Sl b lio 9 55y9LiS pole oluiil>

”" & s MRAL
35l 0 Sy prde dolilng iy

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22516174.1401.13.26.25.3 ]

[ DOI: 10.52547/jwmr.13.26.105 ]

(85l S f3 i (gaoale Bl,b1 43 a9 353) (liwe Adlllao g (skseiag

Fg Ly ol 9 " ldel) aoa o3l jreme e < g i o) 40

(M.nasiri@sanru.ac.ir : Jggue ol 5) s )l (srubmlio 9 (55,5liS pole oKty (JKin owlige g pole 09,5 Hlobiwl -
Sl b alio 5 (55)9liS ple Bl (JSin pwdine g pole 3)| olid)lS” i gol il —¥
Sl b alis 5 (55,98 pole oSS (JSin (qwdine g pole 095 Skl ¥
OB rbalie 9 (sl pole oKl () lMRx 095 jlutils —F
VEANNG i o, VNV sl g
WE B 10 tamio

by 035>

sebas i3 e doyd (lise AR gla edls ci b S LS 5 S (lhaile il bogaste jauiST Jleds sla il jo HEKEY 9 dodde
5 Ol g 083 5y s ] dstene bl gaidlzy (SR (i 25k sl e 13 03l (IS (IS g i Coeal 4 d2 g bl Bl oo
oop J adlas (ol sl 48,5 )15 (o) 3590 yiaS il )b ST Sl oo ot (6y958 A5 E5g VL slaS L olbadds s
2 ol g 3 g9y sady Bblie 385 Ll adllas (pl 5l Bua (plpls Sk (o S sl o3l (530055 g CBlis p udiS )b ST il
il oo SR glaosle BLb1 > (il 5 (55 es8s n Sge Jelss sildie g ej JyuS b (58)5 a0 b (R sl odl> 1L

cololis aibais )3 (3330005 £98 2 oo 9 e Julge bl s S (gl ol sgatedr (il By Gy 3 Il St Ry, g 319
A3 a5 QGIS ver. 3.61 j58ls 5 5l oolitw] b laaalyl 5 JuS bolas S wsl> jl alold 5L 5 ooy 4K e S o SAY s 0D
ol5iwd dlwg 4y adllas 350 dibate jd ABlin Oygny o0l plowl sla b uicmen 5 (B33 dxtwe 3blie | (GCPS) o) JyiS bl (yioced
daome a5 LY (59 Jlosl jl (e g ploxl (e aluds Lo (g 5l 03latsl b gaiacuglyl 4 o098) QIS Lo )3 e 9 <3 GPS
el Condy (ghnaigg ol add

YAV it (558 gm0 E989 ,15 5 oS g o8 Lt shas ey cui i ddlate Colus I 2o )d YO YA § YAV sl vy gols wlul p :ABL
S FY dgis Jolee oS dalain do)d VYV g 0L5 jlas (ol (LS YA Jolee dalaie colue duopd VoA clawgio jlas (¢l)h ddlaio Colus b0y
Olyeds 0ad &b A YA (g 1ol i il 5 (03 sty Cono ot M (533 0me £589 5 5 0bj b ks (sl sl dibate
5 5 b iblia > o 390 ¥ a5 M85 18 o5 s 5 35 38 s b bl 3 bz 5 o 30 YY e S blE
Ol 530S (2L gy )90 ¥ 53 oS 9 3)h Clbllae (ej Cusbly b (VL o3 b ity Sl ol gls el ple )l 518 bawgie (334
Cud ool Al (gyie Voo il yieS Loled b (ooaxio Bas oS (slo 333 ooy Cawyl LS g ople s S 2939 Sy UG adlaio )5 b
alllas 590 (gddlais ;> 03l 5Ll gla o34 b pitmen Cuwl Co iy g drws JB 0 Copie Jlasl pae g K 0l by S &S conl o
LS 5l ools oS X s sdnlie iblie ,3 yui nyba) 45 dmd o Ui Slue (clatdil g5 o odalie anlpl 5l jzo Yoo I oS ol dlold p
g4 go ddnie sla il g b33 Sl G (il s I g A8 oo gab |y 5T L g 03,8 jgus lno s

g ool gl )3 o cud sla i ol 4 dr g b S o w1y e slacusly (o3l dgds b oy aigy O LS addllae oyl 36 S Al
g ol Jool iSa) sy oo k5 4 )b SB g of cblis b bye claojop 4 5l ISl (JKis (slaosls wdls Cblybl (claoys Joxo )3 ladal
Wl K8 ddlaie 2LS idgy 9 SB Lol g ooy Lads 4y Wilgh o (6L (60905 U S wdige Cannj sy 5l oaliul

