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The Firuzkuh Road, which traverses the Central Mb®ountains, is highly
susceptible to rockfall occurrences. This study eainto produce a rockfall
susceptibility map and compare the performance afidtic Regression (LR),
Artificial Neural Network (ANN), and Random Forg&F) models along the Pol-e
Sefid—Gaduk section of the Firuzkuh Road. Nine @@mming factors, including
elevation, slope, slope aspect, slope curvatutieoltigy, land uﬂe, distance to
faults, distance to roads, and distance to rnwese Sld o kfall presence
and absence data were divided into tralm O%) datasets using
a spatially stratified sampling appr elopment and validation. All
three models were, |mple,me @mn and theiformance was evaluated
using Accuracy, R %e Area Under the Rec@®perating Characteristic
Curve (@J %Ie importance analysis basedtbe Mean Decrease in
ity (MDI) and SHAP values indicated that eléoa and lithology were the
most influential factors controlling rockfall oceance. Furthermore, advanced
statistical evaluations using the DelLong test andtdirap confidence intervals
confirmed that the Random Forest model, with an A&J©.993 and an Accuracy
of 0.947, achieved a statistically significant atedinitive superiority over both the
Artificial Neural Network and Logistic Regression odels in rockfall
susceptibility zonation. The resulting susceptipiinap can serve as a valuable
tool for identifying rockfall-susceptible areas,iquitizing slope stabilization
measures, and improving safety along the Pol-edSéfduk section of the
Firuzkuh Road.
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EXTENDED ABSTRACT

INTRODUCTION

Rockfall is one of the most important geomorphatagiprocesses in mountainous regions and steep
slopes, which, due to its sudden and destructivereaposes a serious threat to human lives,
infrastructure, and transportation networks. Theuoence of this phenomenon is controlled by
various geological, topographic, and land-use factd.ithology, slope gradient, slope aspect,
elevation, vegetation cover, land use type, anthuce from roads and drainage networks can play a
decisive role in slope instability and rockfall aoence. The Firuzkuh Road is one of the main
transportation corridors in northern Iran and, ayio its mountainous topography, active tectonic
setting, and complex geomorphological conditiors, continuously exposed to various natural
instabilities, including rockfalls. Rockfall occemces in the study area cause casualties, economic
losses, road blockages, and traffic disruptionsviBus studies indicate that susceptibility mapping
and spatial assessment of rockfalls remain actgearch areas in which the application of advanced
models and performance comparison within GIS emvitents can improve modeling accuracy. The
present study aimed to compare the performancéeologistic Regression (LR), Artificial Neural
Network (ANN), and Random Forest (RF) in rockfalseeptibility mapping along the Firuzkuh Road
between Pol-e Sefid and Gaduk, and to analyze dlaiwve importance of the factors influencing
rockfall occurrence.

DATA AND METHODOLOGY

In this study, a statistical model, Logistic Regiers (LR), and two machine learning algorithms,
Artificial Neural Network (ANN) and Random ForesRK), were employed to produce rockfall
susceptibility maps along the Firuzkuh Road andcampare their pl’edICtl\% pgrformance. Data
processing and spatial analyses were conductedré®sI& 10.3, w[;ul ch@ei:m procedures were
performed using the Python programming languaget dP n Scikit-learn libraries. The
dependent variable in this study was defined aso 2&- or non-occurrence of rockfall as a
binary variable with values of one (occur enw occurrence). To prepare the rockfall
distribution map, several field surv ¢hroughout the study area, and the locations of
rockfall occurrences were r, co@ie using a GPScdetlihe collected dataset was spatially stratified
and divided mto{\s tr;fs where 70% of the d&@6 rockfall occurrence points and 397 non-
occurrence points) were used for model training dadelopment, while the remaining 30% (171
occurrence points and 170 non-occurrence pointsd weed for model evaluation and validation.

Independent variables consisted of conditioningofac affecting rockfall occurrence, which were
selected based on previous studies and the geoologital characteristics of the study area.
Continuous variables (such as slope, elevation, dastéince from rivers) were used as continuous
values without reclassification, whereas categbneaiables (such as lithology and land use) were
considered as nominal variables and, to preverdtiag artificial ordinal relationships between
classes, were converted into binary variables ugiegOne-Hot Encoding method to enable their use
in modeling procedures. After training and impletiay the Logistic Regression, Artificial Neural
Network and Random Forest models in Python, roctkfadurrence probability was calculated for the
entire study area. Model accuracy and performanee wvaluated using statistical indices derived
from the confusion matrix and the Receiver Opega@haracteristic (ROC) curve.



