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Abstract

In an attempt to simplify the quick appraisal or first level Landslide Hazard Zonation, i.e. Macro
level, a grid-based analytical approach is recommended. The Macro LHZ mapping for a five-fold 
classification of terrain is carried out using only three factors, viz. Lithology (or Ground Erodibllity), 
Ruggedness Number (Relative Relief x Drainage Density), and Landuse/Land cover (or Vegetative 
Cover), that, in general, cover most of the causative factors used in BIS Guidelines. The methodology 
is based on an earlier concept of 'pS' (sediment generation potential), the values of which may 
range between 10 and 500 x 10̂ .

It is pointed out that the selection and rating of causative factors in LHZ mapping continue to 
be arbitrary. An LHZ Guideline backed by well-documented statistical analysis of existing data 
would lend credit to the rating values and confidence in the methodology recommended.

Introduction

The landslide hazard zonation is based on 
rating scheme of causative factors termed 
Landslide Hazard Evaluation Factor (LHEF) 
in w hich num erica l ra tings  fo r d iffe ren t 
categories are determined on the basis of their 
estimated significance in causing instability 
to slopes. The system has evolved over a long 
period after lots of international research and 
has emerged from the earlier probabilistic 
approaches. In India, the Bureau of Indian 
Standards (BIS) guidelines for Macro-zonation 
(Anon., 1998) consider six causative factors 
with accompanying LHEF Ratings for zoning

Table-1: BIS parameters for Landslide Hazard 
Zonation

S.
No.

Causative Factor IMaximum
LHEF

1 Lithology 2

2 Structure 2

3 Slope Morphometry 2

4 Relative Relief 1

5 Landuse and Land cover 2

6 Hydrological Condition 1

landslide hazard (Table-1). The LHZ map is 
prepared based on Total Estimated Hazard 
(TEHD) calculated from LHEF Ratings on 
facet basis. The landslide susceptibility is 
classified into five categories ranging from 
very low to very high hazard zones (Table-2).

A fter intense work in d iffering physio
graphic domains all over the country, the 
Geological Survey of India has suggested 
some modifications to the BIS Guidelines 
tha t in co rpo ra te  m ore e labo ra te  rating 
schem e on the bas is  o f ten causa tive

Table-2; Landslide Hazard Zones based on 
BIS Guidelines

Zone TEHD
Value

Description

1 < 3 .5 Very Low Hazard Zone (VLHZ)

2 3.5-5.0 Low Hazard Zone (LHZ)

3 5.1-6.0 Moderate Hazard Zone (MHZ)

4 6.1-7.5 High Hazard Zone (HHZ)

5 > 7 .5 Very High Hazard Zone (VHHZ)



factors. Besides splitting Landuse and Land 
cover in to two separate factors; rainfall, 
landslide incidence and slope erosion have 
been added to the existing six parameters 
of the BIS. In the process, the maximum 
LHEF Rating has also gone up from 10 of 
BIS to 14 of GSI.

The LHZ is carried out in three different 
categories considering the requirem ents of 
inform ation. W hile the Macro LHZ maps 
are on 1:50,000 o r 1:25,000 sca le, the 
Meso LHZ and M icro LHZ maps are on 
larger scales o f 1:10,000 to 1:5,000, or 
more. The standard analytica l approach is 
to collect and analyse data on facet basis, 
ir re s p e c tiv e  o f the  sca le  o f m app ing . 
Invariab ly , the  e x is tin g  1 :50 ,000  sca le  
geological maps form the backbone o f all 
da ta  p e r ta in in g  to  im p o r ta n t LH EF 
parameters on lithology and structure with 
som e f ie ld  in p u ts  th a t  fa ce  e x tre m e  
inaccess ib ility  constra in ts  in the rugged 
terrains like in the Himalaya.

Analytical Constraints in LHZ

Apparently, the objective o f the Macro LHZ 
mapping is a ltogether d iffe rent from that 
o f the Meso and Micro LHZ mapping. While 
the Macro LHZ maps should be for quick 
appraisal o f terra ins w ith respect to their 
vu lnerability  to slope fa ilures, the Meso- 
and M ic ro -L H Z  m aps s h o u ld  p ro v id e  
d e ta ile d  in fo rm a tio n  re q u ire d  fo r  s ite  
specific purposes like for reservoir areas, 
com m unication routes, m ajor engineered 
structures, etc. For obvious reasons, while 
the Macro LHZ mapping would be covering 
large areas with accessib ility  constraints, 
the other two would be catering to much 
restricted areas o f easy accessibility, and 
hence, better scope fo r data co llection . 
Such differences in the objectives and the 
large varia tions in the area o f coverage 
suggest that the approaches in the LHZ 
mapping could also be d ifferent fo r these 
tw o b road c a te g o r ie s . T h e re fo re , the  
overall approach to LHZ m apping needs

to be reviewed in the light of data collection 
constraints.

