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Objective: Landslides are recognized as a potential hazard. Identifying landslide-prone
areas can improve landslide management and prediction. This potential hazard poses a
serious threat to human infrastructure and even human life. Advances in spatial sciences
and machine-learning algorithms have increased efforts to develop predictive maps of
landslide occurrence.

Method: In this study, 10 criteria, including soil type, lithology, precipitation, distance
from faults, vegetation cover, distance from streams, distance from urban areas, distance
from rural settlements, slope, and elevation, were selected to develop a landslide
occurrence prediction map for Qazvin County. A spatial database was established using
GIS-based analyses. A spatial resolution and pixel size of 30 x 30 m were adopted for all
criteria to produce the final prediction map at the same resolution. The landslide risk map
was then developed using the logistic regression model and training data for landslide
occurrence. Model performance was evaluated using precision—recall metrics and the area
under the receiver operating characteristic (ROC) curve (AUC).

Results: The prediction map showed that areas classified as having high and very high
landslide risk were predominantly distributed as linear and curvilinear belts across
different parts of the study area. This spatial pattern may be influenced by fault alignments,
drainage networks, lithological variations, and abrupt changes in slope. The results showed
that, at lower thresholds, the initial positive cases were identified relatively well; however,
as recall increased, precision declined to approximately 0.6-0.7. Meanwhile, the AUC was
0.557, which is close to random performance. Although the precision-recall analysis
indicated slightly better model performance at certain thresholds, the ROC analysis
confirmed that the model had generally low discriminatory power.

Conclusions: The results indicate that the logistic regression model and the selected
criteria do not provide high predictive performance for identifying landslide risk. Future
studies are therefore recommended to employ a wider range of machine-learning and deep-
learning methods, along with more diverse and comprehensive datasets, to improve the
prediction of landslide-prone areas.

Cite this article: Jafarisirizi., R. Khamesi Meybodi., M.H. & Sadidi., J. (2025). Evaluation of the logistic regression model
for predicting landslide-prone areas; case study: Qazvin county. Incidents and Disasters Resilience, 1(4), 95-104.
https://doi.org/10.22034/IDR.1.4.95

@ (1) (S © Author(s) retain the copyright.
QSN2 DOI: https://doi.org/10.22034/IDR.1.4.95

Publisher: Natural Disasters Research Institute (NDRI).



https://orcid.org/0000-0000-0000-0000
https://orcid.org/0000-0000-0000-0000
http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 |

[ DOI: 10.22034/IDR.1.4.95 ]

359 390 axfliao €50 3 Cano ) Ao G0 (S i) 3 S (9 gmw 5 5 Jubo (U ) 5!
02939 (yliw you

T g dlga < game ounald o dosne BT (55 s (6 iz aligg,

Sirizi.r@gmail.com :asbll, .oyl ¢l 185 sty dugad oKl ¢ yaoj pole 0a8iils GIS 5 933l yiomius 09,5 )] (olid)IS ¢ Jghumo odims 5 .
MKhamesi@nus.ac.ir :asbbly .ol sl o)l pad «lae o olKuiily (g )b s i 09,5 ¢ o .Y
jsadidikhu@khu.ac.ir :asbll, .l pl ¢l 45 < c0j)le3 ol8uiily o lbl i pole 0asiisly GIS g 935l iomiw 09,5 ¢ lusils ¥

(KW LY

s

o SNt

Cospio Mg 3 M blio Lol g0 41ib o5l Sy S (e 3 o5 DD
oy bl gl g Sladl Slusali (sl (g2 e o5l jhs cpl e 1y ol e 9
ol ot il 4 sl LI (etle (3L oyl 5 e psle oyl b gy
sl il ]330 0ol

€9 ol Jlaxe Ve engi ol hed 5> (55900 E589 (it 44 A sl lie cal )3 3 Re 3y (g
o el LSy ol g olid olie 05 ags olsd ool oIS, GIS (elailsy 5 odlizl b s Ll
Jse il oolitul b o 298 Joobs olide cpl b p i adds Colgyd U og yio YeaVe bajloe jI SO
i) sl b as (3lme; Sy (GBi0me) E589 (motn A4 (Bjgel slodls § St (g )
5 03wl ROC Jlbges iomie ) glaw g (5 )ghb—cds sloadls jl cono

2 e g s )l gt Bas sbj i g 5bj s b ottty it 428 olul 4l
s dmanl ] o oS sl y3b cov WG o esge ol 4 Wlabl b yiuS adhie dilise clajiso
G gl Cute (ladisal (nly ladliol ) & ol Lt @bt Al b SRSL Ol 5 S5
Uil /V=+/5 3905 & (Precision) cés lie (Recall) oyolol Silisl b bl ccul ond o3ls Lawsuis
Soghbedy M .l o5 (Bolas el 4 oS canl <00V bl AUC (im0 505 (sow p3 b oo
Jao pley @08 S 53 a5 08 o ASTROC S’ o Jos ying (008 Jdo baailin] s j3 s o lis a5
ol > 2Vl (IS lizalsyse (slaslis 5 Situcnd (i) Jao o5 sl ) il 2ol 28 sl
st oty | ggoge (nl pogad > Sliios plxl sl 39 o0 Sty (L > IS (B S
Dgus odlaiwl yidy g Eoiite (laodld 5 ros (535L g Cpble (5,500

