
Landslide Hazard and Risk IVIapping Procedures: Case 
Study from Parts of Ravi Catchment, Himachal Pradesh

V.K.Sharma*

Abstract

Landslide Hazard and Risk Mapping (LIHRM) is multivariate and complex problem in mountainous 
environment. Landslide Hazard mapping has been significantly developed over past decades 
but framework for risk mapping are rarely the end product. The process of landslide risk estimation 
integrates the hazard levels with specific element or set of elements at risk etc. The paper evolves 
a procedure of a qualitative hazard and risk mapping in mountainous environment.

Identification of potential hazard zones, nature of the hazard, projected velocity and run-out 
distance are the primary steps involved in the LHRM. The quantification of the hazard may be 
obtained by either numerical weightings or by calculation of posterior probability while the 
quantification of consequences associating with the degree of losses (life, property and infrastructure 
etc), though difficult, can be evaluated in general terms. Three set of elements of risks have been 
outlined for the purpose viz. Risk to life (Grade-1), Social (Grade-2) and Infrastructure (Grade-3). 
For each grade a numerical adjustment rating (1 to zero) has been assigned.

The risk levels are determined by expressing hazard frequencies( Numerical ratings or probability 
values) multiplied with an assigned value of elements of risk in order to qualitatively classify the 
area with varying categories of risk levels such as Very High, High, Moderate, Low and Very Low, 
depending on the range of values.

A case study of LHRM has been presented based on the evolved approach to classify the terrain 
into five risk levels due to the threat of landslides. The LHRM may be of immense use for making 
quantitative or alternative decisions for the management of the landslide hazard and infrastructural 
planning for sustainable growth.

Introduction
Landslides, like other natural hazards are 
often unpredictable and have potentially 
damaging consequences. In simple terms, 
landslide hazard can be depicted as potential 
process of earth material to produce damage 
because of its im pact characte ristics , 
magnitude and frequency with which it occur. 
Landslide presents threat to life and livelihood 
throughout the world ranging from minor 
disruption to catastrophe. A  spatial and 
temporal analysis of the threat of landslide 
is difficult to determine accurately because 
of variable factors responsib le for their 
occurrences and areas exposed for risk.

Numerous approaches for spatial landslide 
susceptib ility  and hazard mapping are 
available in different parts of the world, 
however, identification of risk, risk estimation 
and risk mapping is an emerging trend of 
research. The present paper deals with a 
preliminary procedure to prepare a qualitative 
Landslide Hazard and Risk Map (LHRM) on 
macro-scale. The procedure is performed in 
two stages viz. hazard mapping and risk level 
identification depending upon the set or set 
of elements at risk in a specific terrain. The 
general principle of hazard and risk mapping 
are outlined along with a case study of the 
procedure in Himalayan geo-environment.
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Fig. 1; Concept of risk analysis (Alexander, 2002)

EXPOSURE

Landslide hazard mapping framework

Landslide hazard as defined by Varnes (1984) 
mean the probability of occurrence within a 
specific period of time and within a given area 
of a potentially damaging phenomenon. 
Landslide susceptibility as used in many 
mapping procedures (Brabb et al., 1972) 
corresponds to hazard by equating spatial 
probab ilities to temporal p robab ilities. 
Guzzetti et al. (1999) preferred the definition 
to include the magnitude of the event, i.e. 
the area, volume and velocity or momentum 
of the expected landslide. Landslide hazard 
mapping has been significantly developed 
over past few decades with number of different 
procedures, p ractices and m odels for 
identifying promising grounds for spatial 
prediction. Examples of the application of 
quantitative techniques to landslide hazard 
mapping were presented by Carrara (1989) 
in Italy where multivariate models were 
portrayed for predicting potential slope 
failures. Liener et al. (1996) proposed a rule 
based procedure to locate landslide prone 
areas.Mejia-Navarro and Garcia  (1996) 
presented an Integrated Planning Decision 
Support system , for hazard based on 
G eograph ic Information System  (GIS) 
platform and graphic user interface. In this 
approach, landslide hazard was computed as

