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Abstract

Limited groundwater resources and their overuse have become fundamental challenges for sustainable
development worldwide. In this study, a combination of step-by-step weighted evaluation ratio analysis
(SWARA), deep learning method of convolutional neural network (CNN), whale optimization (WOA)
and bee colony algorithms (ABC) be applied, which approach provides an innovative method to produce
the groundwater spring potential in Kermanshah province. In the first stage, a map containing 301 spring
locations with a flow rate of more than 30 cubic meters per second and 304 points without springs was
prepared. Thirteen parameters were created as independent variables. The SWARA method was used to
determine the weight of the criteria, decision-making indicators and determine the relationship between the
spring creation potential and the selected factors. Then, CNN-WOA hybrid model be applied to prepare the
groundwater spring potential, and then it will be evaluated from the performance characteristic curve (ROC)
and some other statistical evaluations. The validation of the training dataset illustrated that the success rate
for SWARA-CNN-WOA, SWARA-CNN-ABC models is 86%, 91%, respectively. The results showed that
the SWARA-CNN-ABC model performed better than other models with a small difference. In addition, the
prediction rate evaluation revealed that the values under the ROC curve for SWARA-CNN-ABC, SWARA-
CNN-WOA models are 87%, 88%, respectively. Based on the results, despite the excellent performance of all
models, the SWARA-CNN-ABC model has made more accurate predictions. The hybrid models presented in
this study can be used as an efficient and effective methodology to improve groundwater potential.
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epoch Era Geology Unit

CENOZOIC Early.Eocene Silty shale, sandstone, marl, sandy limestone, limestone and Elf
conglomerate
CENOZOIC Eocene Tine-bedded argillaceous limestone and calcareous shale (Kandavan ~ Ekn
Shale)
CENOZOIC  Eocene-Miocene Undivided Asmariand Shahbazan Formation EMas-sb
MESOZOIC Late.Jurassic Basaltic volcanic Jov
MESOZOIC Jurassic-Cretaceous Crystalized limestone and calc- schist JK1
MESOZOIC Jurassic Phyllite, slate and meta-sandstone (Hamadan Phyllites) Jph
MESOZOIC Late.Jurassic Andesitic volcanic Tuff JUavt
MESOZOIC Late.Jurassic Rhyolitic torhyodacitic volcanics JUdv
MESOZOIC Late.Jurassic Upper Jurassic granite to diorite intrusives Jugr-di
MESOZOIC Cretaceous Undivided Bangestan Group, mainly limestone and shale, Albian Kbgp
to Companian, comprising the following formations: Kazhdumi,
Sarvak, Surgah and Ilam
MESOZOIC  Late.Cretaceous  Grey and brown, medium-bedded to massive fossiliferous limestone KEpd-gu
(KAZHDUMIFM)
MESOZOIC Cretaceous Grey, thick - bedded to massive o’olitic limestone kkkk
MESOZOIC Early.Cretaceous Grey thick - bedded to massive orbitolina limestone Klsol
MESOZOIC- Cretaceous- Dark olive -brown, low weathered siltstone and sandstone with KPeam
CENOZOIC Paleocene local development of chert conglomerates and shelly limestone (
AMIRANFM)

MESOZOIC  Late.Cretaceous Radiolarian chertand shale Kur
CENOZOIC Miocene Anhydrite, salt, grey and red marl alternating with anhydrite, Mgs

argillaceous limestone and limestone (GACHSARAN FM)
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CENOZOIC Miocene Cream to brown - weathering, feature - forming, well - jointed OMas
limestone with intercalations of shale (ASMARIFM)
CENOZOIC Oligocene-Miocene Massiveto thick - bedded reefal limestone OMql
CENOZOIC Oligocene-Miocene RedBeds composed ofred conglomerate, sandstone, marl, OMrb
gypsiferous marl and gypsum
CENOZOIC Paleocene-Eocene Flyschturbidite, sandstone and calcareous mudstone PeEf
CENOZOIC Paleocene-Eocene Greyand brown, medium - bedded to massive fossiliferous limestone ~ PeEtz
(TALEHZANGFM)
CENOZOIC Pliocene Alternating hard of consolidated, massive, feature forming Plbk
conglomerate and low -weathering cross -bedded sandstone (
BAKHTYARIFM)
CENOZOIC Pliocene Polymictic conglomerate and sandstone Plc
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epoch Era Geology Unit
CENOZOIC Quaternary Highlevel piedmont fan and vally terrace deposits Qftl
CENOZOIC Quaternary Low level piedment fan and vally terrace deposits Qft2
MESOZOIC  Triassic-Jurassic Meta - volcanics, phyllites, slate and meta- limestone TRJvm
MESOZOIC Triassic Thinto meddium - bedded, dark grey dolomite; thin - bedded TRkk-nz

dolomite, greenish shale and thin - bedded argillaceous limestone
(KHAMEH Katand NEYRIZFM.)