1l g4

iy} Alie

rellie doy U
VEA¥/ o0 redly 3 g

VEFLEIV e 18,5550 )b
VEFLAIY e 2 dy B ,U
AR TARVEL R v IR

o jlgads’
‘)
St (g )5 )

WSy (S
GIS

(02938 Ol o

dalllas €533 ye dmine (sblie iyl 5D Saiwcd (gmoySy Jdo bl (VFF) lga et (cpudoss e ool cllzgy (g5 pme (g pre 3Lsw!
https://doi.org/10.22034/IDR.1.4.95 N +¥=30 (¥) V czilow 5 colas ol 13 (cyalli o938 lims yosd 206390

)

(b Dl 008y 10U



http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

VEoF O oylods o) 0,98 cpuilw g Sla il 43 5y9lli aYd

LVR YT
Gl s & o gy Jlanl o spiie o g Sl il el o Cul Sy b a0l S 300
Yo @08 b sl 5l sl o5a e ((AdO et al., 2022) cuwl odds i soaldl Olpnss 5 (oI5 JSKin ¢ g yo
GRles Sy @ Glir g e glagiyelin ) ool 5 398 (erdae Sl Sl 4 prie Sl
oiidome; (Flentje & Chowdhury, 2018) cusl sbj sl ol by 3o (533000 51 (b lals Lol g o3
Fover a Kooy (Petley et al., 2006) s 4a5 YEO++ Spo &y oo Yo o0 wiSTA o S Jles a3l 51, 0oz,
QS 5l S8 Veee e Spody yoxie a8 215 &) Ver A 40 WY 33 oy (lozmans Gl )3 sy 315 Sl 3)dke (25 e
Sl 58 TYPYY Ve B Yo ¥ o) Job 55 o ol olis 'l (Chigira et al., 2010; Gorum et al., 2011) .3
Sy oy Caon] by ylge opl (Petley, 2012) Glools cuwd jI 1) 563 ols WS ye (glojlpe (o5 e VOV
5 42035 G s On (Sen (oo boaul 13 30 dete bl siaing ol el (35
e o5 ome; daitune sblie aids ad o oplplo (Agboola et al., 2024) cul pge jhaw ¢ Jao o caliste Jolge
(Kumar, 2024) cusl Sl> paye Jb g ol 5l clles

Gble Slojm e S 505 5 <S> lgioe omes odzm kalpd ) glailate sla 53305 sk L)l sl
Jlein! o538 o) Gl o i (Casagli et al., 2023) 5,5 il 935l ytominw sSsSS 1 oalatwl b 1y datne
Wuetal, ) cul (5530005 2Ll 5 adsl Jlaie (il ) S (gl o g amd e Lt 1y (B33 e £589 (S
oo 3 3ble 4 Sy g 2lulid b o] BT k) JBlas 4y (ol (35805 dtans (3blio ol il ol (2016
sl Sy aSLy S o ey 1y B3 e Asiene 3blie L5 l3 o) (Maleki et al., 2014) ol (gygps jlas
soS by L b Gyl gmm slodg Gl S sl Sl cdbp b Jole cpon oS Jbys sl cud
[(Sujatha & Sudharsan, 2024) s 550 (sledg OIS > (6,8 S5 o a8 A 0 JSS ) Jools o g Sid glaaiols o)L
&s:ﬁ l.“.'.m:
il g5 aw & (JSysbar ) bl plsiie o Wload 48,5 )15 &y (i5alome; Sy vy lp il s
e s Jae (Yuetal, 2024) ooy y e slaJde ¥ i il p e s de Y (SG5d p te slade ) 2)S
van den ) sl 5L 38> (sla ol 4 oyl Lol g o oolin] SooS sla wlide j3 (gilore sy ’Yw Sojud g
5l oalawl b wgdze (Su )b o3a e (699390 b bl )0 (il p bt sl Jie S5 (sow jl.(Bout et al., 2022
yemeodld sla Jio (DU et al., 2020) k> se5 5,Sles wjlne Lin (6 S paonal Judoo 5 (BLST Jae sSle ol i,
(DL) Gaos 5553 sloJao ¥ (ML) uile (65500 sl Jao ¥ fd)LO] sl Jse N ol Lol asli aw Joli
Van ) o)l (S 385 b o5a oo 001 oSl G s 0 (oyiwd jd 4 (0L ao Bl Juo ol ol e it
Sorpeodly Jio S laisd) Siiwad ouw )5, Jdo cubll obj)l adlles o) 5l Caaa (Den Eeckhaut et al., 2012

el (938 Qs g ) 3o e bl (i 3 ()L

anlland ygo dilaia

bl wiia ) Shwsd (gaw)Sy Jho 2D)5 2b5) caa adlledjge dilaie lgieds (1938 oyl b ((3a8S ()
Woan 3 ¥ g addd 0F g a5 0 YA (5,0 slaJob opw > (liwpd (ol (C8)5 )15 cwyy90 (B33 e £989 Axitume
& y0yioghS FYNNY dalllasdygo dilaie Coluo 0yl HI8 Jlods dpe 4l ¥ g addd Yo 5 a5 )0 V& U 4l YO 5 aid>