weighted summation of ratings assigned to 
natural physical factors. Clerici et al. (2002) 
proposed a p rocedu re  for lands lide  
susceptibility zonation based on conditional 
probabilities. Leroi (1996) reviewed several 
landslide related maps production in France 
such as P E R  (P lan s  for Exposu re  to 
predictable natural Risk). G lade (2001) 
proposed an approach for a comprehensive 
natural risk assessment. In addition, number 
of different approaches to Landslide hazard 
evaluation reviewed by Soeters and Van 
W esten (1996), D isperati et a l.(2002) 
preferred to use s ta t is t ica l approach 
proposed by Chung and Fabbri (1993). 
Z E R M O S ( Zones  Exposed  to R isk  of 
M ovem ents o f the Su rface ) mapping 
procedure has been developed and applied 
since 1970 in France. These maps have 
a lw ays in tended to cove r a ll terra in  
instabilities including landslides. The maps 
are synthesizing and built upon a number of 
specific attributes like slope, lithology, 
structure etc. The defined hazard level, thus, 
are relative and only valid for particular map 
area. The maps of this type have also been 
created by Brabb et al. (1972), the concept 
has been applied and procedure has been 
extended by Nilson et al, (1979). The maps 
have been prepared through a combination 
of nature of ground, slope, climate, and



Table 1; Landslide hazard levels according to 
range of TEHD values.

Zone

II.

III.

IV.

V.

T E H D  V A L U E

<3,5

3.5-5,0

5,1-6,0

6,1-7,5

>7,5

D ESCR IPTIO N  O F  Z O N E

Very Low Hazard Zone 
(VLHZ)
Low Hazard Zone (LHZ)
Moderate Hazard Zone 
(MHZ) _____
High Hazard Zone (HHZ)
Very High Hazard Zone 
(VHHZ)

inventory maps and a subjective assessment 
of various attributes.

Chung, et al., (1999) and Sharma, (1996) have 
used landslide inventory for probabilistic 
landslide hazard quantification. Guzzetti et 
al., (op.cit.), while assessing landslide hazard 
at basin scale, incorporated the magnitude 
of the event (i.e. landslide size) in the 
definition of hazard. Ideally, the Landslide 
hazard mapping incorporates the concepts 
of location, time and size. To complete a 
hazard a sse ssm e n t and m apping the 
following questions needs to be thrashed out-

‘where’ a landslide will occur (probability 
of landslide susceptibility)

‘when’ or how frequently it will occur, 
(temporal probability)

‘How large ’ the landslide would be 
(probability o f a landslide of a particular 
size)

In the present framework of Landslide hazard 
mapping, the hazard levels are described by 
a scale from VHHZ to VLHZ which combines 
the intensity of the danger and spatial 
proneness according to numerical rating of 
set of parameters (BIS; IS: 14496 (part-2);
1998) viz. litho logy, structu re , s lope 
morphometry, relative relief, land use and 
land cover and hydro geological conditions. 
A detailed evaluation of Landslide Hazard 
Evaluation Factor (LHEF) rating scheme 
showing num erica l w eightings of sub
categories of all the causative factors has 
been made for each facet identified on 
topographical map of 1:50,000 scale. The

total estim ated haza rd  (TEH D) of an 
individual facet (Tab le l) has been obtained 
by adding the ratings of the individual 
causative factors.

Landslide risk assessment

The concept of risk

The most complete definition of risk is given 
by Varnes (1984) as “the expected number 
of lives lost, persons injured, damage to 
property and disruption of economic activity 
due to a particular damaging phenomenon ( 
such as landslide) for a given area and 
reference period”. This definition is relatively 
easy to put into p ractice  when risk is 
evaluated for a single landslide in a given area 
and time. D ifficu lties a rise s  when risk 
analysis is done for larger area, consisting 
of more than one hazard zones.lt is, indeed, 
very difficult to locate exactly the element at 
risk versus the possible locations of the 
landslides (van Westen et al., 2006).

In general, risk is represented as a product 
of Hazard (expressed as probability of 
occurrence within a reference period), and 
Vulnerability of a particular type of element 
at risk and Element at risk. The methods 
used for risk analysis can be grouped into:

(i) Qualitative methods, where probability 
and losses expressed in qualitative 
terms:

(ii) Sem i-quantita tive methods, where 
indicative probability, qualitative terms, 
and

(Hi) Q uantita tive  m ethods, in which 
probability and losses are quantified

Risk, thus, is a measure of the probability 
and severity of loss to the elements at risk, 
usually expressed for a specific unit area, 
object or activity, over a specified period of 
time. Two ba s ic  pa ram eters in risk 
assessment, therefore, are important viz., 
the element at risk (E) and its vulnerability 
(V).