Uil yd (SB pwdige Cunyj «SB cblis o gilwesls ¢ JKin s 1505 sWdd]lg

&l odg S > g5y 0 1y ol 55 5 lon g T Lyl Aol
Ly Gh3omes 98y y Fae Jelos (pjyiege jl.cusily 3o e A P LR S WS i P R IR WS

(B baulpd g cond wnlpl 4 (S5 L 6)9 Blge
gl b 453l > i g8 oS5 5 S1o g5 il g
(YA) hlKen 5 SSl5 (VANEY - NV EXF) 5y b o3l>
» ol g 3 Py » Bles mpee 5 e
i 0l | dold ( wlid poj Gluogas 395 ddllas
el b Caz g )]« oSyl (gy)l8 anll 5l alols
g b iin b (B gl (95 ule) S
dL“uf‘“‘I) 5 o K sleesls & eSS o
5 ol sloilep gl b caw | s
& Ladsly 3b; by b 3 Yoomo Bos o5 sl (534
5 o 5 cglibaie 55 (YY) hlSan o Sily amd o
& a2 P b¥e cud aly 3 bhilone) Sote 62k
Slewd loguase) ol cud 4 ax g b ol ply .ol 02l
» o s (e gleels (SBglaglg s (T
Cone &S Cunl (63)l50 (pype 03l Mxiwe (slaaily

9 Sl il oly pgoen (il gy o sedles Jl
lossdy Si5ome; -l ookl 3lis] LalS ide w50
S e dag e Ojpe D &S Cwl o
g9l 4 cuslie (B3 g pie g o w I ola i
Wl b gac e | cblis jogasy )b (upie
039 ol gy &5 amdo0 &) Sloj oy (pl A3
Wl S By 6958 5l (U Ceaglio (69508 5 e Slge
It o8 0 L gy )3 (V) o )Sen 5 5hy (V)
Jopd AF g 5 laodls GBLLI > e ybys) dops e
Y5 Cuwl 0l Zy ools 5l gyie Froalold (o ba el
pigie 9o oy SSE 4 bogl ()0 3985 5 gs>
Ay godd ped s gl Cogby a9 SB a0
(08) 2980 B3 (o) E589 2> et o Sy LS
bilyd wjle ez a8l elge gl (IS ke
(SEFSS Candy (JB o SB gl (JSny


http://dx.doi.org/10.52547/jwmr.13.26.105
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.25.3
http://jwmr.sanru.ac.ir/article-1-1183-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22516174.1401.13.26.25.3 ]

[ DOI: 10.52547/jwmr.13.26.105 ]

9‘>L¢)L‘_ u;.»‘ 9 uU.vJaJ e wdljlaze (e oS Ol)'@r‘

Vo5 IS K clrosls LI s b il 5 5580 il dlllae 5 sisainy

ety MK glace il g A5 s
OB B (pien g S Jled (S laodls
b sl e 3 ol (S )l g s Coal
5 085 EoBy sl 5l eies 3blie ganaing SR i
Srare B3 gy VL Jhd b obbadds ans g i)
g cblis p il b U AShl @ dog by o0 Hlan
)5 B pop D9e S (IR slaodls ()l
J cunl dlwgy g9y 4 3 Jlo s &5 ol
S g cblis p il b U e ey
wlas oy J) Gan ploly adbe i slaosls
Shbl > il g (33 g8y Jadp 3ble 38> bl
9 ey JpS BB sl b (e gleosls
Shbl > il g G edg » Fse Jelse siludae

