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1- Geographic Information System

2- Remote Sensing
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1- Weighted Linear Combination (WLC)
3- Analytical Hierarchy Process (AHP)
6- Random Forest

9- Naive Bayes model (NB)

4- Weighted Sum Model (WSM)
7- Frequency Ratio
10- Bagging

2- Weighted Aggregation Method (WAM)
5- Index of Entropy model (IE)
8- Logistic Regression
11- AdaBoost
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Figure 1. Location of the study area and training and testing wells
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Table 1. Groundwater yield data of Ardabil Plain
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Figure 2. Groundwater occurrence factors of Ardabil Plain
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1- Global Digital Elevation Model-Advanced Spaceborne Thermal Emission and Reflection Radiometer

2- Operational Land Imager

3- Normalized Difference Vegetation Index
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3- Area Under the ROC Curve



YVa WA liae g 5l ITY oladd /o233l Jbs 550l 095 e dolicing}y
. . : : : vy..... w\..... s
: L: 3 F: 2 <
: £ = rr (< b=
& L & LE 4 i
= Fi. s = f
[P i Gereuy
E EE| D) omsiems TRl rvaarar r
(:':5 - -VY/Y “ TFAY/1-1F])
(o) 54 @8 V/A-1A/L ®@ 'r1/1- 1555
i @@ rr5/s-vYVE/D 6w etmt) § OB ' A/5-TA/A BEESE RlccdRatiie | ¢
T [eB rveis-rivie O3 ooyt cato T = | e8 ran-aan > > | CB aven-rrsy >
SHSPY, Namtian
@R v\ V/5-rvr/v CQ Syl s CQ Syl s
Fogks fogksS NI E— — -
= f A i ry 2 v - ¥ A 12 v Aid ry ’“"!’. f A Ald e ry
(7200 (7200 (7900 (730 (798
3 TFrmnie s : YFooes YAeoon PO YPoees YAseeo .
£ B [ £] s E
N
£1 e ¢ L g <
= R = [ = =
E = 5 £ £ E
(L) S Jodss (5e) 6il509, 51 alold
. | OB (YUA-F-IA) o) g . . = B L T-1d
ides croaorvny aen H $ ‘”"’:"m’i""h $ 3 |@B ver-rrev :
= I (NDVE) F:oo3 = 03] B
Slesrr il e [E GO s [ HSar e ]
@R (CT/V-FF/A) Gl o)
iogas og -/6)-() @B AVA- - 18-85
- ¥ A Yy ry IR 3 -
"i:... - ot A » v ry ”’“. ¥ A [ Ye (a4
L7200 L7 (70 (730
0l (oo b (@ (o)l Olads (@l : )l cubd suojp &l @lie (ol Jawily ) odliiwl 3y90 (o (glaay¥ =Y S5
L;@U d).g)lf () ‘L;wlw)tjb (5 ‘_;hLS Oy ua>Lw (o ¢43l$b5) )I dold (D
Figure 3. Surface layers for groundwater potential modeling in Ardabil Plain: a) elevation; b) slope; and c)
rainfall; d) distance from river; ) NDVI; f) Soil; g) land cover.
: YPeoee YPeoes YAsooo s % YPeoes YAseos §
=1 FE 2 -3
£ (< = = &l =
N - N ( N
H - o I H
G4 s cws w303 T Ges .2 34 .2
| Gy 22 @iy 50) (50) s = =
CQ Yrvis - rram o® /-y
. |eB resi- vy @B WY -TIy .. | OB s 8T Sl &
i {@8 rrvia-area ® Leols CB vvA-T¥is S levsliscls | 2 1EB oas o slawittsy L3
T | @8 ovvi--syvr CB s s C3 Y5 - FAIA C3 Jwoyl s T T | @8 o'sr b o sy =
O FYVF - VVE/Y GB FA/A - vVIY CB Syl e
e ~ T — -
. —1_4 —TL ry ’.’I’:- ¥ A $ ve ry ’.’l:’ - ¥ A TN ry
(220 YAeeeo [0 YAeooo (7220 YAeeoo

(& «sio5) &l o (ool St (Gl o) s (o5 O olto (ol Jdlty 55 o3lisiol 3,90 i) sloarY —F JS

el Jsl colls

Figure 4. Subsurface layers for groundwater potential modeling in Ardabil Plain: a) lithology; b) groundwater depth;

and c) transmissivity
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Table 3. Groundwater Potential modeling by using Index of Entropy model
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Table 4. Distribution of GPI classes and areas covered by each of these classes based on IE model
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Figure 5. Groundwater potential map based on Index of Entropy model
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Table 5. Distribution of GPI classes and areas covered by each of these classes based on NB model
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Figure 6. Groundwater potential map based on Naive Bayes model
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Table 6. The results of previous researches of groundwater potential mapping based on IE and NB models
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Figure 7. ROC analysis of IE and NB models for groundwater potential mapping in Ardabil Plain
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Abstract

Although groundwater resources have long been selected as a safe choice for resolving
human water requirements, overexploitation of them, especially at Ardabil plain, has promoted
a decrease in the quality and quantity of these resources. One of the significant solutions is to
identification of the groundwater potential zones and exploitation of them according to their
potentials. The aim of this study was to compared the efficiency of two objective models: Index
of Entropy (IE) and Naive Bayes (NB) in groundwater potential mapping of Ardabil plain,
located in northwest of Iran. For this purpose, ten groundwater occurrence factors including
elevation, slope, soil, rainfall, distance from river, land cover, normalized difference vegetation
index (NDVI), lithology, groundwater depth, and transmissivity were used based on the
availability of data. In order to reduce subjectivity in groundwater potential modeling, all
spectral groundwater data layers were classified into objective classes by using Jenks
optimization technique. After computing groundwater potential index for the models, receiver
operating characteristic (ROC) curve and the area under the curves (AUC) were implemented
for validation of the models. The AUC values for the IE and NB models are 0.728, and 0.821,
respectively. The overall results approved that both of the models have good capability for
demarcating groundwater potential zones but the NB model performed better than the IE model
for groundwater potential mapping in Ardabil Plain. The results of accurate groundwater
potential mapping at Ardabil plain can be useful for groundwater resources management and
avoiding overexploitation in the plain.

Keywords: Ardabil Plain, Groundwater Potential, GIS, Index of Entropy Model, Naive Bayes
Model
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