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1- Cross Validation (CV)
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Figure 1. Location of study area
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1- Digital Elevation Model
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Wl (500 sladiged I e diged po Js Byl Caren mje8
M) o5 LSS b g ail 9290 jein SleMbl 1 oS sluss 5]
235 el Cesl (S ()08 Sy e plomil agmlz (S5 Y
N G505 S &S ol Jlazs| .&m:lﬁ Wges S ol Jleas

(A=)~ e = 0368 (¥) akay,

5o BT o5 il deguina o S i S
DS o 1y aesls
(CV L Cross Validation) ablie b Jsliie (g,

Canl Slaalio sloodly slow p ablite b Jolie  ovw,liel
5 oo Sln g Nedied odlitl Jao isle plia 3 &
2350 b oy Gagia Sl Jie D pioxie
Sgly Joe slojially cul p3Y (dle 650k il e
Lo oyl puiiiwe bloyl Joo Saoms b bajiel)l slaws . 0gd
J s Jhe @l (Jae Jitee slapite b el ]38l
b jysite Sl b oodd (5yglaes diged Cluye (1Sle LialS
Ll iledse wulyd bl g sl cnlple b o 138!
2808 el A Sopar |y e b (uie) bl Slas
Jrol gl slass oy b edigas (sl e o Fouslio doms

13 p1iged (o9,
(Bootstrap) < sl g (w9,

LSSy Solbb slagty) Sl @yl g by,
g Slslisl slad dylp (sly g 0rd (aaBL (S Hgesl
b lel €85 o (sl & Canl P Cige (S Hgel b,
adgl (Bolai wiged .39y 0,54 diged sla el I 55 3590
Sadigel g 335 (o 5l ) Amls gl lpe 4 )
S oo Bl Il b adgl wgel 393 5l 1) gl coge
3y90 A3 45 (gl dnalr )50 )3 (5ymell 558 @ ) (w2
COleSs @i S ol sl 2l g 00l Mg o 5l
S a8 S )3 epied > (Solal disel (g9) duwS
Al oo Higed Sl S Wges oyl Sgr gy ¢yl +(0F)
Ggai ol 4 29b e plml pasid diged S 4SS L &S
3l HLad] > Guis gl Bt S &S Canl (xie S pasid
ol 2R Ui 90 WPl il Cog gy Coel 2 nl
9 Conl Camar I (gpina G905 iged (1) {FY) 51 a55ke b
salg Lol ges 5l L3l L1y lages oyl @y (i)
SIS Jy Jaes gy ool Lol aBS diged 0 &S CES
S gy oal boad ad)S sbadiges Sile & Niplp s

1- www.Earthexplorerusgs.gov


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

Ve

s by o (51 88 te ol 4 i oo ol |y o, g0
D)5 Walg s gulls 29 IS5 (Jglite (Solas

Sy pepad ) 2hdely Glagbyy Gmoie @S
Jeilty salls gladiged £(g3g59 0313 90 & diusly d920 bl
D)l (S 395 2 Fgo Jolge alolid 5 358

Srddei gl b ass bl iagh pbol oy
mlwl 51 oalal l.:) 0;lo ).OUT 0> 4> ol d)ﬁfo)".b‘
3 oseil g el auhp 5 aly el lyie 4 (el
4 Opred b 4 Gl Sldes g ol cby )b
S o piges 3l p ()39 p 4l ja g 0jg> g (538 S
ol SilS siile ailaie ;5 48,5 e b Sllllas e
g SB cbls pog Oldlas uoed 9 (V) 5,051 Ul
08 W39, 5l (SasS Uity 5 ople sl slaoje (g3
a5 i) il (ghailaie T £ 15 51 4 (15) 39,95 Jlah
Pl epide p Pge ,eSTh can ¢ Byl 5l s oslitwl 13,5
ATCGIS 10.6 Lo )3 Sy (£3935 SodsY 5 ooy «Sb
xS0l dgis bl Ll 505 s ASCI e & 5 dugs
2 o g ok boke Siom S by, 5l eolitel b g5 oad
Jidley 4 w9 s CSVF. Cuyd 4 SPSS Jl5sls 5
b pdises sla ey 5l G ya b g oad 8= MAXENT
S5 8gain Ubey 9 gblite b blite oyl Sogy (il
P pee gyl 51 G e Cunlus g 15 Tl aBle Ju
el oy GB1as (clal3g05 & ygums doi5

o 4 “(MRC) (lawils gl el bgel apsbe ol
Sl Kol Suly oximd L ey (pl &S cunl & jgu0
O St 1 (I6 (gla (Sily g juiie pp 0dd (o
b pp D90 0y Camsllan Gl sla e )3 sl e
dgbe o Gl lapiie Sl bl Ly 4 g
s9a Loy g8y Jloinl &l opdle ol la e
O om Ol (Stased bulyy it o (spte 2 L) @65
slldges a3 o )13 JS o 5 |y lajsite plu b ol uite
S8y adhate 3985 Jouily 3 yall o 536 slantls Gl
Ogws ¥ ojleds JSb y .Slods Bl Y ojleds Jodn 5 ¥ oyled
by (gt ao il g gy sla 295 4 bgrpe Canly Cuons
o9yl G Cew gie g gblie b blie gy @l
Al e (5 S Nigedys

