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Extended Abstract

Introduction

A better understanding and assessment of groundwater resources are key principles in water resource management. Identifying
areas susceptible to groundwater extraction can provide more water of better quality and reduce the costs associated with drilling
and extracting groundwater. There are various methods for determining groundwater potential; however, it is noteworthy that the
existing methods, despite their high accuracy, require significant skill, time, and expense. Therefore, utilizing new spatial modeling
algorithms that incorporate environmental parameters (such as precipitation and lithology) and geographic information systems
to determine groundwater potential represents a significant advancement in the field of groundwater resource management. The
objective of this study is to evaluate the stability of a machine learning algorithm used to generate a groundwater spring potential
map in the Farahroud watershed, Tehran Province. In this region, the increasing socio-economic problems due to drought and
the depletion of water resources have heightened the need for greater attention to underground water resources. The Maximum
Entropy Model (MaxEnt) is one of the advanced data mining models that has been employed in various research studies due to
its advantages and capabilities. Accordingly, this advanced and well-regarded model was chosen as the benchmark and basis for

its ability to predict sensitivity.

Methodology

After conducting spatial modeling, a groundwater potential prediction map was generated. In all three model runs, the accuracy
of the model was calculated to be above 87% during the training phase. In the validation phase, accuracy ratios exceeding 79%
were achieved. These results indicate very good performance in the training phase and good performance in the validation phase.
The results, based on the area under the receiver operating characteristic (ROC) curve, demonstrated that the model performed
with greater accuracy (95.0% in the training stage and 92.0% in the validation stage) when modeled with an 80:20 ratio. The
superior accuracy and stability of the model with a training-to-validation ratio of 80/20 can be attributed to the increased learning

capacity facilitated by a larger training set, better generalization to unused data, and reduced variability in model performance.
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These factors collectively contribute to a more reliable and effective modeling approach for predicting groundwater spring
potential in the Farahroud watershed. Furthermore, based on the results obtained with this ratio, the model demonstrated higher
stability. According to the groundwater spring potential map, approximately 16.78% and 6.29% of the area were classified as
high and very high potential zones, respectively. Additionally, based on the Jackknife test, the topographic moisture index,
drainage density, and distance from faults were identified as the most significant predictive factors for groundwater spring

occurrence in the study area.

Results and Discussion

After performing spatial modeling, a groundwater potential prediction map was prepared. In all three model runs, the accuracy
of the model was calculated to be above 87% in the training phase. In the validation phase, accuracy ratios above 79% were
obtained. These results indicate very good and good performance in the training and validation phases, respectively. The results,
based on the area under the receiver operating characteristic (ROC) curve, showed that the model performed with higher accuracy
(95.0% in the training stage and 92.0% in the validation stage) when modeled with an 80:20 ratio. The superior accuracy and
stability of the model for a training to validation ratio of 80/20 can be attributed to the increased learning capacity facilitated by a
larger training set, better generalization to unused data, and reduced variability in model performance. These factors collectively
contribute to a more reliable and effective modeling approach for predicting groundwater spring potential in the Farahroud
watershed. Furthermore, based on the results obtained with this ratio, the model demonstrated higher stability. According to the
groundwater spring potential map, approximately 16.78% and 6.29% of the area were classified as high and very high potential
zones, respectively. Additionally, based on the Jackknife test, the topographic moisture index, drainage density, and distance

from faults were identified as the most significant predictive factors for groundwater spring occurrence in the study area.

Conclusion

The evaluation of the MaxEnt model’s accuracy and stability indicated that the model maintains high predictive power across
different scenarios and exhibits robustness to changes in input data. This robustness is critical for practical applications, as it
demonstrates that the model can reliably inform water management strategies even under fluctuating environmental conditions.
By utilizing a diverse set of input parameters, including geological composition, topographic features, and climatic factors,
we demonstrated that the MaxEnt model captures the complex relationships governing the occurrence of groundwater. This
research not only identifies the interplay between key environmental factors and spring events but also provides a framework
for future studies to further refine these models. We hope that our findings will stimulate additional research on the use of
advanced algorithms in hydrological modeling and contribute to more informed decision-making processes regarding water
conservation and management practices. Extending this research beyond the Farahroud watershed will enhance the understanding
of groundwater resources in different geological and climatic regions and underscore the broad benefits of utilizing the maximum
entropy algorithm in hydrology.

Keywords: ROC, Geographic information system, Maximum Entropy model, Sample ratio, Stability

Article Type: Research Article

Acknowledgement:

We gratefully acknowledge the Iranian Water Resources Research Organization (IWRO) and the Tehran Province Natural
Resources and Watershed Management Department for their valuable cooperation and for providing essential data and facilities.
We also extend our sincere appreciation to the journal’s editors and anonymous reviewers for their constructive feedback, which

significantly improved the quality of this article.

77 @2 =R Bl =) s Y Ol ! 8103541 (omodigen g ogle


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

Conflicts of interest:
The authors of this article declared no conflict of interest regarding the authorship or publication of this article.
Data Availability Statement:

The datasets are available upon a reasonable request to the corresponding author

Authors’ contribution:
Allauthorsreviewedandapprovedthefinalmanuscript.Individual contributionswereas follows: NargesJavidan: Conceptualization,
Methodology, Data curation, Formal analysis, Investigation, Software, Writing - original draft, Writing - review & editing.

Dr. Atala Kavian :Supervision, Validation, Project administration, Writing - review & editing.

Citation: Javidan N, Kavian A. Evaluation of the Stability of the Maximum Entropy Algorithm for Modeling the Potential of Groundwater

Springs in the Farahroud watershed, Tehran province. jwmseir 2025; 19 (69): 23-37

Iran-Watershed Management Science & Engineering, Year 2025, Vol 19, No 69, PP 23-37

Qo8

Publisher: Watershed Management Society of Iran © Author(s) [\ By_nC_|

77 @2 =R Bl =) s Y Ol ! 8103541 (omodigen g ogle


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

025 T Sbdadar Juily S5l oo Sy (o o dindat w32 39591 S5l (205
Oly@ Ol 395 8 nul 53

oLl Ailae B ol sl WS
VECF/D [0V LES B VFORNNVYY 25 e VT NS g5 Gyl VET AT 13l 5 b
https://doi.org/10.22034/19.69.2

