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Abstract

Introduction

Estimating groundwater recharge using other affecting factors such as hydro-meteorological, and physical factors, is the main
way to understanding, predicting the sustainability and availability potential of aquifers. The objective of this research was
investigating the efficiency of some individual and ensembled models and the effect of the ensembling on promoting the
efficiency of Bayesian and Random forest models.

Materials and Methods

The required environmental layers (DEM, aspect, slope, curvatures (profile and plan curvature), lithology, landuse, soil
texture, NDVI, fault distance, river distance, SPI, drainage density, TWI), were prepared by ArcGIS 10.6 software for the
study area. the Bayesian theory and Random Forest models and ensembling of these models were avaluated. To consider the
ensemble effect of these models, input layers were used in two models and then the models were ensembled by several
scenarios, which were based on the principles of basic mathematics. The double-ring infiltrometer method were used for
understanding the spatial variability of groundwater recharge potential (GWRP). The performance of the models was
evaluated using statistical measures. ROC, CCl, and TSS indices were used for evaluating the results of implemented models.
Finally, GWRP mapping prepared and the percolation of the study area was classified into five classes: very high infiltration,
high infiltration, medium infiltration, low infiltration and very low infiltration.

Results and Discussion

The sandy-clay-loom soil texture and the Quaternary sediments (Qft2), rangeland and agriculture areas (in landuse layer),
showed maximum percolation. The results indicated that the random forest (RF) model was identified as the superior model
compared to Bayesian and ensembled models, by ROC, TSS and CCI indices (ROC= 0.983, TSS= 0.86, and CCl= 93.9,
respectively). Also, among the ensembled models, the RFBa5 model (based on the fifth scenario) was evaluated as the most
efficient model through ROC, TSS, and CClI indices (ROC= 0.984, TSS=0.76, and CCl= 87.94, respectively). Based on the
first individual model (RF), 11% of the study area had moderate to very high infiltration potential. This despite the fact that
the 89% of the study watershed was found with low and very low potential. While according to RFBa5, 30% of the study
area were estimated with moderate to very high potential and 70% with low and very low potential. The Bayesian model was
observed as the weakest model. But based on the ensemble of this model with the random forest model, under different
scenarios, the strengthening of this model was observed. These results show the positive effect of ensembling the models.

Conclusion

The GWR potential maps are useful in planning with more accuracy for implementation of artificial GWR, soil protection,
aquifers and watershed management projects in order to protect water and soil resources by directing runoffs to preventing
the soil erosion and aquifers recharge. It is recommended to study different suitable models and their ensembling in this field
or other watersheds and select the best model to get the best performance and obtain an accurate map.
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Loy sxdd9 0jg ke adlas cpl )3 &5 g psboey ccun]

Eolar s Jue -F-Y
o3lizal CllB b il 55l pys S ol IS
CollB 5 ol Loty o5 Cusl b s i b el g oL
IS osmSy ln o ganaib e el
dSpde gmie (dadle (630h oyl (53
ol sl Kis She cpeke (Zhang et al., 2017)
O e 5> B pite Cuenl (6ySojll > bagl (YL oS
slasiboJie ) Shl oud sl by iy ) e o
o o Sy Bl SR Jie (St siniin
Jolse oo bl psls adllas > (Messenzehl et al., 2017)
dogl 51 Sy (539 5 398 00 (43 paised bIES Cuge 5 5
2l ol oS A5 e okt UK oS 5l ealizal |

5 Tl T0,) s RStUMIO (g Lol Jl38la 55 Loy

oS 5 St s 3 B e 5 0

ohy 429 dse bl S5 by I edlatel ojgyl
6350k 5 (gglSodly sla Juo 1 aS” (ool,8) Logas ¢l
5| gyl alllas 53l 485 518 1S e o0lil niilo
L s Jae ool b Jelge 1 o o Glib (59 dwloxe
oSy i Abge S AgS AMS g 298 Axiiwe (bl
I b ble (6500 g (slel slae 1S o (295
daie oS5 ly nlply cwl oty Cogli jglaten
9 398 dxiwe 3blie (ol Ak U S ans (ilie (slogy U
P odd oy Slagy b (olol pr egycnl Sl 298 Q) A5
ot S 5 el oS by b 505 S 7,500 b e 9
Sloas &1 Y Jgao 0 (F U Y Lalg)) Bad oy b Jae
(Arabameri et al., 2017)

