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ABSTRACT

Introduction

Mass movement and landslides are important catastrophic hazards that occur in
mountainous and steep regions. Landslides cause loss of human life, financial damage,
and disruption of infrastructure, such as roads, railways, and bridges. The majority of
deadly landslides are caused by human activity, and their frequency is steadily rising
over time. Large volumes of soil and sediments can enter the river system through
landslides and cause flash floods in areas that are hilly or mountainous. Because of the
damage induced by mass movement and landslides, the management and control of
these landslides are a major concern in Iran. Therefore, creating a susceptibility map
and detecting the type of mass movement are very important. A landslide susceptibility
map indicates where landslides are prone to start and develop in the future by simulating
the probability of landslides, thus preparing more references for landslide hazard
assessments. Because of the complex processes of landslides and the concepts of factors
such as tectonics, hydrology, geology, vegetation cover, precipitation, temperature, and
erosion, it is vital to apply accurate methods for investigating slope instability,
considering the inaccurate nature of some of this information. Although landslide-prone
areas have been mapped using a variety of methods worldwide, there is no one approach
that has been found to be suitable. A model's performance varies depending on the
locale and a model's efficacy varies from region to region. The development of the
Tehran residential area on the steep slopes of the North Tehran Fault has increased
natural dangers like mass movement and landslides. The main goal of this research is
landslide susceptibility mapping using logistic regression and accuracy assessment of
this model in northern Tehran.
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Methodology

A landslides inventory map serves as a basic tool for investigating and mitigating landslide hazards in a region. A
landslides map of the northern Tehran was created using Google Earth and field surveys. Approximately 70 % of
landslides were selected for mapping and 30 % were selected to validate the created map. A review of prior research
and field experience led to the selection of the twelve factors that make up the spatial database of landslide conditioning
factors. These factors include elevation, slope, plan curvature, profile curvature, topographic wetness index, slope
length, slope aspect, geology, distance from faults, distance from streams, distance from roads, and land use. Digital
elevation model (DEM) was created using a digitized topographic map with a scale of 1:25,000. The maps of slope,
plan curvature, profile curvature, topographic wetness index, slope length, and slope aspect were prepared using the
DEM map. A drainage network map was extracted from topographic map. The buffer technique in the ArcGIS software
was used to determine the distance from streams, falts and roads. A lithology map with a scale of 1:100,000 was
prepared using the geological map from the Geological Survey of Iran in the GIS environment. The land use map of the
area was prepared using sattelite images and Google Earth. After classifying the maps using the natural break method
of pixel dispersion curves, the landslide density in each class was calculated. In the next stage, logistic regression model
was used to create landslide susceptibility map in the study area. Logistic regression is a multivariate statistical model
that finds the best-fitting curve to characterize the correlation between dependent variable, as the frequency of landslides
and a combination of independent variables. The ROC curve and the area under the curve were used to assess the
accuracy of the model.

Results and Discussion

The analysis of landslide density showed that the highest density is related to the elevation class of 2500 to 2900 meters,
slope degree 25 to 40, northeast and east slope aspect, plan crvatre less than -0.1, plan crvatre of -1 to 1, slope length
35 to 130 meters, topographic wetness index 4.5 to 6, The distance between 400 to 900 meters from the road, 250 to
370 meters from the streams, less than 450 meters from the fault, geological group F (limestone, marly limestone, marl,
sandstone, shale, clay stone, siltstone, dolomites, black limestone, and trilobite-bearing limestone), and forest land use.
In order to evaluate the maps prepared using logistic regression, the ROC curve was used and the area under the curve
was calculated. The area under the curve for logistic regression was obtained as 0.819, which, according to the provided
standard, places this model in the very good category. In multivariate models such as logistic regression, the importance
of each factor is also considered, and for this reason, they usually provide acceptable accuracy. The area of the
susceptibility classes were calculated for susceptibility map created using regression logistic. Results show that
approximately 27% of the study area is at high and very high susceptibility to landslides. The calculated area indicates
that the region is highly susceptible to landslides, and paying attention to this phenomenon is very necessary. The
geographical datasets and the landslide susceptibility map will be useful for sustainable hill planning in the area, land
use planning, and identifying vulnerable regions.