°

Oljen ol polm addllas 51 Bun 38 0 o puime OF s ke oelS 5 ol ool S5 o305 S e Jpol 5 fp CSls
a8 8 515 aslinals g0 015 Ol 55 3 gl 53 (e O latadar Jodly 42E M5 (sl & Sl dle 555k o258 (5500
€3 5 513 eslil 5,50 ilisee Slidow 3 OF GLcuabl 5 Llse s 4 45 conl (g5l 000s 4 iy sladis 51 S podii g Ay Jubo ol
Ao )3 YHAY 5 XUV 00100 & gad o3I A b L gad «Jibe (gl 2ol 5 4ae o3Il o g B (6l p (enir£80) Wraedr Sl ge
ol srdada g5 53 I S azms — ey L r.u_,,iugl o3l b ik sy lasl 5 55900 (5l
ﬂ}ﬁ}yidh%g}rﬁ%ﬁ&:&mAg;;ls-d6}\-«JM(\?’J|}‘m.u%d&ab‘bel{:g}‘ﬂmﬁ& Jolse Olgeas 2 25
uij‘,ai e 0 53 0/80) YL s ws rbu‘ Aoy Yo Ay Cad b giledie a5 Slaj sls Ol =k el cws 4ROC e plal g
&:ﬁw‘-«r‘ﬁ .}J‘J 6):.:1.3 6)‘-*._!.\1 Ju\.ﬁ M)} Y'/A' g:a.:...n-i')} G-LAT&:—-‘&)A-! @L‘S wl.vﬂlﬁ W ..LAT h:—-m!)A-! (ﬁhﬂ)l{iﬁ‘ d’f DL '/*Y 9
bl mamen (23S SIE YL A 5 YU ey g o3 Al 31 das s VYA 5 VUVA spd cod ias i) ) o) dei by
SR ui 6&@{&397}):5.&5 o J"‘J’ uﬂj"ﬁj&.ﬁ)d&b}dﬂ) VS|JS u&‘;}:j Casb, ua:-uruql}&?uyﬂ
Ak plubs adlie ol s

L g0 G ¢ ool 1 iy oo (poin ) Sl (oLl e DM w5l o slgunls”
gy e £o3

sy sl s Sy ;.JT Slaacis hesly iludie ¢l pedai o aiy p%)jiﬂ oL bl s OL IS WS 5 Ol sl 3l
YV=YY () V4 Ve 0l ) (6ol sl omiigas pske 05 Ol

FV=TY amis M ojlad V4 oy53 Ve s Jlo 1l (gols sl wdige e ske

(NS”""By nC | OBk 5 © Ol ol sl il 150

d)fw..a AJ&.W.:_,J ‘U‘fl‘ ‘L;)L"’ ;;"':‘b CL«.A 9 L;j))L;:S f}lﬁ alf.i.'v\) gk;'.:...la CL.A LG 4&)‘5}:574.] dw.\.l.@.a‘j f}lﬁ L;;:SJ 4,3;-}510;.»\3 -\
Narges.javidan20 @gmail.com

e 0Ll — (gl amb w5 (53,5LS poke il — (ol s ol ool b mle 5 (g5oslES o gle Sls (guls el 6 S sleul =Y
Qlﬂl ‘LS)L”‘LSJ\JJIT‘.’.L." ajji— L;“:?b

77 @2 =R Bl =) s i Ol ! 8103541 (omodigen g ogle


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

A Gt b K 5 TWD T 385 5 Sosby el
ol el il e e O3 e ol el s 1
2 S s Sy 5 Ol e mlae (cod oeal szl
@ 55 SOkal o 05 53 OlE Sl .l ps 5 O il
Gl Ol o 5 Camar Gl ey LS il 5508 s
5 GoskS o alerl Ciloie gla iy s ol GG el
sl s 3l 0kl ) sladle 3 il 5 St
Sl3s SGosba ey N g g i s e O
03,5 pdlel g yan | Lo ol &l Sl ols pe g ann s 550
Ol s wline galadl - elaz! OMSin ool 53l Jlos 4 !
Spdip el il esps ol mle 6 i w5 e
Ol Jeily slls bl aad (gl eslinals ) g0 Jgone sla g
Ll sl s slaiash s llllan ulid 5 Yyl a5
bl Ay 53 fee ) < Jeol lols Ghle uns
L;u(;w,ii\ 5wl Sl bl sla iy, 8 584 L
sddasls Olg ckw 05 Kedsw gy SeSesls an iy
LS ol ol Liass ool 4o bl dies [F] o
3 Ll s die 4 K1 5 pee) ) o Gladadr Jodly s
C3s 5 ol Ll 4 edi o ait lSesls sldat s
gl 4.:>'-\>J.; ol

g5 250 3 Jhe 4 Sl laesls Jleel U s ol s
e oUls AUC Las 5o b 5101 5 Shes ool 5 aaaia
Seins Sl Sbaein 55 nohe Gl B
Sl ol Lol Slubs 53 Jie LS 5 5550 oy
338 o e i s 2l Slakadir

24 S 5 Jae slaane ) LS S b )
Sl sSL p Sagn oS o b pns 5 T st ¢35
ailaie cpl 53 gead s ol Slaaatar §85 )y oS i
(b adisle wibe s blge 55d 0 oLl
S 5 Ul g G S s B8 s s Sl sl S5
b sl Lo e flams b it ol LU

A dal g bl dde (Il e 5 35 05051 ulg )3
25 el g il e S5 5 (Il Ll 5 ol s
e et ol s el S e il Lyl L5y 5 0l J b
Cowlba la [ daesls 51 (glas gamma 5l eslinal b ol ol
(U sl 3 Jole 233 Ol soe B 355 olondl |y ulie i Lol
22 s b (S8 sl Jols ol el 25 e 2 il
S e e oML e 5 Jde b s e 2 s2005 Jelse
05 O esdll 5 )8 (6l Jdb Olidl Ll & slazel Lol O
Wl g sl O mlie (5550l 5 ke

.

doio
S Jool S sy T e Jpol 5 e b
oS 5B RIB 4 e s L edd e O mle S ke
sl mbe S GV il s 4 a5 Ol 4 0
O mle ol Sl s S Dbl 155 ey ek
5 Sosre Sl e sl 4 bas Slessse w
l Al A bl bt ol iy 358 e Al bl
21 eSSl i Of s Klg e wa s O
i 2l dlaminl 5 (5ol iy 5a 4l a5 das I3 e
Ol Jeilty nd gl ilis gla sy [NV] das a8 1
6L‘°u:’)) S ol Q;"\ 4.>-_,3J4L3 S Ll e yls 3975 o)
30k Gy s Dol a3l ol S35 005 by s sl 2 e
O el i Je 55 oS sl J= 55 ol dijls 5 au e
b e duga 5 0l 5o 5 e L o3k Dolee s
Sslwdde Ld> L;La(.swjii\ Sheslazal pl ply [YE] A5 dal g
ola K SULL i) Jasws sla ol b Sl eslizad b SIS
i P el Gaend Sl i DS e 5 (s
dm..;.[h]wleﬁng@bgﬁﬂwajﬁ}kqb&lf
et Blp slSels 5 il (S5l sbadbe 5 S
el 02 Ak 01 Ry Ja g e 5 T Jemly SIS
Oliis o Ol pl 53 [NANVEA] ol 43 S5 5 ) 03550 Olgr
(bl dal gl &b Sl e sladae 3l eslaad Lo(gsb
4 (LMT) ok (s ot s oo sl JSr
Y] Blazstls e s ol el SIS Slalis 5 axdlas
ITe DA
SoSesls i iy sbadie 31 s S el o ade Je
3y50 ke SOlidss 55 Of el 5 Lle s & &5
s adlas 4 [FY YA OV ] alex Sl a S 18 eslaxad
e ool 5l eslinal b sdimes 5 ST (il b sy
Al
b g Olyge adlaie goesps ol sl ali Jtagy 5o
Jol> GIS ;o slacsls Slestanal L [Yo] O, 5 e
Ol s ang ol g a5 ol [ glads
b 35 5l ke b g eslatad 5,50 Jde g5 a &S sls
b 2550 peeSle Joe ROC owia p a5 L Lol 15, 55
sl Ko Je 4 cd 1y 5 2, 8es Ao s ) s
Cds) oS Jde ol OLES s Sl dss AVY s L
ol Jalse slabs 6l WYV ] ey 5 OLOIS Law 5 (Lokss
sslazal 5540 Ol 5l LS s 55 e o5 6‘-"%’] A )Ufﬁlj
oslizal a8 o i Jole VY 51 Lol aadllas o) 53 .23 S 513
(SPI) 0L > oy l8 yasls sla, oS as sl olis mls LS