MESOZOIC Triassic- Kuhe Bistoon limestone TRKubl
Cretaceous
MESOZOIC Triassic- Purple andred thin - bedded radiolarian chert with intercalationsof ~ TRKurl
Cretaceous neritic and pelagic limestone ( Kerman and Neyzar Radiolarites )
MESOZOIC Late.Cretaceous Dark grey shale ( Sanandaj shale ) (Schistand phyllite ) Kussh
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Factors SWARA Factors SWARA Factors SWARA
kkkk 0.38 Qftl 0.001 PeEf 0
Qft2 0.24 Kbgp 0.001 Ekn 0

EMas-sb Mgs 0 TRJvm 0

0.175
TRKubl 0.094 Plbk 0 Jugr-di 0
KEpd-gu 0.049 Jph 0 Jov 0
Kussh 0.028 OMrb 0 JKI 0
PeEtz 0.016 JUavt 0 OMql 0

KPeam 0.008 Kur 0 Elf 0
Klsol 0.004 OMas 0 Plc 0

TRKurl 0.002 TRkk-nz 0 JUdv 0

F3e sl ulu 51 SWARA polie Y Jgoa dalal
Factors SWARA Factors SWARA
slope Distancetoriver
0-12.9 0.312491 1,500 0.374
12.9-21.9 0.243452 3,000 0.276
21.9-30.9 0.185024 5,000 0.173
30.9-41.7 0.148019 8,000 0.093
41.7> 0.111014 17,152 0.084
Altitude (m) Drainage density
1385-1703 0.430051 0.05-0.09 0.306
1070-1385 0.259452 0-0.05 0.203
17032068 0.141519 0.09-0.26 0.177
114-1070 0.084489 0.26-0.43 0.157
2068-3368 0.084489 0.43-0.53 0.157
Aspect TWI
West 0.45602 1.8-6.34 0.49
East 0.25244 9.93-13 0.247
South 0.137195 13-23.5 0.139
North 0.082317 6.34-7.96 0.077
Flat 0.072028 7.96-9.93 0.047
Plan curvature Rainfall (mm)
Flat 0.455165 800-900 0.424
Concave 0.359359 500-600 0.26
Convex 0.185476 400-500 0.15
Landuse 700-800
Rangeland 0.352489 600-700 0.058
Crops 0.256916 NDVI
BuiltArea 0.143609 0.1-0.15 0.373
Trees 0.095739 0.15-0.23 0.219
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Water 0.075623 0.23-0.32 0.147
Bare Ground 0.075623 0.32-0.42 0.13
0.42-0.51 0.13
Soil SPI
Rock Outcrops/Entisols 0.390981 0-48,0664.14 0.284
Rock Outcrops/Inceptisols 0.238403 48,664.14001-227,099.33 0.268
Inceptisols/Vertisols 0.159895 227,099.3301-583,969.72 0.192
Inceptisols 0.109218 583,969.7201-1,330,153.27 0.128
Bad Lands 0.101503 1,330,153.271-10,402,553 0.128
Uo3ge180l0 acgaze g1l Jaw o Shae ¥ Jgaz
Training dataset Models
SWARA-CNN-WOA SWARA-CNN-ABC
Truepositive (TP) 78 116
Truenegative (TN) 224 158
Falsepositive (FP) 24 52
Falsenegative (FN) 15 15
Sensitivity 0.9 0.89
Specificity 0.83 0.75
Accuracy 0.85 0.8
RMSE 0.0052 0.00395
MAE 0.059707
Kappa 0.7201 0.7
AUROC 0.86 0.91
Cenisoldacgae slule Jow o Slos . F Jgu
Testing dataset Models
SWARA-CNN-WOA SWARA-CNN-ABC
Truepositive (TP) 17 54
Truenegative (TN) 10 5
Falsepositive (FP) 13 30
Falsenegative (FN) 107 58
Sensitivity 0.89166 0.91525
Specificity 0.63 0.65909
Accuracy 0.74 0.78
RMSE 0.005722 0.00566
MAE 0.061502
Kappa 0.6501 0.65
AUROC 0.87 0.88
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Models Percentage area
Very low Low Moderate High Very high
SWARA-CNN-ABC 20.04 25.58 27.86 15.97
10.54
SWARA-CNN-WOA 14.32 22.11 26.13 25.21 12.23
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Models Very low Low Moderate High Very high
SWARA-CNN-ABC 2.66 6.38 19.15 34.04 37.77
SWARA-CNN-WOA 4.26 9.57 20.74 28.19 37.23
Syl sy 5L

bl sl AUC-ROC 4 LIS cwds o gas cumlus alos 5l il i) lie] sloyial) b 5loolasl
o015 s gaze sl iy lizel s loso gl ¥ Jsaz 5. (1) s ol KuSoble o dglio sl a5 3.8
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SWARA-CNN- (o gas) daie puf (5lo JuuSio rsno (suudiwd 3y90 )0 ol pogdle .o)loly (/A%
b0l )8 /Y0 ,laie LSWARA-CNN-ABC Jow oyl Jlss s el ly s Shos oy igo («/AY) WOA
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Testresult variable(s) Area Std.error Asymptoticsig. Asymptotic 95%
Lower confidence interval
Upper
bound
bound
SWARA-CNN-ABC 0.881 0.0018 0 0.872 0.889

SWARA-CNN-WOA 0.87 0.0021 0 0.86 0.88
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