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Figure 1- Geographical location of the study area

45°320° 45°4030°E 45°490°E 45°5730° 46°60°E 46°1430"
A z
3| —anux 34
g 8
5 - 0 3

et 2l &

— ek

EJECERNE

R R R SR

i S-S

_\ wdisg, fs Den iy

ey =
| sy ks
3 > 5
g 3
z 2
§_ B s ) ek s E
g | Sy a3 5 : :‘,f)
45°320°E 45°40'30°E 45°490"E 45°5T30°E 46°6'0°E



http://geographical-space.iau-ahar.ac.ir/article-1-4203-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 10:00 IRDT on Saturday July 4th 2026

v 505 45 sla s b a2 e L) o

45"49'0"E 46“0"0"E 46’29‘0"E 46“49'0"E

Laal,

—_— LR

—_— = LR

- de &

== il L8

e ol 55 S8
oS

R e
B o gl

[Adas ) fow B Sass

33“49'0"N
T
33°40'0"N

I et 3

L (oe58) s i 35
[P

I () s et 5 jes
. -

1 ] 558 s

-I T

T ] (o ptl) oo
T (o) i e

33°20'0"N
T
33°20'0"N

-——
0 37575 15 225

45°400°E 46°0'0°E 46°200°E 46°400°E

.Y(Jl,g.a_,;hj dk@ Nl e grjh.ﬂ s e o .ol Jif"-’f"“"“g"s s s 1l andlan 5 9o dilate wlid ey a2 Y SS

Figure 2- Geological map of the study area. A: Tang Hamam and Sarpol Zahab basins. B: llam, Mehran 1, Saleh Abad and Mehran
2 basins.
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Table 1- Morphometric indicators and drainage network indicators of watersheds
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Figure 3- Drainage ordering map of the basins of the study area. A: Tang Hamam. B: Alvand. C: llam. D: Mehran 1. E: Saleh Abad. C:
Mehran 2.
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Figure 4- Images of landslides investigated in the study area. A and B: Evidence of landslide occurrence including large rock fragments
(Bazmirabad village landslide, Sarpol Zahab) and fissures and ruptures (Melleh Kabud landslide, Shahneshin mountain slope, Sarpol Zahab). P
and T: Redirection of waterways by landslides (west and south llam county landslides). C and J: View of an old landslide in the southern part of

Ilam province, Marboreh village.

Table 2- Indices of the watershed area and landslides
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Table 3 - Relationships between quantitative characteristics of drainage networks and landslides

A S LA LD Aa Dd Dd1 Df | NI/N Rb R
A 1
S| 0.462 1
LA -0.3 | -0.501 1
LD | 0.231 | -0.087 | 0.625 1
Aa | 0243 | -0.144 | 0.731 | .909* 1
Dd | 0.243 | 0.036 | -0.572 | -0.186 -0.1 1
Ddl | -.906* | -0.292 | -0.084 | -0.469 | -0.467 | 0.126 1
Df | -0.054 | -0.123 | -0.427 | -0.219 | -0.102 | .951** | 0.389 1
N1/N | 0.092 | -0.235| -0.281 | -0.505 | -0.185 | 0.687 | 0.157 | 0.708 1
Rb | -0.041 | 0.244 | -.842* | -0.533 | -0.808 | 0.293 | 0.303 | 0.219 | -0.083 1
R | 0.767 0.16 | -0.647 | -0.237 | -0.213 | 0.624 | -0.503 0.38 | 0511 | 0.345 1
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Figure 6- Diagram of the relationships between quantitative characteristics of drainage networks and landslides. A: Relationship between
landslide density (LD) and drainage network hierarchical anomaly (Aa). B: Relationship between landslide area to basin area ratio (LA) and
branching ratio (Rb).
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Analysis of the relationship between landslides and drainage network indices
(Case study: six drainage basins in the Folded Zagros)
Forouzan Naseri', Shahram Bahrami?, Alireza Salehipour Milani®, Mohsen Ehteshami-
Moinabadi*
Abstract
The drainage network is one of the factors affecting the occurrence of landslides and, by
controlling the concentration of runoff and surface erosion, has a significant impact on the
stability of slopes and the occurrence of landslides. This study aimed to analyze the spatial
relationship between drainage network indices and morphometric characteristics of watersheds
and the occurrence of landslides in basins from the llam-Kermanshah area in the Zagros Folded
belt in western Iran. For this purpose, using a digital elevation model with a resolution of 12.5
meters and 1:50,000 topographic maps, watersheds and drainage networks were extracted in
Global Mapper, Google Earth, and Arc Hydro software. Also, in order to extract and locate 322
landslides, satellite images available in Google Earth, spatial analyses in ArcGIS, and field
observations were used. Then, the relationship between the drainage network hierarchical
anomaly index (Aa), drainage density (Dd), drainage density of 1st-order streams (Ddl),
drainage network frequency (Df), ratio of the number of first-order stream's to the total number
of stream's (N1/N), stream's bifurcation ratio (Rb) and bifurcation index (R), ratio of landslide
area to basin area (LA), and landslide density (LD) of the basins were calculated and analyzed.
The results showed that the distribution of landslides is a function of a complex interaction
between the tectonic structure, the geometry of the drainage network, and the hydrological
characteristics of the basins. The drainage network hierarchical anomaly (Aa), drainage density
(Dd), and stream's bifurcation ratio (Rb) had the highest correlation with the density of
landslides, while the drainage density of 1st-order streams (Dd1l) and drainage network
frequency (Df) were also effective in increasing the instability of slopes. These findings indicate
that the analysis of drainage network morphometric indices can be used as an effective approach
to define and evaluate landslide-prone areas.
Keywords: Landslide, Drainage Network Morphometric Indexes, Hierarchical Anomaly, llam,
Zagros

