-~

il b e 5 (5gliS ol ol
3l o)

(19158 Camd (9, b 938 (0} E989 41 ol (S1iadiy
(Olynsle JE5 g L9 aaluo Cu e Cod JKa 16590 axdllro)

5> Copdo dolidingdy

PRI PSRRI N wBY sooce s ANl a1 ¢y
olgre (b

Oyt ool bl 5 (65> (goomitily =Y 93
(at.hosseini@ut.ac.ir : Jogue o g) ()l o5 oluisly sbiwl =Y
Oyt Can 5 ol&sly Hluisls —¥
AVININE b pdy fo,b AVIF/N e cdl s b
YV B FY asan

S
9 ol g 3ble 13 1) Jlglyd Jbo g Gl gl lud dlw dos o Cunl (amb Slbbe I (S (0558 e
31910 4 U aloasd ol 1 adllae ol 53 Ui by S pite bl 5 olgins W3l Canedl s i3 3,13 ol o 44 38 03]
023130 (1913 Camud (09 31 03Mkul b ]y 5le JEL 5 g @lie (UK 51 5w A 43 938 (o) E989 & il
w193,5 s axlllao 3,90 dllaio (5l 530 E9d9 45 ge Jolge Ly o GPS Lawsgi 53U 551 sla 34 Condge Ikl
Foo Jolge Gl g o ye ;3 0l Cud o3 (ST & dagi b iadd gaisali 9 ad Hige Jolge (5w Sl
T oy 9 e E9Bg b T bl g dwrlone Jolo 2 5l alb 2 (gl (Slglpd S el )y ol a8 )5 L >
b g Cowl 02U81 5T o3l Cawd ol 13 B 580 (im0 (ot i o D15 L5 231> &y gld i 58] 9 CuBan Jole (o bLS
05 L a3 a8 81y Ui 0315 ¢y L i) g SE Jole o BUS )1 3985 o0 aterlS W58 olime 31 Bodle w8,V
i 839381 Ly Ly 3 dlaai a4 ao yd L0 Ui 8 WL U g Sl 0013 Fy W38 lia0 op ki ko e B Yee Ly
s by iy Lianns el )] o & L-PLL2 S b a3 a8 515 Ui 0313 &y (s yo33) 5 (ol o) Jole o bLS !
9 055U Jole oy B ,1 o sadlie (938 SIS (9 b Wil o Chumids (6 pdudoi 9 (5 Il cdawgio S Gos chwgio
Jlowd ¢ Jlows Ol 55 Cowl dlwrgny Eodgn 038 o3l jwo oy yio oo Av e U oy oS 313 L 0315 ¢, slo i34
Thw &5 3 (L ROC (hg) b Je (2bj)) mlS ol g 989 (930 Gl cn i 38 (258 Jlowd 9 (S0

b o o )d (TAA) +/TAA L 2 (AUC) Jlagedp

SB U i (o juijlo JEB g g il ¢ Slgl 8 ¢ 33 (e § 155 s 2519

omb glemes j (53 5l b Jlo (g S (gdse dlga
Claogad Goyp Slge bulyd s pl wlo sals
P ey Sye g OB il (S A8, e (L5
iome; Slle )3 (V) 23K 36 S JIg e
s gy S JIE o 05 il axdl
Sl porde & slad (gaaing (VA) Cwsl (23 ce
2 lpise ool (gined) g il slaisn 4 (e gdaw
dSpe 8 4 bl (lial) Jhd arpy bl
it ldlie SleMbl Gloles 5§ g0y (FVFANA)
boolyan (55300 goBy canalny > 4l Lol
iy Al A el Pge jla caslie la e
uslie S QB! sl plwdine 9 (1L 4 (B33 oo
(TFY0) wlaie (i S8 dnwgi byl (2
5 DS Jlad iy ¢l s b bg) ST
@ IS yobar & oad &)l oy ol (L)l g B 3yl
Ol Wl oo Aadind (05 g (o5 Ao (&S lagdy)
Lot e oty bl Wlg e badd
Hgh AR el it b el S3S4s) 5
bl bl &5 cwl plagby) w350,
o) E8y Sy Sbapiie yU L bl s plelis)ls
@ boye s g 3)S0g) &Sl Adloe 234
Wbboe )bl slapi oSl ol &S cwsl o sd)