Conclusions

Landslides are an important natural disaster in mountainous regions. Because of geological and topographic conditions,
the north of Tehran is constantly facing this phenomenon. Hence, an accurate map of landslide susceptibility is essential
for natural resource managers, policymakers, and land use planners to develop and apply applicable mitigation
measures. The primary goal of this research is to create a landslide susceptibility map using logistic regression model
and accuracy assessment of this model in northern Tehran. In order to evaluate the maps prepared using logistic
regression, the ROC curve was used and the area under the curve was calculated. The area under the curve for logistic
regression was obtained as 0.819, indicating the acceptable accuracy of this model in the study area. The
calculated area of susceptibility classes indicates that the region is highly susceptible to landslides, and paying
attention to this phenomenon is very necessary. The outcome of this research can be an instrument for
infrastructural development, land use planning and road construction.
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Figure (2): Conditioning factors Maps of landslide occurrencein the north of Tehran

A



\f. ¥ QL‘LM) JFo .O)Ls.jd Y 09 4‘55}1‘55)}&}553).\:.&

(SO0 Juxo w3l (i 30 (g 3 e ) (3 Sl (U
Sosmnnd g 5 5 Jo

Slslp aile chuly ke oy (Shad Chrogi (sl | cizmie o2y 4 Cansl 0 peiioniz g lol Joe oK Sty
Sl (Bge Jolge) (Gt loseiin 5 (50 3579 poe b 092 9) dtaly e (o ShaS pee Lally) (2Ll 9 oy sl
Al a8 b 0 SO 5 lgie 4 dalaie o s b ool S e )5 5l eolail gl (VY YF e 5 ST
S5y pas e &y ko 55 Wil 4 g 0 gl el (353 gay gblie jladlaie J57 o (Bolal )50 4 alaki golass amy al> e o
SPSS Jl38la 5 4 g glymeinl Sse Jalge adds ;o 1) G 500 (j9 b bl 51 Su o 4 bgayo (59 v al> o o 0l 00l (053] iy

S dnloe alisie Jolge 4 by e (339 7 alaly 3ebo g oad Jiiie
D!

Pi
LOg (m) = ﬁO +,31X1 +ﬁ2X2 + "'+BTLXTL

bl g @Bly 30 (VoYY ()5 § T Silx) sisiwn fge Julge doX g (5330 me) £939 lp Jsho SO Jlax>l Pialal; ol po
goxr b gy peiSl ol 4 bgrye g 4l s )0 1 (50,5 00 L oS el Cewd 4 o0 S 4l o (6l (g S, Al
Ngd ood (Al loddds by, cnl )0 lewd el s & 3530 Jlas ol 4t ¢ fge Jelse 4 bgpe slaaidi aen S5
S (srb CaSlh (g, 5l edd angs adii sanaib sl 09d s o gaaib 5l LS Lol aids o 9556 e 3 g

XYY 5 g ) i aslitasl L LSy ,iiST,,

o) Sl ol AL <85 3|

VY ¥ Al "ol 25 o3liil e ke ) 5 o] 51y (siie 0l 25 s 3 ROC ioni
A e e cds bl e liel sl eilanBl wo 0 Yo g (gile e sl o sl e Sl ae )y Vel Gl &5 jshailes
Sloz ) oalog, by Cawyd s 10 ol Sbly Chiogs &,k 5l albele i Hlade 5 ole ROC e ) prlaws o 48,5
el asds o ool Cews 4 =W 039 ROC coie oy sl -l ol (GoyHome; Slaz, pas) sloz, g585 pae 5 (Gh33 ye)
B L ogd oe glpinl (Bolal ©jgo 4 (0 (39) (A5 e abals golasi 5 (V (j9) (B33 bl Sl solans sl 6 pdy Sl
45 SPSS l38lp 5 )o ROC siowie (6 pdy ol 4l sl oads gl ymeinl slagyzs JUS 5o (L0530 s 5 (0580 LS slagyjg (ol
5 (152 IY) Lasgin (V= A) w33 (- TA=+13) 53 (i o(13-1) o &gty (giomins o liee (Shisaieb 055