A (0SB0 gl )l sl p Ll a0 2WS Pl 5l S g Cdgo dens ()
ol o)lods g 70U (g

52*55['30"5 52‘5;/'0"5 52"58I'30'E 53’(3'0"5 53’1"30‘6

e Settlement
— Firuzkuh Road
CJStudy Area

35°57'0"N
1

. Rockfall

35°55'30"N
1

Elevation (m) I 2
. | wmHigh: 2226 s
E' - Low : 1112
8
z 33 8 2. ‘.’\‘\
@
3 i
0 1.5 3Kilometers ||
Gadu [ |

35°51'0"N

T T T T T
52°55'30"E 52°57'0"E 52°58'30"E 53°0'0"E  53°1'30°E

Figure 1: Geographical Location Map of the Study Are in Mazandaran Province Iran

RESULTS AND DISCUSSION

The performance evaluation results of the LogiRegression, Artificial Neural Network and Random
Forest models indicate that all three models haxay high capability for r%al susceptibility
mapping. However, considerable differences wereemiesl ip Oghek @6@ e accuracy and
discrimination ability. The Random Forest modelvsbd better per nce, with an Accuracy value
of 0.947 and an AUC value of 0.993. FurthermtreRecall e of 0.959 indicates that the model
successfully identified most of the actyal roe ences. The Artificial Neural Network also
demonstrated highly competitive @gbméncé 0.§76, Accuracy = 0.941). However, statistical
significance testing (DeLong (e nd bootstrapfidence intervals confirmed the definitive and
statistically sigdifigal riority’ of the Randdrorest model over both ANN (p < 0.001) and
Logistic Regression (p < 0.001). Analysis of thec&eer Operating Characteristic (ROC) curves
further demonstrated that all three models extdbiteceptable discrimination capability for
identifying rockfall-prone areas. However, the R@@ve of the Random Forest model remained
above those of the Artificial Neural Network anddistic Regression models across most false
positive rate (FPR) values, indicating its supegbility to discriminate between rockfall and non-
rockfall areas.

The prioritization of variables controlling rockfabccurrence was performed based on the Mean
Decrease Impurity (MDI) index and SHAP values witlthe Random Forest model. The results
indicate that rockfall occurrence in the study aiganainly controlled by morphometric factors,
particularly elevation and lithology. To produce tinal susceptibility maps, the trained modelsever
applied to the entire study area. Accordingly, agpnately 24.64% of the study area was classified a
having high and very high susceptibility by the lstig Regression model, compared with 24.18% by
the Artificial Neural Network model and 19.24% blyet Random Forest model. These findings
indicate that the Random Forest model identifieghfsusceptibility areas selectively and in a
concentrated manner (with higher spatial accuracy).

Table 1: Performance Evaluation of the Logistic Regession, Artificial Neural Network, and Random Fores
Models for Rockfall Susceptibility Mapping Using Diferent Statistical Metrics

Model TP | TN | FP | FN | Accuracy | Precisior | Recall | Fl-score | AUC
Logistic Regression 157 | 153| 17| 14 0.909 0.902( 0.918 0.910| 0.957
Artificial Neural Network 16z | 15¢ | 11 9 0.941 0.93¢ [ 0.947 0.94Z | 0.97¢

Random Forest 164 | 159| 11 1 0.94y 0.937( 0.959 0.948| 0.993
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CONCLUSION

The comparison of Logistic Regression, ArtificiabiNal Network, and Random Forest models using
different statistical indices and ROC curve analydemonstrated that although all three models
demonstrated predictive performance in rockfall cepsibility mapping, the machine learning
algorithms, particularly Random Forest, providedjhier predictive accuracy and better spatial
discrimination owing to their ability to model coteg nonlinear relationships among the influencing
factors. These findings highlight the importanceapplying machine learning algorithms in rockfall
susceptibility mapping studies conducted within pter geomorphological environments. According
to the produced susceptibility map, approximatedp.¥ hectares of the study area along the Pol-e
Sefid-Gaduk section were classified within the himyid very high rockfall susceptibility classes.
Therefore, greater attention should be given tontla@agement of this phenomenon in planning and
maintenance practices along this mountainous amtrithe produced susceptibility map can serve as
a decision-support tool for identifying susceptibleas, prioritization of stabilization measures] a
infrastructure planning within the region.