dodso
i 3 r5p0 Sl IS (claodly 454
Osxed g SYgaxe i g oo g 5)b oy polate 4
O Jo a0 g Ko ple cblis 5 wload 5l ealaiwl
S (W) Spoe Jled @ Jlul cupae Sl
@b cuenl (Ja lrodls b bls)l 3 o8 olaosy
Copde (S0 ) ohgr Lo jeiS )3 alawlie (Jy aritly
Blioe (B3] oy (sl 039 A2 g5 390 oS JKix
Ol B o Y3850 s ds)le G et o> ci b
Cusl (Mol (55303005 (W +) 39800 0 nl 55
4 Lgos g 03 (glaialy S > gloil alS 03y jo oS
baseld ;5 (5,luLL 31 50 a8 58 0 4SS Sladliyg, plos
aaly Job j3 dlas I slodg obuls w9 ookl sl
Oygo 4 dse S s b lasnl B (TA) 250
B UheS g BB i) b (SSly (b
diwdl s 26 5 dw) o celw o jieslS aod 4 Lyl
odind i wwled g9y 5l g loj CubdS L o oS At
bulypd B3limes oy (g S8 3929 4 P (S >
sldasMe JB johy (03 gohaw 3 1) (Jasrecin;
Jll LS Wb o ildl e (Il wad e s
Sgome «SB I OY 8y Cund il cuw 4 g b Anles



4l

aeb) cud domy Bls L (K o ool cile pin
=9 RSB sl b (RIEL g (bys
Cad (Ll w5 02 Fy K Cank Sl
E98s 4l y0 5 Ko ooy Cuwdpml 9 CuwdVl
K glodle (b alple 235 el ome;
o by lolis e b sl o 4 Loles clocans
@A) 225 g (Bl cnl 9y p ol e 5l QIS
o gl s la St colus gsama IS yob
Verre g JW WS )b JSe AFAL eS8
s &S il oo D990 odas ablw glio ol )m5L5
B 3 e shyaebp ol g (IS @lie Copte
slodls cucnl @ g L (V) .\WL@ (51050 400
@l g S Gyl bl ()] plgin SR
» U9“5L’ ‘)J;)Lo els 9 L9 é’Lu.o p«.{).w PN dSu.:‘
Wy Oy o> dndls B3 yn YU g
S odle Skl gl i Candg il @l
ko sl pl IS g Cupe i Copde
@ & @b gl g adlas cpl 3 gycnl Sl jgps
A p e gbodle auils (b3loe; s gandiy
Colue 4 398 €S Cople cov sl K 1 gpw

iy Slold s ) b S MWV e Ly i

Ly 9 2190

Copte Co5 o fSix I a5y addlas 3)90 ailate
dLﬁJ}‘o O3 039450 J.wl.sudo q‘).b)l.n el 99 é)l.uo
dLibuo).csuﬁjwaYl \' a'/'\ 9[3\” '\ \\ L;’L.Sl):o
S lE Jd Y5 A 5 v YV Y Ll
A5l oSS VIV dallae 350 0350t JS Colie
Slelay) xSlas o 0 YAS didlaio by o 3l glas)l JBlas
Loy oy A ol ggoome 3 Mlie yio Vo Ve Lyd
85 18 dalllas 3y50 03l yioghS VY-