O NN e g Lol ) ol (4 10-+17) Cirs

2 50 B bl ime) 0515 g 0ol ALAISS v (59, b e ST AR L Fge Julge 5 Sope aldi b Gle &5 j5biles
(Y Jgoz) s dwlze Julge 5l daals

! Ayalew 3 Chang 3 Rasyid
2 Yamagishi 4 Nefeslioglu

72



‘f’f &M} efé .O)Lbujﬁ 6\".0)50

S39998 5908559 0B

Foo Jolge alizeo Olib 5o b o 38 ooy o515 (V) Jgu
Table (2): Landslide density in conditioning factors classes

29 BGhilgpme) olass

3 RO b Coluo i oy aib ole
YD £oY0-Y Y5 VAVl S
“IVA- AYFFro VoA YYF--1aY-
V/Yod Yo AA \YE. YO- -YY¥-
V000 OAAYFA 1Y)y YA --Y0- - () €1
AR\ YYOVAF fVE YAl i
-[eY# YAQD- Y Y Al S
-/ay YEVEEA aa \Y-A
-Ivag OAYFAY £00 Yo-\Y o 4z 0
VIYEA \FEAA- A TV0A £eo¥0
AR YFYA0A TAT Fosl i
-/vay FYYY Y s
VY Y7 f0A YOA Jless
VDA Yaaryo £Y0 G Jled
VIYAY TOTa-y #a. G
VY FYYYFR #70 b gl s Cafr
- IAO¥ B+YVF) £-0 Oy
s OYFA-F fv5 O oy
VY TAYASQ ova Ny
<JAN Y-FEYE TEF ot Jled
VAR VYAC\VEP YAYY —elo) ) eS
V-YY VEFASO Yy RN b Ll
AN VOYYY-4 Vay- N5 e
-/ara FAAYO. £V )5l S
VY YV-YEAf AREA Y B- & you Lzl
VY FAYOVS FAD V5l i
-/¥ay VIASY - . £00 VA 5l S
VIVED YYAVESY YEYY YO-VA )
V/OYO OOYAAN \Y-A TO-IY- et Jsb
DARR) YOAYY A W sl i
-IPYF AADAYA vay 10 5 eS
VYYD AYYO0OY YY) /50 Cagh; a5Lo
VAYY YPYYEQ YV V-1 S5 9e
oY YeArs Y MO 5l i
- 1A% WY-YO4- VPEY Foo 5l meS
NARN YAYEVO \YYS LR 2
VeVt OVIYAF Yo Voee-qe e ools I alold
Niax YegefY YaA YY-ooN0- -
VY- V0. f YA YYeo Sl i
CIOVA 10f£aY £9A Yool S
-[A8A ALVST2 \YEY VPV
VTV oavay-. AN Yo\ anl i 5l alold
VYT F-YYAA aar TV--YO-
-0 QeA-F Al YVl e
JJARE) WFoYYY AARTZ O 5 xS
A AAS - YA Vo Veoo¥o- _ .
VA - ASF ava Weooyeoo o Slates
<IFYA AANAYY2 VoY Ve 5l i
V/-YY OYFAY Y¥a A
Ve \YeYa- YFY B
-/aYY VYYAYSE YYAP C Sigled uoly
-/aay YeNav. YAY D
VYA ARAARTA 9. E