Introduction

Landslides are one of the important geomorphological processes that extend from mountain
slopes to low-sloping hills, as an erosional process, they cause major changes in the shape of the
land and its surface roughness. The impact of landslides is felt not only on steep slopes, but also
where movement penetrates river channels and changes conditions upstream and downstream. In
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fact, landslides have a wide variety of effects on drainage networks and can reduce the width of
valley floors and river channels and increase the height of the riverbed. Rivers and their
tributaries are the key features of a drainage basin. Drainage networks are very sensitive to
geomorphological and tectonic changes and are among the first elements to react to deformations
and discontinuities in the ground. In fact, analysis of drainage networks is an efficient tool for
interpreting topographic evolution, and the configuration and evolution of drainage networks is a
direct reflection of geological dynamics, internal earth activities, and climate changes.
Accordingly, quantitative investigation of the relationship between landslides and drainage
networks can provide a deeper understanding of the internal dynamics of the basin and the
instability behavior of slopes; especially drainage network anomalies can reflect the occurrence
of slope instabilities and the concentration of landslide processes. Therefore, in this study, the
relationship between drainage network indices and landslides in six watersheds in the Folded
Zagros belt in western Iran has been evaluated.

Materials and Methods

In this study, watersheds and drainage networks were first mapped using a digital elevation
model with a resolution of 12.5 meter and topographic maps at a scale of 1:50,000, in Global
Mapper, Google Earth, and Arc Hydro software. Also, in order to extract and locate landslides,
satellite images available in Google Earth and spatial analyses in the ArcGIS environment were
used. Then, through field visits to the study area, examples of landslides were studied on a case-
by-case basis, and landslides taken from satellite images were verified. Next, SPSS software was
used to evaluate the relationship between landslide occurrence and sub-basins and streams. Then,
the relationship between the drainage network hierarchical anomaly index (Aa), drainage density
(Dd), drainage density of 1st-order streams (Dd1), drainage network frequency (Df), ratio of the
number of first-order stream’s to the total number of stream's (N1/N), stream's bifurcation ratio
(Rb) and bifurcation index (R), ratio of landslide area to basin area (LA), and landslide density
(LD) of the basins were calculated and analyzed.

Discussion

Analysis of drainage network indices and morphometric characteristics of basins in the study
area showed that the landslide distribution pattern is the result of the interaction between the
tectonic structure, drainage network geometry, and hydrological characteristics of the basins,
rather than being a function of a single factor. The anomalies in the drainage network and the
differences in the density of watercourses indicate that the studied basins have different
conditions in terms of dynamics. Evaluation of drainage network morphometric indices,
including the Aa, Dd, Dd1, show that areas with higher drainage network anomaly and lower
drainage density (Tang Hamam basin with the highest value of hierarchical anomaly index 2.15
and the lowest value of drainage density 2.49) concentrate more surface runoff and are more
prone to landslides (the highest value of LA in Tang Hamam is 23.69 percent). Also, examining
the Df and N1/N indicates that the drainage network is young and active in all basins. This
tectonic activity increase surface erosion along the slopes, thereby providing suitable conditions
for landslides. The R and Rb also indicate that tectonic activity plays an important role in the
formation of the drainage network. So that the deviation of the network from the balanced state
is usually accompanied by the concentration of landslide occurrence and increased slope
instability. In general, the combination of youth and activity of the drainage network, drainage
density, hierarchical anomaly, tectonic activity, and terrain structure are the main determining
factors in the distribution and intensity of landslides. The negative relationship between basin
area (A) and Dd1 indicates that in larger basins, drainage networks have lower density, and this
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can be related to increased surface permeability and reduced surface flow concentration. Also,
the negative relationship between the LA and Rb indicates that greater complexity of the
drainage network can cause runoff dispersion and reduce the concentration of forces on the
slopes. In other words, the structure of the drainage network itself acts as a controlling factor on
the stability of slopes. The positive relationship between LD and Aa indicates that landslide areas
are associated with anomalous drainage networks. This study indicates the coordination between
the development of watercourse networks and landslide processes and highlights the importance
of combining hydrological and morphometric indicators in landslide risk analysis.

Conclusion

The results of this study showed that the distribution of landslides is the result of a complex
interaction between the tectonic structure, the geometry of the drainage network, and the
hydrological characteristics of the basins in the study area. The findings emphasize that the
drainage network hierarchical anomaly (Aa), drainage density (Dd), and drainage density of 1st-
order streams (Dd1), stream'’s bifurcation ratio (Rb), and drainage network frequency (Df) are the
key and main indicators that are most closely related to the distribution and frequency of
landslides. The positive and negative relationships identified between these indices and landslide
density indicate that the drainage network not only directs surface flow paths, but also plays an
important role in controlling slope instability. Also, indices such the drainage network
hierarchical anomaly (Aa) and the stream's bifurcation ratio (Rb) can be used as sensitive indices
for assessing landslide-prone areas and risk analysis, while drainage density and stream density
indicate the degree of runoff concentration and the intensity of hydrological activity of basins.
Overall, the results of the study show that a comprehensive assessment of morphometric
indicators and drainage network of basins can play an effective role in better understanding
landslide processes, identifying vulnerable areas, and planning landslide risk management.
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