£58sr il gl 5 o8 ol i L) 51 (YATY)
O bWl & plyie (934 0aiS bl Jelgs o atwgy
018 3yl olgs 5 o3l ¢, Lo ol 5o oS bl
S Sy dally opl (025 el yglate 4 oy (23
Jde g 0 48,5 I Slglyd s pb a4 ool ()bl
O3l 028 2wl Jelge (oa Caglyl 3 (Slglh8 s
Iy Jelse 51 G jo (gd0e gl 15 ol diaddsy) jluns
3 doely (YF) 55 o Vel 290 i3 cuni Sl o5
@ Cowles Al and @ gladle p (1F) Ko
St Gge)S) 9 Slol s (o) 93 b G230
ROC e izslyy (c3ignl Siblgga) liamsS 5o
4 e pj Colue b aBS G s S gl
28,8 L8 eolatwl 350 Jde Cous 9 B Jlre lgie
Er 1) dop AR By Jlghd cuns Jse lajJUl
8y Siwad o )S) Jdo a7 Jb 3 ol ol AUC
Glasdllas 5 (VW) o)Ken o joxB b ol 1) asys AP/
wogp IS gblie > Gi5lome) E585 Casles 3yl 4
asd s by Slols cand gy il edlatul b HeS sl
2948 ool ol g (B3 E89 4 Calue ol
Sl (b o Siuss hy) b Comlus adb &
dibis Colue jl aoyd VWY D9 &S ob ol wls s
2 dopd YA 0bj e cawlus b asl > adllas )90
VY dawgio jlad b asl )0 o yd YV b Cowlus b asl
Loanl o 20> 0 5 o5 Comlus boanl o aop
ol 425l 5138 05 Jlws Camlus

byl 4 gladlae )5 (V)

2 Sl S g asBlyiyjg (Sl (slaghg, (slauslio
oy ROC (oo aidlyyy (bl o) s (sabaige
Cowlus slaaiss gy doxie pj Colue 5 043
o yliel 3l ol Cands golis 03,5 Ao (533 e

5 Slold cuns slaJio sl AUC polie a5 oy ol

SYIY) <ISVY 5 (sop> VYIF) <IVYF 5 & addly o))
Cans Jdo oS Dbl s oplpls bl o (1o)
A8l oo asBly 059 e | Fowlio Sl

Obles 9 syelecye



¥

Slohd s (g5 b 300 E989 4 sl (gabay

L] 3
- — — OGS

aalllao 550 0dgaze Ak —Y IS
Figure. 1 map of study area

a0 pB odglihie slagiidone; (ST adB 4
ad (Slae ddato )3 (B3l pe; Jlad Ay wid
2 ogate cnl &l adbate Sl (Biime) (ST 4l
9 ) Oygo unj ulen (podle adls ) adlate JS
A b GPS 5l ookl by 530 yeej blis 3lss g Capabigo
aioyio Yoro gShis o ¥er il slol ol sz
lolo oo )0 b iid e K6 Cuxdae guw WAidg
A5 WSl gl Y Sy Oppar ldlis Gl
25 A ol & g b a3 e 4 bape sk
S50 W0+ i 4 ool adils sl i ol asllle

Y JS5) 0,8 el

o939,

5 dilate lolis (bl Sl b ol guiss
aly G ST ,k8) 88> olwbus 3,8 5l Sle 3L
O Sty 3 o o] (S50 5 S5 | i
SeMbl (5y9l3)5 5 (alyme slagwyp 4 5L 4en g don
S a5

Oiiome) & Cowles alds ags gly 0l oL
5l lacgezme g ool dhu] S 5l sl asas Jols
S ol (ul o sSbin 23 esiSobnl sla st
o Ll b bl 5 ostd logsid 3bj Jls) &
salys 61 5,5 S 23 el 3 345 & oo
(V) okl



£0

4036000
L

32000
1

T
4036000

T
32000

24 -2
= -1
s =
i (L — ‘)
ey ol
=1 + + -+ 8
H coatConei gl g
—
- v T v
631000 604000 7000 600000 93000 606000

5l LB 4t =Y JSs
Figure. 2 map of landslide points

SNy Jalse SIS ol Sl cuns Wl
so) 3 bln o s J L e
5 286 Solie & (o35, o5 ol 53 o (o e
s 43,5 28155 dnulons (o3 286 (slo JuSy 1o )

LDOFVYY) s sals anwle

() aaily)

oW 534 (sl Sl slaas N landslide
oMy ola JuSly laas N class
ass b3 sl JuSy IS slaws N total landslide
s b JusSe JS ol :N map

LSI= Z Fr

(¥ alasl))
ol 3 8l B3 ej g8y p See Jelee Sl S
o 3 b ige Jole Stwan 13l Fr>1 ST da),
ol s s (Stawen opl 3L Fr<l 314 ob;
3 i ya 55 a8 sdel Cuwd 4 Jlgld (clacns
g oud ooy alal) alsgy Adlige ol Jolo
36 gl H5se 3y 63959 sodls 5l pdsu lgie
(V0) a5 Jalgs

