Internationales Symposion .
INTERPRAEVENT 2000 - VILLACH /OSTERREICH
Tagungspublikation, Band 2, Seite 133 — 142

DETERMINATION OF AREAS ENDANGERED BY EROSION
IN SLOVENIA
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ABSTRACT:

The article deals with the situation in the field of natural hazard assessment in
Slovenia and proposes further procedure of regulation. To determine the erosion threat
zones it is important and helpful to prepare two types of documents:- Erosion Threat
Warning Plans and Maps of the Areas Endangered by Erosion. Erosion Threat Warning
Plans can be readily produced by careful processing of available data. However, they are
less precise and can only give general directions for protection against erosion
phenomena and proper management of the endangered areas. Maps of the Areas
Endangered by Erosion give detailed survey of endangered areas and their precise
zonation. To produce those maps for the entire territory of Slovenia, between 10 and 20
years of continuous professional work will be necessary.

1. INTRODUCTION

Any intervention in the zones endangered by any type of erosion, must be carried out
according to the conditions under which the land use in these areas is possible.

Possible ways and conditions of land use on the areas endangered by erosion in Slovenia
are defined by the Water Management General Plan and Torrent Control Plans (ZVSS
1978). The Water Management General Plan determine the areas that are threatened by
erosion, torrents, landslides and snow avalanches. According to the Water Law, it is
necessary to obtain the permission of the torrent control service before any changes of
land use, building or other interventions which could change the balanced conditions in
these areas. Unfortunately, it is the usual practice that the administration requires the
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permission of the torrent control service only for interventions along the torrent beds
and not for interventions in their broader areas endangered by erosion.

It would be desirable to use the same technical background to define the areas
endangered by erosion as other Alpine countries. For example, in 1975, Austria passed
the regulation that gave torrent control service the responsibility as well as the authority
to define and limit all types of areas endangered by erosion (Aulitzky 1989).

2. TYPES OF EROSION

To determine the erosion threat zones we consider those types of erosion that are the
most frequent in Slovenia and cause the most serious damage:
s torrent erosion

landslide erosion

rock fall erosion

Snow erosion

3. PLANS OF EROSION DANGER

To determine the erosion threat zones it is important and helpful to prepare two types of
documents:

e General and Detailed Erosion Threat Warning Plans
e Maps of the Areas Endangered by Erosion

Erosion Threat Warning Plans can be readily produced by careful processing of
available data. However, they are less precise and can only give general directions for
protection against erosion phenomena and proper management of the endangered areas.

Maps of the Areas Endangered by Erosion give detailed survey of endangered areas,
their precise zonation and degrees of erosion. To produce those maps for the entire
territory of Slovenia, between 10 and 20 years of continuous professional work will be
necessary.

In the meantime, until such maps are produced, we will have to rely on General and
Detailed Erosion Threat Warning Plans and predictions/opinions of the erosion experts.
In the transitional period this approach represents a rapid although less precise method
of defining the areas endangered by erosion.

Erosion Threat Warning Plans roughly define, on a large scale, areas endangered by
erosion phenomena and processes. They are based on comparative analysis of natural
conditions. Planning and management in the areas specified by warning plans has to be
in accordance with the principles of protection against erosion. When necessary, smaller
areas within larger zones defined in warning plans can subsequently be specified with
regard to the degree of endangerment. This approach requires detailed analysis and
produces Maps of the Areas Endangered by Erosion.
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Erosion Threat Warning Plan will help to produce expert opinions and represent a
basis for detailed plans of erosion threat zones, and for implementation of protection
policy with

e protection measures and regimes
e regulation of land use
e procedures of detailed verification

3.1. Erositon Threat Warning Plans
3.1.1. General Erosion Threat Warning Plans

The basic aim of the General Erosion Threat Warning Plans is to quickly identify
endangered areas or their individual parts, which then forms the basis for decision
making and planning. Such waming plans show only the type of erosion but not the
degree of endangerment which is defined by much more precise determination of
erosion phenomena and endangered areas.

The precision of rough warning plans is naturally rather poor since the possible erosion
processes are only shown by appropriate symbols in relatively vast areas, without
precise spatial delimitation.