WA e 9wl TV ojless [pmdjl Jlo jusul 05 o pte doliiimngy

(Jlite ouuwyliel o Gaa (K5 @yl (Y alayly) b als
PSSRV FRCOPSPREN [ PASCON PR KV TSI [ KV PR W
Cool (Jb > cplails (o3l i o a8 Col Juo 0,8 oy
09 Douid o3zl dxols Ol‘“ﬁ’ )’\ d)ig.b Aigod LS‘)‘? ‘J.Lo O‘il &
ol Jho ol @ cul (Sane it il @ jgans] )
) O i ol Jo sl (J%e ohiloie) Sl
M s o Ban 4SS oalatnl ablie b Jolie o )l
Sl (Feiwylte] pl sl Jao cuslie (glajsio b il
odlitwl Jao cilw pKin & cwl Slalie sbodb
sloodld oty sobite & Jae D) (hoxie (sl g Ngd el
Cuomd K &y aodly degommo 0guds (pl 50 Ngd oo odliiwl Lo
g)ce ) @ (Bjgal degecma lsie 4 (Ao g (Prtes)le]
(¥) o
V=X, T, =X,UXsU-UX,
V,=X, T, =X, UX;U-UZX,
EVk=Xk Tk=X1UX2UU Xk—l
dox 5l wwl gg n ablie L blite  ocw,lael
i yluze] {48y e lie] i | )5 ot lizel
Kfold g, j) il 3iios o ") by, < Kfold
WS elas apl a4 B daodly ol ¢ ybgy ol Wi ol
i ialS b gl ditsly Hlows bodly dliss &y (Jg 035s Jo
Wiy cdl anlgs (EalS 55 0,6l 8y wlialie b 4iges
daegere gle )3 Lbodld (9 @jginn 5 cuslio Lged w2 392
» @b el Gl olasl o ilejl codjsel (glaodls
cCanl J13y55 5 CV a6 5l Jols muls oo
(Subsampling) (5 s8 diged o1 5 (w9,
ol b e el Qe Gy gy il (35 Ngei ) by
B9y ol 53 2980 Pl (LRl (e (S gl &S gl
Gged lginy (Bolad gy (glal «(9399 blE 4 Y asgazo
bla (ool basme cdegomme (ol oy jl (e Ngd 0 b
o)'L\.'s\ L u{‘.&wbb 4c goro L P9y u.»l L;')L""’ W) ,Uza|9> bl
Iame asuie Jlin! 555 S5 b bodly g oo 03y HISG culs
O S &S Sl ol gy (nl Caje Nigdoe ()1 pdiges
099y ol cue D)l (Sias b )l S a4y o lael /5550
eyl 13 35 Cul (Sae Slialie jI (B &S Conl oyl
i ol (S 53 5y 85 o 3 s OISl g
e gazmo jliel (K> jle 4 L (FASY) Wgs Gl Hb S )
i pmer gyl il Al Sliges cul (S

Jts (sl yiio Sl oM 12 )3 (698 £98y Jloisl oy —Y Jgio
Table 3. The most recharge potential in classes of independent variables

Snydeb (9i) By Jlatol o s

S5 Higei Jlie il &gy o bk
NN -IYA -IAY o VAD+ — WA+ - DEM
-Is5 -I5Y -/50 Km* /vs — JV¥ S WSy
-Iva -IVY -IvY Qft2 &5oled
-/00 -/00 <[00 cely; o p)ls bl )
-I50 -IsY -I50 . &l5d, ;1 dlols
Nias Nias N Gud
-Jos -Jos -/oA o oy S Sk cdl

1- Leave-p-out cross-validation
4- Holdout method

2- Leave-one-out cross-validation
5- Marginal response curves

3- K-fold Cross Validation


https://blog.faradars.org/overfitting-underfitting/
https://fa.wikipedia.org/wiki/%D8%B1%D9%88%D8%B4_%D9%85%D9%88%D9%86%D8%AA%E2%80%8C%DA%A9%D8%A7%D8%B1%D9%84%D9%88
http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

VoY Sk 2 u] .)99.» o8 Sl p L;l..\n:wa L;Lbb.)l.) Lg)l.)).gsﬁ’ol L;Lhufs” ‘_;J)K 33

SrS Sl o) (& e () (& Gyl ©2 by ()
CSe Jho ()13 2505 sl ybgy o jl ool L (g dpdehs p fge (sl )eS Gl slasonie Y JSS
Figure 3. Marginal Response Curves of the infiltration effective factors using sampling methods of MAXENT mode



http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

ey WAR o g 30l IYY oylass /o3l Jlo 350l 0je> o yite doliimng}y
o
035 o ass
050| L aso|
05| s 04
_ow o o
4 o5 4 035
N Lt 3 am)
00| 820 o]
015] 015 0.18|
010 L a1
oos| oos
| e e - Wl m_ . B m | [ e e -
SL SiCL L € LS SiC SaClL Sal CLL SiL sClL L G LS 50 SaCL Sal 4L Sil SiClL L € LS §.C SaCLL Sal ClL
o iy <ol

SrS8g0 5 b9y (2

Sl ) (&

el

sl Sog2 ) ()

CinSe Jao (5)13 iges sa gy 1o | odliel b 6 didehs p Sge (laygiSh Gl sl dxia Y JSU3
Figure 3. Marginal Response Curves of the infiltration effective factors using sampling methods of MAXENT model

