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Abstract:

Mountainous regions areas are extremely vulnerable by natural hazards like floods, debris
flows, landslides, rock fall, earthquakes and volcanic eruptions. Some human activities
enlarge the disadvantageous effect of these disasters. The unfavourable impact is often
caused by bad land-use in the mountainous areas or by disadvantageous settlement.

This paper describes the situation concerning the safety of human life and economy. Some
statistics of casualties in developed countries (Switzerland, Austria, Slovenia and Japan)
and in developing countries (Nepal) are drawn. The limits of technical intervention for
protection measures due to the costs of maintenance are presented and proposals for
sustainable measures for the future are made.

Zusammenfassung:

Gebirgsregionen sind durch verschiedene Naturgefahren wie Uberflutung, Murgang,
Rutschung, Steinschlag, Bergsturz Erdbeben und Vulkangefahren extrem gefihrdet.
Manche menschliche Aktivititen verstirken die nachteiligen Wirkungen dieser
Katastrophen. Hier sind nachteilige Landnutzungsformen und Siedlungen in besonders
gefihrdeten Zonen zu nennen.

Diese Arbeit beschreibt Zusammenhinge zwischen der konomischen Situation und der
Sicherheit fiir die Bevélkerung. Statistiken iiber Opfer von Naturkatastrophen in
entwickelten Lindern (Schweiz, Osterreich, Japan, Slowenien) und Entwicklungslindern
(Nepal) werden vorgestellt. Ebenso werden die Grenzen von technischen Schutz-
maBnahmen im Hinblick auf Erhaltungskosten angedeutet und MaBnahmen fiir einen
nachhaltigen Schutz vor Naturgefahren vorgeschlagen.
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1. Introduction:

Our mountainous regions are endangered by numerous natural hazards. They are divided
into the following groups:

a) seismic hazards: earthquakes, volcanoes

b) mass movement hazards: landslides, rock fall, snow avalanches

c¢) atmospheric hazards: severe storms, extreme temperature and wildfires
d) hydrologic hazards: floods, debris flows, droughts

This paper is mainly engaged in hazards like floods, debris flow and landslides and their
influence on people.

Since the term “sustainable development” is introduced in economy (UNO-Environment-
Summit 1992 in Rio, agenda 21) it is necessary to check some measures for disaster
prevention in high and low economic countries. One of the most important methods to
include such thoughts is to enlarge the time-scale and the view of the different subjects
and fields. Landscape ecology with it’s holistic views (NAVEH & LIEBERMAN 1984)
and methods (FARINA 1998) is a good basis doing it. We must not only think in "geo-
systems” but also in "bio-systems” and “antropo-systems” (LESER 1997)

2. Danger to human beings and settlement areas in Austria:

For the period of 83 years (from 1884 to 1967) AULITZKY (1984) has published a
numerical survey of people killed and of buildings endangered by torrent floods.
Information about the nine Austrian provinces are listed in Table 1. Regional differences
between smaller administrative districts are not discussed. In the publication mentioned
above, 2.614 torrents out of a total number of 10.426 (ANDRECS 1995) are described as
extremely dangerous.

3. Statistical data about torrent floods and the costs of prevention measures:

A comparison of statistical data of Austria from the time before 1967 with those from the
period of 1971 to 1993 and data of Switzerland, Japan and Nepal is drawn in table 2.

If you compare the data of the first and the second time-span of Austria you can see that
measures of technical torrent control are successfully applied. Compared with the first
examination period the number of killed people decreased. Expressed in terms of the
number of population, the probability of being killed by a torrent flood is comparatively
small (1 death / 4,2 millions of inhabitants & year). Expressed in terms of the inhabitants
of affected districts this ratio drastically changes (1 casualty / 42350 inhabitants & year).
The situation is similar in Switzerland (1death / 3.1 million of inhabitant & year), but more
unfavourable. The data of Japan reflect the high proneness to natural disaster caused by
the geological situation.
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Province number of killed people endangered buildings
Burgenland - 0 !
Lower Austria ) - 59 a 2744
Upper Austria o 46 | - 2088
Styria I 31 2909
Salzburg - . 23 7 4499
Carinthia R
Tyrol - ! 94 4564
Vorarlberg | B o .
Vienna - 0 o 5
Total ' 277 21401

Tab. 1: Number of people killed and buildings endangered by torrent flood regarding the
most 2.614 dangerous torrents [1884-1967] (AULITZKY et al. 1977).