ETHICAL CONSIDERATIONS
Conflict of Interest Statement: The authors declare no conflict of interest.

Ethical Statement: This article does not contain any studies with aonparticipants or animals
performed by any of the authors.

REFERENCES V

References [in Persian]

Abedini, M., Mozafari, H., & Faal Naziri, M. (2022)nvestigating and comparlng the, effecti rmation value
models and frequency ratio coefficient and Sharmentropy in zoning rock fg Xas@ dy jBanTeham-Taram
Road).Geographical Studies of Mountainous Regions, 3(1), 55- 75https //Qm o) / qsma 3.1.5Bn Persian]
Asghari Saraskanrood, S., Hasan Zadeh, R. and Rzﬁ)o(2020) of Factors InfluenciRgckfall and Its
Zoning with Logistic Regression in Ali Bayad BasxtgHorand rﬁgeomorphology, 7(23), 38-21.
https://doi.org/10.22034/hyd.2020. 110q4n er5|an‘1 .

Asghari Saraskanrood, S., & Moza |rﬁatg’a/nd Comparison of Frequency Ratio and Nétwamalysis

Models in Rockfall Zomn (Ca eg)tu Zénjan ré@d aham and TaromJournal of Spatial Analysis and Environmental
Hazards, 6(4), 123-142 orq/lO 252/ijsaeh.6.4.12 Persian]

Esfandyari Darabad} ahlrﬁl, M., & Vahabzadeh(2024). Rockfall risk zoning on the Khalkhal tha®roud road using
multilayer perceptron algorithrdournal of Geography and Environmental Hazards, 13(4), 1-26.
https://doi.org/10.22067/geoeh.2024.87847.14B@ Persian]

Jokar sarhangi, E., & Alizadeh, A. (2014). An Intigation into the Efficiency of Frequency Ratio amformation Value
Models in Rockfall Hazard Zonation (Case Study: d#avalley).Geographical planning of space quarterly journal, 4(11),
151- 163. https://gps.gu.ac.ir/article_7402.htmlI?lang=¢im Persian]

Momeni, A. and Heidari, M. (2021). Rockfall hazandalysis in the Ganjnameh tourist area, west of. lreurnal of Natural
Environmental Hazards, 10(28), 1-14https://doi.org/10.22111/jneh.2021.31304.155® Persian]

Rahimi, M., Esfandiari, F., Zakizadeh, O., & Vahabteh Zargari, M. (2025). Identification of Rockfelazard Zones Along
the Meshginshahr-Ahar Road Using Artificial Neukistworks.Journal of Natural Environmental Hazards, 14(46), 23—-42.
https://doi.org/10.22111/jneh.2025.50028.20712 Persian]

References [in English]

Bhagat, N. K., Mishra, A. K., Singh, R. K., Sawmi#& C., & Singh, P. K. (2022). Application of logiisregression, CART,
and random forest techniques in prediction of kiladticed slope failure during reconstruction ofwaly rock-cut slopes.
Engineering Failure Analysis, 137, 106230 https://doi.org/10.1016/j.engfailanal.2022.106230.

Breiman, L., 2001. Random foreskdachine Learning, 45(1), 5-32https://doi.org/10.1023/a:1010933404324.

Chang, Z., Huang, F., Huang, J., Jiang, Sh.H.,ndutiiu, Y., Meena, S.R., & Catani, F. (2023). Andafe of landslide
susceptibility prediction from the perspective ofpase and time. Geoscience Frontiers, 14(5), 101619.
https://doi.org/10.1016/j.9sf.2023.101619.

Fanos, A. M., & Pradhan, B. (2019). A Spatial EnskrModel for Rockfall Source Identification fromigh-Resolution
LiDAR Data and GISIEEE Access, 7, 74570-74585https://doi.org/10.1109/ACCESS.2019.2919977.




