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2) At the medium scale (I : 25,000) sta ti stical hazard 
analys is of geolog ical-morphological causal factors is 
requ ired. The detail on the hazard map should be such, 
that adjacent slopes of the same lithology are evaluated 
separately, and may obta in different hazard scores, 
depending on other characterist ics, such as slope angle 
and slope segments. This map should represent a base 
for rational land-usc planning, in order to locale devel­
opmen ts on stable ground. The fie ld of app li cation 
would be the physical planning at the municipal and 
ci ty level. Accordingly. a landslide hazard map for the 
terri tory of Zagreb C it y should also become a compo­
nent of the Physical Plan or Zagreb City, by replacing 
the existing Map of lithologica l classification and the 
slope stability categori sa tion of the Mt. Med ved niea 
hill s id es. On the basis of a landslide hazard map, the 
legislation restric ti ng development in the areas most 
susceptible to landslides could be enacted. 

En largement or the lands lide hazard map to the 
I: 10 ,000 scale could a lso serve as the bas is for con ­
struction of the Physica l Devclopmen t Master Plan of 
Zagreb City. Overlaying of the hazard map with thc 
map wh ich displays clements a t ri sk could indicate the 
level of risk. In the areas where risk is low, landslide 
hazard analysis will su ffi cc. 
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Fig. 5 Aerial photograph of 
Kostanjck land slide ar­
ea lakcn in 1985 with 
inscribed landslide bou­
ndary (STAN I<: & NO­
NVEtLLER ,1996). 

3) At the large scale (> I: 5,000) the information of 
lands lidc ri sk is required. To achieve the expected deg­
ree of prec ision it is necessary to undertake comple­
mentary invest igation , fo llowed by geotechnical char­
acterisation of slope movement s, and thu s the risk 
assessment. The applicati on of ri sk maps li es in thc 
construction or urban plans and of the detailed physical 
deve lopment plans for the areas characterised by high 
risks. 

An example o f the area where the lands lide ri sk 
assessment could be undert aken is the large Kostanjek 
lands lide on the western o ut skirts of Zagreb, on the 
southern slopes of the M1. Medvednica (Fig, 5), The 
first movement of thi s active landslide occurred in 
1963. It is est imated that a sl iding mass of some 32x 10(, 
111

3 is involved, with a maximum depth of 90 m. The 
d isp laeemell1s on the su rface are 3-6 III (STANIC & 
NONVEILLER, 1996), The necessity for landslide ri sk 
assessment is conditioned by the presence of numerous 
houses in the area, as well as by the high level of explo­
ration including continuou s ground-displacement mea­
surements. 
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6. CONCLUSIONS 

Predictive models of landslide hazard and risk 
assessment constitute a major research field which may 
well take advantage of the potential of new technologi­
cal advancements - GIS-driven data acquisition, mani­
pulation and analysis. Consequently, the development 
of the methods of prod ucing landslide hazard and risk 
maps is still in progress, and no uniform approach is as 
yet accepted. 

By evaluation of the methodological approaches to 
landslide hazard zonation practices, the stati sti cal ana­
lysis or geological-morphological causal factors is sug­
gested, aimed at the prediction of the spatial probability 
of landslides (i.c. where j~lilurcs are most likely to oc­
cur). This method allows production of lands lide hazard 
maps at the scale of 1 :25,000 at an acceptable cost. 

Due to the variety of geological situations, the dive­
rsity of materials, the complexity of acting mechanisms 
and the variability of controll ing parameters, the indica­
tion of the tempora l probability of landslid ing (i.e. 
when failures are likely to occur) can only bc obtained 
by risk analysis at the detailed scale (> I : 5.000). Hence, 
of crucial importance for risk analysis is V AUNAT's et 
al. (1994) geotechnical characterisation of slope move­
ments. To bc of value, in term s of the eval uation and 
presentation of landslide mi tigation alternatives, risk 
analysis shou ld encompass risk identification, estima­
tion, aversion and acceptance, as proposed by ANDER­
SON et al. (1996). 

The priority areas for the construction of risk maps 
arc to be delimitcd on the basis of the hazard maps. The 
areas that arc to be covered by hazard maps should be 
determined on the basis of data fro m a national land­
slide inventory. 

The development of a genera l methodology for 
landslide hazard and risk mapping would require defini­
tion of the conceptual models, and extraction of simpli­
fi ed ope rational models from the conceptual model s. 
The choice of the models should also serve as a gu ide 
for the development of appropriate data bases, taking 
into account that the availability of adequate data (both 
in quantity and quality) is cruc ial issue enabling the 
task to be accomplished. 
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