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Table 1. VIF and Tolerance values for each of parameters.

Unstandardized
Coefficients

Standardized
Coefficients

Collinearity Statistics

Lk t Sig.
Parameters Std.
B Error Beta Tolerance VIF
(Constant) 5324 1936 - 2.750 0.008 - -
Soil depth S+ Gas 0.022  0.054 -0.056 -0.404 00.688 0.545 1.835
Slope 0.060  0.051 00.228 1.176 245 0278 3.599
Soil texture S+ =il 0.043  0.021 1.089 2.029 0.047 0.036 27.549
Slope length > J b 1.613  3.006 0.311 0.537 0.594 0.031 32.234
Plan curvature G318 5, 5 sl 1112 3.002 0.138 0.371 0.712 0.75 5.295
Infiltration (g s34 0.119  0.063 0.230 1.903 0.062 0.716 1.397
Lithology _li S 0.078  0.039 0.248 1.984 0.052 0.667 1.500
Dis-stream asl . 5| alols 0.125  0.186 0.081 0.670 0.506 0.723 1.383
Dense-stream <! 1 (515 0.000  0.000 0.128 -1.002 0321 0.643 1.556
Soil type Sl ¢ 5 -0.007  0.003 -1.464 -2.486 0.016 0.030 33.188
Dis-fault .5 3 dobs 274 0.000 0271 -1.732 0.089 0.427 2.343
Aspect b S 0.001  0.001 0.110 0.988 0.328 0.844 1.184
Total curvature JS sl 0395  2.856 -0.104 0.138 0.891 0.018 54.448
SPI 31 S 55 ot jali -1.85  0.045 0.000 0.000 1.000 0.566 1.766
TWI asl 1 Ol5 Lasls 0.000  0.000 0.068 0.280 0.781 0.177 5.647
LU/LC Ll 8 -0.008  0.025 0.101 -0.334 0.739 0.115 8.700
Rainfall S.,4 0.000 1432 0.54 0.000 0.532 0.145 3.654
Elevation ¢lés | 0.004  0.003 0.189 1.463 0.149 0.627 1.595
Profile curvature shais glol 0.009  0.001 0.234 2.324 0.123 0.109 2.890
Convergence index ;I Sen asls 0.03 5.98 0213 -0.127 0.098 0.076 26.6
AL sy DB ek e el 005 635 0.175 0109  0.065 0.053 31.9

Normalized Difference Vegetation Index

A
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Table 2. Results of EBF-Index of entropy model.