1. Petley


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95]

v SN 9 (G0 ool (6 3y (6 2 | iy p o j driumno (Gblio iy 50 Scwt] gy Jo (b y)

aghie glas)l [(Zandifar et al., 2020) cool 1o p> 0Y Cogby (1She 5 yio deo YV 55 o5 Slo VY Lo S5k

Froleses

[

I 58 ) S 05,90 ) ey 0 s 0 1505 oy

anllae g0 ailaia il ) KU

L 00

3

g (wlwivg y

2 ke ol ad QB (S mlie gy b jline Ve 0938 Gl yred 50 (85 0me) slad dxieee blie (cibaiyy (sl

12938 by 0 38 (o 5 (Bblie (Sl iy 50 St (g5 5 (W95 (21351 (5 23S y90 (S lare Y Jgur

&o V) 3 S o
Wicki etal., 2020 | s o a5 1 ey (6,lulb g osls (ialS 1) b Cuglie S5 Slse 5 (S b S Sk
ROda‘Bz"élllga etal, | g5y ) pais G § Cunl (SESB 5 (]l5 6 iyde 011 S oSt Cilo g i Sigod
2, iial
Khan et al., 2021 g ge Al oy Canglie il 5 (cdiie ol HLid 4y YU S gludl cage (S Lil5al b
Di Napoli et al., ool 6y 2 F5e lS Sl Gl g I I35k (Sl JLid Sl el 4 (Sed5 e 3l alole
2023
Parapan et al., 2024 Al e ) rowd b ()b Slgior glie cutlyy g (6j)5liS Wlo oliwg) sl ld Loy, jl dlols

Chen et al., 2022

Li & Mo, 2019

5 o ol | i sl 58 o 5 LD o 535 5 S ol b oS | e ol
S o gy sl 5 33 Sl o3 il 4l iy 5 el il :

[EVoW]

Lietal., 2021

S o e Ty G533 4 Wlolyan ol b g (S350 sy Uyb b Ysame obj clelis)) el

Phillips et al., 2021

S oo Wl (033 ol gy blis 285 Qll, halS g S cuss (oljady) b alS Jidy

AN Y

Meten et al., 2015

S oo o ) G55 el (5l 5 S gl (o)l il d b boanl] pglone

anlyy] 5l alols

bad gaY ans

Sl D98 Jas yiwy 4 g ans bjline (oUdd loa¥ ol (35one shad ble cngie 5 luain Gl
Jalols ad yiwy 4 Jas M 2l g (Shy elel p o B39 158 ©jgeh (LS s 5 SGlsd SB-
5 iyl 4Y LSS iy &) b ewsteldl Aol Il 5l eolizel b dnll ) Alols 5 e 5 alols gy ) dlols e
54 2bggn J ekl b ()l 4 Coledyd b g ple Yeale JuSy ojlal b ddlaie eli5)] (058 Jio I cud


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

VEeF (F oylas o) 0,90 (il 9 Clpm iy 40 5 y9fli A

Dy yie VeaeVe bajline 1 SO 2 ol JuSly ojll g olad wlids

TSt (o9 55 S

ol o 58y Jloin) )y 5 (29990 oyt ity slr 2 )bl laby, (S Ko g3y S
E989 pis b gody Jlain! ¢ Jatuo (glb pusio g dimnly yuxio yw alaly 3l oolazwl b Jao ) (Barrefiada et al., 2024) ol
oo Sewnd g )5y (o3 ome; llllae ,> (Heydari & Al-Thalabi, 2022) 18 o 3590y 1) laid )90 oty
cnl Ule cnpinten 3308 o 513 odlialdyge jlad (gubaley 4GB Ag g Ghjlomes 8y 2 e Jalse b L)
€989 ol (gilw e (sl 0,8 o)Ll yiie (i lojer Jilod (U155 5 unlio padl Clbl o Solos & lgiee Jao
cpl a oliel ¥ oligd (slaonssy (s3lwJae 53 0, (o)lel slagdg, 5 (o plgieds Stund (gm0 5H e
lgieds e Jelge 3l (liegome o atuly it plgiear |y (+) ol g8y pas 5 (V) Ghsomes e85 o Ay Jae

