.

Data layers (a) (b) (c) (d) (e) (f (9) (h) Weighting
(a) Distance of epicenter 1 2 2 0.33 0.33 2 2 3 0.1394
(b) Earthquake 0.5 1 0.5 0.5 0.5 2 2 3 0.102
magnitude

(c) Earthquake depth 0.5 2 1 0.5 2 2 2 3 0.1508
(d) Distance of fault 3.03 2 2 1 3 3 3 4 0.2634
(e) Faults length 3.030 2 0.5 0.333 1 3 3 2 0.1643
(f) Slope 0?5 0.5 0.5 0.3;3 0.33 1 2 0.5 0.0619
(g) Elevation 0.5 0.5 0.5 0.33 0.33 0.5 1 0.5 0.0523
(h) Lithology 0.33 0.33 0.33 0.25 0.5 2 2 1 0.0659

| Consistency Ratio (CR) = 0.0704 |

4- Conclusion

In this study, subsidence, earthquake, and landslide zoning maps of the Tasuj region were prepared by the AHP
method, and the factors affecting their occurrence were analyzed. The results showed that: 1. Based on the
groundwater level fluctuations and the map of the Water table drawdown of the Tasuj plain aquifer, this area has
faced an annual decrease of 60 cm (6 meters in total for ten years).

2. The criterion of the water table with the final weight of 0.2417 had the most significant effect, and the elevation
criterion with the final weight of 0.0414 had the most negligible effect on the subsidence of the area compared to
other criteria. Most of the high-risk subsidence areas are located in the central and southern parts of the plain.
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Fig. 2. Earthquake hazard zoning map of the Tasuj area.

Table 3. The matrix of criteria influencing landslide, their weight value and consistency ratio.

Data layers (a) (b) (c) (d) (e) (f) (9) (h) (i) Weighting
(a) Lithology 1 4 3 4 2 2 3 2 2 0.2297
(b) Landuse 0.25 1 0.33 2 033 033 2 2 2 0.076
(c) Slope 0.33  3.03 1 3 2 2 3 3 3 0.1792
(d) Aspect 0.25 0.5 0.33 1 0.5 0.33 0.5 0.5 0.33 0.0411
(e) Rainfall 0.5 3.03 0.5 2 1 2 3 3 3 0.1538
(f) Elevation 0.5 3.03 0.5 3.03 05 1 3 3 3 0.1363
(g) Distance of 0.33 0.5 0.33 2 033 0.33 1 0.5 0.5 0.0483
road

(h) Distance of 0.5 0.5 0.33 2 0.33 0.33 2 1 2 0.0708
stream

(i) Distance of fault 0.5 0.5 033 3.03 033 0.33 2 0.5 1 0.0649

| Consistency Ratio (CR) = 0.0619

3. The distance of fault criterion with the final weight of 0.2634 had the most significant effect, and the elevation
criterion with the final weight of 0.0523 had a minor effect on the earthquake of the area compared to other criteria
and most of the high-risk areas of the earthquake are located in the eastern and northern parts of the region.

4. The lithology criterion with the final weight of 0.2297 has the most role, and the aspect criterion with the final
weight of 0.0411 had the minuscule role compared to other criteria on the potential for landslides of the area and
the eastern and northern parts of the region and the mountainous and steep areas are among the areas sensitive to
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Fig. 3. Landslide susceptibility zoning map of the Tasuj area.
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Fig. 2. Geological map of the study area (Khodabandeh and Amini Fazl., 1999).
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Table 1. Priority scale between two parameters in AHP method (Saaty and Vargas., 2001).

Description

Equal importance

Moderate prevalence of one over another
Strong or essential prevalence

Very strong or demonstrated prevalence
Extremely high prevalence

Intermediate values

Dominant value

water table ¥
water table drawdown
Slope
aspect
distance of stream
land use
elevation
lithology
distance of fault
earthquake depth
fault length
distance of epicenter
earthquake magnitude
distance of road

rainfall

Subsidence
hazard zoning

Earthquake
hazard zoning

Landslide
susceptibility
zoning

Evaluation of
environmental
hazards of

Tasyj area
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Fig. 3. Hierarchy of decision fluchart based on AHP method in the present study.
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Table 2. The matrix of criteria influencing subsidence, their weight value and consistency ratio.

Data layers (a) (b) (c) (d) (e) (f) (9) (h) (i) Weighting
(a) Water table drawdown 1 3 0.5 2 3 3 3 2 3 0.1873
(b) Slope 0.3333 1 0.33 0.5 0.5 2 2 0.33 0.5 0.0612
(c) Water table 2 3.0303 1 2 3 4 4 3 3 0.2417
(d) Distance of stream 0.5 2 0.5 1 2 3 3 2 3 0.1458
(e) Distance of fault 0.3333 2 0.3333 0.5 1 2 8] 0.5 2 0.0903
(f) Aspect 0.3333 0.5 0.25 0.3333 0.5 1 2 0.5 0.5 0.05
(g) Elevation 0.3333 0.5 0.25 0.3333 0.3333 0.5 1 0.5 0.5 0.0414
(h) Lithology 0.5 3.0303 0.3333 0.5 2 2 2 1 2 0.1114
(i) Landuse 0.3333 2 0.3333 0.3333 0.5 2 2 0.5 1 0.071