G 4D 03lawl dy90 S0 S 55 (sLdgs L - Y Jgus
Table 1- Model's ensembling scenarios in the current study

S P e )yl ala,
RFBal B! + R? )
RFBa2  (2xB)+R a
RFBa3  (2xR)+B @
RFBa4 SxR ©)
RFBa5 g(iu é*té)C; R)+(BXAUCB)/(AUCR ¢

! Bayesian Theory
2 Random Forest

ROCU;:mx)'cJa.wr
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TWI &Y 5 .05 ssalie 555 it (flat) Jlsen (oS 5
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Table 2- Predictive performance indices propertises

03g45xe Sl abayl,y Clowud g oasls
5 S glagilore  mwcoue WS by i
= _F e 3 ol cpps 9 ol e sloony e
o1 ) TE+EN 25 g ROC ixia (yusd 5l dos =390 sy STyl pie Sles dasuis—(7)

™ 3 oslizad b Jte cusS s el adls AUCT) Liin )

(ROC") ouiis il >

e iy = ———— . L. . -
TR T TN+ FF Jo @bl b &S b anlome (Gnpin @l e <8
2,1 puditne b3
bdiges il —(8
TN+TF @ Mol 4 g Wload (gaodil Cunyd oS Cunl (63)l50 (Slino & shasiges 051a-5)
0-100 CEl = ———————————— =100 g v 0Ad (gl o
TN+TP+FP+FN 290 455 WTN' 5 TP ggemme ccr)
M TES it Syl Szt yenyy uyle cbadlie wlol p a3l oyl Sylae o)lal a3 ls —(9)
- T A gl ¢ Slialie sl pas o Gllail sximd L (TSS) Cawyd>
EYCU PN R EYV S W RSN 7S [P IV Y J RN
Table 3-The consepts of Predictive performance indices
)Ll popde ROC CClI TSS
S >0.9 0.8-1 0.8-1
RS 0.8-0.9 0.6-0.8 0.6-0.8
Jod S 0.7-0.8 0.5-0.6 0.4-0.6
Cnd 0.5-0.7 0.3-0.5 0.2-0.4
g sl <05 0-0.3 0-0.2

! Receiver Operating Characteristics
2 Sensitivity

3 Specificity

* Area Under Curve

® Correctly Classified Instances

® True Positive

" True Negative
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Table 4 - Corrolation between condition factors and infiltration samples by Bayesian method

