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1 .Weights-of-evidence(WOE)
2. Relative Operating Characteristic (ROC)
3. Analytical Hierarchy Process(AHP)
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Figure 1. Location of Ardabil Plain in Ardabil Province and Iran
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Figure 2. Cumulative average of groundwater level changes in Ardabil plain aquifer between 1972-2016
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Figure 4. Location of Pizeometric wells used in this research
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Figure 3. Fault lines situations in study area
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Figure 6. Alluvium thickness map (meter)
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Figure 7. Distance from faults map (meter)
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Groundwater Distance Alluvium
. Geology Slope .
Decline from Fault Thickness
i sl il Groundwater Decline 1 L2 L4 L5 L4
s e Geology LY% 1 L2 L3 L2
J-§ Sl adheols Distance from Fault LY L% 1 L2 L3
o Slope Ys L LY% L% 1 1
WJ‘.T Sl Alluvium Thickness LY L% L% 1 1
Lol () Slaglie g fle =Y J g
Table 2. Pairwise comparison matrix for parameters
slaol cal ol e JoS 5l alsls e Cwlses sl 0o
SO g odkel oy
L lxe . ; ;
Groundwater Distance from Sl Alluvium Final
ope
Decline Fault P Thickness weight
sl il Groundwater
, 1-1-1-1 3-4-4-5 4-5-5-6 3-4-4-5 0.4472
B ES) Decline
fw\-w BraS) Geology 1-1/2-1/2-1/3 1-2-2-3 2-3-3-4 1-2-2-3 0.2319
< . ; Distance from
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Fault
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(FOAK Alluvium
ol Sl . 1/3-1/4-1/4-1/5 1-1/2-1/2-1/3 1/2-1/3-1/3-1/4 1-1-1-1 1-1-1-1 0.0858
Thickness
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Figure 8. Land subsidence risk zoning map based on FAHP model and location of validation wells
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Table 3. Number of pipe fractured wells in FAHP model

FAHP Ju. 5 ) L;:“._(.ﬂ shls slael

Wells have pipe fractured on FAHP model

slass BB
Number Percent
W s S Very high risk 10 33
Y sy High risk 2 6
Ly Ko Moderate risk 12 39
oeb Sy Low risk 6 19
ol e S Very low risk 1 3
adlas 540 ailaie 55 Conliy b Sy polis —F o
Table 4. Subsidence risk amounts in the study area
(pipp foshS) Comloe s
Area (Square Kilometer) Percent
W e S Very high risk 160.91 13
Y S High risk 240.5 20
by S Moderate risk 546.06 45
el S Low risk 196.38 16
ol e S Very low risk 67.63 6
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Table 5. Analysis of land subsidence risk levels in different areas of Ardabil plain
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Y S
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(%) Jas)l
Area effected by . . )
. South of plain North of plain East of plain
Ardabil city (West)
Loy Loy Loy Lo s
Area Area Area Area
Percent Percent Percent Percent
(Km?) (Km?) (Km?) (Km?)
Very high risk 0 0 110.83 35 0.36 0.1 50.12 15
High risk 1.64 0.6 103.06 32.5 27.89 7 108.02 34.4
Moderate risk 92.96 34.2 57.1 18 113.14 83 100.9 32.1
Low risk 149.02 54.9 40.66 13 5.66 1.5 50.12 159
Very low risk 27.48 10.3 4.66 1.5 31.25 8.4 4.45 2.6
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Abstract

Risk Zoning of Land Subsidence Due to Groundwater Level Declining using Fuzzy
Analytical Hierarchy Process (Case Study: Ardabil Plain)

M. Aalipour Erdi', B. Malekmohammadi* and H. R. Jafari®
Received: 2014/06/08  Accepted: 2017/02/21

Over exploitation of groundwater and exist of land subsidence evidences in Ardabil plain, demonstrate
necessity of land subsidence risk zoning in this plain. The purpose of this study was to preparation land
subsidence probability map and determines the high-risk areas with using fuzzy analytical hierarchy
process (FAHP) model. Information layers including; geological formation, distance from the fault, rate
of groundwater level decline, slope and thickness of alluvium were used as effective factors. The pairwise
comparisons for criteria were done by using experts’ opinions. Obtained weights were assigned to each
layer in the Geographic Information System (GIS) and land subsidence risks were calculated. The results
show that this plain has 13 percent of very high risk, 20 percent of high risk, 45 percent of moderate risk,
16 percent of low risk and 6 percent of very low risk of land subsidence. Also, about 67.5 percent of the
southern regions of area, due to excessive use of groundwater, have very high and high class of land
subsidence risk. For verification of the results, field data of fractured pipe wells were used. The verification

results show that almost 80 percent of model outputs (moderate to high risk) are consistent with field data.

Keywords: Ground subsidence, Groundwater depletion, Fuzzy analytical hierarchy process (FAHP),
Ardabil plain.
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