The maps of erosion and progressive erosion zones , as well as, unstable and
conditionally stable areas, snow erosion threat areas, which are the part of the existing
Water Management General Plan, roughly determine areas with considerable danger of
erosion, landslides and snow avalanches. Since this survey is rather unprecise it can only
serve as a general guide indicating the areas where the permission of the torrent control
service is necessary for interventions in the environment (ZVSS 1978).

Specified warning zones will be outlined as protected areas in landscape management
plans of the municipalities and of the State.

3.1.2. Detailed Erosion Threat Warning Plans

Detailed Erosion Threat Warning Plans of potential erosion danger have already been
made for some torrent watersheds in Slovenia, whereas for the others they can be made
in relatively short period of time. To do that, we need meteorological and hydrological
data, geological maps, phytocoenologycal maps, maps of land use, pedological maps
and especially maps showing the inclination of slope. The inclination of slope, their
spatial distribution, area and orientation are indicative of climatic conditions, angle of
incidence of sun rays, speed of water concourse, stability of a terrain and snow cover,
various dynamic phenomena, endangerment and usage of the environment, etc. (Pintar,
Zemlji¢ 1982). The inclination of slope is thus considered a crucial factor in the
analytical determinations of erosion threat areas, and should be used as a decisive
natural determinant in planning and decision making whenever measures, interventions
and land use in individual endangered areas are considered.
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The endangered area is delimited and divided in detail according to topographic
characteristics by sufficiently precise digital or analogous procedure or, by the
combination of both. The angles of slope are then analysed and compared to geological,
vegetation, snow cover, land use and other maps in order to establish possible
relationships between these parameters and threatening phenomena. Such analyses are
regularly presented on maps with detailed scale (1 : 25.000 to 1 : 10.000). These maps,
together with other cartographic material, represent a suitable basis for planning in
mountainous regions.

On areas defined in this way, and before detailed maps of the areas endangered by
erosion with different degrees of threat are made, permissions of the torrent control
service are obvious for conditionally allowed interventions in the areas (Zemlji¢ 1970).

Detailed Erosion Threat Warning Plans are divided into warning plans of torrent,
landslide, fall and snow erosion threat.

Production of torrent erosion warning plans is rather complex since we simultaneously
analyse the entire torrent area (upper, middle and lower part of the current), the danger
of depth and lateral erosion, overflow and flooding, as well as deposition.

The analysis of endangered areas is based on all available and applicable data. We have
to devote great care to the correct interpretation of these data, with regard to their
accuracy and reliability.

By comparison of geological map and the map of inclination, research of a terrain and
reliable descriptions of previous landslides, we can roughly define the unstable and
conditionally stable areas (landslide erosion).

With such rough analysis we can identify potentially endangered areas where caution
and restrictive actions are necessary and the adequate permission of the torrent control
service must be acquired for any planned action.

In order to produce detailed rock fall erosion warning maps we try to gather as many
data as possible on past crumbling of stones and mountain slopes, define their precise
location (aerophotographs, silent witnesses...) and compare them with the data from
geological maps and maps of slopes. By taking into account the geomorphology of a
terrain, we try to determine, as precisely as possible, the potential limits of the effect of
rock fall.

The areas with a direct or potential threat of snow erosion ( snow creeping and sliding,
avalanches) are also analysed.

Based on the analysis of natural characteristics we try to roughly specify the areas,
where snow erosion could be expected. The following factors are considered in the
analysis:

®  SNOW cover
¢ inclination of slopes
e vegetation.
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An expert judgement of snow cover is of great help to define the potential threat of
snow erosion. Therefore we analyse the following parameters:

o the maximum height of snow cover registered
e the maximum daily increase of snow cover observed
e an average duration of snow cover.

Based on the results of individual analysis and interactions between different factors
present on the unfavourable surfaces we can identify the complex of areas potentially
endangered by snow erosion. By doing this, we should be aware, however, that this is
only a rough analysis which can serve as a basic warning for land use in these areas.
Better results can be obtained by detailed analysis which takes into account other factors
- shape and roughness of a terrain, quality of forest community - which may affect
triggering of snow avalanches.