1
(k1B0+ B1X1 + B2X2 + .+ BkXk)—e+1

P(Y=1|X)

S Ll
S (5o yiiio dsgacns ol 13 (53305 £589 Jleis) :P(Y=1[X)
e 1o 51 256 2P0
Jite yiio yo (gl 0083512 Sgms)S ) ol p B
036 5 (8L e elidine) (ST g Jelos Jold Jiiuwo (sl piiie Xi
b o)W 4L e

Ll (Coveney, 2021) sus 50, (MLE) Maximum Likelihood Estimation g, 5l eslicwl b Bi colps
olgieds (Bolad Sygoa (5330 Ggn bIE 5 ¥ pdjpel slaodls plgicas (wes qape sloodls bl o) (oiBly (25800500
Dy )5 V= 05 > o] palie a5l iidome; el add O Jde ol oy D gl 0 e (ladiges
izt (534 £585 VL ol oxiadlis ) 4 Sdj pdlie &S5k
oo g (g 5lwndly
S5 (5l lili] SKe claaY g bjgel (clmodls lunl i plool R basre 1 osliiwl b obj,l g (s5lw e s0ly8 S
Jibs sl 35 05 Giime; Jlebol 4t sy ol (295 5 13 edl hjsel Sitasd gy Jdo e
5l gol> (s pauai U wad gl ysis] PR-AUC s ROC-AUC jaslis 43y g A odlitwl suw)lose] e bl jl oo
Sl cws 4 Jae 5,8as
Como 2L, b
AUC 25ls s ROC s
Cude £ o Aty oo (pl b 0olistel (ROC) 0255 it 3)Sloe duasudia (oo | (Jo 2)Sdae (2Lj)] sl
(Yinetal., 2021) ans o olis caliseo glaaibunl j3 1) (FPR) O3S cute ¢ 5 5 (TPR) _a3lg

TPR=TP/ (TP +FN)
FPR=FP / (FP + TN)

2. Logistic Regression
3. binary

4. training samples

5. absence samples


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

a4 SN 9 (G0 ool (6 3y (6 2 | iy p o j driumno (Gblio iy 50 Scwt] gy Jo (b y)

S ol

Slosd Lol Cawyd a5 ably 5530 Ll T TP

Slod plwlid Cawyd a5 3530 e bl S TN

Blods sty 35 Ol olidl 4 oS 34 (g bl FP

Cal 03,55 lolis Jas a5 ably 533 Ll - FN

23 e 1) Jae S oL 5l 6)lhme 5 83,5 duslies |, ROCT (AUC") isxis yj grhaws jadls

Precision-Recall (PR Curve) e

» 1y Recall g Precision (yo daly sove ol i oslitel jo (gygbob-cds aowe I (Jdo b))l JuoSS jolateas
((Sofaer et al., 2019) aad oo L caliseo (slaailiol

Precision = TP/ (TP + FP)
Recall =TP /(TP + FN)

035 oy, 5 e Jin 45 o JS 0 5 00t oy bl o
g G5 bl S 4 s Lausgs 005 lulis adly (553 bl s 55l
o9 sasl

W e
HENWST-A

Sk gy 9 wibio SB clarsly £55 32l Cusl o B2 Sy g SB gy 5o elb g s SB g
§ adllanygo adlate i8Sy )3 1y adllasdge ddlaie Sl (o3bj iSe I gu simtsl 5 (i sloigaisy b o Jgu 5l
ol St sy ds Blogl gl by il 0 St _ouoliS S 1oy 45 YO 51 bt 45 (g sboty (o3 S cloisly
{Qf2) it (53518 aSdlbgseo g (QMtL) 5 el gy lsS asllbg s (EdaVE) gl Sliassl classls
G5 0 S2s5 e b SSispsbar sl il o5 gas adllassjge dilate ol iy, |y dilate ) gdaw o yiie
i)l ddhaie ) Jlod )3 &S g psboar 9o atalS )L (liwe Sl pf 4 b 50l e e B0+l G ) adlaie
ol a5 otnlio |y ol 005 03Lgy salls b b clodnl o 5| adlland g0 ddlato yuls oo odusy o o sioslso Yoo &
s odgase ;5 Loas 5,15 wiling, U yxo Youo 5l a8 clabold b s gy yii 45 33,5 o (ascice laaal ] )
S 6ygbdy )5 (b Cundy (LS by LLd]l adllasd)ge ddlate 90 yio Vool i Aol cpl (oliwg) b
5 o) 3ygltS 3l 4y et I (e9aome (sla S g dimd o S gy U et e |, adlale I (S5 i
SR LB )y olaidsl boly 5 (pl) (503 (idgy 4 adlate (550 )0 SosS digg 99 eined Lol aiBl olaidl 5
Olyis «SasS 03ga0 Sy 5 sblgarms 5 LBl (ol (g3 b Jlag itun adlledjge dilais g ) ]
PSS Ui Sl oad el pal (ran g 315 Lwg) Qe el Gl adlllasd)ge dilaie WS (e 3Ll (3L laee
3 508 by (e Aol ol el )3 tcul y20 00 ev 51 ey Wobiangy (o alold oS oyt 5 ogin 9 G Jlod
223529 (2)f 5y > SesS S 45 dix S g )b 518 (B8 des )3 pi el oS ool o Ve
An3 e ) |y (6 5iyel Camsg dilate e oS oy sl yio Do ve ) a8 LS 5 alold 3blie st > adlaie 5y

