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ABSTRACT

Thisresear ch study highlightstwo different existing and modified landsliderisk algorithmsfor the
development of landdidesusceptibility models. Themodified algorithm based landdiderisk susceptibility
model hashighlighted such dopefailureswhich possesstherateof very high velocity of thetriggering
at thelocal scale. The case study of thisresearch is Balakot, one of the ruined city by theterrible
earthquakeinduced landdidefissuring therein 2005. One of the previouslandsliderisk algorithm,
developed by Var nesin 1984, wasselected wasmodified by introducing additional parametersand criteria
alongwith themodified landdiderisk algorithm. Theboth algorithmsentitled asmathematical models
wereincor porated in Gl S(Geographical I nformation Systems) and wer etested, compar ed and validated
by the previouslandslide occurred data, called aslanddlideinventory data. Thestatistical testswere
applied to quantify variouspr edicted r egionsin accor dance of theverification of the predicted models.
Thiscomparison portrayed thesignificant differencein both modelsduetothenotabledifferencedueto
significant control event parameters. It isassured that thisresear ch will help thedecision makershy
applyingthemaodified algorithm based landdide susceptibility modelsin thefield toavoid thelanddlide
hazardsfor thefuture.
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INTRODUCTION

he different methods such as Heuristic,

Probabilistic, Statistical and Deterministic [1-2]

have been applied for studying the landslide
hazard and risk. Such models based on the appropriate
landslide risk algorithms prove very useful for the
accuracy and reliability [3]. The various landslide risk
formulasintroduced, by the scholars[4-7] showed many
drawbacks being subjective, uncertain, limited measure
on susceptibility, empirical and complex, which badly
influenced on the quality of the models. The different
methods, utilizing the significant parameters, data and

software not only need to concentrate on the different
slope failures but also prove very beneficial for the
development of the landslide susceptibility models. The
various scholars have studied different types of fissuring
[8] based on, one of the control event parameters e.g.
speed, from thetop of the hillsto the plain grounds. It was
ignored in past to concentrate on the risk algorithms for
the development of landslide susceptibility models.
Furthermore during the study of thetriggering, the hazard
and therisk have been overlooked. They were not studied
asindividual component. Mostly it has been practiced to
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develop such models by overlaying of the hazard and the
risk modelsfor prediction of the slopefailures[9].

Thisresearch paper aimsto focus on the modification of
the very prominent algorithm for prediction of the
landslide hazards based on the specific types of the slope
fissuring unless it has been practiced to concentrate the
general types of the landslides. In this study, two
different landslide susceptibility models have been
developed depending on the general and the specific
types of the slope failures. After that, the models are
compared by using the statistical method using log
difference graph. The previous landslide risk algorithm
developed by Varnes in 1984, was lacking the criteria,
while in this research, the modified landslide risk
algorithm has developed appropriate landslide risk
criteriaand parameters. Furthermore, one of the mostly
applied method, known as Heuristics has been applied
for obtaining various landslides threats categories
including the landslide hazard and the landslide
vulnerability in these models.

2. CASESTUDY OF THEMODELS

Both of the mathematical (existing and modified models)
were applied on one of the most prominent case study,
Balakot region; subdivision of Mansehra District in the
north territory of Khyber Pakhtoonkhawa province in
Pakistan. Balakot ismountainousares, totally covered with
mountainsof Himalaya[10] whilethegreat faultline[11] is
crossing from the center of this city along the Kunhar
river. Thisriver crosses through the city along the roads
and human population which develops the erosion to the
bottom of the mountains. This whole region is seismic
[12] and very earthquake prone. The earthquake occurred
in past inthisregion in 2005 [ 13] waswith magnitude of 7
MW Scales[14].

3. METHODOLOGY

The methodology of thisresearchisinto three partswhich
arementioned as; (1) modification of the perviouslanddide
risk algorithm, (2) development of landslide risk model
based on the existing risk algorithm and (3) devel opment
of the landslide risk model based on the modified risk
algorithm.

3.1  Maodification of the Existing Landdlide

Susceptibility Formula

One of the very famous landslide risk formula was
developed by the renowned researcher with histeam [15]
in 1984 whichisgivenin Equation (1) as:

R=(BR) = (B)(HXV) @

WhereR istotal risk, H ishazard, V isvulnerability, Eis
elementsat risk and Rsisspecific risk. Thisformulashows
that the entire risk is the combination of the typical risk
and their lementswhilethetypical risk istheamalgamation
of hazard and the vulnerability which are the components
of therisk. Therewere many drawbacksin thisformulaas
mentioned below:

u It proved inefficient to concentrate on the
specific type of the slopefailuresby considering
their different mechanica behaviors, speed, faling
rate and the hydrological phenomenon.

u It also focused on the traditional parameters
rather than considering new and the auxiliary
parametersfor devel oping the optimal landslide
susceptibility models.