X —min
— (¥ adasl)

max—min

G ooy phd Gadigy (g (25,

s b Gl s sy (bl skt &
2 tdew Cwl odd odlitwl ROC oo 1 i3 e
e Cors 5 € Hlre lgie 4 (AUC) ROC o

S gy sl 9 3 e 89 0 oo Jalpe Sl
£y Swobn e amg lp ooll P8 ol
RO > IS slaygSe call (b
25 35 U o8 (sl Sge (slaygS ol slawiaily oo
Sk 2 & U Syme layess (YAYY) w8 s
Foo 3fes lp ) b g SIS Wb cud
9 4 e ) M e wrlp oS Clin ey
09,5 ~sladle Jalge g oy (slo)giSh 3905 s 09,5
Olaseia ol Ngb e cud o ubl el &
S dits Sl glacdlad o aoee S j = (olid e
slp lge g WS S8 G5 o) gy
delse a5 gy S enn] o i o
Sloj comal bl oS )b g A b gladle
(FVNFE) Wbl o 38 00iS gopd g Altud (g
s ool i3y 386 slaygsls oyl sl
sl 5 gk Al oo o5 adllae 3590 dilaie gl (LS
$39y9 Slodele (ol ladbate > Jao 12 (39 38
g el BB MLl By & wpod @ a2y b o
Sgdee Sl 5 GEMbI (S a4 (o pod Codgione
@)
Jelss 0l plonl @lio yope > adllas b9y 4 a2y L
(olidnn) (i)l slde by o ) El)) g
3 Jde 50 oolaiwl 3yg0 b i3 CunBgo wdl> pw (S
v
P Se g e (03 BB o (Suwer o
b o (Slgld s Jlaisl hg) b (93909 s Jele
€89 » oo Jolse 5l S o Slgld s dnale sl
o> bl SleMb] wlolo 31 oslizal b« 33 cyme;
9 oS adlllao 3590 ddlate (yh3a) 981 5 (353 slafusn



55

el 03el N Jgds 33 5 ygum
Jolos iy oY xS)8 pesy I cale
Comd o9y b G2 0me) EoBy sl (sading 4L g
Jao syl B abse o (¥ US) aol sy Slgl
3l Laoms > 45 43S M5 &S pgbailan 2,8 e b

aw & 5,5 o &jgo CURVE ROC asliy L 4 Spss
(¥ Jsed) cosl €83 e S0l yl905 2

Slohd s (g5 b 300 E989 4 sl (gabay

Sty sdse byl oS e 5 edliel 350
oot gloa Sl plgies (hey cul > SEsome; St
Sl oy Ve londs ealatwl (gaiding jd &S dges odlitul
slp LB il 2o Yo g gile Joo lp lagnjd

(FYXONFY) 26,8 15 oslisal 3)50 St b))

9 U lome; Eds p fse Jales bLI) 5l Jol> s
Slolp Cuns Jdo 3l oolazwl b ool sl la o34

, o o3 &y slo b3 5 (iAcmes p Sge delge o byl ol slayj =Y Jge
Table 1. Weight of relationship between landslide and related factor