B G bn JuSy Slas by bop g Ll S i
0-4 1844076 64.8 632 7.477

4-8 615821 21.7 146 -2.585

G 8-12 253365 8.9 32 -4.838
12-25 112292 3.9 5 -4.227

>25 18692 0.7 0 0.000

ans 576515 20.3 196 1.555

Jles 431496 15.2 279 -1.780

G S B 623015 21.9 195 0.695
g 685272 24.1 144 -0.190

Jurye 527948 18.6 1 -0.011

s 1714508 60.3 521 2.126

s gl e 1 0.0 0 0.000
e 1129737 39.7 294 -2.126

s 1547970 54.4 432 -0.813

by sl Yo 1296275 45.6 383 0.813
e 1 0.0 0 0.000
0-0.28 805615 28.3 58 -12.070

0.28 - 0.56 704174 24.8 156 -3.680

S S|y 0.56 -0.83 652752 22.9 284 5.274
0.83-1.11 459612 16.2 269 12.481

1.11-1.39 222093 7.8 84 2.568

1442 - 1964.8 935613 32.9 507 16.770

1964.8 - 2487.6 1013536 35.6 166 -8.879

DEM 2487.6 - 3010.4 666086 23.4 142 -4.019
3010.4 - 3533.2 171875 6.0 0 0.000

3533.2 - 4056 57136 2.0 0 0.000

Cm 39 0.0 0 0.000

Edv 23698 0.8 0 0.000

H 51951 18 0 0.000

JKbl 120967 4.3 0 0.000

Jph 617131 21.7 6 -8.837

Jss 2299 0.1 0 0.000

Kgr 91361 3.2 1 -3.295

Klsol 92562 3.3 0 0.000

KPegr-di 13413 0.5 0 0.000

Ksm,| 11880 0.4 0 0.000

P 41084 14 0 0.000

pCgn 56574 2.0 0 0.000

e pCmtl 12800 0.5 0 0.000
el S pCmt2 87173 3.1 0 0.000
pCrr 47360 17 0 0.000

Pd 10839 0.4 0 0.000

Pda 8090 0.3 0 0.000

Plbk 3897 0.1 0 0.000

Pml 62347 2.2 0 0.000

Qfty 11082 0.4 33 13.380

Qft, 957294 33.7 773 22.670

TRav 57905 2.0 0 0.000

TRavt 8645 0.3 0 0.000

TRkk-nz 18970 0.7 0 0.000

TRmI 122349 4.3 1 -3.598

TRuJm 312536 11.0 1 -4.608
0-5.78 1271422 44.7 201 -11.125

5.78 - 11.56 806504 28.4 389 11.923

JuS 5l alole 1156 -17.34 341201 12.0 138 4.309
17.34 -23.12 250481 8.8 39 -3.980

23.12-28.9 174638 6.1 48 -0.298
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Table 4- (Continued)
EiagkiS 1410103 49.6 535 9.009
24 o 49756 17 0 0.000
S 59910 2.1 0 0.000
g lS &b 65233 2.3 2 -3.186
i Sy 1233215 434 276 -5.433
S 359 9491 03 0 0.000
SsSno ailaie 15280 05 2 1111
o 1244 0.0 0 0.000
-0.183 _-0.02 30730 11 3 -3.991
-0.02 _0.15 16878 0.6 3 -4.979
NDVI 0.15-0.31 9732 0.3 7 3.882
0.31-0.48 265827 9.3 79 4.674
0.48 - 0.64 2521079 88.6 723 4.396
0-0.52 1005005 35.3 435 10.534
052-1.11 769942 27.1 208 -0.995
L1554 3l ol 1.11-1.78 569213 20.0 122 -3.581
1.78 - 2.66 388194 13.6 50 -6.050
2.66 -5.34 111892 3.9 0 0.000
o8) s 135699 48 10 -4.38
b comty stk 364700 128 23 -7.67
o8 298335 105 0 0.000
) 158230 5.6 0 0.000
Sk el S5 08 431358 15.2 7 -7.98
) (s 406674 14.3 1 -4.91
o5 oy s 396266 13.9 756 3235
o b 407749 143 18 -8.40
w5 ) 245221 8.6 0 0.000
0.89 -5.22 674830 23.7 38 -5.234
. s 5.22 -9.56 1213874 42.7 320 -1.983
Cugby padls
Sl 9.55-13.89 654072 23.0 289 1.345
13.89 -18.22 233962 8.2 122 3.776
18.22-22.55 67508 2.4 46 4.877
6.26 - 10.228 614338 21.6 232 4.565
10.228 - 14.196 952572 335 288 1.024
Ol @8 asls 14.196 - 18.164 812108 28.6 179 -4.085
18.164 - 22.132 371452 13.1 75 -3.093
22.132-26.1 93776 3.3 41 2.880
49°100"E 49°50'0"E 49°10'0"E 49°50'0"E
33°50'0"N 33°50'0°N
(<al)
Ot ke
P !‘S ket 133°20'0"N 33°20'0"N
= 5
55 dewga Q
5 oL . 2. o G % 1
o oLk e e R Ny b IR e ———

ol YR Jao (@) 9 o 5559 (W) 0l gisdinb duojyj ST 41355 dxino gblio —F JSCd
Figure 4- Groundwater recharge potential zones, (a) Bayesian Theory, and (b) Random forest models (reclassified in ArcGIS 10.6)
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Table 5 - The area of predictive recharge potential classes

la oM colus JS

) ool (K)ol Snhdgd Joily NS g )lis g b Jas
17.95 459.40 o sl 6 piideis
22.29 570.64 o5 Spkded
21.93 561.46 Lwgio (6 pdsdgi Ot e
25.42 650.78 35 g pivdsts
12.40 317.31 35 sl (g privdgis
69.99 1765.89 o sler (6 piideis
19.90 509.33 w5 Sl
5.63 144.24 Lgie (6 pdydgis ool [Sis e
1.66 42.54 3bj o pisdois
3.82 97.76 3j jhs (6 piudeis
30.1 769.5 o b (5205358
29.0 7425 o5 Sndsh
29.3 751.3 Lgie (6 pdydais RFBal
7.6 194.4 3j o pisdois
4.0 102.0 35 sl 535
223 571.2 o sl (6 pideis
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342 874.8 05 Snddeds
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5.0 127.4 3bj o pisdois
3.9 100.2 35 sl 53
72.8 1862.4 o sl (6 pideis
17.9 457.4 0 Sndded
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Table 6 —Performance of predictive models