73



\f. ¥ QL‘LM) JFo .O)Ls.jd Y 09 4‘55}1‘55)}&}553).\:.&

(G020 duxo w3l Y 5O 3Ry ) (6 9y Sl S0 5

VIESY NN M F
VITAY V-vFO WA G

N FYAFYY 140 b ypoles

YIAYS NVaYY VY J

Ve Y0030 TEY Sp el 68
AN YAV -A Vo R

oo YEYF s ol g

azhhio ;o .Cewl ool canlive o YA B YO- -+ gl o by disdpo) o515 o piion 0980 o0 cdalin ¥ Jga> j0 a5 jobjlen
(VA 5l i) ol (s olelas )| o el (S lesl ,o (353 me) 989 Jlizl g 00 (o5 s sl)lo o5 Olelis )| anlllas 850
poe (mizmed g 0dd (23S oauay S el Jlo 1 (S e 5o pladn sy g I8 g o3 B &je 4 Ygene )L
slocdo YU wlelas )| o .canl oy (Ls wlelas,l o o33 (e G2alS Yo 5IYL wlelas )| o laas ;e glasl sl S ol ogg
Ll IS jeb 4y canl ouls 3blie ol Colus ialS (g 995 45 009y Fogaome i (gilwedl> 5 (6, 5 Ol s aiile gl
a5 (VYY) OhlSen 5 505 5 (Ve V) T 5 'z Sllls alex I (alisee Slidllas 15 5 035 (35300 £585 50 (oot Jolo
i 4z T LY laced ol Glad cud 285 50 b33 e 0515 (gt ol 0 0 L5158 ey 585 )0 ()] el
($30) 18 5 5ilcreo 585 4 558 b Ypans eyinS B 5 b 4 pdle (slinrd WIAZES 1y 555005 05T 5
ol g 0l et (sl o 4l 995 o ity B3 mes Sl oliee et SIS s (Ve YT oliSen s
33y s anlllas 10 oS )5Sl Sy o s e &) el S (o5 Cualied (] S a5 950 o5 (353005 £58
YO YU loos 555 Slalllas 15 55 6,500 ebime (Vo VF oo, San o Yoyl ¥+ YF L 1S0m 5 (sl,) Soib o 48,5 L5 ;o
b s G5 Jlod (aldliz otz o 5o ONTF e o¥ 205 5 7 la) Whoges yme (553005 985 eioms |y 42,0
g (O x4 e A5 WS o0 S8L S (55 Sush) Ygene bt (nl il ools platiBl og3 4 1) (355 on i
556 g ddhaie Sy 5o LS9 ,Se ol g J5S o 4 cnd S (IS j5b 4 098 o0 a3 e s £989 4 0 9 (LS
Olies 7V VY (s9d90 5 @hiloge) Sl g (253 0me 9 Galed 555 3L 5 it yer (U @i Gl (L Gl des 59,
O B o) F e sbol oo /) 5l a8 mhas sliswl ol (LS gl ol oy 5 ,5es LT ersT 6l,siSl s b isi e o515
O Ceiloass b5l el 423l | 3530 0me) w515 oayiio B B0 3150185 s, (aslis e V¥r B YO s Jsbo
OB g lade oobld alox 5l (6503 (plione aid oo )18 230 S |y (B33 e 989 A )3 9 DUy, ST g laasls ()
sy 00,5 AT b5l ey £989 p 1o)giS B (pl Cueal 4 55 (V2VT) ) Ken 5 (659995 9 (Vo VY) (), Sen 9 55 (Y2 A)
515+ alolb 5 35500 505 555 labsalmn) w155 anly] 31 alols (il b s o s Loanl ol 1,1 s Lo s yilcnee; o515
Uly, oagr 5 SUly, Jote e el anlnl aSd ool ools lad |y (oadime) €585 4 Sl (i aalnl (g0 YV
Slalllas 31 (6 ks 50 o (o 4 (F V-V () Ken 57 ctn) amd oo Gl Bl Goialirn) 5 Gl B 4zl )0 oad b
5l o VoTY (llen 5 (J VYT ()len 5 5:5) Conload axd )57 )l o oS 9518 Sy loe & (A53dime) & b ye
RE A TONES NI N RS TS P CRSETNIPIIL PRCE SRIPFRAPNSAE DIBSCCIRARNRINTL 0% ¢ SRRV
By 1 aizman osle .m0 Gl 4ol (5 bl 4ol s 535 ook 31 539 Gl b oo 5 0015 o | asels
15 e oles g3 e |y ool adly yo (YOY Y+ YF ol 60gls 3 oame) ool jige 35 by, St yos 5 e Siile Sy55lg 00
0568 9 55)9laS Same) Gl el igSn slml wile (6,505 Dlss o5 09b o0 Sl gl 0ol AST)z 05 By Canl
Slgly8 odel gz Slnws ple g sol> Slosl Sldles o a4 ool o054 Yaere JJo fued 4 .l o0l ol 5