A5l e LS cloosls

W sdg; 9 dlge

@il Jsb o )l (B8 wg 0 IS SR
02 5 4B VY g dxy OF I adds I 5 a0 OF
5 a8 YV 5 4> 0 Y8 Jl adds YA 5 4> 0 Y5 Lldles
AYY iSls 5 by pdaw 1 g0 VAL JBls eyl aiels
Jead o ol @yl doyd il osds @8y Ly mdaw I e
poriSle Jlo p)5 slajey 3 5 039 pite Jlo il
dpw sljsy 53 5 08 Sl dx > YA & &yl dn > llao
SI Rle oy o0y 35 (Ol a2 YL - 4
P Ry 2 g exd dygln Jlo ) e dee VOV
2 Gadsges Caa el g0 0 B O g0 4 el
buge (lime b oy Jd g s AL sl s
ROMA SRS

oliomes 22ly o Glpl (SOFS e Sl
S i g 298 Cguome Cudm S Sl
5 85 e suise jl (2)8 9 (Spb Ng) b (58 5 el
b S cpl 3935 &5 Cunl 03)S joue dilaio Jlod oo
e S ol 005 (S5 OlS o St |y dilaie
g Vb 55 5 olsld ey Jd> 4 &5 cul )lo adlaie
> 4 g 2980 prgie g 0390 Dl Ol oS (Gpdided
ly losgs sbbial g 03)05 jw ob (g9, 1)y colo
— ) S eS W S S 28l S e sl
2 o) arigdeis o ol (o o) (5 B (o
o0 oSN Y cle @ & Cul s U bwgie S
sodls 5 ond adle ol Sl Egome W Fpg
2 dlawlie ol yoghS B+ dgas ddlaie )d 0dd Suy i
5 cblis pas g il )b Gl U 4 g3l sl
o 2 Ges oS sl s K slasdls (gl
ol Lisli8l & gy ddlaio

Gl g shyteln 4 5 5 29500 oo o> ()l
9 el bOd e ol Gl S,
jor Jsb > Ul b e slaaels )3 8bj cugb,
(05 e ES Ly s 2505 5 (pged)
BV g g OIS 5 )L 592 (392 S9e
il Bas o8 o B39 £58s
Gk Ao ey e bl Ll
Foo Glolidl 5l S calizes (sla Juo I oolaiwl b (gaisding
ol jghtedy & Cul Gl Cupde 1 9pS g
dad e pbul ol (e 5 alsl sladi e
AL Agd g b 3H e daaane blie lwlid (Ve YY)
el jlad Sy pte Sl whe Slegdge Sl 38> sy
ilodie 5 b slaShy colid clue p sulp ol
Slallas 5,5 0 Cjgo 39390 sl slaodly 4l WS
LAAYTIFNY) Canl 4285 Cjao dinoj cpl 0 55 53b;
Jo bl G35 omej saing (V0) sl 9 (590
Joyd YO ol s ool ol ol pll gyl wSTas
csholpe g Cusl (03 (mej g8y A olas ()] Gl
) s s i ol ) Aol (Sl
S5 1y ddaie p3 ily 9 3 g8y Jelos e
P dla K o) b (W) ghlses 5 olgls b
P b ) E85 ean & ol dore Lo o>
b ol i) wls by it Jolge 38,5 o
€89 9y 2 1) U Cotde ) 68 9 (LS by
o5 & Cumlus add dddllae ol 0 )b (B3 e
o5 AYAD) oS (s coules ab @y o4 35
Sk g (£04) ol (AVYeA) bwgie Camlus (ZOYA)
ookl b (5) Sgyley b sapmnds (AVER) oL
ATC Lue 53 (B33 (o) £989 2 Fge Jelos (siludaa
oyl s ) canaiy |y 365 adlas 590 dilaie GIS
2o VY s (ol bl )5 2o pd YA/B B ol
dhwgie jlad L bl )0 0oy YEOY s oS sble
Gblio )0 Mo £Y g 0L s b sble o asyd VAN
L (V) e3lpe 5 cllblos .l 48,5 )18 ol o s |
95 OPjy 9 P e Slige Sllllae ) bl YV oS
Ll _olos o> olts GIS Jljaley )5 jhsy bl (gjlulao
32590 VAY g Cuwl anlan o5y sl las b odds cud
Maalbuw)bf@awbamw]olm
L (V) (olygn 5 sdoome bawgs 5o Jolse saucoglyl
ol o 3l s bols JSin g inysSl ) eslizl
Pt ok i 4 gyl g JuS il Aol ol
b oz sildde 4 4295 L adlaio g wlandly (533) £98
(duoyd YY/FYF) lawgio (1opd YANA) o Cowlus Jolis
A5 e (a2 pd VV/D0) by LS 5 doyd VF/AY) oLj
sy ise &S Wit Liblis aler )9S Jlad bl
Cootl & dog b Cusl b5 (s psbots bag] 5domes