Dueto the above mentioned drawbacks of thisalgorithm,
it wasimproved and redevel oped asmentioned in Equation
(2)as:
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FIG 1. BALAKOT STUDY AREA
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R,=H XV XE %)

As R, is Specific risk, H_ is hazard of specific sorts of
sopefailures, Eg isElementsatriskandV_ isVulnerability
developed by the particular type of triggering. The
modified formula as mentioned in Equation (2) is the
combination of different components such as specific type
of landdlide hazard, vulnerability and the elementsat risk.
Furthermore, it is the combination of the mentioned
elementsat risk whichistheincident of the particular type
of the fissuring.

3.2 LanddideSusceptibility M odel Based
on Previous Landdlide Risk Formula

UsingGIS

The flow chart for developing landslide susceptibility
model isshowninFig. 2.
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FIG 2. METHODOLOGY FOR PREVIOUS ALGORITHM
BASED LANDSLIDE RISK MODEL

The landslide susceptibility model has been developed
using the pervious algorithm by considering its existing
control event parameters which were seismicity and the
fractures of the mountainswhile the vulnerability model
utilized the criteria of vegetations and the hydrology. In
this methodol ogy, various parameters were utilized by
using varioustechniques of GISsuch asspatial analysis,
subsetting the data themes into required data format,
data conversion from vector to rastar format,
reclassification of the data themesinto various required
data shapes and map algebra. The map algebratechnique
was applied on variousclassified datathemesby adding
the entire parameters and dividing the total parameters
into required categories was obtained. Finally, the
obtained landdlide hazards and vul nerability modelswere
overlaid to achieve the main result of landslide risk
modelswith five classes.

3.3  Maodified Algorithm Based L anddlide
Risk Models M ethods

The methods applied for developing the landslide risk
model based on the modified landsliderisk algorithm are
mentioned in Fig. 3. Thevarious control event parameters
of the modified landslide risk algorithm were developed
for its sub models such as landslide hazard models and
the landslide vulnerability model. The different GIS
techniques were also applied to get the outcome of these
models.

4, RESULTS

The existing algorithm based landslide risk model is
comprisedintothree: (1) existing algorithm based landdide
risk model, (2) existing algorithm based landslide hazard
model and (3) existing algorithm based landslide
vulnerability moddl.

41 The Existing Algorithm Based

Landslide Risk M odel

The existing algorithm based landslide risk model was
obtained into five classes such as very high, high,
moderate low and no risk as presented in Fig. 4.
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411 The Existing Algorithm Based
LanddideHazard M odel

The landslide hazard model was generated based on the
existing landslide formula utilizing its developed
parameters and criteria with five categories. very high,
high, moderate, low and no hazard as presented in Fig. 5.

412 The Existing Algorithm Based
LanddideVulnerability M odel

The five classes of vulnerability model based on the
existing landslide algorithm were generated which are;
very high, high, moderate low and no as presented in
Fig. 6.
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FIG. 3. METHODOLOGY FOR MODIFIED ALGORITHM
BASED LANDSLIDE RISK MODEL

The modified algorithm based landslide risk model is
comprised of three outcomes such as (1) Modified
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agorithm based landdiderisk modd, (2) Modified dgorithm
based |andslide hazard model and (3) Modified algorithm
based |andslide vulnerability model which are mentioned
in the following sections.

4.2  Modified Algorithm Based Landdlide
Risk Model

The modified algorithm based landdlide risk model was
obtained into five classes as very high, high, moderate,
low and norisk as presented in Fig. 7.

4.2.1 Modified Algorithm Based L andslide
Hazard M odél

The modified algorithm based |andslide hazard model was
obtained into five classes as very high, high, moderate,
low and no risk asshown in Fig. 8.

4.2.2 Modified Algorithm Based L andslide
Vulnerability M odel

The modified a gorithm based landdlide vul nerability model
was obtained into five classesasvery high, high, moderate,
low and no risk asshown in Fig. 9.

The both models were compared using one of the
statistical test known as2- tailed, two paired " T" test which
presented the result with the value of P as 1.00 which
proved the difference between these two models. Except
that, the statistical test as log difference showing the
marginal difference and the variation inthesemodelswere
also studied as shown in as shown in Fig. 10.
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FIG. 7. MODIFIED ALGORITHM BASED LANDSLIDE RISK
MODEL

Thevariation in the graph showing the value of Log 10in
various predicted regions between these models proved
the significant difference between the existing and the
modified a gorithm based two different developed landdide
risk models.
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5. DISCUSSIONS

The very high predicted region in the modified landdide
risk algorithm was almost more than 50% whilein the old
algorithm based landdide risk model was about 25% area.
Such significant difference in the previous landdide risk
algorithm showed the inefficiency and inaccuracy in the
quantification of the landslide risk in the study area.
Furthermorethelow risk areawas predicted with 16% and
no risk with 14 % , while in the modified landdide risk
algorithm, there is not as such prediction in such aress.
Thismargind differenceinthesetwo different modelsshows
the significant difference during the quantification of the
risk areas which can influence accordingly to the decision
makers during implementing such modelsin theregions.

6. CONCLUSIONS

It is clear from the results that the pervious algorithm of
landslide risk proved very deficient because it lacked to
consider the particular type of the slopes failures while
the modified landslide risk algorithm based developed
model s considering the specific type of thetriggering has
notified the alarming threats to the various predicted
regions which showed the reliability of the modified
algorithm based model for the decision makersinfuture.
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