Vulnerability is defined as the degree of loss



on specific element or group of element at 
risk due to natural phenomena (Such as 
landslide in present context) of a specific 
intensity. Vulnerability can be estimated for 
individual structures, for specific sectors or 
for selected geographic areas (e.g., areas 
with the greatest development potential or 
a lready developed areas in hazardous 
zones.) The vu ln e rab ility  shou ld  be 
expressed by a scale starting from 0 (no body 
loss or ‘Zero loss’) to 1 (total loss or 100% 
loss) and is a function of intensity of the 
phenomena and typology of element at risk. 
Formally the vulnerability concept should be 
expressed in terms of dependent probability 
(E in ste in , 1988). The a sse ssm en t of 
vulnerability is somewhat subjective and 
largely based on h istoric records. The 
lands lide  risk is gene ra lly  ca lcu la ted  
separately for life and property.

Elements at risk and risk 
determination

Elements at risk refer to the population, 
buildings, civil engineering works, economic 
activ ities, public serv ices, utilities and 
infrastructure, etc., which are at risk in a 
given area. Generally ail valued attributes 
threatened by the landslide hazard are the 
elements at risk. Emphasis is mostly given 
to buildings, population and infrastructure. 
Data co llection  techn iques for a rapid 
inventory of elements at risk generally use 
high-resolution images, topographical maps 
and result in the generation of multipurpose 
elements at risk databases. Each of the 
elements at risk has its own characteristics, 
which can be spatial or temporal. A  correct 
and exhaustive exposure map should contain 
the inventory of all settlements, infrastructure 
elements, land use type and people exposed 
at risk. The value of element at risk can be 
expressed In terms of number or quantity of 
exposed element (i.e. number of persons, 
buildings) or in terms of exposed area or in 
monetary terms.

The next step in the analysis of risk is the 
quantification of the vulnerability of the

elements at risk, which is achieved by making 
an assessment of the degree of damage that 
may result from the occurrence of a landslide 
of a given type and volume. The estimation 
of the possible degree of damage should be 
based on damage relations, also called 
vulnerability/fragility curves derived from 
historical damage inventories.

The quantification of the amount to be 
included for the elements at risk could be in 
terms of monetary values (although this is 
often not required) or in the number of 
buildings or persons affected. The integration 
of all specific risks for all landslide types and 
volumes and all elements at risk results 
theoretically in the total risk

In the proposed fram ework for LHRM  
procedure, the e lem en ts of risk are 
categorized into three grades depending upon 
the importance of elements at risk. Three set 
of elements of risks have been outlined for 
the purpose viz.

-Risk to life (Grade-1),

-Social (Grade-2) and

-Infrastructure (Grade-3).

The elements in Grade-1, people exposed to 
risk and the structures that directly affect the 
life are placed. The Grade II covers the 
elements that are associated with lifeline 
features such as connecting roads, schools, 
Offices, electric lines, critical bridges etc. The 
remaining elements such as infrastructure 
buildings, forest roads, land use with forest 
cover etc. are placed in Grade-Ill. For each 
grade a numerical adjustment rating (1 to 
zero) has been assigned. Thereafter, the 
elements or set of elements at risk have been 
assessed with reference to particular surface 
area subject to land sliding. This varies 
depend ing  upon land use and s lope 
morphological characters of the terrain.

Risk mapping

Landslide risk is fundamentally a product of 
hazard and vu lne rab ility , these two 
phenomenons can be managed in mutually



varying proportions (Fig.1). It is difficult to 
separate vulnerability from hazard and risk 
as these concepts are interwined in complex 
ways (Alexander, 2002). Hence, it is difficult 
to design a standard all-embracing method 
of assessing vulnerability to landslides based 
on asset recognition and estimating potential 
death toll and cost of damage.

Landslide risk assessment and management 
comprises the estimation of the level of risk, 
deciding whether or not it is acceptable and 
exercising appropriate control measures to 
reduce the risk when the risk level cannot be 
accepted (Ho et al., 2001). It requires the 
number of issues to be addressed such as 
(a) Probability of landslides (b) Run-out 
behavior of landslide debris (c) Vulnerability 
of property and people to landslide(d) 
Landslide risk to property and people and (e) 
Management strategies and decision-making 
(Dai etal., 2002).

The risk levels, in the present framework, are 
determ ined by exp re ss in g  hazard 
frequencies( Numerical ratings or probability 
values ) multiplied with an assigned value 
of elements of risk in order to qualitatively 
classify the area with varying categories of 
risk le ve ls  such  as Very High, H igh, 
Moderate, Low and Very Low, depending on 
the range of values.