Accurate data inputs in the facet-based 
ana lys is  fo r LHZ m apping requ ire  very 
e la b o ra te  f ie ld  d a ta  c o lle c t io n . T h is , 
however, is extrem ely difficult in the Macro
level studies, where data collection faces 
c o n s tra in ts , as la rg e  a re a s  rem a in  
inaccessible, particularly in rugged terrain 
like the Himalaya. In such cases, the LHEF 
ratings have to be assumed leading to LHZ 
maps that tend to project a different picture 
than the actual one. It may, therefore, be 
p ru d e n t to  a v o id  the  e la b o ra te  and 
cum bersom e face t-based  approach and 
adopt a sim pler technique based on lesser 
number of parameters that can be assessed 
from  a va ila b le  data  o r th rough  rem ote 
sensing techniques. For Meso- and Micro- 
LHZ mapping, the BIS or GSI Guidelines 
may be followed, as the accessibility of facet 
areas may be much better.

Grid-based Analytical Approach -  The 
Concept

As an alternative to facet-based approach, 
a g rid -based approach w ith sim ple and 
easily determ inable parameters may serve 
the purpose o f Macro LHZ mapping. Out of 
the six landslide hazard evaluation factors, 
viz. lithology, structure, slope morphometry, 
re lative relief, landuse & land cover and 
hydrological condition, it is the structure that 
is difficult to determine for the facets or grids 
in in a c c e s s ib le  a reas. The g rid -based  
approach, therefore, may do away with this 
factor. Slope morphometry, relative relief 
and, to some extent, hydrological condition, 
are well represented by a single time tested 
geom orph ic function  -  the Ruggedness 
Number - that is a function of relative relief 
and dra inage density. L itho logy may be 
simplified to represent the erodibility of the 
strata in general. The remaining factor of 
landuse and land cover may be used as 
such or may be replaced by vegeta tive  
cover.



The Macro LHZ mapping, therefore, may 
be carried out on the basis o f only three 
factors, viz. Lithology (or Ground Erodibility), 
Ruggedness Number, and Landuse/Land 
cove r (o r V e g e ta tive  C ove r). W ith  the 
proposed modification in the factors to be 
used for LHZ mapping, the LHEF Rating 
may have to be modified appropriately. A 
10 point Rating Scheme may be adopted 
with allocation o f Ratings as 3 for Lithology, 
4 fo r  R u g g e d n e ss  N u m b e r and 3 fo r  
Vegetative Cover. The resultant LHZ Map 
may be represented as a simple grid pattern 
map or a contour map.

The sugge s te d  te ch n iq u e  has been 
derived from an old concept of grid-based 
e s tim a tio n  o f S e d im e n t G e n e ra tio n  
Potential 'pS' (Deva, 1990, 2001) that aims 
at c la ss ify in g  s ilt gene ra ting  a reas fo r 
catchment management plans in river valley 
development schemes, and, by corollary, 
may rep re sen t ground su sce p tib ility  to 
landslides. This quantitative methodology 
in v o lv e s  p re p a ra tio n  o f a s e d im e n t 
generation potential map of an area based 
on Ruggedness Number (Strahler, 1958), 
Ground Erodib ility and Vegetative Cover. 
The work is carried out on 1:50,000 contour 
maps and digital satellite imageries. The 
area is divided into grids of 9 sq km area 
each and the sediment generation potential 
'pS' is calculated using the formula:

pS = (N rx  G e ) /V c
where, Nr=Ruggedness Number;
Ge=Ground E rodib ility : Vc=Vegetative
Cover