5ol &Y > 3985 gods (glp Jleinl pyiin adlas )
Ly (ablize) blite s)lopaigns Lbs 5 edlitel b &lisy,
13,5 oalio +/5Y Jlazs]

cub Pge g8l jogad )3 (landls Gul e @l
09> 53 sl 39i Cubll g el pl o (S iy SSL
oolol ol 2 g 08 il o & 4 Ged Y op)lo
Ted )V O laced )3 (e ) Sl ot
0je> 3,5 odalie iyl g hey I oedlatel L (VY
oM A gl 4l S bl oS & (gl oy lazu5l
gy Jlol oyt ooy — ooy (8 ABb 4 bgype b
b b lis aoyd A Jleisl g oyl gy iy b1y 390
552 4 52y 5 &b ud)> G oS S & (og) — o 5
S b S (F) 23hie il puiivegs
o539y ploi (glacils Fuwl slaylges wlwl o g odol Cawy
o polie 4 bgyye Lol CMS] 5 wisly Sl gmbs Lo,
o cpl 1S o 55 baygiS B 5l plaS ya g WISy 9 el
Syl o M| pl oS Mgy b 5l glate (s30T 3,
sobor 15 onlie SB il 5 ) 68 i oSl
odalin (LiS2) oS15 4Y b daly )5 SMBI i (e
2 ey gy dw s (b bbges (ul 4 dagi bl
oo ez Slo a Sl m Lol 0,5 saaliie (g3505 o Lt
5 it gy 93 5 (il yew cpl WL Gl Jo
Syl S gy bl 2 Jg 0392 ()5 (65 B9
ol o i ST i3ty o s g 03 &y ST
@ by Sl oyl Gor gy 3 SUSL 8l 5 S
S5 Hged 9530 B9y ) ()l Sk (LKL L ()b pdiges
L cws odbs d‘)?l g dl)-.’ ‘L;Jlmj" 09‘51 o yd uaL»l).g
S eosesl soosls )3l Sas 11 g 0 plwl 23S
29 il b ool Hb Sl i 0ol

b i Lo 00 s 598 (ol 45 oy oo
30 oy Ol pd edlatel 3y5e gy dw I plaST ya ) eslatl
25 130« (6o dumlia 5lyy o 1 5 6 F (gl S5
4 ATCGIS 10.6 jl o3lisal L oy yn 5 odlitel b Jie gy
a5 il (35 g Tawgia (65 (g pddel (S aw
Oy 4l ) |y bawgie 9 3L (dde8 4> b sl (g
3 2leiS) b Ak aw 2 3 1) iy ool g 03,8 oleiS) 5
C?Ia“" Como B 4yd)S w0l Lg)b)gsﬁw bls 4Y Lol yer
2gud duansldo 045 ‘_g).;o)'l.\ﬂ bla b Jao ol (g yis

4 dg bl ol o)lil 15 Y o)led Joao ) &5 liren
slaY 51 S5 e gl (Y ojlad JS5) andls sl (sl jloges
BOAFFY o adhaio ol o3gote ¢ guyp 3y90 Jl,8 p Sge
bl 5 cpddes Jlisl cpyidy o 2l gy 008
Lo dop /AY Jlisl b cgpio YAD=YAC o ol
@ a9 b s ol b oaalie Gyl Ggr by I oslatl
3> g2y nddel el g )] &5 (wsSae abai
b b ppcay > @pdde olie & L o) cals
=)l 0dgie 4 dagi by Canl  p i dacddy Sl
2 Spideh Ml 435 Lulyd a2 g5y (pl o)
Iy g dalid pytie Jonk (iSe) (ST L laga
5 Bos & ol 398 5l Bl o) aw 4 ol culia L oS
Gy odel Covds o3game 4 Yl b LAs waled e 4di
il oo yioglS VYAY U v oy oS 0jgn S oS5 50518
b e i < Jdo jl Jols s § Sl plbol b
L 5 oS IVF B VY 2Sa) (Sl 5 i ity
S522] ity S yni

350 (NIshgests Anly YE (Gl (390 addaie (s3gl5n)
b blie daioly ool plylS 5o loogas & g b &
(SrSNgein; Whe) G QM2 oyl 0y ol
LY ol & La dbie LIS 1y s piided Jesly n i
5 039 laS3l by oo o slrliagS slaciond & bgyje yiien
ol Wl 6 pdided 9 da clbl L (oolj Slge b
aibate (siglond (iSu o odas 2o YYIFO L (S5gls) S5y
A o JuSis |,

oo Ly bld 4 SS9 &S50 b (o) 68 b (2l
Wb 405 xtns Gblio (ST pide 5 aLS e
il i 58 bgwyy cnl (295 4 @ b Ngd o
se )8 55 i Y @ (daw bl ols d9a5 sy
Loy AF & B (b S esalie (Sye g (55sliS
& A SS90 pl ) eje slap)lS waw
o g Se5 slaiably 5 ) acaand 53 Loyl
Copnd |y (2]l Gyt il calio g olid S g gl
S8 53 3985 g5 Jlainluimd o (Ui b )l plo &
3,5 )5l 0 duoyd BB Jolee g (laSy gy s 2 Ll y9S e
i) & 33,0 o5 e TSl el ol i b 4
513 3985 gl 6 VL Jisly (glyr 4 S35 Bble )3 £939
30 0,8 dnwbxe | (syieglS BIFY — ¢ yu AV pl edgame

1- Leave-p-out cross-validation

2- Moderate

3- High


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

Vo¥ SB Ol 36k coblB cavainy p Shalie claodly (s pdees cla by oIS o)y

49°50'0"E
s‘-.-El"".‘. ‘zt
= e w8
= & s 0 4">! =
£ Bootstrap W s =
= * o | 5T
S .&"\-‘\ - = 8
-
b vg:.
o
rat
Losal, i SRR
[ ‘
[ R
-
49°50'0"E

il Sogy (60505 gy Sl ol b 95l ey Slo Jo 005 laz st Do Jrilty 4l ¥ IS
Figure 4. Predicted recharge potential map using bootstrap method of maxent model