Landslide Hazard and Risk IVIapping 
(LHRM) in parts of Ravi catchment

Landslide Hazard and Risk Mapping (LHRM) 
has been carried out on 1:50000 scale 
covering about 10Osq km area encompassing 
the Baira-Siul dam project which is located 
on river Baira-Siul, a tributary of Ravi river, 
about 46km north of Cham ba town on 
Chamba -T isa  road.The LHRM involves the 
spatial assessment of the terrain to delineate 
areas of potential landslide risk of varying 
magnitude depending on the elements of 
risks. The app roaches  for hazard 
assessment studies, in general, comprise 
either rating of relative degree of hazard or 
calculation of absolute level of hazard; 
however, in the present case, a numerical

weightage scheme adopted by Bureau of 
Indian Standard that by and large use rating 
of several components has been used to 
prepare a hazard zonation map.

Geologically, the rocks of study area expose 
a wide assemblage of rock formations ranging 
in age from late Proterozoic to Triassic ( 
Aggarwal and Kumar, 2004, Sharma,2008 
etc). These are grouped into lower and upper 
sequences; the lower rest over the Bhalai 
Formation of Proterozoic age. The Bhalai 
Form ation con s is tin g  state, phyllite , 
schistose quartzite and schist is conformably 
overlain by the Chamba Formation, Manjir 
Formation and Katarigali Formation. The 
Cham ba Formation cons is ts  mainly of 
phyllites and sch ists, Manjir Formation 
consists of grey and purple slates that at 
places has pebbly horizon and Katarigali 
Form ation is rep resen ted  by s la tes, 
ca rbonaceous sh a le s  and bands of 
lim estone. The upper sequence  is 
represented by black shale/slate of Salooni 
Formation and Saho volcanics. The Salooni 
Formation is overlain by Kalhel Formation 
(Triassic) that forms the youngest formation 
in the area. The entire stratigraphic sequence 
is regionally folded into a major syncline 
referred as ‘Chamba syncline’ with NW-SE 
trending axial plane.

Landslide Hazard and Risk Mapping (LHRM) 
has been carried out in two stages:-

Stage-I (Hazard estinnation)

The study involved preparation of different 
composite factorial maps on 1:50,000 scale 
such as slope facet map, lithological map, 
land use and land cover maps incorporating 
data on the contributory factors viz. slope 
parameters including their orientation and 
in c lina tion , re la tive  re lie f, structura l 
conditions, rock outcrop and soil cover, 
hydrological conditions. Facet wise details 
of all these contributory factors have been 
prepared for a ss ign in g  Land Hazard 
Eva lua tion  Facto r (LH EF ) rating 
(Sharma,2008) for each factor as per BIS 
(op.cit). For the purpose of initially following



Fig. 2: Slope Morphometry map.

composite factorial maps on 1:50,000 scales 
were prepared.

(a) Slope morphometry map

The slope morphometry map is the base map 
for preparation of landslide zonation map of 
the area. The map defines various slope 
categories of the study area and has been 
prepared by demarcating slope facets on the 
Survey of India toposheets of 1:50000 scales 
(Fig.2) by dividing topographical sheet into 
smaller facet. The slope facets are generally 
delimited by ridges breaks in slope, streams 
and spurs etc. In all 132 slope facets are 
identified and for each the maximum slope 
angle and slope direction have been worked 
out. The distribution pattern of slopes indicate 
that 54% slopes are in the range of 26°to 35° 
inclination 24% in 16° to 25° inclination and

20% of slopes in 36° to 45° range and 
remaining 2% have slopes more than 45° 
inclination.

(b) Relative relief

The relative relief value of each facet was 
determined and corresponding LHEF rating 
has been assigned. The facets with more than 
300m, 101m to 300m and less than 100m 
have been awarded corresponding ratings 
ofI.O, 0.6 and 0.3 respectively. The area 
generally has high relative relief with majority 
of facets having relief of more than 300m.

(c) Lithological map

The response of lithology to the processes 
of weathering and erosion is the main criteria 
in awarding the rating of lithology. The



important bedrock lithologies exposed in the 
area are slate, shale, phyllite and quartzite. 
The slates and phyllites of the Chamba 
Formation and Manjir Formation have been 
grouped as Type lll'as per BIS norms and 
acco rd ing ly  a rating of 1.2 has been 
awarded.The moderately weathered quartzite 
of the Chamba Formation has been given a 
value 0.6 after making correction  for 
weathering.