A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

B - [ 50 o e e gy ol el

Sag 30 Cpmlo (5 T3 (Sl 5 95T 9 S (ygaw o5 5 (91U Ao
(S 90— i J3 095 39 39 001> 259 590 axfllac) S b 39y E99 9 Cumlin>

3 S s 9 o ¢ G0 i S5 Jroun! b

Sl eyl e y053ke olKzsls o dasmee Sl olies 0l ) ol 15 aigel 2l )
(Jgamn 00amns 83) ol il 5y 5o oKl Ll y 09,5 JLeiils Y
ORCID: https://orcid.org/0000-0002-7737-5148 e.jokar@umz.ac.ir : Jjuos!

ol Ao wledb|
B S o3y E89 (o yre 50 0)lgen (35 e 5l lrosSarl 5l hee SIS @ 05553 ool Wlio g g5
el anlie § S b5, £68y Camwlus guindigy 4ld 4gd Bas b iegh ol )b g5y Al
S8 U asbws y odgazme jo Bolal S g aian omas a8 o« Soiwsd g )5 ) sl oo =
disle JSo iels Cge woad gyl Jols g Jelge elaie cpl gl ol ool plxl il gl

ol pg &b

)1)3 Sy S0 dJL‘;Oj) )‘ alold 9 o.bl? )‘ alols ‘Jmf )l alold ‘L_‘?'é‘)‘ 6)'.’)15 ¢ kaw)’g\ @g e
L as ad ool v UJ)J) 6355 pAe 9 &953 Lg'.bo.bl.b )l LDJAA QS'b))‘ 9 W]W
30y T g il s Ghigel sl w8 Vo Sl eaisanai s%%}%u o

M
| 3 4 o s e
- Gl b
)y 31 eolazl .
el L g,

o,Slas g 0ads >l gl Jase jo Joo aw o . &EL i3] oLl g o905 Sl
A 2l AUC oo ﬂéwec@ ‘@curacy§)u] szl sleslaiul b o Jow S el
[ - : . e : e D“.
ol SHAP ,slie 5 (MDI b als uSilee bl 5 jige (slo it Sl o gl ST ST
Seew o,

Wiy Sl prizmes Cwl i i) 89 )0 Sz g el (ol e &5 0l e .
Yoo b Bl K Jon & ol olti o yilongy Lol bolsh 5 Yo yga)] S & (s o] S )
(Holas K>
095 39,08 o3l

Qg oo Jolo Cowlur aid ojle S i, £585 Comlas gaindigy ;o ahd 5 lolixe
5 byl DLl ancudyl «Saw (L) g8y wias (g plulid ln )l Glsea
358 13 oolaul 850 SgaS-aibuw i jemre (sl a5l