Consistency Ratio (CR) = 0.0361

ASA



N

o .o 458 L KTHLY L et s ae
. . . .. . - !
Folads VY 0,90 AT i) R SO e O o)) Ft ol
Y
N
Subsidence hazard zoning map W%E
S
45°16'0"E 45°20'0"E 45°24'0"E 45°28'0"E
Legend
- mountain
Subsidence hazard zoning
Value
. o
Low
0 1,4502,900 5,800 8,700 11,600
Meters
Tod 4l Canidy 8 s gunang, asa -A G
N N
a BB : , 6
Earthquake epicenter % Distance of Epicenter v
s
451160°E 45°200°E 45°240°E i52m0E 2 45°160°E 45°200"E 45°240"E z
I P e s o
f eeo geooce = Legerd &
3 £ @
ﬁ 0 ® g‘o e o 3 « Epicenter «
Legernd A4 Fault
OO Sk Q Sar z — et charvaess z
LY ] &
@ Epicenter - G a5 Distance of Epicenter (m) &
oo @ & & I 0 - 0005532977 B
DEM o 5 O [ 0005532977 - 0011065955
Value ° z [ 0.011085955 - 0.016508932 {=—7 2
oy High :3020 L) e ®; 2 [ 10016508932 - 0.02213191 |27 =
153 8
: LY g [ 10.02213191 - 0027664887 o
- y @ 17771 0.027664887 - 0033197865 L
Row 1361 [ 0033197865 - 0.036730842
° : B 0.038730842 - 0.04426382 J §
° e 2 I 004426382 - 0.049796 797 ®
o 3
3
0 14502000 5800 8700  11.600 0_t4s02000 5800 8700 iewo
. Legend N
N @ v 5
w%n DEM Faults length w E
: 4 vail
Faults and Faults Density s o Hon - 3020 s
Cow 1367, 45°160°E 45°280°E =
—— P it R Faults length (m) = =
45°160'E 45°200'E 45°240'E 45280 =z Sy s 2
b4 — 1292091 1597.86 38
B — 9331 — 187610
B 805471 ienzzs
8 oyt B — g
— 57
+ wel - Tihsee  —iasere i
Fault | 5 o atarse —seras &
i 8 g T —— =
PE?I!stsw 3 ::'2” ::‘33?; g
o s lorior 2
710000129424 - 0000258847 z — 371697 e 1073.42
[ 0.000258847 - 0.00038827 1 5 — zs70. —esrsz -
[ 0 000388271 - 0.000517695 g iy e e
[ 0.000517695 - 0.000647118 ’ :“,3’ — 286051 —T4204 ;
I 0.000647118 -0.000776542 | =2 =t o
[ 0 000776542 - 0.000905966 =z 247829 —e7e90
[ 0000905956 - 0.001035389 5 o] —654.93
I 0001035389 - 0.001164813 2 54 — e
& — 200060 %200
0 14502000 5800 8700 11600
o 14502000 5800 8700 11,600
Veters

I 5 oo 425 (€) o e b 5551 alols a2 (b) allias 3,50 aklate ;5 aoj o (b 550 rsbye () -8 U5

8 sl a2 () 5 Lo

Fig. 9. (a) Location of the earthquakes epicenter of the study area, (b) distance of earthquakes epicenter map,
(c) faults and faults density map, and (d) fault length map.
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Fig. 10. (a) Earthquakes magnitude distribution map in the period 1914 - 2019, (b) Earthquakes magnitude
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Table 3. The matrix of criteria influencing earthquake, their weight value and consistency ratio.

Data layers (a) (b) (c) (d) (e) (f) (9) (h) Weighting
(a) Distance of epicenter 1 2 2 0.33 0.33 2 2 3 0.1394
(b) Earthquake magnitude 0.5 1 0.5 0.5 0.5 2 2 3 0.102
(c) Earthquake depth 0.5 2 1 0.5 2 2 2 3 0.1508
(d) Distance of fault 3.0303 2 2 1 3 3 3 4 0.2634
(e) Faults length 3.0303 2 0.5 0.3333 1 3] 3 2 0.1643
() Slope 0.5 0.5 0.5 0.3333 0.3333 1 2 0.5 0.0619
(g) Elevation 0.5 0.5 0.5 0.3333 0.3333 0.5 1 0.5 0.0523
(h) Lithology 0.3333 0.3333 0.3333 0.25 0.5 2 2 1 0.0659
Consistency Ratio (CR) = 0.0704
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Fig. 11. Earthquake hazard zoning map of the Tasuj area.
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Fig. 12. (a) The rainfall map of the Tasuj area by IDW method in the statistical period 2014 — 2018, (b)
streams and streams density map, and (c) distance of road map.
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Table 4. The matrix of criteria influencing landslide, their weight value and consistency ratio.

Data layers (a) (b) (c) (d) (e) (f) (9) (h) (i) Weighting
(a) Lithology 1 4 3 4 2 2 3 2 2 0.2297
(b) Landuse 0.25 1 0.33 2 0.33 0.33 2 2 2 0.076
(c) Slope 0.3333 3.0303 1 3 2 2 3 3 8 0.1792
(d) Aspect 0.25 0.5 0.3333 1 0.5 0.33 0.5 0.5 0.33 0.0411
(e) Rainfall 0.5 3.0303 0.5 2 1 2 3 3 8 0.1538
(f) Elevation 0.5 3.0303 0.5 3.0303 0.5 1 3 3 3 0.1363
() Distance of road 0.3333 0.5 0.3333 2 0.3333 0.3333 1 0.5 0.5 0.0483
(h) Distance of stream 0.5 0.5 0.3333 2 0.3333 0.3333 2 1 2 0.0708
(i) Distance of fault 0.5 0.5 0.3333 3.0303 0.3333 0.3333 2 0.5 1 0.0649
Consistency Ratio (CR) = 0.0619
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Fig. 13. Landslide susceptibility zoning map of the Tasuj area.
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