49°S0'0"E
N
.
= Cross Validation =3
= s F
- <
» .
i .-:’,fﬁ". =
‘-QLE‘) % R .7
| e 2
| Jage
-
49°50'0"E

dolite (5)l2,285505 g, 51 30itl b (9,51 o Sl Jbo 005 iy 3985 Jsmily 45— JS5
Figure 5. Predicted recharge potential map using cross validation method of maxent model

49°50'0"E
B N
et w2
- b X =
2 - = F=4
g Subsample : s S
g | S
> B, S
A . 1
. - S -
. - - a2
{/&"
Losal, S S .J
- .
.
-y
49°50'0"E

SS90 5 (52 p905 bgy 5l eolitual b g9y5] ey Slo S 00 st D985 pmiliy 4 -5 IS
Figure 6. Predicted Infiltration potential map using subsampling method of maxent model

Lgllbub‘.w )I ))d,d.) = dlﬁ 4MJ| Gl 04 djl)l \4 o)‘.o.«f:
(A JS5) lors 1)) abogy o ol 45 1,55 odlitl 3,Sles

2k Hld oglis polas cpl )3 ¢ Slllas oje b5 daw
Shls 1 05 5l (i jshaie cpl sl WBls uguene
S 53 o5 85 S s sl 398 pi6 3 pieieh el


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1]

[ DOI: 10.52547/jwmr.11.22.96 ]

——rE

-t

o )]

E- 2
_ N 4 ’
£

WA e 9wl TV ojless [pmdjl Jlo jusul 05 o pte doliiimngy

,

[ VN

9 03> s (gilwdnnd )3 b gy o (Sglts Wb g (2leiS )5 b oS 0je I sy g3 -V IS
Figure 7. Two parts of the field that tried to illustrate the differences between methods in simulation more specifically
with magnifying

bli axya .0 odlatwl v cono slp ROC Jole jlages
4 ot JAe g Somlie 18l 05 co g YU G &
Sbis 5o A US55 oS jehailen el 55 355 Jlos] clls
Lg‘.mufas) Lf‘)'.’ )Ibyoj »2) @aw l.s AUC )L\io ol ol odld
cf0 L plp cy 4 S Ngei ) g Jlite oyl O
5 ol gl oo atima i 45 Libo /ADY 5 +/A0)
AUROC 3Slac a5l 5 i olul » bl o (gjlo e
Sglite 5y pdiged gy dw luly Joo (S s S5 )5k

b e e

Gyl G il dg2g0 jeas Sledbl LS sl S
Cundls )3 bl il Jae 23 bl gl (oo b,
Jao IS (gl 35l yy 4y 3B 4So) My blize g, )3 &S
b wged dlass (8T dodly dlaws @ b (Swnly S (Jg el
gy b amlgs ialS ol s wsl oS clwalie
bl WS (o Jos @il ©g gy alitie dSI L (5565 9032
Bguis sl v yliel )3 35, Glialie (S p Cal Sew
R Ol 4 Led Qb b Sl Gl S0 Br b
Sl asl Sldgred Cuwl (Son ds gosro el


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

AR SB Ol 36k coblB cavainy p Shalie claodly (s pdees cla by oIS o)y

1.0 10
09 09
08 08
07 07

& £

& 06 Z 06

z H

& 05 @ 05
04 04
03 03
02 02
01 01
00 0.0

0.0 01 02 03 04 05 06 07 08 09 10

0.0 0.1 0z 03 04 05 08 or 08 08 1.0

Specificity Specificity
Training data Testdata Random Prediction m Training data  w Testdata w Random Prediction m
(AUC = 0.955) (AUC= 0.951) (AUC = 0.5) (AUC = 0.855) (AUC = 0.955) (AUC=D0.5)

Hize g, ROC i

Sensitivity

06 o7 0.8 0.9 1.0

Specificity

Training data Testdata = Random Prediction =
(AUC = 0.954) (AUC =0.952) (AUC =0.5)

SrSdgaiy; o) ROC e (z
o pises el gy ROC ioio A S

Figure 8. ROC curve of sampling methods of used models in the study area

gy ROC adls jlade 4 dog5 b dgr oad ool ablize
(+IVF 7)) dblite & s (6 yiag 3,Sdas (+/AD 7)) ©yiwl g
g odd byl oo b ppiman yob adlas b ol
Silwdde sl cinse Jue 3l & (VF) Hekkala 4 Dowell
o wlagy (LolSS lagSl oy pslaie 4 (Jame Cun
9 SYL s 4 35wy ol 50 )b cdlles (55,8 salitl
5> ablite B9y & Cund @yl Oy g, » ROC ke
CIAY el Gyl Gy i) b ) SSe oglite o3l
9y J oy < TAs VDAY ablie g, & Cun </AS
byl Gimggy oS Candl 3l 3,5 oliil ool gy
bl wyp 4 45 (VW) Zimmermann 4 Dominic adlks
5 CimSe Jdo jl oolitnl b Wleun j3 S o4 3929 dxiuno
oo ol 3 9 3 clbe g ashy o] b)) SlaSiss
A el Sgr ey 4 Cend Jlite (g)bpdiged by
O 08,5 Sl o ol Jds Yl a5 ws edh Laskis
Lo 5 S 2 ROC e I Jols 4 &y cos i)l
adieS g ) 9 sl 3 Logad Gliie (S sl 039,
A3 o0 518 Cuglgl i lsebl o 4]y j1e8 bl

