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OTTPEAEAEHME U OLIEHKA MHAEKCA OTTACHOCTM OTTOA3HSI
B OBAACTU XAILLIAXMH (C.-3. IPAHA)

Abstract. We present a technique for hazard index as-
sessment that is used to prepare the landslide prediction map
of the Hashtjin area (northwestern region of Iran) at a 1:50000
scale. The proposed technique makes it possible to deter-
mine the degree of landslide hazard and assess the landslide
risks. It is established that landslides occur most often on
slopes composed of alternating waterproof and water-bear-
ing rocks. The displacement of large masses of soils or rocks
on a slope is most often caused by wetting the soils by rain
water. As the soils are filled with water and become heavy and
more mobile, they slide over the slopes. Although the action
of gravity is the primary driving force for a landslide to occur,
there are other contributing factors affecting the original slope
stability, namely, an increase in the steepness of the slope
due to washing away the soil; the weakening of strength of
rocks due to weathering, precipitations and groundwater; the
influence of seismic shocks; construction and economic activ-
ity. The volume of landslide damage depends on the reason
which gave rise to the landslide; in some cases it can affect
large areas. Landslide hazard analysis makes it possible to
establish the location of potential inclined slopes and to esti-
mate the volume of the landslide, its frequency and distance
traveled. To assess the landslide hazards, necessary data are
processed by a GIS. A GIS offers a superior method for land-
slide analysis as it allows one to generate landslide maps and
maps of likely occurrences of future landslides.

Key words: landslide, landslide hazard index, hazard as-
sessment, GIS, Iran.

AHHomauyus. B paboTte npeActasneHa npoleaypa oueH-
KW MHOEKCa OnacHOCTM, koTopast Oblna Mcnomnb3oBaHa Ans
COCTaBMEHNS KapTbl OMACHOCTW OMON3Hs B obnactu Xawpa-
xuH (C.-3. Wpana) B macwTabe 1: 50000. YcraHoBmneHo, 4to
Hanbonee 4acto OMoON3HM BO3HUKAIOT HA CKIMOHAX, CIIOKEH-
HbIX YepeayoLMMUCS BOLOYNOPHBLIMIA U BOSOHOCHLIMU MO-
pogamn. CMeLLeHWe KpYMHbIX Macc 3eMru UM nopoabl no
CKMOHY BbI3bIBAETCA B BOMBLUMHCTBE Clly4YaeB CMauMBaHUEM
Boxaesoit Bogon rpyHTa. O6bem yliepba oT 0nonsHs 3asu-
CUT OT MPUYMHBI €r0 NOPOAMBLLEN, B HEKOTOPBIX CIy4asx ero
nocneacTBUS MOTYT PacnpoCTpaHUTLCS Ha 6onbluve Teppu-
TOpUW. AHanN3 ONacHOCTEN OT OMOM3HS NO3BONUNA YCTaHO-
BUTb MECTONOIOXEHME NOTEHLMANbHbIX HAKIIOHHbIX CKITOHOB
U OLEHUTb 0OBLEM OMOM3HS, YacTOTy W PaccTOsHWA nepe-
melenns. [ns oueHku onacHoct B TVIC 6binu BBEAEHDI
HeobXxoanMble JaHHbIe.

Knrouesble cnosa: ononaeHb, MHAEKC OMAcHOCTH OMon3-
H8, oLeHka onacHocTu, MG, Upak.

Landslide hazard maps are an essential tool for assessing landslide risk and contributing to public
safety worldwide [4]. To determine landslide hazard in Hashtjin area (NW-Iran), an assessment is
needed of landslide intensity (or magnitude [6]), its frequency and likely runout distance [2]. Numer-
ous efforts have been devoted in the last four decades to develop landslide hazard maps [9].The goal
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of this paper is to present a simple procedure for
assessing landslide hazard index and consequent
mapping of Hashtjin area.

Materials and methods

The methodology involves the following
steps:

1- Compilation of a multitemporal landslide
inventory map, description and classification of
landslides was mainly based on the system of
Varnes [10].

2- Entery of landslide location data and slope
process interpretation into a GIS

3- Determination of landslide intensity and
runout distance. The landslide intensity (I,) has
been defined as a function of the landslide vol-
ume (v,) and of the landslide expected velocity
(s,), that is, I = f (v, s ). Frequency of landslides
in Hashtjin area has been classified as three class-
es. High frequency corresponds to recurrence in-
tervals of less than 40 years, moderate frequency
between 40 to 300 years, and low frequency when
landslide events may occur with recurrence pe-
riods higher than 300 years [3]. The following
equation can be used to describe the relationship
between landslide volume and runout length

[7]:

L =156V (1)
where Lmax is runout distance and V is the
volume of the landslide.
4- Definition and assessment of landslide haz-
ard index

Results

Hashtjin area, which occupies an area of
1645.84 km2, is located in the northwest of Iran.
Landslides are classified according to the types of
movements (Fig. 1).

The mapped landslides cover an area of 156.75
km?, which is 9.52% of the study area (Table 1).

Landslide intensity

The results of table 2 have been showed in
expected landslide intensity map on the base of
landslide magnitude classification. For the evalu-
ation of danger in the landslide zones, the inten-
sity of events is also introduced in a two-entry
matrix.

To this end, a simple ranking of intensity, ex-
pressed by the velocity of the process, was adopt-
ed, as shown in Table 3. Large landslide, the creep
cases excepted, are considered of having, at least,
moderate hazard because intensity is always high
[1].

Hazard index

Following the aforementioned procedure,
assessment of intensity (or magnitude) and fre-
quency for all landslide types has been carried
out at each landslides and landslide zones. From
each landslide source the downslope affected area
has been estimated. According to Corominas et
al. (2003) [1], as a result all cells have been classi-
fied according to the hazard matrix (Table 4).