e ) st Lo bl allie (g (VF+) pb i Solgls pl g pl o Folgls ali el o Solsls ol g

sl 5 ol oS8 1550 Byl © sy
DOI: 000000000000000000000000000 S




A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

doddo

Jedoas a5 el o glaaials § (SlnsS sblie 1o Su5als8 50955 sloan )b (n e 3 (o S o3z,
S JB g Jo slaaSd 5 eslen; daglul Ol Glp g9z s w0 0P 5 GLSL Cusle
Co ondy ol E585 (Vo YF (o San g s V) (o Sen 5 umle N Fe e (5 00 g ege) S o
Wals Sz g o e S iz )l 18 (S )5 5 (ST omlibipme; sanie Jalse 55T
SILL o loasS rad 28 wilg oo ranlpl g ool 5l alols 5 (L2 62)55 g9 (LS by gl
I S5 Glacadld 5 GlawasS base (S50s5 Jodo @ olpl 5o anled Ll S 5 £585 5 boasels
ol YA (L an 5 05 Sl s g piol) 50 )3 Kt iy £3589 (oyme 5 o lgad  SlidsS slrool>
CBAtE i g daies Bblie olulid agyl a5 wsd e Glr Sl g ol Jbo Slls 4 pmie Gols>
lacalsd (558 g Cumex G938, IRl @ az i b jluie plaizgs ) S (o) Sl ganaiy
Spe g alSin slaspal, 36l g b, asitee @bl &80 clil 4 5l (SliasS sble o Sl
ot Jb ol b O F T e g obTps (g hatinl) Col 65550 oagay ol 3 236 Shlas LialS ol
2 Ohsh Oeb o wgeie )5 S3ledieess Slalllas o e Sy S S ) L*'*; bl 330
sla S b osloply slaglz 5 GeenS Glabilims; sl shog 5> iS4 ﬁ.L-X‘*S sEble
ol e 5 Sloj (63 mis S5 4 smizmen (V1A ool 5 'U’gc%‘SX?@Qde S S yeg 90
WhlSes 5 wsld) 3jlue axlye JSin L, «S)L*’JM 9 & Mﬁ G2 (Gt ooy
S lolis 6l oo GLQ 1))1 S olsieaii %Mw elodidi s cmszlr ol yo (YT
salS Sleladl cenlie Sl Sl 9‘5)JLaswdl g oo Pamdte Sw By E589 datuw (g
03,8 Sl (Sl yee Q #7 sr wLA S8 b oS (oo S8 ol jaeli g Gluodige 4 g siid Sge
LS 5 \cc.;)‘))-z’ NV Glen 5 5,5 wisd 48,5 )5 4 Lol 6,8 >k g slbl e o g
KAEAld
Gaboz 51 a5 00,5 Ty dnngs 23 slaans 3 ganaite Slad Sy, S By Comles gunaigy el
el oy, s slel slodae Glee 55 00 oyl (il (5550l slapn,s S g ylel slados 4 ol oo Wil
5 oy Be2) wload a3 )51 4 Glie Slllas jo S g 55 9 DML ()] (S5l 3 s
Colls 5 Sl sl s Sicd Gm)S, (OTAA spilie 5 9958l 5ol FAY walple
Ot 50 el S i g lodg SIS Cunlas gaiaigy o e n 050 L (K el s
solx (clasels slas, bl g5y conaigy 5 S GgemssS) Jow 3l (FAF) o San 5 bis, i,
O sl olib 5 LS 5l alols ool Jelge a5 ol ol L' s 0,8 colainl 3o 0y0 aX gliwasS
A AD (atie (pizes aies ddlie ) o glanels las bl gs8y o Fhe lessie (nmte S
5O B o Fy Sy YV VA Slelas)l o g amy0 A0 JIEY slaced 0 g bl ol o i

1. Nguyen
2 Fanos
3_ Pradhan
4. Ferrari



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

ks oo 3 g8 o oS s Sl i Ailin 43 (VYA S 5038 5 sy
aS ol lis o Jaw cwyp 0iBle s liws S obT Glglo 40,5 50 K i) Cowlas 4l a0 Sy
M55 n YL Sl S iy et Gble alolld Gln Jae ple 4 Cod Seiad (5en S
ras &S oo dw anlie 4 S By Combes Al 4 lp (V070) Ll 5 )5 ol
a2 a8 ols L Ll s sty (655 50 lnl o ailate )5 JlslE G 5 St (50 T Sstan
OYR) (e 5 39 5lul s (s ol sls GLaS S iy & ol (219 (Sai 53 (295 3, 8es Joe
Joe a5 wisls plad wilyge oble 5 pl adg> 5o o] sanaiyy § Siw iy 2 e Jelse guyp 5o 5
ey g bl 35 sla e oS5 L (VoY) oS 5 'S5 0l conolie 5 Shae Stz (g0 S
 losg @l o g S slaghin, 4 ez glaSin (SluasS 4l Conlus (Siitaand (g0 55 b Copalad
VY 5 VAR s iy 3o ol 0 oS 5 sl e AUC ke in)S oy e el ot 51 oalial
i 5 ol sl s oy €985 Camla 3551 10 Jae 50 0 Joub BB 8o sasasylis a5 ael Caws 4
b el b el 4355 15 a0l 050 o] 2 g ot olits] L ipyy 51 (6 lemms 5 St (ygmms Sy Joa

addllae 590 lrossay g985 Jloiml g Jhws sl it oy abaily (09 (b3 (28 )0 Jowe cnl Lol Cadgame