bl anding p (52 pdige5 slagbyy pIb adllas cpl

o 9o ople jul ojex ) (998l weuSle g, b 35
oyl Sgr g)bpdiged (hoy w I slaie cp 2853
ool Cawds C‘L" u..»L»I D odlézwl d)‘f“’ﬁ‘“)’) 9 Jlae
glis dxg g 039 LSy Loy ()P pdiged ho) dw o 3Sles
Spdiges gyl plisglite ol Ll
Sg0s 0301 51 i ol San b)), S5 olaws filite | eiuw )l
S b Ll o g il dged o3Il b ply (81 e Glssl
Oes oyl Sy gy 53 9 odlil (igeil gl i
b oslizl b S ) i b s oygaj] slaodly > ol
sl ol gy gy e (55 Hgeinj b9y 25d il
Dgdige Pl LKl gk (spSdgel & gl ol b laid
@ ey oo L |y o) cise yull (iman (SpSNsein) )
@l b )5 Sgliste (ol s b Jelos 51457 giae ()]
bug 485 Cygo Siagh b Job @ls 2)5 anls s
b awsS o9 e g adlllae 4 &5 (9V) o, Ken 4 Siders
ol g o) cdllas widlyy UK mls )3 ol Lad g4 do g
5 oyl gy Sl 43 31 00t b 5 ann Jibo 1 oS adllne


https://fa.wikipedia.org/wiki/%D8%B1%D9%88%D8%B4_%D9%85%D9%88%D9%86%D8%AA%E2%80%8C%DA%A9%D8%A7%D8%B1%D9%84%D9%88
http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

VoY

Wglite (gl 6pdpdehi b (g jre Abpendd S I3 (o)p
A8 K8

(13,98 9 Sl
Sl gas oSy Erl e B Sl clesj
b gl g 5)liS gy g el (liiS S (ele
O?.l 5L 390 L;lazobb =Y 6)9‘6‘*? 5 iy ‘OL:.M))J Oh‘ml
ol ladlaie Ol €S58 (pizmen 5 Wd)S () Sen BiiS

WA e 9wl TV ojless [pmdjl Jlo jusul 05 o pte doliiimngy

oS ol @ deg b Job @l 4 g b oadles ol

Slls 0je> muwy Hlow pdow 4 Cond (g pdiged sbaodly
A 0j5e i il LB (gl ue sl ol wg )
calllae 3)90 ddlate b jlows gaw 4 4295 L. 29l 00 dnog
Sly ilodnd cnl lie Olllbe (gw)p (lp 2980 Sty
o> sl b g 5SasS slaojor polaw )3 il d2yn €8>
lie gl imgh pbol jo 0d pbul gyl 00l b zuwg

Slyie g @ls I yda lisebl jobate 4 uibly (5 gy

10.

11.
12.

13.
14.

15.
16.

17.

18.

S s ]t Sl IS (555 53 spa Ay i
& Yl b a)S Hla > ddllas opl jo &S ganasb gy

)l 1) S5 g a5 Caleg i)

&bo

Al-Abadi, A.M., B. Pradhan and S. Shahid. 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.

Althuwaynee, O.F., B. Pradhan, H.J. Park and J.H. Lee. 2014. A novel ensemble bivariate statistical
evidential belief function with knowledge-based analytical hierarchy process and multivariate
statistical logistic regression for landslide susceptibility mapping. Catena, 114: 21-36.

Atkinson, P.M., H. Jiskoot, R. Massari and T. Murray. 1998. Generalized linear modelling in

geomorphology. Earth Surf. Proc. Land, 23: 1185-1195.

Bayrami, H., M. Neishabouri, A. Nazemi and F. Abbasi. 2015. The Effect of Soil Reinforcement on
Penetration Characteristics in Clay Loam and Sandy Loam. Journal of Water and Soil Science, 25
(2): 181-192 (In Persian).

Begueria, S. 2006. Validation and Evaluation of Predicitve Models in Hazard Assessment and Risk
Management. Natural Hazards and Earth System Science, 37: 315-329.

Behyari, M., A. Alizadeh and Sh. Mahmoudian. 2017. Evaluation of the effect of active structures in
land subsidence hazard using multivariate decision making models. Advanced Applied Geology
Journal, 24: 49- 56 (In Persian).

Brenning, A. 2005. Spatial prediction models for landslide hazards: review, comparison and
evaluation, Natural Hazards and Earth System Science, 5: 853-862.

Chen, W., B., Pradhan, S. Li, H. Shahabi, H.M. Rizeei, E. Hou and S. Wang. 2019. Novel Hybrid
Integration Approach of Bagging-Based Fisher’s Linear Discriminant Function for Groundwater
Potential Analysis. Natural Resources Research, 1-20.

Choi, W., U. Galasinski, S.J. Cho and C.S. Hwang. 2012. A spatiotemporal analysis of groundwater
level changes in relation to urban growth and groundwater recharge potential for Waukesha County.
Wisconsin. Geographical Analysis, 44(3): 219-234.

Chowdhury, A., M.K. Jha and V.M. Chowdary. 2011. Delineation of groundwater recharge zones
and identification of artificial recharge sites in West Medinipur District, West Bengal using RS, GIS
and MCDM techniques. Environ Earth Sci, 59(6): 1209-1222.