. . o yd . iy
SR pens S, SRR GBS s clas e s
% ey b3 bl 286 o
5 e
N VA £NIYY sEY Y. ¥ ool Cundpmly
. +[AY YF/5A YA/AS Y %% ool cowaYl Coxdgo
\ VY- ¥/-A ¥/ Y Y. ool cuwd ol 9 YU o 5
\ VAN Y /AY AAVARS \. V¥ <y.
ANR V-0 Y-IAY Y¥/a \n3 rov ye-¥. oy oy
. <IYA AYY vy ¥ V¥ >¥.
\ i v/¥ % YI¥Y. vy 22.1
Nara) N Y¥/50 Y-/5¥ Voo YEY VY. 224 Sk
. <IN INEZ -[OA VEOA ¥ 222
+[AY Y- ay/vo £v/aa VOVIVA ¥\ 223
22N «IAY a/sy v/ay YA-0A of <y..
Ni%a) ANy s IAY INgizd \YEAYY YAY YeomFon i syl Sl
(50) by> s
\ \/YY YAAY Yo/fY NN YEY [
. . ./¥a . VYD . >q..
YRS AR} /A8 \ita% Y¥YA- Yy =Y
AT Nia% ¥Y/¥5 YAXY ATYANY \a¥ VoY
+IYAY \ARY Y550 YV/SA Yvovs YyY Y-y
/Y- Voo WIS VAJAY YOYVY &S Yo—¥. (J0y) cond
</¥ay A4 ¥/oy Ay WAVA ¥ ¥e-0-
\ A7ARS \/sY A FASY YA I
ofsY AR o[ Y VFaY \ ey
. . ./.V . Yad . >Y.
/-0y AN, sIN VY Yeovy A L-ml2
DAY AN MM VY YHAV¥ v L-ml3
NAa \EY Ya/vyY Iizd V- FYYT YV L-PLL2
Nita) INd YY/FA Ya/5¥ ARRINY Yoy L-PLL3 ool o)
. . VA . YAy . L-PLL4
IYVY /A SIAF £y VaaAsA ¥y L-PLLI
MRS \VAns \/IAY Y/SA Nad) A\ L-R
/-0 Iy V¥4 AR FYOA Y L-K2I2
\ AVAR Y/sY NN YEYAQ o L-Pell
\ YA/XN o[ A \0 \ <s..
AR VY54 O/ YVFSNQ ¥ Fee=Veu JL‘”%
(o))l
ofeYY VoY Yo/ YAIYS YYaso Y&y Veo—Aeo
- [OYY VoY AYS YIY- ) V0 >Ae -
J¥YY VY YY/XY Yo/N0 S0+A- WYY N
\ Y/-v \Y/00 YAV FAFYY yay NE
Nintd -[as \Y/AD \WYW/YA YYYYvs AY E
NAYZN <Y \V-/oY \7A0) Y00 d- SE
ofeed /¥y N4 Y/vY yyaas Yy S wlilis cox
. -IfY VAL A7A%S VOYAY V0 SwW
IYYY -/Iva ARVAYA N-¥ Yaay- od w
-IY\S -IvY \WYIVE \Y/VE MNENY Q¥ NW




£y

WAA i 9 3ol IV o)l /pmd Jlo 30l 055> Co ke deliiingh

4033000

4027000

s =
§ =
=1
[ R
ca1000 csa000 e
o 1 2 2 Kilometers
- —

. SIS Camd gy b (55800pe) (gt s Y SS
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Abstract

Landslide is one of the natural hazards that causes a lot of mortal and financial losses in
high-altitude and seismic mountainous areas annually. Considering the importance of roads as a
pillar of sustainable forest management in this study, we have tried to estimate the sensitivity of
landslide occurrence in 8 forestry series by using frequency ratio approach. Initially, the slip
position in the series occurred with ground scrolling by GPS, then the effective factors in the
occurrence of landslides were determined for the study area. Raster maps of the effective factors
were prepared and classified. Considering the distribution of landslides recorded in the field and
the categories of effective factors, the frequency ratio for each class of each factor was
calculated and their relationship with the occurrence of landslide was investigated. The results
of the relationship between positioning and slipping showed that the highest amount of
landslides occurred on the lower side of the road, and by increasing the age of the roads, the
amount of landslides was reduced. The relationship between soil and slip occurred on the class
with the code 2.2.3, which represents the soil texture of loamy, loamy clay and clay that the
highest number of slides was observed. Elevation class 300 to 600 meter has the highest number
of landslides. The relationship between the slope and slip showed that with increasing the slope
up to 40%, the number of landslides increased, but then the trend was decreasing. The
relationship between geological and landslide showed that the highest number of landslides was
observed in the class with L-PLL2 code representing relatively high peaks with moderate slope,
average soil depth, stability and permeability. The relationship between rainfall and landslide
factors showed that the greatest slip occurs between 600 and 800 mm. In the northern,
northeastern and northwest directions, the highest slip occurred. The evaluation results of the
model with the ROC method indicated that the area under curve (AUC) was 0.688 (68.8%).

Keywords: landslide, Frequency Ratio approach, Mazandaran Wood and Paper Industry, Slope,
Soil Texture



