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GHHD 

 

As a rule theoretical landslide/debrisflow hazard maps are founded on analysis of several permanent actors, such as 

slope of the hill, mechanical properties of geological formations etc. These factors are stationary and do not take into 

account impact of such important agent, as precipitation. On the other hand it is well known that the occurrence of 

landslides/debrisflows critically depends on the precipitation, which usually is considered as one main triggering 

factor (Fig.1). 

 

 

 

Fig.1. a) The number of fatal landslides  (y axis) versus monthly rainfall (x-axis) in Central America, Hymalaya and 

China (different points) and the mean for each 50 mm bin (crosses) ( D. Kirshbaum et al. Global Distribution of 

Extreme Precipitation and High-Impact Landslides in 2010 Relative to Previous Years. J. of Hydrometeorology, 13, 

1536-1551, 2012) ; b)  Exponential approximation of mean curve of dependence of the number of fatal landslides  (y 

axis) versus monthly rainfall (x-axis) on Fig.1a. 

 

Fig. 1b shows clearly, that the mean curve of dependence of the number of fatal landslides (y)on the monthly rainfall 

(x) can be fairly approximated by the exponent: 

y= 2.173(exp 0.008x) 

with R2=0.973. 

The precipitation factor can be takes into consideration in two ways: i. as permanent agent; ii. as a time -dependent 

phenomenon. In both these approaches the level of hazard shown on the pixel of corresponding map, should change 

(or remain the same) due to addition of precipitation impact. We used for this operation the fuzzy logic approach. 

How does our methodology work? 

y = 2,1739e0,0086x 
R² = 0,9731 
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First we choose the fuzzy sets (linguistic terms)that describe the linguistic variable precipitation: very little, little, 

middle, much, very much. For linguistic variable landslide let be almost no, very small amount, small amount, not so 

many, many. The linguistic terms for linguistic variable hazard should be also defined, for example: no hazard, low 

hazard, middle hazard, high hazard, very high hazard. The fuzzy sets can be constructed due to expert opinion or 

using the analogical methods. 

The next step is to construct IF - THEN rule base, where IF-part includes two variables -precipitation and landslide - 

they are input variables, and one output variable - hazard. The following rule - IF precipitation is middle and landslide 

is not so many THEN hazard is middle - is an example of such rule. How many rules will be in the rule-base depends 

on experts constructing this rule base. 

To understand, how the methodology works, let us look at Figure 2. This is a representation of two rules in the above 

mentioned rule base. Let IF precipitation is middle and landslide is not so many THEN hazard is middle and IF 

precipitation is much and landslide is many THEN hazard is high be considered hire. A1 is a fuzzy set middle, B1 is a 

fuzzy set notsomany, C1 is a fuzzy set middle, A2 is a fuzzy set much, B2 is a fuzzy set many, C2 is a fuzzy set high. 

We have two inputs (x0 and y0). These inputs can be of different type, for example, the precipitation value during 

March 2010 be x0 and y0 be landslides accidents during the same time. Fuzzifying these values (intersection with 

corresponding A1; A2; B1; B2, then process an aggregation, we obtain the shadow areas in C1 and C2. Using the 

defuzzyfication method we obtain a particular value that shows the hazard of landslides for this part of Georgia during 

March 2010. Thus, depends on what input values we use, the dynamical map can be constructed. 

Figure 2: An example:  

 

 

 

Fig.2. Fuzzy transition scheme 

The above approach was first used for compilation of the stationary map of landslide hazard and madflood hazard 

maps of Georgia (A sets, Fig.3a and 3b) merged with the Rx5 (Average multi-year distribution of the maximum 

amount for 5-day precipitation) 100 years' return period maps of precipitation in Georgia, which also can be 

considered as stationary (B sets, Fig. 4). The multi-year, everyday measurement data of precipitation, obtained from 
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the 83 meteorological stations, has been used (however, gaps in records and missing data have impacted the 

saturation of this data) for calculation Rx5 and Rx1 for 100 years periods. Calculation have been done using 

statistical program “R” and following  “Geo” factors have been taken into account: distance of the each pixel from the 

sea,  climatic zones, altitude, distance from the Meteorological stations.  

Fig.3a. Landslide susceptibility map of Georgia 

 

Fig.3b. Mudflow susceptibility map of Georgia 
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Fig.4. Possible maximum 5-day precipitation for 100 year return period 

 

As a result of merging stationary maps of landslide hazard  (Fig.3a and 3b) and precipitation (Fig.4) the stationary 

map of landslide and mudflow hazards taking into account triggering factor - precipitation - was compiled (Fig. 5a, 

5b). It is evident that taking into account precipitation factor changes configuration of hazardous zones, namely, due 

to precipitation factor some hazardous zones are upgraded to Nth-grade higher hazard zone (i.e. middle hazard to 

high hazard etc). In the latter map two more gradation –“very high” and “extreme hazard” was added.  

Fig.5a. Stationary map of Mudflow hazard in Georgia taking into account triggering factor - precipitation 
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Fig.5b. Stationary map of Landslide hazard in Georgia taking into account triggering factor - precipitation 

In the above examples only stationary version of precipitation-accounted landslide map (PALM) is presented, but if 

the real time data on precipitation are available (say, corresponding satellite data - www.nasa.cov/gpm) the time-

depending PALMs can be plotted  and short-term probabilistic prediction can be done. 

At this stage, the multiyear observed data is reworking in order to get a time series of precipitations daily maps of 

Georgia in order to verify the quality of the methodologies.  

 