Comprehensive Studies of Azna and Aligodarz Watershed, Lorestan Province. (2012). Regional
Water Company of Lorestan Province (RWCL) vol: 3& 16.

Corsini, A., F. Cervi and F. Ronchetti. 2009. Weight of evidence and artificial neural networks for
potential groundwater spring mapping: an application to the Mt. Modino area (Northern Apennines,
Italy). Geomorphology, 111: 79-87.

Dominic, A.R. and F. Zimmermann. 2010. Modelling potential Snow Leopard (Uncia uncia) habitat
in the trans-Himalayan ranges using MaxEnt with emphasis on the evaluation techniques.

Dowell, S.A. and E.R. Hekkala. 2016. Divergent lineages and conserved niches: using ecological
niche modeling to examine the evolutionary patterns of the Nile monitor (Varanus niloticus).
Evolutionary ecology, 30(3): 471-485.

Elith, J., S.J. Phillips, T. Hastie, M. Dudik, Y.E. Chee and C.J. Yates. 2011. A statistical explanation
of MaxEnt for ecologists. Diversity and distributions, 17(1): 43-57.

Exploratory studies on soil conservation and watershed management of Marboreh watershed and a
small part of the Tireh river in northern Dorood city, Lorestan and Markazi provinces. (2002). Forest,
Rangeland and Watershed Management of Iran (FRWMI), Soil and land classification, Vol: 4 & 6.
Fagbohun, B.J. 2018. Integrating GIS and multi-influencing factor technique for delineation of
potential groundwater recharge zones in parts of llesha schist belt, southwestern Nigeria.
Environmental Earth Sciences, 77(3): 69.

Guns, M. and V. Vanacker. 2012. Logistic regression applied to natural hazards: rare event logistic
regression with replications. Natural Hazards and Earth System Science, 12: 1937-1947.


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

VoA

19.

20.
21.

22.

23.
24,

25.
26.

27.

28.
29.

30.
3L

32.

33.

34.
35.
36.

37.

38.

39.

40.
41.
42,

43.

SB Ol 36k coblB cavainy p Shalie claodly (s pdees cla by oIS o)y

Guo, C., D.R. Montgomery, Y. Zhang, K. Wang and Z. Yang. 2015. Quantitative assessment of
landslide susceptibility along the Xianshuihe fault zone, Tibetan Plateau, China. Geomorph, 248: 93-
110.

Guzzetti, F., P. Reichenbach, F. Ardizzone, M. Cardinali and M. Galli. 2006. Estimating the quality
of landslide susceptibility models, Geomorphology, 81: 166-184.

Heckmann, T., K. Gegg, A. Gegg and M. Becht. 2014. Sample size matters: investigating the effect
of sample size on a logistic regression susceptibility model for debris flows. Natural Hazards and
Earth System Science, 14: 259-278.

Herrera, C., C. Gamboa, E. Custodio, T. Jordan, L. Godfrey, J. Jodar, J.A. Luque, J. Vargas and A.
Saez. 2018. Groundwater origin and recharge in the hyperarid Cordillera de la Costa, Atacama
Desert, northern Chile. Science of the Total Environment, 624: 114-132.

Hjort, J. and M. Marmion. 2008. Effects of sample size on the accuracy of geomorphological models.
Geomorphology, 102: 341-350.

Huang, C.C., H.F. Yeh, H.I. Lin, S.T. Lee, K.C. Hsu and C.H. Lee. 2013. Groundwater recharge and
exploitative potential zone mapping using GIS and GOD techniques. Environmental earth sciences,
68(1): 267-280.

Krstanovic, P.F. and V.P. Singh. 1993. A real-time flood forecasting model based on maximum-
entropy spectral analysis: I. Development. Water resources management, 7(2): 109-129.

Kumar, A. and A.P. Krishna. 2018. Assessment of groundwater potential zones in coal mining
impacted hard-rock terrain of India by integrating geospatial and analytic hierarchy process (AHP)
approach. Geocarto International, 33(2): 105-129.

Lee, S. and K. Min. 2001. Statistical analysis of landslide susceptibility at Youngin, Korea. Environ
Geol, 40: 1095-1113.

Legendre, P. 1993. Spatial Autocorrelation: Trouble or New Paradigm? Ecology, 74: 1659-1673.
Lombardo, L. and P.M. Mai. 2018. Presenting logistic regression-based landslide susceptibility
results. Engineering geology, 244: 14-24.

Luoto, M. and J. Hjort. 2005. Evaluation of current statistical approaches for predictive
geomorphological mapping. Geomorphology, 67: 299-315.

Machiwal, D. and P.K. Singh. 2015. Comparing GIS-based multi-criteria decision-making and
Boolean logic modelling approaches for delineating groundwater recharge zones. Arabian Journal of
Geosciences, 8(12): 10675-10691.

Mahmudi Aznaveh, B. 2017. Evaluation of methods for categorizing the statistical diagnostic model -
the twelfth section (01-711-10-41). Shahid Beheshti University, Research Institute of Cyberspace, 1-
19 (In Persian).

Manap, M.A., H. Nampak, B. Pradhan, S. Lee, W.N.A. Sulaiman and M.F. Ramli. 2014. Application
of probabilistic-based frequency ratio model in groundwater potential mapping using remote sensing
data and GIS. Arabian Journal of Geosciences, 7(2): 711-724.

Meusburger, K. and C. Alewell. 2009. on the influence of temporal change on the validity of
landslide susceptibility maps. Natural Hazards and Earth System Science, 9: 1495-1507.
Montgomery, D.R. and W.E. Dietrich. 1994. A physically based model for the topographic control
on shallow land sliding. Water Resources Research, 30: 1153-1171.