2. Topographic wetness index

VF ¥ lwsli £ o lows —o23395 Jw

Yv

1. Stream Power Index

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

o 45"0°0"E S0"0'0"E  55°00"E  60700"E 65°0°0"E
£ N mE P A A
MAZANDARAN ; S\’_’"‘" '3‘ v;":ﬂUDlt‘l’-' l R a\N
LR . sea |
: = e |,
= e t | =
&= ] f
T HAAN B é\ 3 “f C
i = ki oo~ ).7 £
T R
' e ’ ) I b |
K ._.Tff“\\j ~ | -
g i _A-sad |k
oow. i £
% T T T
52"’21'0"?. 52’,\4:3“"?,
g Dem (m) Study area
: - High : 3919 £
Low : 2094 2
- Spring- point
£
& r
=
£ r
&
0510 20 30 40,
LN SN SS—
<2240"1 2L

3990 sladanis Cand g0 g asdllaos ) g0 03 gdowe —) JS.‘S

Fig 1. Study area and locations of existing springs

Q‘J..@J QL‘.‘.«(} Q‘ﬁ‘); b axdlan S48 nJ}JNjA.aa;ﬁ)J S 4> g0
Ll Sl aid 4 .o oS oty a3 Sesll
WE ang Gl B i dde 2l il e
ROC- e 3l eslizad b die ol oo iwe s o el
DAGHS 5 e e L 5 Sdlis sl . AUC
d}lSab‘.} 9 u,:.&':LA LSJ?;)L. 6LAJ.LA )‘ oalail b LS)LwJJA d}f
axllan g_)'i\ DL [Ti] Sl bJ‘qu: )}a.é?‘ LU.: L)’:“S‘J'.’. PR 4?@‘
Oldlas 5 oodle dibaie 53 55 g0 slaaalos slulil ) sbiess
ol e Slidios Olojler ) (Gl adlate 53 gl e 03 28
Gl daie 120 3l oLl A Sl e 5 axxl e (Ol) O
L b gsledde il sl L3 55l mer 3ledde gl
Qb sline s lzel Lo 31 Jde 3 500 (6l eslizuls e
bl o5 Sl sl ] ol St 595 lats o]
b S 05 eslinals s ge minsliasl BUS 5 5 el
GJLVJJJ\A L&a.}‘.} C,.;.wl.w} 39 iJJﬁ &L‘js ‘LSJU‘:"li g;’li))‘ st.v

1. Training

2. validation

3.randomly partition algorithm
4. robustness

VF+F lwsli =29 o lows —p2d 595 Jlw

YA

b g 9 Mg

obdlas adlais
53 LS V00 Clew b 35,7 2 J,?J alllaes ) o adlaie
54 0Y Ol s adkie cpl Lol odsadly Ol g5 Ol
S5 Jsb BT 5 ABE YA 5 am s OY B gl ¥e  ids YY
St o,e azds OV 5 a3 YO U oaids (A 5 a3 YO
S YO 5w adlae il il 5 S Cslas $ 513
Sl slils olen 5 ol Ll .g:,w:\lw:c]a.ﬂ)'\ﬂ\“"\i
ailave .ol 4 S 13 5 1 glae sSaxd, Ol s aS el b e
13 ool i L e il 8 ot s s s
S Sk e 5l 5 oS Sk Ole Bl s 45755 s
Sl as el (Salys DLBaS s 58 S 4 1) sl
s s b il Gl s dS e e 0Lyl ek s
osn b ase S SOk sl s sh e Jled
glol bamslr 55,08 o U adlave g 5 Y 55 dia LSl
sl e Ll I Sl sl e LS slaptens
JS Sk B gte 0 o0 1 gL Sba L ol
&i}'@dﬁ)lﬁjsui_})qA.Ela;xrflfe\.c,.w\fﬂ&;l?ao'\\“ajf
Ole 1YY Ol 180 Sy S ead o5 5 e
Lo s ol plidoppe a5l 0l /Y 5 5l 7YY
Gaaador Cuxdse ) S Cd 55518 0550 ksl «

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

Stream Power Index M Topogeraphic Wetness Index (n)

e W A 21.92

B 4832 e adenany 7.29

v‘,,.\ s 3 .

i Sy wﬁk-z

012 4 G 8 Q)’
3

012 4 6 ¥
o m—Kilomelers (= n —

Kilometers s

Lithology p)
N

Land-use (0)

“Garden

-‘:_:":\‘Pasmre " “ a
O resicentia }' % xvr
00 Kal
N
Wﬁl—! w%z
012 4 6 8 ‘\V 012 4 6 8 i
o m— Kilomcters s CRC—— Kilometers H

s ol Slasads 5o e aoe ey Julge Y IS
(@ o A5 (@ eoed o (Q (2B 08, Jbe (A
(7 oS 5 alols (7 carals bl (& (2 Kon a5l
S15 G e (S5 G dlaesl 51 ahold (& dadilssy, i Aol
02 (5 g o Cpd g0 (5 G J b 5550 () (250
(2l 6 (B SIS a5 Cash) pasli (Db o o)
ceba K (o

Fig2 . the land-environmental factors affecting the
occurrence of groundwater springs) :(a) Digital elevation
model, (b) slope aspect, (c) slope percentage,(d)
convergence index ,(e) curvature,(f) distance from faults,
(j) distance from rivers, (h) distance from roads, (i) fault
density, (g) drainage density, (k) slope length factor, (1)
relative slope position, (m) topographic wetness index, (n)

stream power index, (o) land use, (p) lithology.

(el Ko (JuS (SIS e S ) alol daeslr 1 alols
5 e G ol Ol ol SKes arls (Sl g8
AreGIS10.5 bl 55 ol 4l 5 Lus bl 28 oS1 5
(Y JSK2) A 45 'SAGA
adllans g adie lide) Olo et Cxll ) shiew
e b el a8 pkr Sl el S 28 48
Sl dilie Lli&s gladsly s sslimal Vileeeen
aibie Syl ()8 aks cl eddesls 0L Y Jgd 5o

1. System for automated geoscientific analyses

VF+F lwsli =29 o lows —p2d 595 Jlw

Digital Elevatin Madel {m}

ca) Slope Aspect
e

i!"‘-‘ Y
N

2094.09

46 ¥
— Kilometers s

b1z o4 6 v -
- — ilomerers B - — — il 8
Curvature Distance From Faults (f)
SR ai 4
0.81 A 3001
--075 D 4 0 ~
-
 ~ ¢ : Y - M
[ 4 “ : 012 4 6 8
= — Kilometers s = owwm— —Kilomerers =
Distance From River (@ Distance From Road
4560 113
—
o

Fault Density

[

—-—, %

Slope Length Factor /\'!