Ruggedness Number is the product of 
relative re lie f and drainage density. Ground 
E ro d ib ility  and V e g e ta tiv e  C o ve r are 
dete rm ined from  five -fo ld  c lass ifica tion  
Rating Table. W hile the lowest rating of 1 
co rresp ond s  to low  ground  e ro d ib ility / 
vegetative cover, the h ighest rating of 5 
re p re s e n ts  h igh  g ro u n d  e ro d ib il i ty /  
vegetative cover. In general, the pS values 
would range from 0.1 to 5 @ 0.01 interval

and, for convenience may be expressed in 
integers 10 to 500 x 10'^. H igher or lower 
values are possible and may be found in 
extremely rugged or gently rolling terrains, 
respective ly. As s ta ted  earlie r, the 'pS ' 
va lu e s  th e m s e lv e s  m ay be used fo r 
representing the landslide hazard, which has 
been divided into five classes of Very Low 
Hazard to Very High Hazard (Table 3).

Zone “pS” Value
(X lO'*) Category

1 < 1 0 0 Very Low Hazard

2 1 0 0 - 2 0 0 Low Hazard

3 200-300 Moderate Hazard

4 300-400 High Hazard

5 >400 Very High Hazard

Table 3: “pS” value based Landslide Hazard 
Zonation

A Case Study

The suggested  m e thodo logy  has been 
applied to the LHZ mapping of a part of Ravi 
Basin around Baira Dam in D istrict Chamba 
of Himachal Pradesh (Fig.1, a). The area 
has been divide into 63 square grids of 9 sq 
km area each (6 cm x 6 cm). Relative Relief 
is found to vary between 123 and 1075 m; 
Drainage Density between 0.722 and 5.035 
per km; and the re su lta n t R uggedness 
Num ber between 0.244 and 5.412. The 
ass igned  p a ra m e te r ra tin g  va lu e s  fo r 
Ground E rod ib ility  “G e” and Vegetative 
Cover “Vc” are found to vary between 2-3 
and 1-4, respectively. The “pS” values range 
between 24 and 672 x 10'^.

The suggested m ethodology is a much 
less tim e-consum ing desktop procedure. 
The whole process o f the analysis for the 
670 sq km area has taken just a couple of 
days.

From the analysis, it is found that Very 
Low H azard  a rea o ccu p ie s  29% , Low 
Hazard area 55% , M odera te  and High



Hazard areas 6 % each ; and Very High 
Hazard area 4%. In genera l, the higher 
hazard zones lie in the upper reaches of the 
Baira sub-basin. It is seen that the existing 
landslides are located in the lower hazard 
zones. Considering the BIS Guideline that 
1 0 0 - 2 0 0  m strip  on e ithe r side of major 
faults, thrusts and intra-thrust zone may be 
awarded an extra rating fo r accommodating 
higher landslide susceptib ility  depending 
upon in te n s ity  o f fra c tu r in g , such  an 
occurrence is attributed to the presence of 
the  la n d s lid e s  in the  v ic in ity  o f m a jo r 
tectonic lineaments, viz. antiformal axes.

and takes far too less time in data collection 
and computations.

S e le c tio n  and ra tin g  o f c a u s a tiv e  
p a ra m e te rs  is a d if fe re n t m a tte r and 
con tinue s  to be a rb itra ry . Th is  can be 
overcome by a statistica l analysis of the 
existing database on individual landslides 
and landslide hazard zonation. It may also 
be added that an LHZ Guideline backed by 
well documented analysis of existing data 
would lend credit to the rating values and 
co n fid e n c e  in the  m e th o d o lo g y  re c o 
mmended.

P art o f the  m apped area has been 
analysed previously using Probabilistic and 
BIS a p p ro a ch e s  o f L a n d s lid e  H azard  
Zonation (Fig1, b & c; Sharma, 2005, 2006). 
In general, the hazard zonation in the two 
m aps does not c o rre la te  w e ll. In the  
northwestern and southeastern part of the 
a rea , the  h igh ha za rd  zo n e s  o f BIS 
methodology do not match with that of the 
P robab ilis tic  approach. However, in the 
central part, there is correlation, but, to a 
limited extent only.

In the hazard zonation maps prepared 
using the three different methodologies, lots 
of variations are noted. This may be due to 
various factors including the possibility that 
the weight given to causative factors may 
be arbitrary.

Conclusion

In conclusion, it is reiterated that the Macro 
Land s lid e  H azard  Z o n a tio n  shou ld  be 
treated as a quick appraisal or level map 
preparation exercise and may be carried out 
on grid base that is much easier compared 
to the cumbersome facet-based procedure
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