TSS CCl ROC sl
0.16 58.68 0.756 eiw Jie
0.86 93.19 0.983 ey K Jse
051 75.51 0.985 RFBal
0.66 83.99 0.984 RFBa2
0.47 73.53 0.984 RFBa3
0.70 85.05 0.986 RFBa4
0.76 87.94 0.984 RFBa5

285 A8 osalie 55,5000 b S 5 G Jde )y

o235 53 bl 5 Js RFBad Jus ROC aslis bl
wbolis 3 YL bl s RFBA5 Sy Jae 10
55 ROC Lasls i 5 > RFBA5 o ul adllao Cita
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olye yp Jae ) RFBAS Jae (oS 5 ladse o oy
L adhate pgw S 1 Gl o0 JS8) S 5 ol ol 2 23908
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Figure 5 — Groundwater recharge potential zones according to RFBa5 ensembling scenario
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Figure 6 — Overlaying the Marboreh GWR potential map with plain layer
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Figure 7 — Overlaying the Marboreh GWR potential map with aquifer layer and pisometric wells

A cov 31 ol (b & oxd Cguome ) il
Sl iy & Comd gy SO0 00 9 oSt (36 i
Gt IS sl Jlosl dpo s sl 4B B (o
bl (sdinag 5 ol (gej s ol lio 1l oolitl zg s
o1t plbdl dlsye pl oi ) > bl el 35 uuslty (gl
2 iy o L35 Judlty gl sblie sl dalllas (5 1) cal
5 oloe oo S8 8 ol g ) 3190 o)l 350l B
Jodly gl Bblie (s g bSe 4 (g)hu (sl psite

S 5 domi - ¥
LS)IA)-!°)'@(.’ ‘))S.o LSLMJLAS@ 9 L;r.‘a.w gj é,L.o d&lf Jdeu
ly sl 0k g9y (ol Slogily b (iuejpj o plie ]
S ity Comdy 355 oy 53 b o ol dge g o
5 ptlefl 6l o mlid ol (5500 i) o
4385 Axluo d]o‘.m Ty 4 dups C u;L\m dbad)l.\).gddyj
S S8 g0 ol 4 Wgie e ) edlid A3l joS
S529uS dotano (SICBD 035 )3 0)le 55l B led ok



AY e M B (LWl )3 oS 3 9 (6358 e 2, b))

gty &S Cal S3 &y p3Y )b calas 35 Avand et al. (2019)
5 09 S e (55 e b (polad SR o3hal e
o Jne plos 5,Skas ol ol s 1y Sy 5,Slos Ly s
55 5) o 5 (ROC sl s J) Jle g 3 35 (5
wle o Sllas b & wins bl (TSS 5 CCI (gla sl
Sy Jleen Chen et al. (2019) 5 Miraki et al. (2019)
sl g (3ol JSix o (e o ST b izen
S Jao e b Jao ke 3 o5y o oo b (55
olse o odomy s alyy (650l 8 el ol
ol g abaii Jgieds & Canl ejp; slac] 4ds p IS ,50
Slog liw > Jdo ol 5 edlatal &5 canl o sblse 5 g Je
o 3 e e 3,50es 3555 o e o g s S5
e g ol (Sl bias o dilaio HSg5 4 w2yl
G55 4 3 g ool e e 5 53 181 8 8
b Juwily cpl céypin 5l blyy colia b aS” Wi (535400
5 iy < el o QIEl Gl gl 5l g 008 gpSele
YU ol b sblie 385 _bolis Sgad ool mlio ol apdss
1y byl ol ) eslizl coles b 48 o (SaS 5L sl
3 i Byo oS syl Jos & allyy o3l 3gi5 g
Cuw g 4».91; 01) Lmulyxj & M‘y‘_fc 4».9[) )90) )J.)LO.A U"I
A 390 o &S (Jge )0 Wigd Med)l plie ol &4
bl (o ool dadpe saacly 5l o Jlosl sl
Flas 1S Slge (Bl onl lale Sl Geeme s
REISRCEIN