Y4

w-
o

[
Kitamet

Drainage Density

..

14‘
¥

s

‘a-t_,'si

o3 Yo /Ay 5 Lo )3 00/00 (do 3 Yo /Ve Calises glas b
e Jiisel 5l p adigas 5l A3 Av 5 00 Ve &S Ui |
LY Y] s eslinal Jabe  aeslzel (gl Ao s Yo 5 00 e
Jolss 5 anls e Olgeas 3ladde 53 ¢85 Slacand 5
DB s 250 Joee glapine Olpea J3e oo
3l G)B— 5 J= s aJ..jTB_v_;‘ S s g ar g L [0]5,5
ok oy adlate Loyl 5 e s O il e 55 43S
o S o o el el tjéjffjﬁ Jete
b ge Ol b (el (S g5 by sl gl
daailrs gy 5l dols wnls glowl icod Job 5 eSb (ol o

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

S Jss s o el 1) (iled e (e ¢ 55 bla anflas
phe Slacand o a3l olb s Slacadge oMo Ladie L
(ol g win dle e ool Kos Sl e 55 g8
S bl ;s pl ol P¥] sl g bl slias 4 O ol
sl e 51 e glaesls YL &5 Jdo ol cdas 4515
oAl kel sl 8y e s 4 bg e (6 5

H(®) = — Yyex () InTE(x) )

s se e Vil w35 o 51 lie H(TT) 0T s 8
slaesls 5l slas gazme X 5 J gk o 551X (b (,.:UKJIH
thﬁjwawM&‘)J.W\dﬁw)QY&i
Vores blaane Soen 5 amlos O p385 5 S50 sla) 55
gl Ol s ass e aslie ey BLE Ol peas adlane 31 sslas abads
3l LG 5 laaalio ¢85 Cond e Ol ol B2 G2 b
otz g by pde bG8l Sl Kos (g bl o 1S
0> Sladllee s el OMSChe sldazad s opl ) Ol
sl Jae SO Ol geas MaxEnt Jus 3l eslatal ccils dal g
3 balad pde Sl (Gl Bl 4 2 Ll s g 585 LUE
ool 538 Jdo ol 55 ) s ple bla 5l iU slagal ,lSU
O3l 3l eslizal L1 bsaatin g 385 1 S50 gla e p Soge S
03B s sleslaad b Osesl cpl 5 s ¢l>,u'| Jackknife
Ol O golwdde 5 oddid> Jies sla paze 51 (S a0 o
DS Ol 5e) Ll 458 C35 S Ol e 355 o plasil ik
Jde ol [YOYNY] 55d o acals e O Gl (6l31 4 (B
Maximum Entropy)\}é\bj 31 esleiwll MAXENT Los o
W rl;u'\ Species Distribution Modeling, Version 3.3.3k

i “ gl Ol 5 233 4b5 !

oo Gy b el b el o ade Je L5 Gl
ghs b canps jaid Jlaml ehi S s Sles aasis
350 0585 pde BB memo jails Jlaiml b dde v 5 4l
sl a5 Je s Shae U5l V] 5,8 e 513 alis
S35 aS J 3 s gd e plonil (B30l 058 i3y Bl
S5 2l mmslasl oy S laesls plal 5 Jde o i
Vo /A ol (o S s (YVY UL 5 el )
Vg 33 A Y e ey 33 /Ay /A e 23
e bl @l ) cams S35 /00 5 b e S35 0 /Y
0,8 3 Sles aasiie gowe oSl s 4 [E] Wles S L)
S e B 1y paskil 5 Comles lae 3 Obojes sk
Dol ssi a5 B 0> ) iplr Olpes kS
Gl o a0 Sgel e e s Jde 3 Cd 31 e oIk

4. Stability

VF ¥ lwsli £ o lows —o23395 Jw

s bl &5 WS ag Ol Okl (gl ol oglsl 51 andliaes ) 4o
Sl el o3y Cwdd lojlsale slar 51 eslanal ais ol
Yoo Jlo ETMT ol Sl Gloslsale slas o sa 52
o oy A ol edeslitel' GLOVIS culu 51 4 S
ol 68 sl Lol Guds 5 ol s Slalas plowil |
Jhe s ol Gloylsale pslas 5 &)l S8 5 slas cadlane
L;,u};qubcu o315l 3l axdllaes y o dilare olis | 053,
VYo lds ys B1S 5 55 glaadds 3l eslinad L 4S ol g5 Ol
g b dd g op sdalowsas S Yox¥s Sl SS& L
Jae ablS J2als 5 et ol Vs 5l S e oa oSl
DSl 5550 auls G)U— S sm i 4 Sl SKas 5 e3
Ceslir 3850 Gl S3leddbe sl 3 51 Gl 550003l 358 2
5 Wesls ol SJUT 6l daaY (gslueslel I das 555wy
038 S | s eslinad SPSS il 5 51 0T st aa o
U (VIF) T ibsls os s ele 5 oo sl gla asls
05 d}""r"‘ Lo 4] clls uj""("”’ Sy50 53 Gy oglal
jlﬂMdle@j\MVIFéw\@lqu
Star 15 g bod ol 035 535 L LY ] L
SNoad oy g 3y o |l &Y 0T Oss Jie olss 5 Sl
05 hew Jbo i Sl 4 slie ) 4SS e g aelsl Sley U
O O e S et la s Oyl ol el b ol tassy

35,0P pul 035 lid S glaijle -\ Jpar
Table 1. Lithostratigraphic formations of the Farahroud

watershed
Group Cod Formation
09 ; LY .b)l.w

\ Ek Karaj
S

; 1 Lar
)Y

% Kbv -

Tizkuh
3 KtZl N _55 J“;

ile (800 g i gladis 5l S el o wde e
I Gwpm Ul e pole iz glaaie) 5o &S ol
ol 0) Cte B 5 By candse elad s LS die o) VY]

1. The USGS Global Visualization Viewer
2. Tolerance
3. Variance Inflation Factor (VIF)

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

(AUC) )L_-u J-:L.J 2 J.Le ‘;3\9_)') @Lﬁ -y J}.\?
Table 2. Model evaluation results based on the (AUC)

criterion
Evaluation .
o Sample Prediction
criterion. ratio accurac
(AUC) Y
@.tﬁj)‘ Sl ad gad o310l o 8D
Traini 770 0.940
rainin .
g 780 0.953
37
750 0.871
30% 0.794
Validation 0% 0.927
W,L;&\
50% 0.826

dibe (oIl Ol 2L, Y g
Table 3. Evaluation of model stability.