Mousavi, S.M., A. Golkarian, S.A. Naghibi, B. Kalantar and B. Pradhan. 2017. GIS-based
groundwater spring potential mapping using data mining boosted regression tree and probabilistic
frequency ratio models in Iran. AIMS Geosciences, 3(1): 91-115.

Naghibi, S.A. and M.M. Dashtpagerdi. 2017. Evaluation of four supervised learning methods for
groundwater spring potential mapping in Khalkhal region (lran) using GIS-based features.
Hydrogeology journal, 25(1): 169-189.

Naghibi, S.A., H.R. Pourghasemi and B. Dixon. 2016. GIS-based groundwater potential mapping
using boosted regression tree, classification and regression tree, and random forest machine learning
models in Iran. Environmental monitoring and assessment, 188(1): 44.

Naghibi, S.A., H.R, Pourghasemi, Z.S. Pourtaghi and A. Rezaei. 2015. Groundwater ganat potential
mapping using frequency ratio and Shannon’s entropy models in the Moghan watershed, Iran. Earth
Science Informatics, 8(1): 171-186.

Oh, H.J., Y.S. Kim, J.K. Choi, E. Park and S. Lee. 2011. GIS mapping of regional probabilistic
groundwater potential in the area of Pohang City, Korea. Journal of Hydrology, 399(3-4): 158-172.
Ohlmacher, G.C. and J.C. Davis. 2003. Using multiple logistic regression and GIS technology to
predict landslide hazard in northeast Kansas, USA. Engineering geology, 69: 331-343.

Oliyayi, A., N. Parvian and O. Khsravi. 2017. ldentifying the potential of groundwater resources in
hard formations as a way to manage water crisis, Case study: Kalat Naderi watershed. Geography
and environmental hazards, 24: 143-158.

Ozdemir, A. 2011. GIS-based groundwater spring potential mapping in the Sultan Mountains
(Konya, Turkey) using frequency ratio, weights of evidence and logistic regression methods and their
comparison. Journal of Hydrology, 411(3-4): 290-308.


http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

Vq

44,

45.

46.

47.
48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.
63.
64.

65.

67.

WA e 9wl TV ojless [pmdjl Jlo jusul 05 o pte doliiimngy

Petschko, H., A. Brenning, R. Bell, J. Goetz and T. Glade. 2014. Assessing the quality of landslide
susceptibility maps — case study Lower Austria. Natural Hazards and Earth System Science, 14: 95-
118.

Phillips, S.J., M. Dudik, J. Elith, C.H. Graham, A. Lehmann, J. Leathwick and S. Ferrier. 2009.
Sample selection bias and presence-only distribution models: implications for background and
pseudo-absence data. Ecological applications. 19(1): 181-197.

Piroozinejad, S., K. Soleimani, M. Habibnejad and R. Zakerinejad. 2017. Gully erosion predictions
using Alos radar and Maxent model in Alvand basin. Remote Sensing and GIS Iran, 9(4): 95-110 (In
Persian).

Pourghasemi H.R., M. Mohammady and B. Pradhan. 2012. Landslide susceptibility mapping using
index of entropy and conditional probability models in GIS: Safarood Basin. Iran. Catena, 97: 71-84.
Pourghasemi, H.R and M. Rossi. 2017. Landslide susceptibility modeling in a landslide prone area in
Mazandarn Province, north of Iran: a comparison between GLM, GAM, MARS, and M-AHP
methods. Theoretical and Applied Climatology, 130(1-2): 609-633.

Pourghasemi, H.R., S. Yousefi, A. Kornejady and A. Cerda. 2017. Performance assessment of
individual and ensemble data-mining techniques for gully erosion modeling. Science of the Total
Environment, 609: 764-775.

Pourkazemi, A., H. Alizadeh Nougabi and S. Republic. 2010. Estimation of entropy with Bootstrap
and Jackknife methods and its application in the normal test. Journal of Statistical Sciences, 1- 26 (In
Persian).

Pourtaghi, Z.S. and H.R. Pourghasemi. 2014. GIS-based groundwater spring potential assessment
and mapping in the Birjand Township, southern Khorasan Province, Iran. Hydrogeology Journal,
22(3): 643-662.

Prasad, R.K., N.C. Mondal, P. Banerjee, M.V. Nandakumar and V.S. Singh. 2008. Deciphering
potential groundwater zone in hard rock through the application of GIS. Environ. Geol, 55(3): 467-
475.

Quinn, S.A., J.P. Gibbs, M.H. Hall and P.J. Petokas. 2013. Multiscale factors influencing distribution
of the eastern hellbender salamander (Cryptobranchus alleganiensis alleganiensis) in the northern
segment of its range. Journal of Herpetol, 47 (1): 78-84.

Ramalho, E.A. 2002. Regression models for choice-based samples with misclassification in the
response variable. Journal of Econometrics, 106(1): 171-201.

Razandi, Y., B. Farokhzadeh, M. Yousefzadeh Chabok, T. Timurian. 2017. Detection of groundwater
resources potential using maximum entropy algorithm and geographic information system (Case
study: Hamedan Bahar plain). Journal of Research in Irrigation and Water Engineering, 8(29): 110 -
123 (In Persian).

Ruette, J. v., A. Papritz, P. Lehmann, C. Rickli and D. Or. 2011. Spatial statistical modeling of
shallow landslides -Validating predictions for different landslide inventories and rainfall events.
Geomorphology, 133: 11-22.

