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Extended abstract

Introduction

Identification of the areas prone to landslides and the risks arising from them is one of the primary measures
in natural resource management and development and construction planning. Considering the loss of lives,
financial losses and environmental effects, landslides have been one of the most important natural disasters
in the world and especially in our country, which every year plays an increasing role in the destruction of
communication roads, pastures, gardens, residential areas, cause erosion and produces a high volume of
sediment in the watersheds of the country. These issues have led to the use of data mining models in
geological and geotechnical studies. In recent years, the use of geographic information systems and remote
sensing along with machine learning methods has created a new step in landslide occurrence zoning and
landslide susceptibility maps with appropriate accuracy. The watershed of Karaj Dam is one of the areas
prone to landslides due to mountainous and rainy conditions and many construction due to suitable weather
conditions and non-standard road construction. The purpose of this research is to prioritize the factors
affecting landslides using the maximum entropy model (MaxEnt model) and to determine areas with
landslide susceptibility potential.

Materials and methods

The Karaj Dam watershed is located in the east of Alborz Province. The highest and lowest average annual
rainfall is calculated as 1099 and 608 mm, respectively. In this research, in order to determine the areas
with landslide susceptibility, among 11 factors affecting the landslide potential of the area, including height,
slope, slope direction, distance from waterway, lithology, rainfall, land use, topographic moisture index,
surface curvature, distance from the waterway and the distance from the road, the factors were selected and
tested for collinearity with the Variance Inflation Factor (VIF) test in SPSS software. From the total of 477
landslides, 70% were randomly classified as test data (334 points) and 30% as validation data (143 points).
In this research, the maximum entropy model is used. To determine the most important parameters, the
jackknife diagram and the Relative Performance Detection Curve (ROC) were used to determine the
predictive power of the model. Landslide points of the studied area were prepared from the database of the
General Directorate of Natural Resources and Watershed Management of Alborz Province and field visits.

Results and discussion

The results showed that there is no co-linearity between the used factors. According to the Jackknife
diagram, rainfall layers, distance from the road, lithology and land use were respectively the most important
factors influencing the occurrence of landslides in the study area. The relative performance detection curve
showed the accuracy of 90% (excellent) of the maximum entropy method in the training phase and 83%
(very good) in the validation phase. According to the final landslide susceptibility map, more than 35% of
the study area has high and very high landslide susceptibility potential.

* Corresponding author: omd.asadi@ut.ac.ir



2/ Watershed Engineering and Management Volume 16, Issue 1, 2024
DOI: 10.22092/1JWMSE.2023.357778.1960

Conclusion

According to the obtained results, it can be said that the MaxEnt model has a high ability to determine
landslide-susceptible areas, and due to the high speed and accuracy of the model, it is suggested that it be
used in similar research, especially in developing countries. The reason for the lack of facilities and
financial resources, as well as the time-consuming nature of identifying landslide sensitive areas, should be
used. In addition to natural factors, some human factors such as road construction play an important role in
the occurrence of landslides, and in order to reduce the relative risks, it is necessary to avoid changing the
ecosystem as a driver of natural disasters. In general, it can be stated that the watershed of Karaj Dam has
a high potential for landslide susceptibility, that most of the susceptible areas are located near roads, and
because there are many human interventions in these areas. Landslide sensitivity has increased. It is
suggested to combine geographic information systems with maximum entropy method in order to determine
areas with landslide susceptibility, especially in developing countries like Iran, where access to landslide
information and data is limited by time and cost. The results of this research can be used in decision-making
and preparation of provincial land as well as urban planning and will play a significant role in preventing
and reducing damage caused by landslides.
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A

i) £989 Commlias (saiuaiyy 9 Jolos (sauca sl

loul s )0 OA gl jlas 0 P ol oo 0 Y S

Doy T 81 See Cugb, asle e 0F
Sl 5 30,0 Y e g g auo 0 FY anl ] 5l alols

Ailosgy J1AF 30 5 ey ol (glyls bl oo

O Slp @lSs gl Jolb> mbos S

Lo yiel)ly 51 52 ot 5 05530 bl )y 0 et

QG axg baws e glas MaxEnt Jow gt jo )

oy VY ool alols sy YA Swb F S
3l akold w0 £F Lol (65,1 )0 FO 5595

aspect
dem
dis_fault
dis_road
dis_stream
landuse

lithology

Environmental Variable

plan
rain1
slope
twi

Jackknife of AUC for landslide

4 Without variable =
With only variable ®
- With all variables =

1

0.7
AUC

0.55 0.6 0.65

0.75 0.8 0.85

b sl et e Sz LS (905 5l ol b —F S
Fig. 4. Results of the Jackknife test to determine the most important factors

el Yo 3G 89 el wadioe Suo3
IS ol wo)d 5 Coluse ¥ ooz (uinen
b wesoe plas |y o) umles olib
ol Colise (308 @S bt Ao Sl
Oliae (pyciion Jawgie aib § dbg> mhw Gy V)
g ge Jolis 1) adgm gl aops T Jobes corlice

ly Go3dime; Comla gllo 3blie aii & IS

2285 ol bl w3 o0 0L £ S sl 09> o
shls anlas 5,50 adg> aigy 5l dwoye YO 5 Lo
aS el 0y (L g0l oy Comlae Janily
Oy & S 598 e ddg> (VL Sl oainglis

VRGN VI KV IRV EV-NP - I RCOW B S

TS d jiul 039> 50 (h3iinae) Colas Slib colus o y0 5 colus =¥ Jgux

Table 2. Area and percentage of landslide suscetibility classes in the watershed of Karaj Dam Watershed

Percentage of area Area (hectares)

Sensitivity class

11.13 9468.9
21.68 18444.6
31.28 26609.5
23.32 19839
12.59 10706.2
100 85068.3

Very low
Low
Moderate
High
Very High
Total
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Table 3. Area and percentage of landslide susceptibility area by sub-baisns

Very high High Moderate Low Very low Landslide classes
2 3 [ 5 @ )
5 ) ] ) ] £ 5
2 = 8 = g = 8 = 8 5 - Sub-watershed
= g < S < g < S < 5
o o o o ~
~ a ~ ~
3 1.39 1182 2.66 2263 3.76 3194 2.22 1887 0.18 154 Azadbar
9 0.71 604 1.41 1201 1.04 886 0.26 225 0.02 15 Kandovan
5 0.90 764 2.72 2313 3.29 2801 3.06 2600 433 3686 Varangeh
1 2.59 2207 332 2822 1.89 1612 0.79 673 0.30 252 Sira
4 1.47 1246 2.58 2198 2.80 2384 2.28 1936 1.26 1069 Velaiat river
6 0.75 641 1.67 1423 291 2473 1.63 1388 0.12 101 Kasil and Nessa
8 0.72 615 1.41 1203 1.87 1587 1.38 1172 2.09 1774 Tekiesepahsalar
10 0.73 622 0.93 790 1.13 964 0.62 528 0.11 94 Malik Faliz
7 1.10 940 1.26 1074 1.87 1593 1.72 1464 0.21 179 Nashtrood
12 0.12 103 0.23 195 0.76 645 1.14 967 0.58 495 Sirachal
11 0.58 498 1.01 856 2.10 1787 2.67 2273 1.50 1273 Varian
2 1.49 1268 4.13 3510 7.91 6726 3.71 3154 0.23 195 Shahrestanak
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Fig.5. Position and prioritization of sub-watersheds to landslide susceptibility mapping
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