S sl slas s dalpd s sl asls
s 26,4 S . . ]
b N b Sy Lol Evidential belief function Index-entropy Wi
Parameters class No. of pixels  No. of
in domain wells BEL  DIS UNC PLS  (Pij Hj
<1600 465454 19 026 013 060 087 026 0.5
s 1600 - 1650 322580 7 014 019 067 081 0.14 0.12
faad)
1650 - 1750 134613 4 019 017 064 083 019 0.4
(%) -1.7
Elevation 1750 - 1850 109623 3 0.18 017 065 083 0.8 0.13
(m) 1850 - 1900 114767 4 023 017 061 083 023 0.5
>1900 59103 0 000 018 082 082 000 0.00
<2 499365 11 017 022 062 078 0.17 043
2-4 462485 20 033 013 054 087 033 0.53
" 4-8 89500 6 051 015 034 085 051 0.0 07
Slope 8-16 14370 0 0.00 017 083  0.83 0 0
16 -28 6337 0 0.00 017 083 0.83 0 0
>28 2355 0 0.00 017 083  0.83 0 0
Flat ;| yon 160136 6 012 011 077 089 012 036
North Jles 138368 3 007 012 081 088 007 027
Northeast il 150071 4 008 012 080 088 008 030
South s 140492 5 011 011 078 089 0.1 035
T Southwest & s 118001 3 008 011 081 089 008 029 0.04
Aspect 3
East 3, 71066 3 013 011 076 089 0.3 039
Southeast 3 2 o 93309 1 003 012 085 088 003 0.7
West — & 95106 5 017 011 073 089 0.17 043
Northwest & Jles 109430 7 020 010 070 090 020 047
bl Concave ,xis 250588 10 041 031 028 069 041 0.3
Sl S5 Flat )l 50s 785900 26 034 036 030 064 034 053 001
Plan Convex —dow 2
curvature o 39491 1 026 033 041 067 026 0.0
<0.9 1693 0 0.00 020 080 0.80 0 0
i 0.9-0.25 384280 14 038 019 043 081 038 0.3
dau L;l;a;}l
Profile 0.25-0.014 511355 19 039 019 043 081 039 053 0.8
curvature 0.014-0.7 176643 4 024 021 055 079 024 049
>0.7 2008 0 0.00 020 080 0.80 0 0
<145 192203 10 030 018 052 082 030 0.52
S 145 - 155 602219 18 017 023 060 077 017 044
(o e 155-165 81849 3 021 020 059 080 021 047 0.04
Rain
(mm) 165-175 123652 5 023 019 057 081 023 049
>175 74003 1 008 021 072 079 008 029
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Continued Table 2.
JS slass Sl b Aty oA el
b bl S < R Evidential belief functi Index-ent .
, t. \.,;‘ la La, L> vidential beliet function ndex-entropy W_]
arameters class H
No.ofpixels - No.of = ppy pig yne  PLS (Pl H
in domain wells
<10 99806 4 028 024 047 076 028 052
s 10-12 246975 12 034 022 044 078 034 053
. 0.03
o 12-14 196071 4 0.14 027 058 073 0.4 040
TWI
>14 533127 17 023 027 051 073 023 049
<200 683620 21 017 019 064 081 0.7 043
200 - 1000 191449 9 026 015 059 085 026 0.0
Sl 1000 - 2000 101104 3 016 017 067 083 0.6 042
uljﬂ ol 0.11
: 2000 - 4000 56674 3 029 016 055 084 029 052
SPI
4000 - 8000 42093 1 013 017 071 083 0.3 038
>8000 1039 0 0 0.16 084 084 0 0
<0.5 98496 1 007 022 072 078 007 026
T 05-1 161600 4 016 021 063 079 0.6 043
ulﬁi (,Slf
Stream 1-12 246129 13 035 017 048 083 035 053  0.06
density 12-14 347587 13 025 019 056 081 025 0.0
>14 222188 6 018 021 061 079 0.8 044
<100 340680 18 041 015 044 085 041 053
S sl 100 - 300 323263 13 031 019 050 081 031 052
aal 300 - 500 252861 3 009 024 067 076 009 032  0.16
Distance 500 - 700 121233 3 019 021 060 079 0.19 046
from river
>700 37963 0 0 021 079 079 0 0
Kdzsh 569 0 0 0.16 084 084 0 0
Ksm,l 33267 1 039 016 046 084 039 053
Klsol 210602 1 006 019 075 081 006 025
i Ko .
TRjs 1588 0 0 0.16 084 084 0 0 032
Lithology
TRn 4774 0 0 0.16 084 084 0 0
oMl 7183 0 0 0.16 084 084 0 0
Migs 818017 35 055 003 041 097 055 078
<3000 47833 2 005 011 084 089 005 022
S sl 3000 - 6000 52952 2 005 011 084 089 005 021
s 6000 - 10000 38338 2 007 011 082 089 007 026 280
Distance 10000 - 15000 46851 31 083 002 0.5 098 083 022
from fault
>15000 890026 0 0 065 035 035 0 0
Urban ¢ 175741 9 011 013 076 087 0.1 035
Range 5 290317 7 005 016 079 084 005 022
S ROC o 5o 2624 0 0 0.14 086 086 0 0
S5l Bareland b 5 16205 0 0 0.14 086 086 0 0 1.15
LU/LC Orchard ¢\, 2789 1 077 014 010 086 077 029
Agriculture (53,5l 583124 20 007 014 078 086 007 028
Agri-farming o> —(55,5Li8 3119 0 0 014 08 08 0 0
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Continued Table 2.
. Al sl oSl Latls
bzl s -y J5 sl ol slas o mme .
: No. of pixels in Evidential belief function Index-entropy Wi
Parameters class : . No. of wells
domain BEL DIS UNC PLS (Pij) Hj
<15 105880 7 0.30 0.23 0.47 0.77 0.30 0.52
St s 15-30 123695 7 0.26 0.24 0.50 0.76 0.26 0.51
0.03
Soil-depth 30-50 324758 10 0.14 031 054 069 0.14 0.40
>50 201898 13 0.30 0.22 0.49 0.78 0.30 0.52
stl" 24467 0 0 0.26 0.74 0.74 0 0
ER NP VS 358854 10 0.25 0.27 0.47 0.73 0.25 0.50 017
Infiltration b s 473781 17 0.33 0.24 0.43 0.76 0.33 0.53 .
5L 218898 10 0.42 0.23 0.35 0.77 0.42 0.53
Joily 4l (ool 8l g sy b oS 5 i) anlis el s bbb O e 1 e
s (g S s parls gl i, b 5 el dalpd bty b ol Db s

3 S uaid oS 5 Lo gio b3 03 Jo Joile sk (08 JK8) W S ol slicizs 4o >
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Figure 4. Groundwater potential map. A. Shanoon entropy, b. EBF, C. EBF-Shanoon entropy.
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Table 3. Seed Cell Area Index (SCAI) of classes of groundwater potential.