3.2. Maps of Erosion Endangered Areas ( a proposal for Slovenia )

According to the intensity of danger, the Maps of the Areas Endangered by Erosion are
divided into two categories:

e red zones - zones of strong intensity

e yellow zones - zones of middle and weak intensity

The areas with different types of erosion which might tear up, damage or destroy
building foundations are considered as red zones. Here, fatal accident in the buildings
are possible. Therefore it is not allowed to construct any buildings for people or
animals.

The areas with different types of erosion and torrent outbursts which might damage but
not destroy the buildings are considered as yellow zones. Here, fatal accidents are
unlikely but caution is advisable. It is necessary to prevent possible damage. The
construction of buildings is possible but only by taking into account the proper anti-
erosion measures, however, extra sensitive constructions should be avoided.

The remaining areas, white — so called uncoloured zones, are the areas where no major
torrent or erosion damage has been recorded thus far.

Special attention should be paid to all urban areas, locations of infrastructure and other
areas, where a large number of people is present permanently or occasionally.

3.2.1. Torrent erosion

Torrent erosion threat is certainly the most important form of erosion endangering the
Slovenian territory. It is manifested by the following processes:

e overflows and flooding

e depth and lateral erosion

* bedload sedimentation
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Deposition is additionally discussed according to different processes — free flow, hyper-
concentrated flow or debris flow.

We often lack sufficient data about small, as well as, large torrent areas, therefore, the
analysis of past events and the prediction of possible phenomena by use of "silent
witnesses" at the ecologically stable conditions, could be of great help.

Alluvial fan is like an identity card of a torrent. It helps us to make an exact analysis of a
devastation force of torrent waters in case of natural disasters. Alluvial fan of a torrent is
of such importance that we can roughly define the erosion threat only by its analysis,
whereas for the exact specification of an endangered areas we also have to analyse the
middle and upper section of the torrent flow and especially in the progressive erosion
zones.

We try to get an exact analysis of torrent alluvial fan at its potentially broadest area. For
this purpose we can rely on Thiéry's interpretation of the origin and development of the
torrent alluvial fan and taking into account the local geomorphologic conditions. The
complex analysis of the entire alluvial fan is then defined by different available
methods.

Table 1 shows the limits for determination of the degrees of endangerment (red, yellow)
for different types of torrent erosion.

The endangered areas with the maximum water level > 1,5 m in case of overflow are
considered as red zones and other areas endangered by flooding as yellow zones.

As it is shown in Table 1, we classify as red zones of depth and lateral erosion all areas
with expected erosion in horizontal and vertical direction >1,5 m, whereas areas with
the expected extent of depth and side erosion between 1,5 m and 0,5 m are classified
and designated as yellow zones.

We distinguish three types of bedload sedimentation. We classify as red zones of free
flow areas with expected height of bedload sedimentation over 1,0 m or with expected
free flow velocity more than 1,0 m/s. Areas with the expected height of bedload
sedimentation under 1,0 m or velocity under 1,0 m/s we classify as yellow zones.

The endangered areas with expected pressure of hyper-concentrated flow over 30
kN/m? are classified as red zones whereas those with expected pressure between 3 and
30 kN/m® as yellow zones.

The whole areas with expected debris flow and deposition are considered as red zones.

3.2.2. Landslides
In defining the landslide erosion threat in general we will have to concentrate on

detailed warning plans and obligatory technical opinions of the torrent control service
and other experts.

- 138 -



By verified large sliding slopes, for which observations and geological analyses exist,
we will temporarily follow modified Swiss criteria of Recommendation for
“Consideration danger of mass transfer by space effected activities” (BUWAL, BWW &
BRP in arrangement 1997) as it is shown in attached table in the rubric “Landslide and
Fall Erosion”, which comes out from the basis, presented by Kienholz in
INTERPRAEVENT 1996 one year before (Kienholz 1996).

Strong layer separating movements, surface sliding with v > 0,1 m/day and movements
at each event > 1,0 m are classified as red zones. Yellow zones represent landslides with
v = dm/year.