S5 st B S Crge col §S0e a5 o
Sl laalds 4 lp 1) i, 08 5 wu slas o, (ML) u‘:;;’L‘SO /@; =l sled i
Jdoei 50 8 34 asie oUlg Jdo 4 (ANN) coias uac a \) O 3o les )5 &l glassls (g kbl
e sloinghy 5 Slog oSl canels 5Bl slaal T L—Lﬁm Joloe (e odezmy 9 e Ly,
O3 7 w23 05298 o oras Sy A B Gl Jote dngi (T TY (Ko 5 ol S w4 Canl 0558 Ty
s «sloss)lg sb&Mﬁ) aloz 5l alite slaosuay g8y Sl unargy ;> (MLP) a¥uis
9 S 5 Sl SO jo gmas aSl 3 L (Y0)) ) an g wgild dLiwly ) jocal sols las |y oYL
Foloplas oS Slols «/AF o b ) S oy aded molie ol 3950 YU SIS b (sloosls 51 (6 50 0
2 (YY) o)an 5 ol Saia el daoxe ooy loools b oagalee jo 0,6l oul YL oI5 Sl
w98 (0 F388 Slgie 1) aVauz g Jae cisls planil 1 pliwl (Sbiaass sblis )0 oS (lasllla
Joe ol 51O oLKen g obls (g basiul .ais S e ol I g laciiy Jlop il b anslas o
i 0 Jde Glul g YUl jlael Sk Ll mls a5 wio S eolanwl 0g,0ls 4 JBS sol> o

Sheml a4 S (Molge jome 1 55503 L 53 OV FF) (e 5 (con) ool Sis (B35 ST sloolas
WYL JLel 0ol ped Limgh onl bt oS solitul ae Jolge 53l Julow slp MLP Jow slacolils
S, 989 30 cad 5 (owlidipmey G elily mpe i Kl GYL Coslu b gble olulid o Joe

Lol Slools pno oy
98y Jm| 4l 4y 0 gran cmac aSl alex 3l il (6,500 @l o Jas LY VA) S
21y oSles e bJow plo b awslas o Bolar JKo Jue a5 widew ) a5el (pl 4 5 00,5 oolasul i3

1. Zhang
2. Nanehkaran



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

S Joe g YU 7909 L slaosls sl oslawl L (VY +) o) Ke g waild o)l S (o3 dwts bl oluliss
CelilB o gy ol wisls las g wio S api Vb cdo L ) S op, £689 Jlaim! sloaiss puile (6,500
@ Comd (S 540 0,Skee Random Forest — KNINL.S 5 Jow iogh ol o i)l 1) Galiee blie 4y e
S8 sy (YoVY) o) g \QlfLed IRVRIIRVESRY P ST U BN G- RIS K e P KV W
5l G0 el ()bl (e sl Bolal Koz g gomait cB e (Siiead e 55 o
@5 ot @l Jae aw e a8 ol ol Ll s ws oy pelel, (S sleasily gileil e
ool 51 5 S (0S5 a1 actls |y S 5 Shae ¥l ol S o Ll sl
88 ol S5 ase slop )y sl > ile e ;o OVFY) ) Kan g oI5 0g jowlin Ko Jow 5o
S5 ol 4 M L iy AUC 1, egtnn me o5 5 0,5 G35 iVl o 1, okt JSi 2,50
slroals 3l oalawl L (Y- YY) oo 5 00lj0000me . 000g0ad S8 Su5slg8 90855 slo Judows 1o jize slo Jow
otl oty e Syt tle 50l Jaa 0 3,Shae oyl Ciia sly, oobas 5] Siw i TFY
ol Sy ok S e 45 i, e al & 5 95900 18 sl 90 |y (S sl
olg> 4y by e soools 5 adlas G 0 (V-VYF) Les 5 (s ol 5880 casl oo (pess
Sz st 5l ool b g g pslanz (il L3t Gk 51 olnl (81855 pis )ﬁx&“ OV
Bble 5l dlols 5 ot agly ale Lelge a5 ol olas Ll bl .o S ‘5).%5’&% S@| 5y Solas
«slfv&b«s’LeaJM-\J«sﬂ@‘Mmedb& 5 S olidiipma ol
5 B el Jles 4 s 5l i) i: S ,:lin %‘%9 %99 o Sas AT Sl g < AD
Oedtle x50l Joe ez o Shes 6 )° G EBs St s (T0T0) e
Gl Jow &5 ’Ml @5 “isls ,1,8 awslie 5,90 |, LightGBM ¢ XGBoost.RF .SVM J.ol.w
5 olizees wadoly gmuaw 3525 b0 lo ey oSl il b aslin o 1) o, Slas oy yige Solas o> ous
5009 S99 ylpl SliwasS slojgome j0 uile 5,50k 5 )bl slaJoe o Sles duslio wlallas j (5,lan
Ll 85 18 axg 0,50 S Slool> slawlie jo o] SIS L)
Slacalled ( iasS S5 s & o ol ol Sl ol (B3| sl e 5| (2 055550 ool
Gy dhez Sl goasite (b (slas) bl 485 Slasitul bo)lgen oaizy (So59led 0005 Ll ph g (SSleire
L losly sz 5 BaseS slogilom; wile slosgs S5 elgil plo ilate cnl o ol azlge St
(Jo Ol (Gl Slil cage « S (o, JUS 50 45w &) s alie SGesd st slalS s
ol sloaidi 4 o5 am3 oo (LA G by dinden Nigd e 590 9 5908 )0 PS5 00la jas slan]
danlio b oljon axd piny (sla o jloslitinl 5 Conl Jlb (c2mgl ladine; 5l (o oS A1, S b3 g
HB 25u da Jowe (pl 085S 0 )5 0539 b s 2ul381 ) (g3le o <o Wil o GIS Lo 10 by o Sles
Oboyed (b))l 4 (65 4z g wload plonl slade> b slaihaie slogulie )0 (i slagtesh 5l s
oMo yol> haghy ysl5 5 aled azg ey, cnl Slilansls SliwasS loslr jime Sy wliio 45 Lo Sug;
Gkl Jao S losed dslin 5 605,54 0 Sliue sl a3l Jols o550 ools oL S sl 5

