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1.0 Introduction 
 
Consequent to a well planned research program implemented by the National Buildings Research 
Organisation (NBRO), Sri Lanka, the major contributory factors for common landslides in Sri Lanka 
have been clearly identified. They are; (1) bedrock geology (2) hydrology and drainage (3) site soil cover 
(4) site slope (5) land use and management and (6) landform (Table 1). These factors contribute in 
different degrees to the initiation and progression of a landslide at a hazardous site. Moreover, one 
realises that the specific impacts of the above contributory factors can at times be confounded among 
themselves making it difficult to differentiate the causative factors. Hence the Landslide Hazard Potential 
(LHP) of a given site is certainly a complex combination of the above factors. Because of the very nature 
of this problem, any attempts to quantify the hazard potential of a given site must be based on subjective 
evaluation of the site with respect to the above factors (Fi). Thereafter, the combination of all such 
evaluations must be carried out using clearly established technical criteria assuming independence of 
contributory factors. 
 
2.0 Current LUP evaluation methodology 
 
The weight (wi) of each major factor that signifies its relative importance among the other contributory 
factors plays a significant role in the combination of separate evaluations of a given site with respect to 
Fi. At the inception of the evaluation methodology, in the absence of any prior knowledge, quite 
prudently, these weights have been assigned by a panel of experts based on their expertise in landslide 
hazard evaluation. These weights are seen in the first column of Table I alongside corresponding factors. 
 
Rating of any given site with respect to each of the above factors can be streamlined by subdividing each 
factor into a number of secondary attributes, SFij. As an example, as seen in Table 1, the bedrock 
geology factor is subdivided into a number of secondary attributes such as lithology, amount and 
direction of dip, deviation angle and discontinuities and faults. The relative importance (swij) of each 
attribute SFij within each F, category has also been established initially by experts in the respective 
fields of study. These are also indicated in the second column of Table I. 
 
Finally, the current evaluation methodology provides further means for consistent rating by furnishing 
specific guidelines for linguistic rating of a given site with respect to each attribute. As an example, 
Table 1 shows how the HPI of a specific site is rated as very high when the bedrock lithology is 
identified to be quartzite and low when the lithology is found to be marble. 
 
 
Although rainfall induced landslides are a common occurence in Sri Lanka, the current hazard evaluation 
procedure does not incorporate the impact of rainfall. Hence it is indeed necessary to include rainfall as 
an attribute of the hydrology and drainage category. Due to the availability of rainfall data from 
widespread collection centres around the hill country tea estates, this modification would be relatively 
easy to implement. On the other hand, it is also apparent that the soil cover factor is deficient in essential 



geotechnical attributes such as soil strength and permeability. 
 
When these attributes are eventually included in the rating procedure, one has to naturally reconsider the 
weight (w1) of each major factor and the sub-weights (swij) of the relevant attributes. This can be 
achieved by convening a fresh panel discussion among experts to decide on the initial relative weights to 
be attached to major factors and attributes. 
 
4.0 Role of fuzzy sets 
 
The above evaluation procedure can be executed for a particular site whereby each attribute is rated by 
adopting a subjective rating of Rij The final HPI resulting from this computation can be expressed as 
follows: 
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Subjective ratings can be conveniently quantified and included in any desired mathematical manipulation 
by considering them as fuzzy numbers. Accordingly, HPI can be computed using Fuzzy Sets 
mathematics principles in conjunction with Eqn. (1). In this regard, the authors have developed an 
efficient explicit manipulative technique based on Juang et al. al. (1992) work. 
 
5.0 Analytical procedure for HPI evaluation 
 
NBRO researchers have formulated a statistical method for determining the appropriate severity levels of 
the slope attribute by scrutinizing field observations (Bhandari et. al, 1996) in the light of landslide 
intensities computed on a geographical basis. In this work, a large number of landslide occurrences in the 
Nuwara Eliya district were studied with respect to the slope attribute. When a well-defined indicator 
related to the hazard potential was investigated by analysing available field data in terms of a number of 
different landslide intensity criteria, a somewhat unique severity classification of the slope category 
emerged. In the subsequent work, this more objective severity classification has been utilised for 
assignment of ratings Rij for the slope category. 
 
Accordingly, the researchers expect to extend the above NBRO work on establishing clear-cut attribute 
severity levels to other attribute categories as well. Once this task is accomplished, it would be possible 
to produce a comprehensive set of severity levels for every attribute category that can be continuously 
updated with the availability of more and more field data. 
 
Once clear-cut guidelines have been established for rating each attribute, R values can be effectively 
utilised in Eqn. (1) to formulate a fuzzy sets mathematics based methodology to predict the Hazard 
Potential Indices (HPI) using the major factor weights (wi) and the attribute (sub-factor) weights (swij) 
initially assigned by a panel of experts. Then the next task is to determine optimum of weights of each 
major factor and the sub-weights of the relevant attributes. 
 
6.0 Verification of relative weights and sub-weights 
 
Once the HPI values are predicted for every zone demarcated in the NBRO database using the above 
described fuzzy sets based analytical procedure, they can be compared with landslide intensities 
estimated for the same zones based on available field data. Then, the authors expect to setup an iterative 
scheme whereby the initially assigned weights (wi) of major factors and the sub-weights (swij) of the 
relevant attributes can be systematically adjusted until the field data corroborates the predicted HPIs at a 



satisfactory level, in all of the zones. To this end, the authors envisage formulating a dynamic 
programming technique and obtaining the optimum values of wi and swij which minimize the error E, in 
Eqn. (2). 
Once clear-cut guidelines have been established for rating each attribute, R values can be effectively 
utilised in Eqn. (1) to formulate a fuzzy sets mathematics based methodology to predict the Hazard 
Potential Indices (HPI) using the major factor weights (wi) and the attribute (sub-factor) weights (swij) 
initially assigned by a panel of experts. Then the next task is to determine optimum of weights of each 
major factor and the sub-weights of the relevant attributes. 
 
6.0 Verification of relative weights and sub-weights 
 
Once the HPI values are predicted for every zone demarcated in the NBRO database using the above 
described fuzzy sets based analytical procedure, they can be compared with landslide intensities 
estimated for the same zones based on available field data. Then, the authors expect to setup an iterative 
scheme whereby the initially assigned weights (wi) of major factors and the sub-weights (swij) of the 
relevant attributes can be systematically adjusted until the field data corroborates the predicted HPIs at a 
satisfactory level, in all of the zones. To this end, the authors envisage formulating a dynamic 
programming technique and obtaining the optimum values of wi and swij, which minimize the error E, in 
Eqn. (2). 
 
 
 E =  Field Estimated HPI - Analytically Predicted HPI    (2) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 1.  HPI Predictive Scheme 
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