Rutherford, G.N., A. Guisan and N.E. Zimmermann. 2007. Evaluating sampling strategies and
logistic regression methods for modelling complex land cover changes. Journal of Applied Ecology,
44(2): 414-424.

Saha, A.K., R.P. Gupta, I. Sarkar, M.K. Arora and E. Csaplovics. 2005. An approach for GIS-based
statistical landslide susceptibility zonation with a case study in the Himalayas. Landslides 2: 61-69.
Shafizadeh-Moghadam, H., R. Valavi, H. Shahabi, K. Chapi and A. Shirzadi. 2018. Novel
forecasting approaches using combination of machine learning and statistical models for flood
susceptibility mapping. Journal of environmental management, 217: 1-11.

Siahkamari, S., A. Haghizadeh, H. Zeinivand and N. Tahmasebipour. 2018. Spatial prediction of
flood-susceptible areas using frequency ratio and maximum entropy models. Geocarto international,
33(9): 927-941.

Siders, Z.A., A.J. Westgate, D.W. Johnston, L.D. Murison, and H.N. Koopman. 2013. Seasonal
variation in the spatial distribution of basking sharks (Cetorhinus maximus) in the lower Bay of
Fundy, Canada. PloS one, 8(12: e 82074.

Stockwell, D. and A. Townsend Peterson. 2002. Effects of sample size on accuracy of species
distribution models. Ecological modelling, 148: 1-13.

Van Asselen, S. and A.C. Seijmonsbergen. 2006. Expert-driven semi-automated geomorphological
mapping for a mountainous area using a laser DTM. Geomorphology, 78(3-4): 309-320.

Van Den Eeckhaut, M., T. Vanwalleghem, J. Poesen, G. Govers, G. Verstraeten and L.
Vandekerckhove. 2006. Prediction of landslide susceptibility using rare events logistic regression: A
case-study in the Flemish Ardennes (Belgium). Geomorphology, 76: 392-410.

www. Earthexplorerusgs.gov

. Zabihi, M., H.R. Purghasemi and M. Behzadfar. 2015. Preparation of groundwater potential map

using Shannon entropy models and random forest in Bojnourd plain. Ecohydrology, 2(2): 221-232.
Zeng, X., D. Wang and J. Wu. 2012. Sensitivity analysis of the probability distribution of
groundwater level series based on information entropy. Stoch Env Res Risk A, 26: 345-356.


http://www.earthexplorerusgs.gov/
http://dx.doi.org/10.52547/jwmr.11.22.96
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.5.1
https://jwmr.sanru.ac.ir/article-1-1008-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1399.11.22.5.1 ]

[ DOI: 10.52547/jwmr.11.22.96 ]

Journal of Watershed Management Research, Vol. 11, No.22, Autumn and Winter 2021 .............cooiiiiiiiiiniieiieeieie e 110

The Effect of Observation Data Sampling Methods on Infiltration
Areas by Maximum Entropy Model

Maryam Sadat Jaafarzadeh', Naser Tahmasebipor?, Ali Haghizadeh®,
Hamidreza Pourghasemi* and Hamed Rouhani®

1 and 3- Ph.D. Student, Department of Watershed Management Engineering and Associate Professor, Faculty of
Agriculture, Lorestan University
2- Associate Professor, Faculty of Agriculture, Lorestan University (Corresponding author:
ntahmasebipour@yahoo.com)
4- Associate Professor, Department of Natural Resources and Environmental Engineering, College of
Agriculture, Shiraz University, Shiraz
5- Assistant Professor, Department of Range and Watershed, Management, Collage of Agriculture Science and
Natural Resource, Gonbad-e-Kavous University
Received: April 11, 2019 Accepted: March 27, 2020

Abstract

Statistical modeling methods are based on multivariate regression methods and require the
presence and absence location of data for the construction of the model. In most cases, there is
no trustworthy absence data. Therefore, other methods that are based only on the presence of the
phenomenon are used. Considering the importance of modeling - saving time and cost and the
probable prediction of the process - in this paper three sampling methods, Bootstrap, cross-
validation (CV) and subsampling, were investigated to estimate areas with groundwater
recharge potential using the maximum entropy model in the Marboreh watershed. The
information about percolation points in Marboreh watershed, which was gathered using the
double ring method and soil sampling, included the location of the samples, soil texture, and
percolation rate. Due to the extent of the catchment area and the cost of the sampling process,
information from previous studies in the study area, which were gathered from the Regional
Water Authority (RWALP) and Agricultural Research, Education and Promotion Organization
of Lorestan province (AREPOLP), was also used. The ROC index was used validate model
predictions. The validation index indicated that the bootstrap had the best performance
(ROC=0.955%). The results showed that each factors in these three methods was somewhat
different, which was more than other factors in the drainage density, land use and soil texture.
Based on the results of performance index, there is a very slight difference between the three
sampling methods, so that they can be differentiated in relation to their different strategies, and
this difference in the outputs, is not related to the diversity of the phenomenon studied. In this
paper, according to the results and assessments, the Bootstrap method is recommended for the
modeling the groundwater recharge areas due to the small number of sampling data compared to
the very large area of study. Due to the large extent of the study area, it is suggested that this
simulation be performed for more precision at smaller extent large areas with further data to
study similar studies. Despite the increase in the number of pixels of high infiltration areas in
the Bootstrap sampling method, compared to the other two methods, the performance of the
recharge zoning increased slightly.
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