! Chen 3 Sharma 5 Fell
214 4 Hunter ¢ Bisht

74



\f.¥ Gm} A A .O)Lbui’ 6\*.0)5& 6’)9.’95)9.095)’5)»\.}.&

b GBIy sl ools lus |y his) ey 939 A1 Gl (i JuS U 150 O+ 5l S alold .ol i o oysd e
OLen o ' Sl 0900 508 05 Gl crge aSl wiS oo Sl |y lassile ;o bl 5 b iz s &5 (S 2925
QX YE) op g o ol dilaie Ky 45 b o515 5 Sltad 4y dly S 4y 353 e £535 45 0,5 ol (T Y1)
0 mltime) laiile o j0 3,5 (Brae 3o £939 2 Sae Jelse (nfeee SIS Olere 4 ]y S 0e2g
5 ol ol Ko doroglyd il o gmsy K s e Kistnls ¢ ylo ¢ 5bo Kol Kins oSl Kis Jols F 09,5 (cloaijls
4 et 2l 09,9 crge yibar g ndydes o 4 aassle ol isls i |y (53 05T Gyt Sansh 5 ol ST S
Oil8 ez )0 g Wil g eaiza a pzie baaiile (nl 3o gy GlaaY gz rizmen g oo Wil bt Az o g bl
Jole 5 (55l )38 g 5l (5 234358 5 plSrid il (Sa5ed sla Sy p St £33 5] & 4255 b 9 o G530
Ohen 5 (s1)) 99 ga solial ()l 51 (b33 e 42 bogspe Dlalllas 51 (5 5loms 53 9 YA T A (ol Sed 5 TeaeS) 039 g jlomm
Sl az g bl ool slis) JSaz 605 o bl e it sl plis b B33 ine 9 (2] 601 bLS ) gy (Y TY
sy 50 S 4y hlate amS pl el @l )8 (553 ae £989 sl 5 500 Ll aST Wileads &l jloceds Bblie yo i b S
Ol glacdles bl (nl 10 izeed S9d oo (P330rme) £589 4 yomie 45 AL 3929 6 )15 9 d (2Blpa bl (0l 5o
aS i ot b 3blie o col> el Jlo olgie 4y 09 oo b 058 ey s SO0 4 i a5 B0 o lis (6 in ,5U
Sgdise wol S G353 el E585 sl bl g ool et iy 1) aels Ereid 5 (BlS s Sty el Rz 55 0T )5 Ygone
adds ol eolal ()8 Jled ;o (o33 G pdiiamles gomaiy @lr Seiesd o )S ) b, 5l b Ol &5 sk les
Sl 51 G yo colun ¥ Jgaz (V JS0) wiold oy dids Jlo 4y STy covie ornds Sl g, 5l ookl b ool s

A oo lid |y Sl

51°28'0"C 51”3'2'0"]3 51"3?‘0"13 51"49'0"]3 51°4£|1'0"E 51°4§‘0"E

S 5
] 7
2 9
£ z
o 5
5 - o
o o
@A A
t E
Z Logistic Regression Z
) e &
z_o 2 Low n ?
0@ Moderate 0
M lligh 0o 2 4 8
M Very High e e Kilometers

T T T T T T
51°28'0"E 51°32'0"E 51936'0"E 51°40'0"E 51°44'0"E 51°48'0"E

Ol Jlo )0 (33 (o Commlins (glaaiads :(Y) S
Figure (3): Landslide susceptibility maps in the north of Tehran
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Table (3): The areas of the landslide susceptibility classes
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