Sample ratio model stability

L gal o310 Jde ok
70/30 1.183
80/20 1.02
50/50 1.05

S IS s Sl 3 das o QLS Aoy Yo /A & sad ol (6 s
RO PR S o B U SO TVS USSR B WO LN NP

s P seaeds il ot 425 L5 W
bl iy Pl lasada Jodly GG iy 428
e S e lzel (ROC) ok ,8 5 Slas aasiin jowe
2B S L e e Sl (AUC) bs e 1] 5 s
sl 5 sl d e 3 (gl sas s A sl O
s o odaliv &S &S0k Ll sdiosls QLS Y Jsds o
Ve or Slaae) dde sl =l 5L Y e s ds )3 AV (YL Jie &8s
Ao 50 S dalw u»)}n] Ao 5 (Ladigad Aoy Av
33 (L gos do )3 Yo 500 ) o a8 6l e slel
Shas e L o sl el s 4 Ao VA VL
A Gy eelisl Ao e a5l A e 3 Jde Cds oS
el ASL Y Uk 55 T o Caed 0 4505 S dnn

VF ¥ lwsli £ o lows —o23395 Jw

)

52°24'0"E 52°27'30"E 52°31'0"E 52°34'30"E 52°38'0"E
~ | groundwater springs potential map z
B % - (@) |z
Q'ﬁ . we . . . %
“ [ Very low e ¥ o
i 3 £l o
09 Low | . §
s . B A g
- U5 Medium 4 » ¥ z
e . - . pg B
2] O@ High <o p g
“ @@ Veryhigh wora L M
ery hig ¥ ogw o
i i - T A
- ') 3
& X - N z
z Al
z L
5 i w<?<$e ;f
“lo1 2 4 6 8 ¥ "X “
o wemmw mmmm Kilometers s
52°24'0"E 52°27'30"E 52°31'0"E 52°34'30"E 52°38'0"E

Verylow Low Medium High Very high

Of haain iy S0 i add (Y K3
S gty il SIS s G0l i ()25
i 2l dedr Jeily
Fig 3. a: Spatial prediction map of groundwater spring
potential, b: Relative frequency of the prediction classes of

groundwater spring potential.

G dw (gl mags ol ys [Y] J‘jd" S 4y o lel
G e juix o el sty (Yo /A® 00/00 X4 /V0) & ga
Jie &35 45 ol cpl sdias0lis il S s ool o
Rl S e SCnp e w mlzel 5 55 sel de e 53 a s
S bl cpl by sl e 551 Sl (S5lad e 53 ¢ 505 50

5 plonil (1) Wslan ulad p o

H(f) = — Yxex B(X) InTi(x) )

, J‘J)‘I Ll ol &S JLe 5ok ‘SAUC—ROC <

ol Je AUC-ROC s e

oW

s ol ghaats foily 4l

Sl laaniior femily o i 4 ¢ Sl (3lad e plowil 3l g
b s ol baair Ll (Y S8 05 4 e 2

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

a
o
T
o
=

=

ability of

=

]

put (o

=]

ic o

ogist

L
=
=

055
050
5045
040f
035
030
D25
020F
045

005
000

Distance to road
Aspect

Landuse

DEM

Ls factor

Fault density
Lithology
Distance to river
Slope percent
SPI

curvature

RSP

CI

Distance to fault
River density
TWI

0 5

10 15 20

cl g et dde il e 5 O Glatada il (ladde (sl e e U8 ke g g —E S
Fig 4. Relative contribution of environmental variables for modeling the groundwater springs potential based on the Maximum

Response of GW to riverdenss

Entropy model.
Response of GW to twi
08 (a)
7
3
corf
m
@
5
208
£
208
2
3
i
S04
5
32
3
L03fF
%
5
S02t
0t
6 810 12 14 16 18 W 12 0N
i
Response of GW to disfault1
C
() oot (b)
I
3
Co65f
@
5
s
S060f
z
=
T085F
o
&
S0s0f
=
£
2
2045t
]
)
g
040t
0 1000 2000 3000 4000 5000 6000 035y

distault!

02 0.0 0.2 04 06 08 1.0 12 14 16 18
riverdenss

W5 PV W E SRR LV S5 (S p s Cash, arlaldl. Lol sdiS g e sla,eSU gl Gl oo -0 S
Fig 5. Response curves for the primary predictive factors, a: Topographic wetness index, b: Drainage density, c: Distance from

VF+F lwsli =29 o lows —p2d 595 Jlw

fault.

Yy

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

Sl rmslisl o o 3 Al aanloue i) el al e 55 (Ladd o
Loys VA VL s (ladigad dopn Yo 500 ) il s
Sl o5 e 2D [0] i polil 3 65 ol sy
el sl a3 o LS 5 el sl e 53 Juke
S b golede a5 Slejy sls Ol Tl Orames el s 4
Sl s e 53 0/40) o SNVL CEs WS CL?L}\ Ao y3 Yo /A
Cows 4 Sy Gastla wlil o (e lasl g 0 55 +/AY
Gloosls Hldie (g bl (giladde 5 pmile 6,8l 3 1o el
U5 o s B b 4 Ll e Eel gl ealizal 35
el a8 gamme G 3,0 ngj Wesls lw a5 aans 5l 2 J
5590 55 B das e o3l Jde s (Mo Ar 50 ol 03) 5S35
AS (S i Dbl baesls 5 Ll 5 bl sl S
W5 r oS 35 S5 e i Ysmns ol (5550 ol
SHAS s e e sbaesls  Jlesl &5 5 ) Cu
liel 4o gazme Olgea Waosls Sl elibe L Ao s Yo b
g o spa S5 S ool a0 pome G LS (0 Joe
S Sl eisa s Sl Jae s Shee 51 (golezel LB ess
S Il a4 gl asgaze 5 ASL ol B e Jde
Loe/oe J;JL»)JSJJLGAV.:ME&)'\ oslizul ¢ Jolie 3. iL S 55
Sydoee |y B3 sel (6l g g0 sla enls Hlaie ol S (Fo/Ve
D dde S Sl ogd S5l a5l S 4 e LlE e 5 AS
s sarme 4 LS i Ll AS o Jos e (55l laesls
S S sl a5 perp raman Al peend oL
Shoms B das s o3l Je 0 5 1S e &1 1 (6 2im (bl
WIS o U s Ol Slaatnr 5 a1 a5l s
538 e Dllae 5305 54l pl LS S (65 S5 b 4
ot ol oLl e b 2 el e Ll O
ROC oww Jdo 5 4o ool b o cddl sdate la iz
sl e slme, 9 Jsb s Jde po A Ul a8 sl 0L
Ol cpl g 55l A e 303 o) el (g3 Ab 5ei L oS
4 S s el aly Cows (g iy OlS 4 Je a5 das s
S Comla higel 4o same )3 250 ol (Sladsal
ol ogr Sl Jaes (g3lede 5o Lol 2l ol Lol
A2l a5 bl Ll o 3l e Slaa e &S ol
[ya]
Sl § ey 5L 5 55 (2 Dl r 4S5 b &
b b e Ol e 1 YA i lael s 35 el s )
Sloosls 4 g rend S 50 o5 g0l 48 pams Lo 55 oS (500
o 335 0 oo J e ajik;)stjﬁui,aliﬁeme:u;“\
Sk iludis 5 Sy S o gaome 03 Julss pl sl
S 0 s Dl aedn delly e Gl Sl S
Olalllas 515 aSuls sl cpl b S o0 SGS 5 557 5 )
el god (3lltor (gl do 3 YoV s 5l 5led e 4 b s o