1. Bhagat
2_He



A (0S80 glayl sl p Ll a0 25 Ly 5l S g Cdgo dend ()
ol o)lods g 70,6 (g

So ool (Bolal iz 5 egtan gmas aSD) Gedle (650l oyl 50 5 (Sidd (50,5 )
§ dols b ol SgaS—aiu s loolr jsme Lobiiie ;5 e Jelss g baolas, 5 LSy 03ls dsgazs
5 i Slarasi ;o soliul bl Logiins sla>b sl wliiio M ¢ ubiiie (40 (s3lo o
585 2 Ao Jelse 6,155l g 5 (o Comal oo o Shos anlie odle )l ) baazil 5 55lu )l
Sl ol o) SHAP i iy B9, 5 (Solad iz o288 ekl 5l 6500 b 5 S o)
£ ol el 53 (5 G j9e (ol oz (Suielshisests Lulrd 5 Jalse ol 858 et b
Siboh Bas cwlul ol .0 pdy Sige oyl lie b e Slaladl gancaglyl g wls S iy,
Sz 5 eoran (oras aSD ol pile (5050 oyl 59 5 Seiad (g S5 oo 2 alis 0l
5 S5 B ashehy 5l 0555958 o3l sl )5 S S 585 Cumles G alE axd o ol

ibse ol g5y » She Jelss (oo Coenl Ldoss

lkui’:g) 9 osld

RN l)sd;f)leL;Lao;w)gu»mlo)oofolwdu)wju)w) L».w‘@ 3,90 ddlaio
FOXO" 5 s (o, TO% 070" L YA% 0 00" Ll o W a/v Corlas b didlais oyl

ool toled adllas 3,50 aihate Lilir Conige 5 S5 ﬁ}s{ Vedly 5,5 Jsb OYO 007 OY" b 8
bl 5l jgee 5l G &5 Sunl g8 L«X_}g‘ﬁ@?b @)5’“’ 31 S 055598 ool () S8 el o
wolaidl Yol ¢ Jaig L3 g b oo Slatel (gl aelol o g 4@l G 4§yl SliwnsS
ol sbui°}9> «50'-?(4‘ b osiw by o 5l asdllae 3,50 03> Job iS5 oo W) (3l lrail> 5
S YYYE o VeV s o mhaw 5l ddlate anciy 5 aneS gl .ol jieglS V00 S5u8 ailase

il o

52°55'30"E 52°57'0"E 52°58'30"E 53°0'0"E  53°1'30"E
1 1 1 1

. Laal
E_ ° i
o
S —esiamies
Cdikic ;) 485 )

. sl g

35°55'30"N
1

I PSSR S
Sea by gl )
Z| wmHigh: 2226 R
3
b —
3 Low : 1112
= N

Z S,
0
S
i
8

0 15 3Kilometers
z H Hiass (Fud
3 S J
b T T T T T
8 52°5530°E 52°570'E 52°5830°E 53°00'E  53°130°E