6. True Positive

7. True Negative

8. False Positive

9. False Negative

10. Receiver Operator Characteristic
11. Area Under Curve

12. Precision

13. Recall


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95]

VEoF oF o,loid o) 098 puilew g lam il 40 spglili Yoo

oS elis) bt doyd Ar 3gdn oudin yeadd Sy b €S 3 e 45 5 ysbds fcan] £lis)) oS Logos adllacsjge ddlaie
b el asd b ool Hlaws sllail Codd adds o)l gyide gl Oy 4 Cund Gyb icmed WD g YA
dilaio e cuds Cal .)LJ.)M 9 ALl ¢ liwd (938 b Hloa A (i Cubd 4 baye oS sl S5 02ga

D9 o odd yieS ol 5l yides clacud g Coanl 2oy Ve GO

S gqi
89‘ Eksh Odi W Qft
Cb  mm Eat a 7 Ogr-di 771 Qf2

Mollisols

Alfisols [l Rock Outcrops/Entisols : :: = EX Kby BN Pgke 9 TRJs
idisols ¢ crons/incentis TS KM 1 Ebt BB Eka Kl [ Pr TRe - KM
- Aridisols D Rock Outcrops/Inceptisols 0 10 20 40 60 80 B Ebv | Ekey Mmasd 1 Qaby o 0 10 20 40 60 80

I Water Body Edav

o . ' PEESSRRTIVIRE) -
-r.._r.. -5.._v.‘ -~—A~~ -r..._g...
r.._f..-v..- Q.. e KM ] aee = 1eee -A--‘-Af\'o - KM
l:] Foo = Boe o 10: 20 ad L %0 D Yo W

RS by

T bl g 5, SR S -—— KM

B e 0 10 20 40 60 80 0 10 20 40 60 80
o 5S4l Lagie @150 |:|\ ..... Yoooo

W)l 22 :
-\V—Au -\Au-m-- -""7‘ -""'%
D [ PR - YBee - FIYF KM Y-8l - Y.< [ = s"KM

D""““" 010 20 40 60 80 [Ja-we 9 20;:20 “ o

32958 Ol s (o038 (o5 Bl (sl 53 S (yommw )5 5 (9 (23] STy 23LEwID 90 (Sl ylire g Al LY UK
TS D Akl oil VLYo L')UJ St O%’*’)f) Jie 5leslawl b 1, 295 ul.mu).e(u) u*“’)*‘w") Sy s S
Uity &S ad o LSl pwyy Gl odd canadls 3L Hlaw g 0L dawgio (1 08 Hlaw Sy Jold WS
iy (gLl addlland)ge 03545t0 8o Vol iy 45558 (ol Glgism 9 48,5 )58 0k Sy oIS )3 adlais I (Slodes
Blsee glais )3 godie 5 (s ba)lg ©jgon baas 2bj jle g 0bj s b laaigy el (3530000 £589 VL



http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

Yo SN 9 (G0 ool (6 3y (6 2 | iy p o j driumno (Gblio iy 50 Scwt] gy Jo (b y)

b SSL Ol g (5edgid lyuis manlpl o oS sliel 13U cov Wl o gesge ol & Wladly by adhaie
Fesl 05 Yl 9 05 sy SIS 53 dilain (B8 Sloite (658 i > arg BB OIS ) (S Sl cnll st
Slpen pie ol dien oVU polie (bl I JuS w515 5 cod @i s bajlas (S a5l (2l ool Sl
S S mmas Jole S5 olul s Jaa ol 15 uily Stncd (igm)S5 Jbo )lel 0,Shae 5l 230 i o ] (50l
(ol 28 e a5 3 1) (hiemes erbiad glaalis, b ol bl g S slajite eled plojpn 148k S o
2l Jloisl 50 (53 5l a5 aled 3 Gjme s Gl slinn @ Ll bn S (515 L o 2 Y
slsile i sluk wwlie alS Jidg (S gladsly JVL coglie aile Jlolse adlate (B)8 glaise
RSl Opomen a8l o (B33 £98y Jlainl (bl cage (AiAipe) ediad sladlis; yieS @S15 L g (el
Powdn g aiie (Plp (S Gl odd g 413D Jho (295 0 (ote GRS dilale 3 0ABCS (Sl 3 me; S