At the final, the hazard index is represented
in the map, which is shown in Figure 2. This map
shows the hazard at the Hashtjin area for differ-
ent types of failures.

Discussion

The proposed method ascertains landslide
hazard in the areas of evolution of the existing
landslides, and for the various types of failures.
Landslide hazard classes have been estimated
by combining the value of landslide frequency
and intensity, in four classes, based on the esti-
mated landslide volume and the expected land-
slide velocity. The index expresses landslide
hazard, keeping distinct the tow components of
the hazard. It is worth noticing that values of the
landslide hazard index do not provide an abso-
lute rank of hazard level. The proposed method
complies with the existing and widely accepted
definitions of landslide hazard [5, 6 and 10] and
can be used to convert of landslide susceptibility
map to hazard map [8].
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Fig 1. The position of the region of study and landslides map
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Tab. 1
Frequency distribution and area of landslides with reference to their types
Type Frequenc Percent Cumulative Area (km?)
P 4 Y Percent
Flow 19 10.9 14.9 2.23
Landslide Rotational 19 10.9 25.7 3.64
Sliding Translational 74 42.3 68.0 9.27
Translational- Rotational 25 14.3 82.3 5.75
Creep 7 4.0 4.0 4.04
Landslide Unmappable slides 12 6.9 89.1 54.79
zone Widespread slides 16 9.1 98.3 71.12
Widespread-creep 3 1.7 100.0 5.88
Total 175 100.0 - 156.75
Tab. 2
Single landslides intensity, in four classes, based on the estimated
landslide volume and the expected landslide velocity
Expected landslide velocity
Estimated Description | Veryrapid to | Rapid translational | Slow translational Slow
volume (m?) . . . . .
rapid-moving | or translational- or translational- | rotational
flow rotational slides rotational slides slides
>5000 <50000 Small Slight (1)
> 50000 . . . . .
<250000 Medium Medium (2) Medium (2) Slight (1) Slight (1)
>250000 . . . . .
<1000000 Medium-large High (3) High (3) Medium (2) Medium (2)
>1000000 . . . .
<5000000 Very large Very high (4) High (3) High (3) Medium (2)
>5000000 Extremely large | Very high (4) Very high (4) Very high(4) High (3)
Tab. 3
Ranking of the intensity of landslide zones
Expected landslide velocity
Type of mass movement zones - -
Very slow Slow Rapid Very rapid
Unmappable zones Medium (2) High (3) Very high (4)
Widespread zones Medium (2) High (3) Very high (4)
Creep zones Slight (1) Slight (1)
Widespread and Creep zones Medium (2)
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Tab. 4

Index of hazard based on frequency and intensity of the landslide events

Frequency (return period —years)
Intensity Low Moderate High
>300 300-40 <40
Very high (4) Medium High High
High (3) Low Medium Medium
Medium (2) Very low Low Low
Slight (1) Very low Very low Very low
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Fig. 2. Maps of the index of landslide hazard zones, for old and recent sliding, flow and landslide zones
(High H.=17.14 (km?); Medium H.= 40.54 (km?); Low H.=94.40 (km?) and Very low H. = 4.66 (km?))

REFERENCES:

. Corominas, J., R. Copons, J., Manuel, A. Vilaplana,
J. Altimir and J., Amigé. 2003. Integrated Landslide
Susceptibility Analysis and Hazard Assessment in
the Principality of Andorra, Natural Hazards, 30:
421-435.

. David N. P, Gareth J. H. and Andrew H. 2005. To-
wards the Development of a Landslide Risk Assess-
ment for Rural Roads in Nepal, In: In: Glade, T, M.,
Anderson, M. J., Crozier (eds)) Landslide hazard and
risk. John Wiley & Sons Ltd, England, 597-619 pp.

. Fell, R,, J., Corominas, C., Bonnard, L., Cascini, E.,
Leroi, W. Z., Savage . 2008. Guidelines for landslide
susceptibility, hazard and risk zoning for land use
planning, Engineering Geology, 102, (3-4): 85-98.

. Glade T., Anderson M.G., Crozier M.J. (Eds.), 2005.

Landslide Hazard and Risk. Wiley, New York. 824 p.

. Guzzetti E, Cardinali M., Reichenbach P. and Car-

rara A., 1999a, Comparing landslide maps:a case
study in the upper Tiber River Basin, central Italy,
Environmental Management, 25(3), 247-363.

. Guzzetti F, Carrara A., Cardinali M. and Reichen-

bach P, 1999b, Landslide hazard evaluation: an aid
to a sustainable development, Geomorphology, 31,
181-216.

. Legros E, 2002, The mobility of long-runout land-

slides, Engineering Geology, 63, 301-331.

. Reichenbach, P,, M., Galli, M., Cardinali, F., Guzzet-

ti, E, Ardizzone. 2005. Geomorphological Mapping
to Assess Landslide Risk: Concepts, Methods and

Pasoen I. Buonoeus

73



Becmuux MI'OY. Cepus «Ecmecmeentvie Hayku». Ne 1 /2012

Applications in the Umbria Region of Central Ita- area, Lesser and Outer Himalaya, H.P, India. Bull.

ly. In: Glade, T, M., Anderson, M. J., Crozier (eds)) Eng. Geol. Environ., 67: 129-137.

Landslide hazard and risk. John Wiley & Sons Ltd,  10. Varnes D.]. and IAEG Commission on Landslides

England, 429-468 pp. and other Mass Movements, 1984, Landslide Haz-
. Sharma, M and R. Kumar. 2008. GIS-based landslide ard Zonation: A Review of Principles and Practice

hazard zonation: a case study from the Parwanoo (Paris: UNESCO Press), 63 pp.

74 Pasoen I. Buonozus