Zahl der bei Wildbachereignissen in den 2614 gefihrlichsten Wildbichen getbteten
Personen und gefihrdeten Gebiiuden fiir den Zeitraum 1884 - 1967.

Casualties by natural mountain disasters in Japan
disasters without snow avalanches and earthquakes
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Fig. 1: Casualties by floods, debris flow and slope failure in Japan. The data reflect a trend
of decreasing of the amount of casualties. This can be interpreted as a success of the
SABO measures (OMURA 1999, KAIBORI 1999)

Anzahl der Opfer bei Naturkatastrophen (Wildbachereignisse, Hangabbriiche) in Japan.
Die Ausgleichsgerade zeigt fallende Tendenz, die auf die Wirksamkeit von SABO-

MaBnahmen hinweisen kénnte.
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The decreasing amount of casualties is drawn in fig. 1. The value 1 death / 0.7 million of
inhabitants & year is more than ten times bigger. The value of Nepal reflect the dangerous
geological place superimposed by the bad economic situation.

Fig. 2: Comparison of the
accumulation of the costs
of damages with the accu-

Evolution of the costs of damage and control measures
for flood and debrisflow protection in Switzerland

4000 mulation of the controll-
costs of damage - ing costs in Switzerland in
o Euro (BUNDESAMT F.
S 3000 o WASSERWIRTSCHAFT
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£ J/ costs of contro )
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ben fiir SchutzmaBnah-
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Development of the controlling costs and the damages in Switzerland during the last 25
years (Fig 2): Especially remarkable is the growth of costs resulting from damages
compared with the funds available for the construction of protection measures. During the
last years damages more and more increased (only in Switzerland there are available
precise estimations of the value of damages caused by flood and debris-flow disasters)
whereas the provided funds for establishing protection measures limped after. It can be
seen, that an increase of investigations for more safety does not unconditionally lead to
lesser damage costs. Because of this it seems necessary te look critical to this
phenomenon. Governments nowadays have to consolidate their national budgets.
Technical control measures are getting more and more susceptible to damage and have to
be repaired. Appropriate maintenance measures to ensure a certain standard of security are
indispensable but likely will not be realised in times of wars and economic downswing.
Control measures which are in bad conditions have a tendency to collapse (please compare
paragraph 6). Therefore innovative safety concepts are an essential requirement. The
current methods of construction for protection produces high rescue-costs and also high
expenditures for maintenance. This will cause a financing problem in times of economic
upswing.

A comparison of GNP per person and the persons killed by torrents is drawn in Fig. 3.
People in developing countries are much more prone to such natural disasters than people
of developed countries. The effect of weather and geology is comparable between Japan
and Nepal. But the amount of casualties in Nepal is 20 times more.
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Fig. 3: Comparison of
casualties per 1000 in-
habitant by torrents and
@ Nepal landslides in dependence
0.025- of GNP (gross national
product) for Nepal, Ja-
pan, Slovenia, Switzer-
land and Austria.
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4. Comparison with casualties of traffic:

In Austria there are 1633 traffic-casualties / year (average 1971 —1998) to bewail. This
corresponds with | casualty per 4717 inhabitants. In Switzerland the same number is | :
5938. The number for JAPAN is | : 12179 and the number for Slovenia 1: 3825, This
reflects that in high developed countries the mortality caused by traffic is up to 2800 times
more than the mortality induced by natural hazards (please compare table 2).

5. The influence of land-use and development planning on disasters:

Examining the chain of causes of disasters and the complex of landscape-ecological
correlation it can be stated, that several types of land-use, different patterns of forest
technique, and the particular methods of development planning make a substantial
contribution to the evolution of disasters.