http://dx.doi.org/10.52547/jwmr.13.26.105
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.25.3
http://jwmr.sanru.ac.ir/article-1-1183-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22516174.1401.13.26.25.3 ]

b

[ DOI: 10.52547/jwmr.13.26.105 ]

AR

=3
=3
S
vy
<
=3
<
450000 540000 630000 720000

2 ]z

=3 i

3 ¢oi 2

L) |

75

] g

3 3

2 3

8 2
=3
S
S
=3
<
=3
<

Plojl ool 5 Jladla) o odljiame ims ogp0ad Oyt
VoV Gl g ol Y5 ojladd /oo Jlo 550l 0> o e dolidingy
707500

4045000

() 1855

162

362

468

= 607
860

4040000

0 500 1000 m
| |

707500

Ml SR = ohile bl 55 dalllas 3yg0 ddlaie — Y 3
Figure 1. The study area in Mazandaran province- Darabkola forest
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Figure 2. Prioritization of criteria based on expert opinion in the region using the AHP
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Table 1. Calculations of the final weight of the different layers based on the results of AHP
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Figure 3. Recording ground control points (GCPs) using GPS
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Figure 4. Preparing layers in raster format to pixel calculation
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Extended Abstract

Introduction and Objective: In the northern provinces of Iran, especially Mazandaran, Gilan
and Golestan provinces, the percentage of landslides is relatively high due to the construction of
forest roads. Considering the importance of road maintenance projects during the
implementation of the forest respiration plan, it’s necessary to zoning areas suseptble to
landslides. Given that the effects of the forest respiration plan were not studied; in this study we
investigate the effect of respiration plan on the maintenance projects of forest roads. The
purpose of this study is landslide hazard zoning around forest roads by considering the ground
control points (GCPs) and modeling the factors affecting the occurrence of landslides around
forest roads.

Material and Methods: Darabkola forest in the southeast of Sari was selected for this study.
First, the factors affecting the occurrence of landslides were identified in the region. Then the
layers of slope, slope direction, road network, soil and buffer of distance from road, fault lines
and waterways was prepared using the QGIS 3.61 software. Also, GCPs from area suseptble to
landslide as well as recently occurred landslides were recorded separately using the GPS device
and then digitized in QGIS environment. Prioritization was performed using the analytical
hierarchy process (AHP) and after applying the weight of the layers and reclassification, the
final zoning map was obtained.

Results: According to the results, 29.71 and 35.28% of the area have very low and low risk of
landslides, respectively. Also, 21.75% of the area has a medium risk, 10.89% of the area
equivalent to 289 hectares has a high risk and 2.37% of the area which is equivalent to about 63
hectares of the area has a very high risk of landslides. The results of accuracy of landslide
zoning showed that from 29 points recorded as ground control points, 22 of them are located in
areas with high and very high landslide risk and only 4 of them are located in areas with
moderate landslide risk. Therefore, the results of zoning are consistent with the ground reality
with high accuracy and showed less efficiency in only 3 cases. In Darabkola forest, due to the
presence of marl bedrock and lack of drainage, several shallow landslides with distances of less
than 200 meters along the road have been recorded, which are developing due to lack of
management. Also, most of the landslides in the study area observed at a distance of less than
200 meters from waterways. Field visits show that most recorded landslides observed in areas
where the road crosses along valleys and or intersects the valleys and due to lack of drainage, it
causes multiple landslide along the road.

Conclusion: This study showed that zoning confirms the ground realities. Accoeding to the
intersection of roads and waterways in the valleys, Darabkola forest roads need projects related
to soil and water conservation. It seems that improving the road drainage and using soil
bioengineering methods can help to improve road maintainance and vegetation cover in
landslide area.

Keywords: Erosion, Forest respiration, Road construction, Soil bioengineering, Soil
conservation
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