5 owdige AHP g o hay 93 5l odlitel b uejpj

S cblis gury Sllae (VYA) o5l chibio of S5y
Wby Jl (SasS i 5 omle sl sleeje s)bsl 5
39293 Jlod 3 0y

U5l ol a5 (W) o] ol sl pslite uwdige Sps
2Pl g i (g g Jpad (5395l

(¥RF) p o GBojd 5 ol paie syl cg spd g wSins
gy sl oslizel b Sle cads lesol Js! cubls o i
YO =8N (VWY SE g O il Solas JSix

whin 4y a5 b e rejs Slac] 45 jglateds (6 pdidon
DP9 oied g ddble kb lasl BB cd I b
2 ol dlae a4 g bl adlas gy Lolss oML
F oy cnl s pbel (pddgh dwie Gblie (glulil dl>ye
S Shy gl (SlS a5 sla S de Sl SNl ey
IS s ol Jaume gl yiio plo g 496 (1S58
Sty o8 0 p)lo 5500 830 | (oo Colag 13 g syt o Jolss
ol 4 ad e g ololid wadb |y (e o] 435
Lz B bue il oS5 b oher (08 Jae 9o I pdlaie
Joslisd Jdoa g o A odlil aul sl (slue 2 2 lies
b o8 B 5 enlio 85 it 5 205l Ao 3 s 35
@ dgdme Cpiw Jde 3y9ly <8 oyl g (ROC=+/VOF) ol s
Jdo ol @8 blas dles 5l ¢ Shg ped &S Cund diged 5l0l
SleMbl dod (65,5 b Jso opl 3 (ool bl i od ol
Pl g sl @it 3y90 byl sy s @iy
olal (39 dgdmme 4 g oy e Jdo (srCudsixe I sl
5 e el ine ool yr sblie sesl) bajro yolie el
,» .(Bagheri Dadvokalaii et al., 2017) 58" o Ll ( a8
Joo ol U5 3 cnm 6095 J odlail b aliie il 5]
Karimi-Rizvandi et al., 2021; Bagheri ) cul saé sialis
o35 s o L alle. ol &5 (Dadvokalaii et al., 2017
Wlas 43 51 0 célas yob s L ROC asls G0
ie Cogl pglateds b Jue S5 oy Baa b ol
$38 Jho S g pp @l Cali 8BS Cpge (3
5 Sihag et al. (2020) ddllao L &8 90 151 I, (ool JSi)

&b

LOYAF) Ly bl s b yme g vl (ikedy i st
el 5 ol bpepile by 3Ses duglie
i3ype Adllae) wlsdgy Blig) ol mobn i
(N B g o bl clajingf (sl saulk By,
AAS =WV

ol 298l 28 (IYAY) o (SE g e ey S5
b 6lagy gl eoby »® de slagdgy Sl glp
pole (Sl Bgo i62)90 Allhae) Siadgn (sl Je Sl o3liiul
A =AY (V)Y o) lof wtigo o

oty G (SYA) e g e il wp i
Gilaie 53 ()l 5 (solSodls (slagsag  oslizul b (usip;
EYY — 5 V)WY () s koo s s — gl

O MTV) g g 9 g Slolo Jgdosme ol ( oA 93> (5 8L
Ol oshan 485 plawnse )b lal ¢ly oo e



A G 54 Gl A Fo ) Jl o 0yland ¥ 0,93 S 9 Ol Cupaito 5 (g5l o ds pui | 50y g 9 031 pias AF

References

Ahmadi, F., & Radmanesh, F., & Mirabbasi
Najafabadi, R. (2016). Comparing the
performance of support vector machines and
bayesian networks in predicting daily river
flow (case study: baranduz chai river). Journal
of Water and Soil Conservation (Journal of
Agricultural Sciences and Natural Resources),
22(6), 171-186 (in Persian).