The area is also occupied by overburden 
material which is generally Older debris 
deposits (Rating 1.2) with an estimated 
depths ranging from less than 5.0m, 6.0-1 Om, 
11-15m and 16-20m with corresponding 
LEHF ratings as per BIS.

(d) Structure

The structural discontinuity in relation to the 
slope angle and d irection has greater 
influence on overall stability condition of the 
area. The s tru ctu ra l data have been 
superimposed on the lithological map and 
observed structural details are plotted on 
stereo net and preferred orientation and 
possible failure mode (planar or wedge) is 
obtained for the facets occupied by bedrock. 
The structural discontinuities evaluated for the 
purpose of facet wise projection strike in (i) 
N 2 rE - S 2 rW  dipping vertically (ii) N29°E-

S29°W dipping 78°NW (iii) N50°E-S50°W 
dipping39° NW (iv) N02°W-S02‘’E dipping 
25°SW and (v) N43° E-S43°W dipping 46°NW. 
Three types of structural relations with slope 
parameters (maximum slope angle and 
direction) are studied and numerical ratings 
for each of the situations in either planar or 
wedge mode eva luated . The spec ific  
situations are (i) the extent of parallelism 
between directions of discontinuities and 
slope, (ii) Steepness of discontinuities and 
(iii) difference in dip of discontinuities to the 
inclination of slope.

(e) Hydro-geological conditions

The hydro-geological conditions of the area 
show that southeasterly portion of the area 
is generally wet as manifest by the presence 
of springs and perennial streams (wet and 
flowing conditions). The areas with old 
springs, zones prone to toe erosion close to 
streams has been considered as wet ground 
and areas of flowing springs assigned the 
highest rating of the category. Facet wise 
evaluation of the flowing, dripping, wet. damp, 
and dry condition is made with corresponding 
ratings 1.0,0.8,0.5,0.2 and 0.0 respectively. 
An overlay of a composite factorial map has 
been prepared for assigning the LHEF ratings 
of the causative factors.

(f) Land Use and Land Cover map

Land use pattern and land cover of a terrain 
is indirect indications of the stability of hill 
slopes as the roots of plants penetrates 
throughout the soil and increase their shear 
strength. A land use and land cover map was 
prepared and area divided into five categories 
viz. Agriculture land/populated flat land, 
thickly vegetated moderately vegetated, 
sparsely vegetated area and barren land with 
corresponding ratings as 0.6,0.8,1.2,1.5 and 
2.0. In general, the land use pattern of the 
area suggests that northwest portion of the 
area is thickly vegetated with pockets of 
barren land. The agricultural land/populated 
area is confined mainly in eastern and 
northeastern zone. The southeastern part of



the area is largely barren rocky zone with 
thick vegetation cover. The slope facet map 
is superimposed on Land use map to assign 
LHEF rating scheme to the individual facet.

A  landslide incidences map (Fig.3) depicting 
all the major and minor landslide in the area 
have been prepared

A detailed evaluation of Landslide Hazard 
Evaluation Factor (LHEF) rating scheme 
showing numerical weightages of sub
categories of all the causative factors has 
been made for each facet identified on 
topographical map. The total estimated 
hazard (TEHD) of an individual facet has been 
obtained by adding the ratings of the individual 
causative factors obtained from the LHEF

scheme. Facet wise distribution of the total 
estimated hazard values in the area facilitates 
spatial classification of the terrain into five 
zones viz. Very High hazard (VHH), High 
Hazard (HH), Moderate Hazard (MH), Low 
Hazard (LH), and Very low Hazard VLH) 
corresponding to the values more than 7.5, 
7.5to 6.1, 6.0 to 5.1, 5.0 to 3.5 and less than 
3.5 respectively (Fig. 4)

Stage-ll (Risk mapping)

Risk estimation has been carried out in a 
qualitatively manner by considering hazard 
zones as deduced from the hazard Zonation 
mapping, elements at risk falling in the 
spec ific  hazard zone and by synoptic 
evaluation of run out distance, possible



velocity and material type etc associated with 
landslide/s in the area. A  full risk analysis, 
therefore, involves consideration of all 
landslide hazards zones (e.g. large, deep 
seated landslides, smaller slides, boulder 
falls, debris flows etc.) and all the elements 
at risk. Maps portraying different grades of 
elements at risk in specific slope facet have 
been prepared (Fig. 5).