The enormous demand for timber used in salt production and mines until the use of coal
was adopted, connected with wasteful cutting methods in various regions of the Alps up to
the mid of the 19th century, essentially contributed to an reinforcement of the big disasters
at the end of that century. Tracing back this influence there can be stated, that deforestation
led to surface erosion of the Mediterranean area. Vegetation, in particular forest-vegetation
and soil are important regulators in the process of transforming precipitation into discharge
when a tlood disaster or a debris flow springs up. Heavy rainfall is one of the main factors
with 58 % contributing to the formation of disasters (ANDRECS 1995). The soil of the
forest works as a reservoir. Vegetation depletes this reservoir (transpiration) and creates
the coarse-pored soil as some organism do. Macro pores are the main entrance of
precipitation water into the soil and therefore responsible for no over-land-flow. A lot of
investigations show, that in forested areas over-land-flow does not exist (KARL et al 1986,
KOHL, et al.1997, HOLZINGER 1999). This improves the infiltration and thereby also
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provides access to the reservoir. Due to the fact that the roots keep together the soil,
erosion in steep regions can be prevented and the upper soil layers may be armed against
sliding. A multi-layered vegetation-cover collects the raindrops. One part of them is stored
and therefore the impact-force will be reduced.

Forests can also protect against shallow landslides because of the apparent cohesion of the
roots. But this effect is limited.

The forest and its climate occasion an influence on the break off of stones from small
cliffs because of a reduction of frost effect and the stems impede stones falling down. This
reduces the run-out distance of the rolling rocks. But this effect is limited by the energy of
the rock and the diameter and grow density of the trees.

The impact of the forest on the snow cover causes that there are less avalanche disasters
and also snowmelt is delayed.

Different types of land-use effect vegetation and soil. As a result the buffer efficiency of
the landscape for different natural hazards decrease and the prevention against earth slip,
rock fall and avalanches will be affected. Several types of land-use which have a negative
impact on nature are among others: deforestation or clear cutting, agriculture plants
sensitive to erosion planted on slopes, soil compaction and destruction of vegetation by
overgrazing, forest-destroying types of logging, delaying of natural reproduction due to
tree browsing by game, destruction of forest by “Waldsterben™.

Soil sealing caused by constructing roads, asphalt covered places and buildings, measures
of regulation or diking applied on creeks and streams deliver an essential contribution to
affect of enlarging floods within a catchment area. LANGER (1975) described the
influence of street- and path building on triggering some disasters. Therefore, a careful use
of landscape will be a requirement in the future and could be understood as a method to
avoid disasters. This can be described as a disaster-preventing landscape cultivation.

Some big disasters are related to a bad settlement in hazard zones. Including the
experience of paragraph 6 the praxis of reducing the “red zone area” and the "yellow zone
area” (accordingly to Austrian hazard zone decree) seems to be very problematic, as the
example of "Wartschenbach” / Tyrol demonstrates.

6. Recent experiences with torrent floods:

In spite of the big success of the prevention measures of the Forest-Technical Service in
Austria and other countries , however some examples of torrent floods in Austria,
Switzerland and Spain demonstrate, that not every constructional control measure is able
to prevent such disasters. Additionally in some cases the malfunction of the control
measure increases the damages. In his description of the Enterbach-disaster (3 people
killed, 2 buildings destroyed, 13 buildings damaged, 4 cars demolished, 4.4. km streets,
the Westbahn-railroad, water pipes and energy supplies interrupted, 52 ha of meadows and
fields destroyed by 400.000 m? debris-material) AULITZKY (1970) refers to the fact that
the demolition (9) respectively the damage (27) of altogether 44 check dams caused an
essential increase of the disaster (30 % of the deposited material). Meanwhile the check
dams have been renovated and extended.
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HOFMANN (1972) reports about a similar event of the Niedersiller Miihlbach disasters in
1970 and 1971 (4 people killed, 3 buildings destroyed, 40% of the check dams destroyed,
90% damaged). In Austria there are more such examples as reported.

Another example is the Giirbe-River near Bern (Switzerland). From this river two similar
events are reported (STUDER 1992, ZIMMERMANN et. al 1990). 74 stone crib check
dams had been constructed between 1858 and 1881. Most of them were destroyed by a
disaster in 1881. After this event 71 wooden and stone check dams had been built up from
1893 to 1906. From 1907 to 1911 concrete dams had been set up and this construction for
protection were continued until 1942 up to a total number of 104 dams. In 1990 44 of
these check dams again were destroyed or heavily damaged by a big flood and debris
flow.

Another example is the Arés disaster of August 7, 1996 (Spain / Pyrenees). Heavy rainfall
higher than 250 mm in 30 minutes lead to a catastrophe with 89 killed people. The torrent
was controlled by stone check dams. Connected with this disaster many check dams were
destroyed. It is estimated that 20% of the sediment deposited on the alluvial fan was
coming from the damaged control measures (GRACIA RUIZ et al. 1996).