Akhoni Pourhosseini, f., & Ghorbani, M. (2018).
Application of Shannon Entropy for Selecting
the Optimum input Variables in River Flow
Simulation using Intelligent Models (Case
Study: SofyChay). Irrigation Sciences and
Engineering (JISE) (Scientific Journal of
Agriculture), 41(2 ), 183-195 (in Persian).

Al-Abadi, A.M., Pradhan, B., & Shahid, S. (2016).
Prediction of groundwater flowing well zone at
An-Najif Province, central Iraq using evidential
belief functions model and GIS. Environmental
monitoring and assessment, 188(10), 549.

Al-Fugara, A.K., Pourghasemi, H.R., Al-Shabeeb,
A.R., Habib, M., Al-Adamat, R., Al-Amoush,
H., & Collins, A.L. (2020). A comparison of
machine learning models for the mapping of
groundwater spring potential. Environmental
Earth Sciences, 79, 1-19.

Althuwaynee, O.F., Pradhan, B., Park, H.-J. & Lee,
J.H. (2014). A novel ensemble decision tree-
based CHi-squared Automatic Interaction
Detection (CHAID) and multivariate logistic
regression models in landslide susceptibility
mapping. Landslides 11, 1063-1078.

Arthur, J.D., Wood, H.A.R., Baker, A.E., Cichon,
J.R., & Raines, G.L. (2007). Development and
implementation of a Bayesian-based aquifer
vulnerability assessment in Florida. Natural
Resources Research, 16(2), 93-107.

ASTM (American Society for Testing Materials),
(1998). Standard Test Method for Particle-
Analysis of Soils, D422-63.

Avand, M., & Janizadeh, S., & Farzin, M. (2019).
Groundwater  Potential Determination on
Yasouj-Sisakht area Using Random Forest and
Generalized Linear Statistical Models. Journal
of Range and Watershed Management (lranian
Journal of Natural Resources), 72(3 ), 609-623
(in Persian).

Bagheri Dadvokalaii, O., Mohammadvali Samani, J.,
Sarvarian, J. (2017). Determine the best place
to implement groundwater artificial pond
design by using two methods of boolean and
AHP. Journal of Engineering & Construction
Management, 2(1), 12-16 (in Persian).

Chen, W.B., Pradhan, S., Li, H., Shahabi, H.M.,
Rizeei, E. H., & Wang, S. (2019). Novel
Hybrid Integration Approach of Bagging-
Based Fisher’s Linear Discriminant Function

for Groundwater Potential Analysis. Natural
Resources Research, 1-20.

Farmani, R., Henriksen, H.J., & Savic, D. (2009),
An evolutionary Bayesian belief network
methodology for participatory decision making
under uncertainty: an  application to
groundwater management. Integrated
Environmental Assessment and Management,
8(3), 456-461.

Fielding, A-H., & Bell, J.F. (1997). A review of
methods for the assessment of prediction errors
in conservation presence/absence models.
Environmental Conservation, 24, 38-49.

Gelman, A., Carlin, J.B., Stern Hal, S., Dunson
David, B., Vehtari, Aki, R., & Donald, B.
(2013). Bayesian Data Analysis. 3rd Edition:
Chapman and Hall/CRC, 657 pages.

Graham, W.D., & Neff, C.R. (1994). Optimal
estimation of spatially variable recharge and
transmissivity ~ fields under  steady-state
groundwater flow. Part 2. Case study. Journal
of Hydrology, 157(1-4), 267-285.

Guo, C., Montgomery, D.R., Zhang, Y., Wang, K.,
& Yang, Z. (2015). Quantitative assessment of
landslide susceptibility along the Xianshuihe
fault  zone, Tibetan Plateau, China.
Geomorphology Journal, 248, 93-110.

Jeffreys, H. (2011). Scientific Inference. 3rd Edition:
Cambridge University Press, 282 pages.

Konikow, L.F., & Kendy. E. (2005). Groundwater
depletion: A global problem. Hydrogeology
Journal, 13(1), 317-320.

Kordestani, M.D., Naghibi, S.A., Hashemi, H.,
Ahmadi, K., Kalantar, B., & Pradhan, B.
(2019). Groundwater potential mapping using a
novel data-mining ensemble model.
Hydrogeology Journal, 27(1), 211-224.

Lee, S., & Min, K. (2001). Statistical analysis of
landslide susceptibility at Youngin, Korea.
Environmental Geology, 40, 1095-1113.