OB G o 3 1l g ool yiilo ylinel 55 axtlias 3 yg0 Allaie o Ldl jio Corbg 1) JSUD

ORF 99



A (] daS S0 gl yl (gl ekl Lobib oo S Sl I S g g0 asd ¢y
el 0ylods g 1,6 9o

Ban 5 0ad pll (55 (55,505, b 45 Sl b hoogs wonlo S155 5 5915 b Sl ) ey ol
Sl il e 05559, ool SlmsS jgmme Sl iy 10 S (iin) £985 Cumles a5 )l O
e 4 ol etle (6550l iyt s 58 5 (LR) 'St (3myT, ()T Jutn l pslitocy
ats Sy Joe o domlio dagy] o Shoe duslic ros b o sslinal (RF) ' Bolas JSi> 5 (ANN) ' corae
b o olad sl ddow g bosls oile, Jolie 0ss ololils S S5, Cowlus gonaiy, 4iss
sl Scikit-learn 3 Pandas slaailbulis 5 sl cwgiasly b 5l eoliwl b g5l Joe o ArcGIS 10.3
K s

s Jiln (sl prie g danly yuiie ol 4w g0 4 osls daa¥ (gjlweslel g lacols (5y910,5 al> e o
S oy odudy g8y poe b g5y (gl (nl 5o dily jiie ailoads (5)5l0 )8 calise wlie 5l a5 wyo 5
ST A s sl b By (589 pae) Sho g (E889) o polie b (09090 piie o D jgods &S Cul
G €8y S SumBye 5 285 bl dalllae 990 adhais | (Slae ) S sladdil g o) o« Sow B3,
aolgl poodle o, slbay (askid ¢y oS ol (GPY Sl clcuadge oliis S 4 S
3 el 5 iy it 515 5 ol ool i AL | coslr s s 3 35750 Siglsh s
Lo 5 sy E8s abi OFY slasi i, GiiSly 4l Lulal ol oad ooLé:wl \ o)1§\o,1 Sledlb|
(Slone o cw,p g oodle godgpae bl yosd jslateds ol |5l glakadial PX)?%’CGIS Si8le
S S i, E589 5l oanlie b asles w3l a5 ablis g ;N MV ;5 Google Earth,, slas
LS M%aJBbM‘J@M}éwMﬁ%“‘SG 3 (S Olabd gecx g 0jy )y alexr
Jleixl juals )#Magﬁ%.»@j 50 589 anled w3l gblie laicdy 94 00l oupdey (6 i
L5, g8y Ll o{. Ty 03game 0a Bl Gaolis ) peiies O jslre o Eadgeas bli Gl
@b OFY i £y bl olaws & s d i Sl a8 5l oagame cnl o @dly bl 5 oi ax3 5
Ol e Sl i, g8y 5l eaodalin waled Wl onile S sble 5l Bolal Ojsed ge8gpas bl
5 S (Fansss slls | s uTsle jslite 4 oy by pue bl OFV 5 g8y alas OFY Lol Loesls
Tolad ganangs Gl p sndsanail )l paisal s 5 oole (Bolal e I (3L Al 55 35510
o 3 00 LS dilaie Vo ay K-Means e oS L ol blas oLl i claise slie oy b sslisul
oo il g il (sl (£535 poe YAV 5 £o3y alais Y7 Legamae) baosls s yo Vo o olidl x> aibaie
s 3,535y nl 23 olatsl la Jus )l sl (gs8s pis Vo 5 58y alaks 1Y) owibo Bl oy T
09h Laa> ool dsgame 93 p0 3 dalllas 3550 j9me S (Suielid 5 (5998 50955 E9i5 4SS

Oty Sllllas jgy0 (ulul 2 &S axtws A3 £989 2 She Jolse g Loyl )l gl cnl 5o Jitns (sla i
slojloale pslai 5 4l glaasds jl oo cpl wad SLatl addllas 3550 adhaio (So3els8 90585 SlacShy 5
el oY ol SG39ded 90955 elge ol s e Vo Joboo o3Il L (6 5y SlaaY &j50 4 5 2l 5l

1 - Logistic Regression
2 - Artificial Neural Network
3 - Random Forest
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1 - Bilinear
2 - Tolerance
3 - Variance Inflation Factor
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1-Chen

2 - max_iter=1000

3 - class_weight="balanced'
4 - Youssef

5 - Multi-Layer Perceptron

6 - StandardScaler
7 - Mao
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4 - Mean Decrease in Impurity
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1. Equal Interval

2_ Confusion Matrix
3. Chang
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