ol G maehS ol Coladons lbslag el Sk o)

SCAI
Susceptibility classes Area km2 Area% No. of wells ~ No. of wells 7.
Low S 89.74 9.29 2 5.41 0.0002
Moderate L. s 189.86 19.65 4 10.81 0.0004
5 Jde .
o7 High st 249.28 25.80 8 21.62 0.0007
Compound
Very High b5 L= 437.24 45.26 23 62.16 0.0021
Sum ez 966.11 100 37 100
Low S 53.34 5.52 2 5.41 0.0002
Moderate Lo 520 244.47 25.30 6 16.22 0.0006
A3 dalyd ol .
e High st 306.79 31.76 9 2432 0.0008
EBF
Very High b5 L= 361.51 37.42 20 54.05 0.0019
Sum ez 966.11 100 37 100
Low S 141.58 14.65 4 10.81 0.0004
Moderate L 50 227.01 23.50 7 18.92 0.0007
51 e s .
I oA High 5. 336.96 34.88 16 4324 0.0015
Index-entropy
Very High b5 L= 260.56 26.97 10 27.03 0.0009
Sum ez 966.11 100 37 100
it gladde 53 govs ) Coluw pslie—f Jgde
Table 4. Area under curve in different models.
/46 Olsabl alols
ad e cole syl glas s s Cb“ Asymptotic 95% Confidence Interval
models area Std. Error Asymptotic Sig N ol A
Upper Bound Lower Bound
EBF ks 035 dalys 0.660 0.003 0.083 0.822
ensemble .S 5 0.899 0.000 0.031 0.960
Index of entropy ;51 axls 0.431 0.206 0.104 0.636
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Figure 6. AUC Index trend in models.
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Abstract

Background and Objectives: Ground waters considered as the main source of future water
supply for drinking, irrigation and food production due to global climate changes. At present,
aquifers around the world are under pressure to meet the growing demands of water due to
population growth. Management of groundwater reserves in a sustainable manner is a major
challenge. The goal of groundwater resource assessment is to provide information on the current
status of the resource and provide insights about the future availability of groundwater. In recent
years, several authors have attempted to assess groundwater potential using different data-driven
and knowledge-driven techniques associated with remote sensing (RS) and geographic
information system (GIS). The main objective of this research is identification of effective
parameters in groundwater recharge and assessment of groundwater potential using data-driven
ensembled method in Najaf-Abad aquifer watershed.

Materials and Methods: The study area lies between 32° 18’ 06” - 32° 50’ 12" eastern latitude
and 50° 52" 46" - 51° 41’ 48" northern longitude. In this research, six steps implemented to map
groundwater potential using ensemble approaches including: 1- preparing groundwater well
inventory map and dividing into two sets: training and testing. 2- Building the database. In this
step layers of groundwater occurrence factors were prepared using different resources such as
field survey and Remote Sensing. All thematic layers converted to raster format to use in further
analysis. 3- multicollinearity checking among factors and selection of conditioning factors using
tolerance (TOL) and variance inflation factor (VIF) indicators. 4- Computating the relationship
between training well locations and groundwater conditioning factors using entropy index
model and their classes using evidential belief function model. 5-The groundwater potential
mapping and classification into four classes using Natural Break scheme 6- Validation of the
results using area under curve (AUC) and seed cell area index (SCAI).

Results: The results of the multicollinearity analysis among 21 geo-environmental factors
influence on groundwater occurrences used in this study showed that the Tolerance and VIF of
15 variables were >0.1 and <10, respectively. As a result, these parameters were selected for
simulation. The computed weights for each factor using index of entropy model, indicated that
the most influencing factors on groundwater occurrence in the study area were distance from
fault, LU/LC and geology. According to the ensemble model, 45.26% of the aquifer has a very
high potential. The results of validation of models indicated that the AUC for EBF, index of
entropy and EBF-index of entropy models were 0.660, 0.431 and 0.899, respectively, indicating
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higher predictive accuracy of ensemble model. According to the results of the SCAI, the values
of this indicator were appropriate for all three models.

Conclusion: The main conclusion of this study is that the ensemble approach of EBF-Index of
entropy associated with RS and GIS technologies provides a powerful tool for groundwater
potential mapping in the study area. The areas covered by very high groundwater potential are
45.26% of the total area, indicating that the study area has a high groundwater potential. The
results of this research can be used for effective management of groundwater resources in the
study area.

Keywords: Simulation of groundwater, Geo-environmental parameters, Ensemble approach,
Najaf-Abad
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