Li, X., Zhao, S., Yang, H., Cong, D., & Zhang, Z
(2017). Abi-band binary mask-based land-use
change detection using Landsat 8 OLI imagery.
Sustainability, 9(3), 479.

Liu, X., He, J., Yao, Y., Zhang, J., Liang, H., Wang,
H., & Hong, Y. (2017). Classifying urban land
use by integrating remote sensing and social

media data.  International  Journal  of
Geographical Information Science, 31(8), 1675-
1696.

Lorestan Regional Water Company, (2001).
Feasibility studies for soil protection and
watershed management in the Marbareh
watershed and a small part of the Tireh River
in the north of Dorud (in Persian).

Marker, M., Pelacani, S., & Schroder, B. (2012). A
functional entity approach to predict soil



AD e M B (LWl )3 oS 3 9 (6358 e 2, b))

erosion processes in a small Plio-Pleistocene
Mediterranean catchment in Northern Chianti,
Italy. Geomorphology, 125(4), 530-540.

Messenzehl, K., Meyer, H., Otto, J.C., Hoffmann, T.,
& Dikau, R. (2017). Regional-scale controls on
the spatial activity of rockfalls (Turtmann
Valley, Swiss Alps)—A multivariate modeling
approach. Geomorphology, 287, 29-45.

Miraki, S., Zanganeh, S.H., Chapi, K., Singh, V.P.,
Shirzadi, A., Shahabi, H., & Pham, B.T. (2019).
Mapping groundwater potential using a novel
hybrid intelligence approach. Water resources
management, 33(1), 281-302.

Mogaji, K.A., Omosuyi, G.O., Adelusi, A.O., & Lim,
H.S. (2016). Application of GIS-based
evidential belief function model to regional
groundwater recharge potential zones mapping
in hardrock geologic terrain. Environmental
Processes, 3(1), 93-123.

Mokarram, M., Saber, A., Mohammadizadeh, P., &
Abdolali, A. (2020). Determination of artificial
recharge location using analytic hierarchy
process and  Dempster—Shafer  theory.
Environmental Earth Sciences, 79(10), 1-15.

Mukherjee, S. (1996). Targeting saline aquifer by
remote sensing and geophysical methods in a
part of Hamirpur-Kanpur, India. Hydrogeology
Journal, 19, 53-64.

Naghibi, S.A., Moghaddam, D.D., Kalantar, B.,
Pradhan, B., & Kisi, O. (2017). A comparative
assessment of GIS-based data mining models
and a novel ensemble model in groundwater
well potential mapping. Journal of Hydrology,
548, 471-483.

Norouzi, H., Nadiri, A., Asghari Moghaddam,, A., &
Gharekhani, M. (2017). Prediction of
Transmissivity of Malikan Plain Aquifer Using
Random Forest Method. Water and Soil
Science, 27(2), 61-75 (in Persian).

Pars Ray Ab Consulting Engineering Company,
(2012). Azna Aligudarz Comprehensive Report,
Chapters 2, 3, 6 and 16 (in Persian).

Pourghasemi, H.R., Mohammady, M., & Pradhan, B.
(2012). Landslide susceptibility mapping using
index of entropy and conditional probability
models in GIS: Safarood Basin. Iran. Catena
97, 71-84.

Qureshi, M.E., Reeson, A., Reinelt, P., Brozovi¢, N.,
& Whitten, S. (2012). Factors determining the
economic value of groundwater. Hydrogeology
Journal, 21(3), 1-9.

Reggiani, P., & Weerts, A. (2008). Bayesian
approach to decision-making under uncertainty:
An application to real time forecasting in the
river Rhine. Journal of Hydrology, 356, 56-69.

Rittel, H.W., & Webber, M.M. (1973). Dilemmas in
a general theory of planning. Policy sciences,
4(2), 155-169.

Rojas, R., Feyen, L., & Dassargues, A. (2008).
Conceptual model uncertainty in groundwater
modeling: Combining generalized likelihood
uncertainty estimation and Bayesian model
averaging. Water Resources Research, 44,
W12418.

Rukundo, E., & Dogan, A. (2019). Dominant
Influencing Factors of Groundwater Recharge
Spatial Patterns in Ergene River Catchment,
Turkey. Water, 11(4), 653.