VF ¥ lwsli £ o lows —o23395 Jw

Y

SUtat feilly e S (sl e (6,158 1 ol
ST IR

el S o 3 S350 Sl pris o g £ S
S e odalin S 6 50ka ez e Ol T e s ol
o JS sl ol 5 i oS5 (S ss Cusby Laxls
ailie 53 geens ol laetn bl o S e
4 ddbe Covlas 55 bu gte Sl (Slhls ol b ConBse
33 pla5mS 5 e 3l cod g 5 ool 5l ol sl oS
Gl e poin 0 JSE Ll Ol BB s sl g lave 5 ole
)jla_:Le..A J;AJL;A QLLJ b ouwﬁwh}ﬂbwwkff
3 S by Sl L das e ol (b s a)e S WS
IS8 ol e Al I e 5 S (S5 0S1 5
e 2l e b e nll LS Sl Aol s s (€0
S e Iy ialS

S 5 i 9 Sy

o s i3S ible S w58 e s b deily

e e Sapde Gl s 2L Jeily e s el
0 OGS ol sluld @ g dalesr b Hls fue 5 O
g b ossd o Wbl (Cavlar coie ) oleddbe Eme
AR el sbol gl Gl bbbl Sl w
Lty 3ol b gad s T ol 428 e o
P ol mle 51 ol 5 b ls e e Gl L
s 02 S B 5l e ) ol Gl ol e
35 e ol Glaaaia E55 o 0 (MaxEnt) ks
Jde ol aS das o 0L Lo glaasl ool 35,7 2 el ejs
LS gladde | baaatar opl (olBd 358 Se o5k 4 Ll o
Sl e 3ledds Slarss 4 S e S B S0y
05 eole L;J;;b“ p—%’)}g‘ S ‘JJ_Q.Q.:«} Cnkh g0 .bj..i Jas
B)ls Jse L}A‘jﬁcpuﬁjdéb glﬁal@&‘j)‘yT > e
0liS e Jolse 0388 Sl ol s s wle s el
allans go ailain 53 o5 T Slbaetir il )2 sl
JKE) WS« SAGA 5 ArcGIS 10.5 J‘J"Z’\ff.’ 31 eslazal L
2o i slizel BE 5 o355el BlE 035 L (sl (Y
ple STl e S elaals, e bl S
500/ MoV &gad glacans (Jde oI0L Lol 5 okl
45 gazes dw a6l oledde 5 As 4B S L5 s Ao s Ye/A
YL Jde s 8 o0 odalin ¥ Jods bl s el
Loys Av g Voo i) Jde gl ol 5L a5 Lo s AY

1. Goodness of fit

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

Gl azils SULS adlavs 55 e o) of Jeily 5o 1y s
TWI Sll3l 2 o L6 | alls ol gl 50> b oS
e Sl e3,S Ol e b Gble 5 oS Slacad s
05 el 38l gy 392 g .ol s bl w by o TWI o iy
sasolis (b0 JSK8) TWI 25l b e s o el
(=0) JSG L Gillae ool Jule cpl s 51 s sble Coeal
5 oS S g pdidsh e ABL iy anl ol (S15 e s
05 pldl ol amilys 5 S (o OL 2 o e a2l
O wlbtng, adl> 5 ey [1] 55 0 d.bﬂﬂcbd slady
Lo ol Ozl sl i sdome C2LLL 5 358 Gl milee
DN Wb Gl 5 Gl ol Cony (205 ST 5l
Wl e o S [T ] LK 5 ed adlae L sdelisa o
Sl Glgeen datls o) g S 3 e ) ) el
T Slotnr ol 5 Lo 5 aols (o e sl 55
(=0 IK8) col ol iags @t&jiisjl}:j&;:njﬁj
Jlozml (A3l 208 oS 5l alols am o5 Colins Ol ams
@ﬂjﬁjgh))ﬁobﬁ\‘ﬁ\wl sl i dais b
313 OLaS s Ol ol )3 JoS s Snp Gble s CL“
SFG335 s B das o Ol Lo 4y VL) 5 Jad ) Sys oS
oS bl bbaaior w8y ol ) 2Ll Glaedids S
3L san iy ladde (s S5 aedie Jisk j3 oS sboles
Wss onl Sostiss 5 Lladlbasn s 5 by jske ol ol 5
Oy il Olidss 3 g gl LSl e eslitl axw 5l s
0> b slacaalsd pae op s gla sl Sl eslizall a S
Ol oo ass ol 3l o> @L"J 3hals 5 e 5 Waol 5l eslaca
Glp eddelml Slafass i 5o aSulasrsl <85 ans
Sl Ao TV (g sad o 5L b lae by o
WS Iy el saianls e bl s bk s ($ilulis
LS 8 bl 2 se 5 4 il gl b lade L
el oo s To/A ol Silwdde 8 Sl sl (Sae |5
4 Olg ooy Dl AL m\;{ S > Nes @Lﬁ 2l
Av Gassal ooy asgamme SO L Ve s Cond Jule i
530 s ool LG 31 (6 Ses xS Cab 4 Jde (o s
0303 a4 gazme 0355 ol Lailsy 5 LSl das e o3 0T &
GIA L e s pdyan ol ool 250 8l S5 sk 4 L)
S Jes e aeenslael Jsb s sl e 3B 15 O 5 das e
s S S s e Gl dde il glassls L B b
5l 5 sn S o S8 e 5 D il i 4 S
e ORI e 350 (i liel 0 Ses 35 4 e
Sisel 53 i Ll (lskas 4 e gl Al e 3 4 ged
TRy S5l 5 Olabl Ll Wls o ol 358 o Jike
Dy pSaie szl Jsb s die (L s &S iy
Jov i o G [T OLKen 5 ooy o g a5 Slallas

VF ¥ lwsli £ o lows —o23395 Jw

Y

Solwdde &8 Jley s S ol Jags pl glaadly o sl o eslinal
dalpt (62 0 Slas 5 S o plxdl Aoy To/AY s
S e st 05,5 5[] Gty ol S 23l
5 Satote 03 TS Jde SV U5 Sl gl ) S 003 S
oo b s s e ol IN T Sl e 5 O il b3
aslizally pns s ST el 428 g 4 o [YAI0L,an
ol olﬂmﬁwgfrﬁjsu}ywﬁdwﬁy
ool e @3 L3l 5l ROC iomin 51 5 L35 ol
S Jde oll sl s oemes il AL LB WS S
el Gl je 4 sl sal e 5 Je 233 o )
A Sl ol Ol 238 13 i)l e Ll s &
(Y Jea) Lol Cowd a (Yo/Av 04/00 K0 /V) & gad Connd 4w
sasolil Wil & Kos iy sdalCosay Solbl Hlide jis s
eolzel 5 il A e 53 a3 Jue CBs &S el oyl
Lad ) Hlew oledds s et oyl &S e Sonp R
Ao ys Yo/AY Gl s skl @L:J ool o Y] e
gl 3has Sl ses e SGa S0 5 sdalawsas oIk s
A ol oledde 258 e eslinal (iledde gl s
ol aS sl Olis (i Jde (oIl 5 i oLl el oy esyls
LS o i s gla gt 53 1 VU i i Sl Joe
Aas e QLS T s <=K§>=:.w\ G909 slaesls Ol s Sl 5
das o 0L g el Sl os las ) sl oIk ()
o e a5l il gslaxel LB H5b a4 LIS o Jbe opl &S
S eslial b ans bl as Lyl bl b o |y O
colidipmn s S 5 ez Sl (52555 b Ll ) o s 4 sace
Jde S a2 asite glse s o Julse 5 1855 sl S
L s ol Glaanin g5 5 oS sy bily) e
adlas ol o g 2 e sl S s e Ol
Sl sbaain ub S sy letis a8 el plobs
ol sls 0l il o 0gasl s S e B e 0
by e oS Sl ol 5 (25 oS15 BS s casb,
Slms Jalss s Olsear Ao VLY OV sl
alllans s o ailaie 3 ons 25 Ol Slbaetar b il 2 3
Jolse 3l ol a5 5l Ol adllae ol b L gl
Jeils s S0 e Jolse S s Sllas gble s oS
Sl ety 53 1 s 8wl (pl D3 biles gy (el &
ol S [V T Il s 53 Mo iloslsiamss 3l iwe)
53 Jelse et 3l Abtag, U alob wals b doli DEM
Joily 1w Gl s cplply Lbs alis g3ledie
Joo s 5 25 ol il i 4 s 2
A by (ela S Bl kil 05y sline el ol
5 SPL b,y [V ] asdllas 5 il ciliies bl s o s
b b, Aol 5 ot wlbid S 5 35U o iy TWI