3.2.3. Rockfall erosion

According to the available data on rock fall erosion threat in Slovenia, which are, with
few exceptions, rather scarce, and considering that forests represent a favourable degree
of protection against rock crumbling, we can classify the threatened areas into two

groups.

The areas classified as red zones are the areas where rockfall energy E > 100 kJ. In red
zones are also the whole areas of rock topple and rock avalanche (Bergsturz).

Yellow zones represent areas with medium and low intensity of erosion events — i.e.
areas threatened by falling of stones and rocks with 10 kJ < E <100 kJ.

For detailed classification of the areas threatened by fall erosion we try to gather precise
data on:
e potential size of falling stones, rocks
* vegetation cover and configuration of the ground exposed to the rolling stones and
rocks :
e past damage (chronicle)
silent witnesses and their exact analysis

Falling rocks are predominantly deposited under a certain angle depending on the shape
of the slope, individual blocks, however, may be deposited in some distance. The
smallest angle of deposition in endangered areas is approximately 28° and this angle
also delimits the distance of falling rocks and blocks (Moser 1989). These data must be
corrected according to the results of the silent witness analysis if such analysis
improves the general result. In the analysis we can use mathematical models, which can
give very good approximations to natural conditions if we use “ great quality “ input.
With complete analysis we can determine endangered areas with greater precision and
classify them into red and yellow zones.

3.2.4. Snow erosion
It is sensible for Slovenia to accept the modified Swiss system of determining the areas

endangered by snow erosion, since it can be with modifications directly applied to our
conditions. The endangered areas will be classified into two zones.
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Red zones represent the areas with expected pressure of snow avalanche over 30 kN/m’.
Areas with expected pressure of snow avalanche between 3 and 30 kN/m? are marked as
yellow zones.

Based on the study "The Estimate of snow avalanche threat in Slovenia" (Horvat et al.,
1994) a cadastre of snow avalanches in Slovenia has been elaborated (scale 1 : 10.000).
For every recorded avalanche there is a form containing data on all three parts of
avalanche line (form, vegetation, stability and fertility of soil, area, condition,
circumference and exposition) data on impact on the traffic and buildings and on the
frequency of the avalanche. Graphic data are presented in the scale 1 : 10.000
(Horvat 1995).

This study thus makes possible a rough identification of avalanche areas and also offers
a series of data which enable a detailed identification.

However, for detailed identification, the data from this study have to be supplemented
with

e data on maximum dimensions of snow avalanches

o delineation (separation) of the avalanche areas into red and yellow zones

In addition to the cadaster of snow avalanches and data on their maximum dimensions
displayed by various silent marks in the environment, we can also use in Slovenia the
statistical topographic method developed by the NGI (Norwegian geotechnical institute)
which has been successfully used in Austrian Alps, to determine the maximum
dimensions of snow avalanches (Lied et al., 1995).

For determination of maximum length of snow avalanches we can also use dynamic
models. The biggest problem in practical application of these models is the collection
of the appropriate input data. Considering the data in preliminary cadaster of snow
avalanches in Slovenia and the economical point of view, the use of such models in
Slovenia is only justified for solving the problem of the largest snow avalanches
endangering vital objects along the upper Soéa river.

As the land use in Slovenia has been quite good considering the protection against
avalanches, we do not, with some small exceptions, have to deal with buildings in
avalanche paths and can consider their whole area as “ prohibited area”. When
necessary, delineate red and yellow zones by using the principles established by de
Quervain (De Quervain 1975).
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4. CONCLUSION

By a rapid method for determination of erosion threat areas, such as the elaboration of erosion
warning plans - a relatively fast step towards an effective regional planning can be made. The
data and knowledge gathered thus far will help the torrent experts in designing the detailed
maps of the areas endangered by erosion according to the degrees of endangerment. The
degrees of danger will indicate the suitability of individual zones for building, settlements,
industry, infrastructure, traffic, as well as, agriculture and forestry.

By strictly considering the limitations of land use, defined roughly by the erosion threat
warning plans, together with opinions of the erosion experts and, after some years, in detail by
maps of the aréas endangered by the erosion, we should make a considerable quality move
towards reasonable land use planing and thus bring our civilisation into a better balance with
nature.
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