Rwanga, S.S., & Ndambuki, J.M. (2017). Accuracy
assessment of land use/land cover classification
using remote sensing and GIS. International
Journal of Geosciences, 8(04), 611.

Sadoddin, A., Letcher, R.A., Jakeman, AlJ., &
Newham, L.T. (2005). A Bayesian decision
network approach for assessing the ecological
impacts of salinity management. Mathematics
and Computers in Simulation, 69(1-2), 162-
176.

Saha, A K., Gupta, R.P., Sarkar, 1., Arora, M.K., &
Csaplovics, E. (2005). An approach for GIS-
based statistical landslide  susceptibility
zonation with a case study in the Himalayas.
Landslides, 2, 6169 .

Seiler, K.P.,, & Gat, JR. (2007). Groundwater
Recharge from Run-Off, Infiltration and
Percolation. Water Science and Technology
Library, Springer Dordrecht, New York, USA,
248 pages.

Sekertekin, A., Marangoz, M., & Akcin, H. (2017).
pixel-based classification analysis of land use
land cover using sentinel-2 and landsat-8 data.
The  International  Archives  of  the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, XLII-4/W6, 91-93.

Shah, T., Burke, J., Villholth, K., Angelica, M.,
Custodio, E., Daibes, F., Hoogesteger, J.,
Giordano, M., Girman, J., van der Gun, J.
Kendy, E., Kijne, J., Llamas, R., Masiyandima,
M., Margat, J., Marin, L., Peck, J., Rozelle, S.,
Sharma, B.R., Vincent, L., & Wang, J. (2007).
Groundwater: a global assessment of scale and
significance. Pp.395-423, In: Molden, David
(Ed.), Water for food, water for life: a
Comprehensive  Assessment  of  Water
Management in Agriculture, London, UK:
Earthscan; Colombo, Sri Lanka: International
Water Management Institute (IWMI).

Sihag, P., Angelaki, A., & Chaplot, B. (2020).
Estimation of the recharging rate of
groundwater using random forest technique.
Applied Water Science, 10(7), 1-11.

Simmers, 1., Hendrickx, J.M.H., Kruseman, G.P., &
Rushton, K.R. (1997). Recharge of phreatic


https://www.routledge.com/search?author=J.M.H.%20Hendrickx
https://www.routledge.com/search?author=G.P.%20Kruseman
https://www.routledge.com/search?author=K.R.%20Rushton

A G 54 Gl A Fo ) Jl o 0yland ¥ 0,93 S 9 Ol Cupaito 5 (g5l o ds pui | 50y g 9 031 pias AS

aquifers in  (semi-)arid areas. IAH
International Contributions to hydrogeology 19,
1% Edition: CRC Press, 240 pages.

Vrugt, JA., & Sadegh, M. (2013). Toward
diagnostic model calibration and evaluation:
Approximate Bayesian computation. Water
Resources Research, 49(7), 4335-4345.

Wada, Y., Van Beek, L.P.H., Van Kempen, C.M,,
Reckman, JW.T.M., Vasak, S., & Bierkens,
M.F.P.  (2010). Global depletion of
groundwater resources. Geophysical Research
Letters, 37(20), L20402.

Yeh, H.F., Cheng, Y.S., Lin, H.l., & Lee, C.H.
(2016). Mapping groundwater  recharge
potential zone using a GIS approach in Hualian
River, Taiwan. Sustainable Environment
Research, 26(1), 33-43.

Yenehun, A., Walraevens, K., & Batelaan, O. (2017).
Spatial and temporal variability of groundwater
recharge in Geba bain. Northern Ethiopia.

Journal of African Earth Sciences,134, 198-
212.

Zektser, 1.S. (2012). Investigation of Transboundary
Aquifers in Russia: Modern State and Main
Tasks, Proceedings of NATO Advanced
Research Workshop on Sustainable Use and
Protection of  Groundwater  Resources.
Transboundary Water Management, 79-85.

Zhang, K., Wu, X., Niu, R., Yang, K., & Zhao, L.
(2017). The assessment of landslide
susceptibility mapping using random forest and
decision tree methods in the Three Gorges
Reservoir area, China. Environmental Earth
Sciences, 76(11), 1-20.