Individual risk for the persons most at risk 
(elements of risk of Grade-1 type) due to 
landslide phenomenon are qualitatively 
assessed facet wise by considering hazard 
categories values( weightings) and element 
or elements at risk. The elements at risks of 
grade-1,11 and III have been assigned 1.0, 0.75 
and 0.5 respectively depending upon the 
severity of the risk involved in a specific grade. 
T For example. In case of high hazard 
category with grade -I (Numerical weighting

=1.00) element at risk, the risk level would 
also be high( risk value 7.6 to 10). A model 
calculation is given in Table 2 along with the 
general guidelines for the implication and 
definitions (Table 3).

The total risk (summing the individual risk of 
all the persons affected by the landslide 
hazards) for total risk (whether for property 
or for life) the risk for each hazard for element 
is summed up. Risk evaluation is, thus, the 
process of determining the significance of a 
risk to the ind iv idua l, o rgan iza tion  or 
community in a specific facet.

The ranges of values are categorized into five 
risk categories viz. very high, high, moderate, 
low and very low as per table 3 (Fig. 6).

Conclusions

The Hazard and Risk mapping evaluation are

E S S G R A D E  -  TL



Table 2: Facet wise model calculation of hazard, elements at risk and risk levels.

F a c e t  w is e  
h a z a r d  

c a te g o r y

R a n g e  o f  

W e ig h t in g s

E le m e n t s  a t  r is k  w i th  g r a d e  
w e ig h t i n g s

R is k  v a lu e s R is k  c a te g o r y

G rade-1 G r a d e - l l G ra d e - I l l

V H H Z 7.6-10 .00 1 7 .6 - 1 0 V e r y  H ig h  R is k

0 .7 5 5 .6 - 7 .5 H ig h  t o  M o d e r a te

0 .5 3 .8 - 5 .0 L o w  R is k

H H Z 6.1-7.5 1 6 .1 - 7 5 H ig h  r isk

0 .7 5 4 .7 - 5 .6 M o d e r a te  to  L o w

0 .5 1 .8 3 - 2 ,2 5 L o w  R is k

M H Z 5.1-6.0 1 5.1 -6 .0 M o d e r a te  R is k

0 .7 5 3 .8 - 4 ,5 L o w  R is k

0 .5 2 .2 5 - 3 L o w  R is k

important to decide whether to accept or 
treat the risks levels and to set priorities for 
mitigation of the landslide hazard in a specific 
terrain. Mapping of levels of risk, thus, involves 
making judgments about the significance and 
a ccep tab ility  of the estim ated  risk.

Evaluation may involve comparison of the 
landslide risks with other risks or criteria 
related to financial, loss of life or other values. 
In a simple situation risk evaluation may be a 
simple judgment/ acceptable process of risk 
management.

—i '7
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i '- '  - - - - r - —.-i.
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Very High 
Risk

Extensive detailed investigations and research planning and 
implementation of treatment options essential to reduce risk 
to acceptable levels.

6 .1 -7 .5 High Risk Detailed investigation, planning and implementation of 
treatment options required to reduce risk to acceptable levels.

5 .1 - 6 .0 Moderate
Risk

Tolerable provided plan is implemented to maintain or reduce 
risks. May be accepted. May require investigation and 
planning of treatment options. ____________________

3 .5 - 5 .0 Low Risk Usually accepted. Treatment requirements and responsibility 
to be defined to maintain or reduce risk.

< 3 .5 Very Low 
Risk

Acceptable,
procedures.

manage by normal slope maintenance

Landslide Hazard and Risk Map (LHRM) may 
be of use in preliminary assessment of levels 
of landslide risk associated with the exposed 
elements at risk. It is a derivative and dynamic 
map that may change according to the 
change in the grades of elements. Risk 
mapping alone has limited benefits and it is 
normal to carry the process to the next stages 
of risk evaluation and risk treatment by more 
specific studies.

Parts of Ravi basin have been divided into 
five zones, depending upon the hazard 
category and exposed elements at risk. The 
area encompassing Kalias landslide and 
Baira dam is Very High Risk zone whereas 
areas eastof Siul River, though, have number 
of landslides have Low risk zone.

LHRM provides information on the potential 
economic impact associated with hazard- 
related risks in parts of Ravi basin. Such 
information is significant for prioritizing risk 
management programme for sustainable and 
fairgrowrth.
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