53558 omly Jlas WS

KM
0 10 20 40 60 80

[ bwgie
Setnrd g 5 ) Jo 1 03Masl Uy (032938 (i el (38w § Sam ) 43 Y S5
(oo & Soo5) Recall ol slaalinl ;5 48 ams o Ui Hlges ol o o Ui 1y (g yghob—cds Jloges ¥ IS5

ol s o Lo ady) cute cladiges 45 Lo ol 4 sl az3h V & S35 o YU jly €85 atalyy o
IV G [F e3ge )3 g Lb o ialS Precision jlude da s34 5l g yin d)lse ololis o Recall [ioliél b .o oo
Do oo axlge OIS cute (sllas iol38l b Waosly ST a4 ol maesd 0 Jae oS dad o olis L8y ol ad e Hlub
b Bl e S Canl ol edgame 53w e slaailin] s 4 Jde 3l cawlus (Sl Hhbges sl iso Sblegs
285 am3 e ol 9 )b Sk L Wiy Jbges el 5 Slhe i il bdiges Ll STy b dgioe (glaodls |
0dgdxe > Precision ,laie .S sbw! Recalls Precision (yu aws Jobs G atslys Jdo a4 +/¥ YL Recall
D)3 3900 Sl joi (sl 903 (YL 4 K5 g o) JByl slaJae 4 o Lol el JoB BB /Y 4 S35 Sile
1 b i el yii /0 ) oS s AUC=0.557 Jlaie lages ol ke 23 s @l 1) ROC 3ges & JS5
sl (ol ey S & S35 LB g 3)b (hes 38hes (hjle) Mol 5t gble (gjluls
Jols “1;515 5 Cywlus ROC > wwush YL L5 Precision ol slaaslusl ,> 45 Precision-Recall M5,
)’Lw) Bl oy a5 wsb s ol 4 Wl o AUC Gans Cuwl Sodp s a8 b & jbges 9 )l wlio
9 ROC jlag0s cllwg s (yjlg0l sy osly aSol b w)ls oYL (gilulis a8 (con g )b «igleid o
Sl gad50 (pl Dgd 0 3 ySlos )3 dn gl b day sl iBuwdy ali] s a5 amd o i olay s ) Sl alols
wan b e olis & Precision-Recall M5 5 o) o5 Gllasil diwe oyl slp Sitsd Jbo &S conl oyl
ool 5l Jie pled @)a8 ceudS 53 a8 S 0 WSTROC S o Jos yiny (05 o baasli

14. Sensitivity & Specificity


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

VEeF (F oylas o) 0,90 (il 9 Clpm iy 40 5 y9fli VoY

ROC Curve - AUC = 0.857 Precision-Recall Curve

R
§a
i

ﬁ |

T \

i § -+ |

L (02958 b e (38 mj Sty ROC l505 .0 JSG Ol s (933 05 Sannt (5910~ B 13903 € JSUW
St (ygam 5 5 o 51 03! i) (ygam 5 5 oo 1 o3l b (32933

S 5 A
O IS oSl cunl il Juo cpl ol LS 55 Jlad saaing > Siacd (g Sy Jie I ol bt
o) HAUCZ0.557) 355 o ()| Lassio 13 53 o €85 s Ll csles ol 1y 55805 585 5 aomo (sla it
5 i gy e oYL SSG @8 g cuwl 00,8 Jas Bolad sl e Sl s Jae &S aad o ol Hlade
HB o 33 Jao (Shy 9 Comln o cansl G Sily 39y 4 AUC Jlie 9 ROC i (g )05 (o358
3 Jde a8 ol ol Precision-Recall oxie Julow uioren cal osile (8L dgame o] ol)S 5 onis jlgie  Joub
S sgums 1oy g0l (SVU ok > 8> 5 a2l (sl s 3,Slos ((o8ly (slagB5d) Ceste bIE ololis
Codgiome jii g e Jolge JSe (Sanl ((hjilime) sl o Saomy I 8L b a> b adl ol b e
Cal (e L) Hlub blpd JolS iy 53 @ pe slaodls

OISl Blas 5 s Jae lsieer Sl el Cpanl sl adllae ol 5 Siurd (ygmnsSy 5l eslital (culosasl
58y Jlaiol b (ot 5 anlyl j1 elold (oS ) alold (sl csglsnd o) Jitmn (sla o oo (soS Ll oo
39 G o o e Jelse (omus ot 45 9 wirgn Sy peds ol e 2jlcsn ol y B
oty J el ©ygps eamd i mpin €83 3 e (e s K03 gow Bl b)) BB i
S5 e ,S0s) b (s e ety oy bl (Bl JSKiz) (ypile 55 (sl Aslo iy
Sl s pimgly ol @l ol 900 glmsl 5 1) Josmy o sy oSl g b cosl (MCDM-GIS)
drsgh e g 03,5 Wy 1) gy plo b ol oS Cotl wmd o L |y Sitazd (g )S) Jio slacydgio
olei oo i 1y G0 3lcme; plad (saaing dise; 5 o] Ollla
&1 Oliied (61 Sl