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

L"LJKA ‘.;lj.]é )\ J:"“)}.’. w‘ 3 okl salaiu! Gb B Laoals
RSN TN P R e BTG JL P LY

OB W g8 & Lo
jb.lé ¢ 4&)[.«%).& aesls LSJJTC“? dUﬁ_}t? u"’fj"
‘dLiA U‘:"'l‘fj nddu.d ui:)\i.: cLAoJ‘J J,:l;g,' CU‘:‘Aﬁ}"

e 2\ e Al d e (3L o3l ade a0l 1S Wllas

oolaiul 350 b

1. Al-Shabeeb, A.R. Hamdan, 1. Al-Fugara, A K. Al-Adamat, R.
and lrawashdeh, M. 2023. Spatial mapping of water spring potential
using four data mining models. Water Supply, 23(5), 1743-1759.
https://doi.org/10.2166/ws.2023.087.

2.Conoscenti, C. Angileri, S. Cappadonia, C. Rotigliano, E.
Agnesi, V. and Marker, M. 2014. Gully erosion susceptibility
assessment by means of GIS-based logistic regression: a case
of Sicily (Italy). Geomorphology, 204: 399-411. https://doi.
org/10.1016/j.geomorph.2013.08.021.

3. Davoodi Moghaddam, D. Rezaei, M. Pourghasemi, H.R.
Pourtaghie, Z.S. and Pradhan, B. 2013. Groundwater spring
potential mapping using bivariate statistical model and GIS in
the Taleghan watershed, Iran. Arab J Geosci. https://doi: 10.1007/
s12517-013.

4.Devkota, K.C. Regmi, A.D. Pourghasemi, H.R. Yoshida, K.
Pradhan, B. and Ryu, I.C. 2013. Landslide susceptibility mapping
using certainty factor, index of entropy and logistic regression
models in GIS and their comparison at Mugling-Narayanghat road
section in Nepal Himalaya. Natural Hazards, 65(1):135-165. DOI
10.1007/s11069-012-0347-6.

5. Dube, F. Nhapi, I. Murwira, A. Gumindoga, W. Goldin, J. and
Mashauri, D.A. 2014. Potential of weight of evidence modeling
for gully erosion hazard assessment im Mbire Distract- Zimbabwe.
Physics and Chemistry of the Earth, 67()57-43 ..
org/10.1016/j.pce.2014.02.002.

6. Demir, G. Aytekin, M. and Akgun, A. 2015. Landslide

https://doi.

susceptibility mapping by frequency ratio and logistic
regression methods: an example from Niksar—Resadiye (Tokat,
Turkey). Arabian Journal of Geosciences, 8(3): 1801-1812. DOI
10.1007/s12517-014-1332-z.

7. Elith, J. Phillips, S.J. Hastie, T. Dudik, M. Chee, Y.E. and
Yates, C.J. 2011. A statistical explanation of MaxEnt for ecologists.
Divers Distribution, 17(1): 43-57. https://doi.org/10.1111/j.1472-

4642.2010.00725.x

VF ¥ lwsli £ o lows —o23395 Jw

Yo

S o ol 1 s opl Al el Ol Ol s

S s W] LK 5 Sl u g oS (glasdllas js pioman
&ty A el 5l A el (63 gms Dby 53 sl o5
Sats Sl el 5 a5 sel DG 03 Sl gl Ao s T
Sl andllae cpl s oS s eslinal o) 5 O fedly 42
ol s olg 28 Colg s cl ol als YL b
53 ek S ol Sl eslinal Lol S5 4 sed Sl (Gl
Ad a5 sl 5 oL gt (oS (08 Dl ag =y
spde g e ot IS s edaaill s elal D]
23,8 58 il YU L 5 VL a5 Lo, VYA 5 VUVA
Olye a1y oodii o wintiy o801 LIS addllas ol cazmsts o
sl eigm e s ol Glaaeta iladds 6l s 8 6l
et SR 5 8 038w b S e a5t sy, B
S sl ol o 1) el o adey Je 5l eslizal O
ot SIS 2sde w5 Ol gl Sioul s (sl
DMl e Sl e s 2l Glaaadar Jl, 5 LUK 5o
oo e U s 6 G )l Gl TS bl s
L LS o pdsy 1 dedar Glaslis 5 aoee ST Ll ge
dis ) 2 ool gl oyl Slalllas sl 1y sl
03 i Olides Llg o ol g @Lﬁ LS e ﬁl,e
S5 ades siledde 3w i lagn, SISl eslinad 35
50 53 BT (o Seaa gladnlp 4 5 S Ko
syl sla Jans 55 S SaS Ol e 5 Chlas slac g
robal dez Sl Gaalr Glaesls asgams plosl (655 AL
S LB U8 55 03 5o ol 5l iaws slagsld 5 slel sals
oS opl S XS s i | CanSe dde Gt
sble s 1, ﬂjﬁjqcu S s ‘UJC;RUL)-P;\J:\;
Sllye » 5 S Jegmd ol GbLe 5 ulidiee; il
ASE (g5 am L3 ool o S o, SISl eslinad 63 28
&S e

S 3! Rl

Ol Sl wls Slides Qlajla 511 555 S8 s s
J."J: 4 Ol Okl guls sl 5’,“.,.19 GLLA oylsl s (;.JL.J)
3 e e sls e 51 p’y UGl 5 baesls &1y 5 (6, Ken
)M‘U.)j}"GJJ.J.L.AQ\#Lédﬂ&‘)bﬂﬂ‘ﬁ)}{f”&‘)}‘}
.mﬁ&ﬁd¢x>;;§édﬁa%5

Qb Wy g8 x8lw Sl

s dle slas &;@ASLJ‘JJCW‘UWJ.‘OKM)}
A s ol @ujqw)mljuz,& JEgs

BRodld 4 (ow ywwd

1. Natural break

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

/10.1080/10106049.2021.1939439.

18.Naghibi, S.A. Pourghasemi, H.R. and Dixon, B. 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):1-27. DOI 10.1007/s10661-015-5049-6.

