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Figure 1. Location of study area in Iran and Golestan province.
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Figure 2. Landslides position map in Oghan watershed basin.
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Figure 3. A landslide image in Oghan watershed basin.
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Table 1. Relationship between lithology and landslide in Oghan watershed basin.
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Table 2. Area and percentage of landslides in effective factors classes in Oghan watershed basin.

J»L& olab ()L.iﬁ) ()L.iﬁ) (A ) J&LF olab ()L-iﬁ) ()Lgﬁ) (Aay3)
factor  Classes area Landslide Landslide factor Classes area Landslide Landslide
(hectare)  area (hectare) (Percent) (hectare)  area (hectare)  (Percent)
0-5 5144.23 253 14 0-100 9477.29 50.3 27.8
5-15 7804.22 39.2 21.6 S bols 100-200  6437.81 453 25
- eilz
i 15-30 9976.01 40.5 223 ) 200-300  5443.16 32.5 17.9
Slope distance
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>50 8735.48 36.4 20.1 >400 15311.6 44.1 24.4
n 6022.8 27.3 15 0-100 9685 72.5 40.1
ne 5276.54 19 10.5 3 dals 100-200  7555.33 48.5 26.8
ulﬂi
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S distance
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G stream
Aspect s 4347.48 28.8 15.9 >400 11135.6 15.8 8.7
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300-500  6488.17 23 12.7 ffraorlr; 300-400  2521.28 10.3 5.7
u
>400 27286.5 114.2 63.1
, L 20679. . 49.4
b e 0679.7 89.5 9
Rain 500-700  30478.5 83.3 46.02 o 116842 13.5 7.4
S8
2l m2 o5 15360.2 22 12.1
Landuse . 196591 23 127
>700 3417.88 74.7 41.28
p—iijdf 1215.84 33 18.2
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Table 3. Unweighted super matrixes of effective factors on landslides in Oghan watershed basin.

i el g S alsb 5ol o . 5ol Lo e S
OIS TR ) _ SErN : )
Unweighted super matrixes — (m) o3l (m) J.5 o) m) sl (m) Aol 2l
e 0 0.07 0.07 0.07 0 0 0 0
Aspect
osls 5l dols
b Sl oo 0.23 0 0.27 0.18 0.83 0.2 1 0.45
distance from road
S 5l sl
S 0.09 0.15 0 0.72 0 0 0 0
distance from fault
= 0.67 0.76 0.64 0 0.17 0.78 0 0.45
Slope
O 0 0 0 0.62 0 0.77 0.48 0.62
Lithology
I3l aols
RO 0.32 0.78 0 0.08 0.63 0 0.32 0.15
distance from stream
5L
o 0 0 0 0 0.06 0.03 0 0.22
Rain
5| Y
e SR 0.66 0.2 1 0.29 0.31 0.19 0.19 0
Land use
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Table 4. Weighted super matrixes of effective factors on landslides in Oghan watershed basin.
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Rain
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Land use
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Table 5. Limited super matrixes of effective factors on landslides in Oghan watershed basin.

P Cer sl 5 b e Ol e e 5l alob Lo st Els
b ’ ~ SO P 5 _
Limited super matrixes <= (m) o5l (m) J.8 %) (m) asl | (m) 2k 20
= ) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Aspect
ol 3l ol
) 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
distance from road
$ 5l alols
Sl 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
distance from fault
s
i 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Slope
LISJJJJ;‘J 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Lithology
P PTWAE
) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
distance from stream
ol
. 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Rain
550 5y
eI G 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Land use

el 0el 0 IS5 5 Jsd 3 basls

Lol s o sle 0 olg oo sl o

Super )\f\(ﬁf B e.\.\lrrbu‘ CJLMABU: L

5 8 s sl sl Jsd= 5 Decisions

0.25
0.2
0.15
0.1
0.05 i
o | .|
iz 00l ekl Jus i akold ] S i a4l o el
Aspect  Distance from Distance from Slope Lithology  Distance from Rain Landuse
road fault stream

DUyl sul ad > 53 B3R g8 2 S Jel el alin Jls gei -0 IS
Figure 5. Comparison diagram between effective factors of landslide in Oghan watershed basin.
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Table 6. Weight of sub criteria on landslide in Oghan watershed basin.
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Abstract

Background and Objectives: Landslide is one of the most destructive natural events in steep
areas. Iran is exposed to natural hazards because of its geographical position, climatic and
geomorphological conditions, population increase, pressure on natural resources and land use
changes. Therefore, preparation of landslide hazards mapping is very important. So according to
landslide events reports of Oghan watershed basin in Golestan province, the aim of this research
was to map landslide hazards using Analytic Network Process model.

Materials and Methods: To map landslide hazard in Oghan watershed basin, maps of
effective factors were prepared by using of information sources, 1:50000 topographic and
1:100000 geological maps, rain statistics, aerial photos and satellite images. Then, these
information were completed by field surveying. After that, maps of the effective factors (such
as: slope, aspect, rain, distance from streams, roads and fault, land use, lithology and landslide
dispersion layer) were prepared by ArcGIS. In the second step, the weight of effective factors
were calculated by ANP model and applied to the information layers in the GIS environment.
Landslide occurrence map was prepared by overlapping the weighted maps. In the third
step, the accuracy of the map of landslide zonation was evaluated using the degree of
proportionality and index Density ratio.

Results: Identification results of 88 landslides with area of 181 ha and investigation of their
relationship with effective factors showed that most of landslides are located in lithological
units of shale, marl, bedded limestone, sandstone and quaternary deposits (Table 1).
Furthermore, results of elevation and slope layers assessment showed that most landslides
were happened at 15-30% slope. Landslide occurrence also had direct relationship with rain
increase and classes with 500-700 and more than 700 mm of mean annual precipitation had
considerable percent of landslide. Results of distance from road and stream showed that most
of occurred landslides are in distance less than 100 m from these features and it demonstrates
the role of mass taking from downhill via human or natural factors. Finally, assessment of
distance from fault showed that most of landslides are located in distance classes with more
than 400 m (Table 1).

Conclusion: The zonation results of ANP model in the Oghan watershed basin showed that
29 percent of the basin located in four classes is in high and very high hazard areas. Among
eight information layers, slop factor (0.215), lithology (0.182) and distance from the road with
weighted score (0.173) had the highest weight and gradient direction with the weight score
(0.018) had the lowest rank in the zonation. Evaluation of different classes of effective factors
also showed that the class with 100 m distance from streams with weight score (0.08), 15-15%
slope class with (0.078) weight score and 100-0 (m) distance class from the road with 0.068
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weight score had the highest weight scores. Overall, results of this model showed that the
convergence of factors such as slope, lithology and distance from the river as natural factors
along with the human factor, such as road construction, have a great influence on the hazards of
landslide. Finally, by studying the density rate of 88 landslide occurrence in the basin and its
upward curve and adaptation of the sliding zones with application of the degree of
proportionality of 69.7% on the high and very high classes in the final map, it can be concluded
that the ANP model has a good basis for zoning the occurrence of landslide hazards in the
Oghan watershed.

Keywords: Mapping, Landslide, ANP model, Oghan, Golestan province
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