Uodl b Car b s ggte g 5550 slajkas | ean] Clidlle )3 39 e ety (iRg% cnl @IS 4eagl
b 2555 oolitul ouliisees 5 coodldl 538> Slaodls 5 iz ol aSLs (tS05 515 (S5 Cashy pasla e
S S8 )38 b glaosly Sl S e wizpen 55 el (gyiie c83 L (5ope) e Bblie (plulid )8
s 3,Skos sz 5l 05 530 1 2555 o Jas 3,8k 35180 vgn M550 B3l cee5 045 blEs S Gi3dl 5 5V
Random  ,la e (6050 5 cpblo (6,500 ad iy (sl Jao 5l odlaiwl caalllas opl 50 Siiwod (ygum,S ) Jdo caind
5ySlas duslio opl s 0gMe g oo dpduiy Baes mas saSis 5 Support Vector Machine XGBoost Forest
ot 9 Ay sl Gy ncwlie QB 3 Wl e hped g (iS5 e g g e Jue (paix
a3 (il ) gols Cuslal pas liee 9 A8 e (B3 one) S


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

VoY SN 9 (G0 ool (6 3y (6 2 | iy p o j driumno (Gblio iy 50 Scwt] gy Jo (b y)

References

Ado, M., Amitab, K., Maji, A. K., Jasinska, E., Gono, R., Leonowicz, Z., & Jasinski, M. (2022).
Landslide susceptibility mapping using machine learning: A literature survey. Remote
Sensing, 14(13), 3029.

Agboola, G., Beni, L. H., Elbayoumi, T., & Thompson, G. (2024). Optimizing landslide susceptibility
mapping using machine learning and geospatial techniques. Ecological Informatics, 81, 102583.
Barrefiada, L., Dhiman, P., Timmerman, D., Boulesteix, A. L., & Van Calster, B. (2024).
Understanding overfitting in random forest for probability estimation: a visualization and

simulation study. Diagnostic and Prognostic Research, 8(1), 14.

Casagli, N., Intrieri, E., Tofani, V., Gigli, G., & Raspini, F. (2023). Landslide detection, monitoring
and prediction with remote-sensing techniques. Nature Reviews Earth & Environment, 4(1), 51-64.

Chen, C. W., Sato, M., Yamada, R., lida, T., Matsuda, M., & Chen, H. (2022). Modeling of
earthquake-induced landslide distributions based on the active fault parameters. Engineering
Geology, 303, 106640.

Chigira, M., Wu, X., Inokuchi, T., & Wang, G. (2010). Landslides induced by the 2008 Wenchuan
earthquake, Sichuan, China. Geomorphology, 118(3-4), 225-238.

Coveney, J. (2021). FIRTHLOGIT: Stata module to calculate bias reduction in logistic regression.

Di Napoli, M., Miele, P., Guerriero, L., Annibali Corona, M., Calcaterra, D., Ramondini, M., ... & Di
Martire, D. (2023). Multitemporal relative landslide exposure and risk analysis for the sustainable
development of rapidly growing cities. Landslides, 20(9), 1781-1795.

Du, J., Glade, T., Woldai, T., Chai, B., & Zeng, B. (2020). Landslide susceptibility assessment based
on an incomplete landslide inventory in the Jilong Valley, Tibet, Chinese Himalayas. Engineering
Geology, 270, 105572,

Flentje, P., & Chowdhury, R. (2018, February). Resilience and sustainability in the management of
landslides. In Proceedings of the institution of civil engineers-engineering sustainability (Vol. 171,
No. 1, pp. 3-14). Thomas Telford Ltd.

Gorum, T., Fan, X., van Westen, C. J., Huang, R. Q., Xu, Q., Tang, C., & Wang, G. (2011).
Distribution pattern of earthquake-induced landslides triggered by the 12 May 2008 Wenchuan
earthquake. Geomorphology, 133(3-4), 152-167.

Harris, J. K. (2021). Primer on binary logistic regression. Family medicine and community
health, 9(Suppl 1), e001290.

Heydari, A. A., & Al-Thalabi, S. H. Z. (2022). Using a binary logistic regression model to diagnose
the effect of factors causing cancer: An applied study on a sample of patients at the Oncology
Hospital in Baghdad. Journal of Statistics and Management Systems, 25(8), 2005-2017.

Khan, S., Kirschbaum, D. B., & Stanley, T. (2021). Investigating the potential of a global precipitation
forecast to inform landslide prediction. Weather and Climate Extremes, 33, 100364.

Kumar, P. (2024). Social and Economic Impact in the Landslide Prone Zones and Related Policies.
In Landslides in the Himalayan Region: Risk Assessment and Mitigation Strategy for Sustainable
Management (pp. 499-529). Singapore: Springer Nature Singapore.