19.Nguyen, P.T. Ha, D.H. Avand, M. Jaafari, A. Nguyen, H.D.
Al-Ansari, N. Van Phong, T. Sharma, R. Kumar, R. Le, H.V.
and Ho, L.S. 2020. Soft computing ensemble models based on
logistic regression for groundwater potential mapping. Applied
Sciences, 10(7): 2469-2480. https://doi.org/10.3390/app10072469.

20. 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. J. Hydrology,411 : 290-308. https://doi.org/10.1016/j.
jhydrol.2011.10.010.

21.Pearce, J. and Ferrier, S. 2000. Evaluating the predictive
performance of habitat models developed using logistic regression.
Ecol Model,3)133 ):225-245. https://doi.org/10.1016/S0304-
3800(00)00322-7.

22.Phillips, S. Anderson, R. and Schapire, R. 2006. Maximum
entropy modelling of species geographic distributions. Ecol. Model,
190: 231-259. https://doi.org/10.1016/j.ecolmodel.2005.03.026.

23. Park, N.W. 2015. Using maximum entropy modeling for
landslide susceptibility mapping with multiple geoenvironmental
data sets. Environmental Earth Sciences, 73(3): 937-949. DOI
10.1007/512665-014-3442-z.

24. Pourghasemi, H.R. Moradi, H.R. Fatemi Aghda, S.M.
Gokceoglu, C. and Pradhan, B. 2013.GIS-based landslide
susceptibility mapping with probabilistic likelihood ratio and spatial
multi-criteria evaluation models (North of Tehran, Iran). Arab J
Geosci, 7: 1857-1878. https://link.springer.com/article/10.1007/
$12517-012-0825-x.

25. Rahmati, O. Pourghasemi, H.R. and Melesse, A.M. 2016.
Application of GIS-based data driven random forest and maximum
entropy models for groundwater potential mapping: a case study
at Mehran Region, 360-372. https://doi.
org/10.1016/j.catena.2015.10.010

26. Saeedian, H. Shirani, K. Aghamirzadeh, S. Sh. and Madanchi,

Iran. Catena, 137,

P. 2019. The role of effective morphometric factors in the accuracy
of gully erosion zoning using the maximum entropy model (case
study: Sarab Halil watershed, Kerman province). Integrated
Watershed Management, 3(9-3), 63-83. https://doi.org/10.22034/
iwm.2023.2007115.1092

VF ¥ lwsli £ o lows —o23395 Jw

A

8. Fienen, M. Masterson, J.P. Plant, N.G. Gutierrez, B.T. and
Thieler, E.R. 2013. Bridging groundwater models and decision
support with a Bayesian network. Water Resources Research,
49(10): 6459-6473. doi:10.1002/wrcr.20496.

9. Greene, W.H. 2000. Econometric Analysis (4th Edition),
Upper Saddle River, NJ: Prentice Hall.

10. Gaur, S. Chahar, B.R. and Graillot D. 2011. Combined
use of groundwater modeling and potential zone analysis for
management of groundwater. International Journal of Applied
Earth Observation and Geoinformation, 13(1):127-139. doi.
org/10.1016/j.jag.2010.09.001.

11. Golkarian, A. and Rahmati, O. 2018. Use of a maximum
entropy model to identify the key factors that influence groundwater
availability on the Gonabad Plain, Iran. Environmental earth
sciences, 77(10): 1-20. https://doi.org/10.1007/s12665-018-7551-y

12.Javidan, N. Kavian, A. Pourghasemi, H.R. Conoscenti, C.
and Jafarian, Z. 2020. Gully Erosion Susceptibility Mapping Using
Multivariate Adaptive Regression Splines-Replications and Sample
Size Scenarios. 11(11): 2319-2340. doi.org/10.3390/
wl1112319.

13. Kornejady, A. Ownegh, M. and Bahremand, A. 2017.

Water,

Landslide susceptibility assessment using maximum entropy model
with two different data sampling methods. Catena, 152: 144-162.
doi.org/10.1016/j.catena.2017.01.010.

14. Kochhar, A. Singh, H. Sahoo, S. Litoria, P.K. and Pateriya,
B. 2021. Prediction and forecast of pre-monsoon and post-monsoon
groundwater level: using deep learning and statistical modelling.
Modeling Eart Systems and Environment, 8(2): 2317-2329.
https://doi.org/10.1007/s40808-021-01235-z.

15. Lee, S. Kim, J.C. Jung, H.S. Lee, M.J. and Lee, S. 2017.
Spatial prediction of flood susceptibility using random-forest and
boosted-tree models in Seoul metropolitan city, Korea. Geomatics,
Natural Hazards and Risk, 8(2): 1185-1203. doi.org/10.1080/1947
5705.2017.1308971.

16.Moore, I.D. Grayson, R.B. and Ladson A.R. 1991. Digital
terrain modelling: a review of hydrological, geomorphological, and
biological applications. Hydrol Process, 5:3-30. doi.org/10.1002/
hyp.3360050103.

17. Mallick, J, Talukdar, S. Alsubih, M. Almesfer, M.K.
Shahfahad, Hang, H.T. and Rahman, A. 2022. Integration of
statistical models and ensemble machine learning algorithms
(MLAs) for developing the novel hybrid groundwater
potentiality models: a case study of semi-arid watershed in Saudi

Arabia. Geocarto International, 37(22), 6442-6473. https://doi.org

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.2 ]

30. Zabihi, M. Pourghasemi, H.R. Pourtaghi, Z.S. and Behzadfar,
M. 2016. GIS-based multivariate adaptive regression spline
and random forest models for groundwater potential mapping in
Iran. Environmental Earth Sciences, 75, 1-19. DOI 10.1007/
$12665-016-5424-9.

31.Yousefi Mobarhan, E. and Shirani, K. 2019. Evaluation of
the efficiency of the maximum irregularity model in identifying the
factors affecting gully erosion and determining sensitive zones in

the Alaa Semnan watershed. Journal of Watershed Management,

14(28), 37-54. http://dx.doi.org/10.61186/jwmr.14.28.37

VF ¥ lwsli £ o lows —o23395 Jw

v

27. Shirani, K. 2013. Determining the thresholds of the most
important effective factors and evaluating the sensitivity modeling
of gully erosion in selected watersheds, Final report of the research
project, Soil Conservation and Watershed Management Research
Ingtitute, 251 p. http://magazine.hormozgan.ac.ir/article-1-818-en.
html

28. Shirani, K. 2017. Modeling and evaluating the potential of
land susceptibility to landslides using Shannon entropy probabilistic
models and Bayesian weighted evidence (case study: Sarkhon-
Karun basin). Soil and Water Sciences (formerly Agricultural
Sciences and Technologies and Natural Resources) - Isfahan
University of Technology, 21(1), 51-68.

29. Rajabi, A. Shabanlou, S. Yosefvand, F. and Kiani, A. 2021.
Exploring the sample size and replications scenarios effect on spatial
prediction of flood, using MARS and MaxEnt methods case study:
saliantape catchment, Golestan, Iran. Natural Hazards, 109(1).
https://doi.org/10.1007/s11069-021-04860-0

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.2
https://jwmsei.ir/article-1-1180-fa.html
http://www.tcpdf.org