Li, H., Duan, Z., Wu, Y., Dong, C., & Zhao, F. (2021). The motion and range of landslides according
to their height. Frontiers in Earth Science, 9, 736280.

Li, Y., & Mo, P. (2019). A unified landslide classification system for loess slopes: A critical review.
Geomorphology, 340, 67-83.

Maleki, M., Rahmati, M., Sadidi, J., & Babaee, E. (2014, November). Landslide risk zonation using
AHP method and GIS in Malaverd catchment, Kermanshah, Iran. In International Conference on
Geospatial Information Research (Gl Research 2014) (pp. 15-17).

Meten, M., PrakashBhandary, N., & Yatabe, R. (2015). Effect of landslide factor combinations on the
prediction accuracy of landslide susceptibility maps in the Blue Nile Gorge of Central Ethiopia.
Geoenvironmental Disasters, 2(1), 9.

Parapan, A., Chao, K. C., Saowiang, K., Soralump, S., & Nontapot, T. (2024, May). Evaluation of key
parameters in rainfall-induced shallow landslide analysis: Are Di Village Case. In IOP Conference


http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html

[ Downloaded from disaster.ndri.ac.ir on 2026-08-27 ]

[ DOI: 10.22034/IDR.1.4.95 ]

VEeF (F oylas o) 0,90 (il 9 Clpm iy 40 5 y9fli Vo

Series: Earth and Environmental Science (Vol. 1334, No. 1, p. 012015). IOP Publishing.

Petley, D., Dunning, S., Rosser, N., & Kausar, A. B. (2006). Incipient landslides in the Jhelum Valley,
Pakistan following the 8th October 2005 earthquake. In H. Marui (Ed.), Disaster mitigation of
debris flows, slope failures and landslides (pp. 47-56). Tokyo: Universal Academy Press.

Petley, D. (2012). Global patterns of loss of life from landslides. Geology, 40(10), 927-930.

Phillips, C., Hales, T., Smith, H., & Basher, L. (2021). Shallow landslides and vegetation at the
catchment scale: A perspective. Ecological Engineering, 173, 106436.

Roda-Boluda, D. C., D'Arcy, M., McDonald, J., & Whittaker, A. C. (2018). Lithological controls on
hillslope sediment supply: insights from landslide activity and grain size distributions. Earth
Surface Processes and Landforms, 43(5), 956-977.

Sofaer, H. R., Hoeting, J. A., & Jarnevich, C. S. (2019). The area under the precision-recall curve as a
performance metric for rare binary events. Methods in Ecology and Evolution, 10(4), 565-577.

Strzabata, K., Cwiakata, P., & Puniach, E. (2024). Identification of landslide precursors for early
warning of hazards with remote sensing. Remote Sensing, 16(15), 2781.

Sujatha, E. R., & Sudharsan, J. S. (2024). Landslide susceptibility mapping methods—a
review. Landslide: Susceptibility, Risk Assessment and Sustainability: Application of Geostatistical
and Geospatial Modeling, 87-102.

van den Bout, B., Tang, C., van Westen, C., & Jetten, V. (2022). Physically-based modelling of co-
seismic landslide, debris flow and flood cascade. Natural Hazards and Earth System Sciences
Discussions, 1-56.

Van Den Eeckhaut, M., Hervas, J., Jaedicke, C., Malet, J. P., Montanarella, L., & Nadim, F. (2012).
Statistical modelling of Europe-wide landslide susceptibility using limited landslide inventory
data. Landslides, 9(3), 357-369.

Wicki, A., Lehmann, P., Hauck, C., Seneviratne, S. I., Waldner, P., & Stahli, M. (2020). Assessing the
potential of soil moisture measurements for regional landslide early warning. Landslides, 17(8),
1881-1896.

Wu, X., Shen, S., & NIU, R. (2016). Landslide susceptibility prediction using GIS and PSO-
SVM. Geomatics and Information Science of Wuhan University, 41(5), 665-671.

Yin, J., Mutiso, F., & Tian, L. (2021). Joint hypothesis testing of the area under the receiver operating
characteristic curve and the Youden index. Pharmaceutical statistics, 20(3), 657-674.

Yu, L., Wang, Y., & Pradhan, B. (2024). Enhancing landslide susceptibility mapping incorporating
landslide typology via stacking ensemble machine learning in Three Gorges Reservoir,
China. Geoscience Frontiers, 15(4), 101802.

Zandifar, S., Ebrahimikhusfi, Z., Khosroshahi, M., & Naeimi, M. (2020). Analysis of the effect of
climatic parameters and meteorological droughts on the variation of internal dust events (A case
study: Qazvin City). Journal of Water and Soil Science, 24(3), 239-256. (in Persian)

DOI: https://doi.org/10.22034/IDR.1.4.95



http://dx.doi.org/10.22034/IDR.1.4.95
http://disaster.ndri.ac.ir/article-1-50-fa.html
http://www.tcpdf.org