The protection constructions in the upper reach of these four torrents have an integrated
principle consisting of chains of check dams. This construction is very sensitive to the
demolition of the lowest dam and to the possible breaking upwards (similar to the domino-
effect). In such a case the stored and retained debris is released suddenly. In all the four
examples, safety constructions built up to prevent a disaster caused an increase of the
disasters.

The sensitivity of check dams results from the intensified weathering effect of the both
fixings, due to the higher water pressure in the slopes behind the check dam compared
with the water pressure in the slopes in front of the check dam. This causes a stronger
erosion process on the fixing parts of the construction. One can observe that the fixings
are not covered. This fact, the weathering and decay of the check dams and their discharge
sections, and the deep-seated mass creeps are the main causes of the (sometimes hidden)
destruction of check dams. The total destruction is then connected with a strong
precipitation event and depends on the maintenance state of the control works.

7. Maintenance work on torrent controls:

ANDRECS (1995) has analysed 3.066 torrent events for the period of 1972 to 1993 using
the information provided by the Austrian Forest-Technical-Service (FTS). Table 3
indicates the percentage of disasters in controlled torrents and uncontrolled torrents for
each Austrian province. It also includes the percentage of costs for maintenance estimated
by experts of FTS related to all expenses during the examined period of time. The
expenses spent on restoration by some Austrian provinces exceed the estimated average
costs (4,9%) - see Tab. 4 - and the percentage of maintenance calculated by the
government (1,5%) (BUNDESMINISTERIUM FUR LAND- U: FORSTWIRTSCHAFT
1978). Examining this more in detail it can be stated, that maintenance costs increase
according to the extension of protection measures. From the available statistical data the
increasing importance of maintenance costs to reach a certain level of safety is obvious.
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Province controlled % not controllgc; %  restoration% |
Vorarlberg 56 44 N 71
Carinthia 58 42 257 5
Styria 56 44 334 |
Lower Austria 55 45 402 :
Tyrol 57 43 557 |
Salzburg 68 32 608

 Upper Austria 76 24 1106 }
Total 62 38 C a1 |

Tab. 4: Percentage of disasters in controlled and uncontrolled torrents compared with
estimations of the percentage of maintenance costs as a part of the construction costs of the
protection measures in the examined period of time1972 - 1993 (ANDRECS 1995).

Verteilung der Katastrophenereignisse auf verbaute und unverbaute Wildbiiche als
Prozentangabe im Vergleich mit den als Prozentsatz geschitzten Erhaltungskosten. Dieser
Prozentsatz errechnet sich aus den innerhalb des Beobachtungszeitraum fiir Verbauungen
ausgegebenen Geldmitteln.

Regarding the economic crisis after the two world wars, the importance of maintenance
measures and their costs becomes evident. During this time there were not enough funds
available and the protection constructions of inferior quality decayed. The important role
of maintenance can be understood if we include the observations of paragraph 6. The
break down of check dams and their enlarging effect of a disaster is a reality and shows
us, that some old hypotheses are falsificated (POPPER 1934/1994). Therefore it is very
important to be careful using chains of check dams now, because these constructions are
very prone to maintenance costs and the “domino effect”. Including long-time thinking of
sustainability we have to develop better ideas for protection constructions.

8. The solution of the problems:

A challenge for the future will be the generation of a safety plan by giving special
attention to the concept of sustainable development. This concept is expected to use the
ability of self-regulation of landscape (buffer efficiency, regenerative power with less
energy for regulation), an effective hazard zoning and economic considerations on
maintenance of constructions.

The Austrian Forest-Technical-System of Torrent and Avalanche Control presents various
methods which had already been applied and were propagated especially by UBLAGGER
(1993) or AULITZKY (1998). The possibilities are:

a) To avoid danger areas for high-quality development planning like settlement,
industry and high-class infrastructure. Therefore a thorough hazard zoning is
necessary. The current practice in Austria of changing the classification-status of an
area first described as a dangerous one (red zone), but after some technical protection
constructions seen as a safe or moderately danger (yellow) zone has a very
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unfavourable effect. This practice seems to be a justification for expensive control
techniques (price of land - land speculation) and does not lead to reduction of the
costs but to extension of the measures and costs.

b) To improve watershed management (disaster preventing landscape using) in the sense
of using the protection function of forests.

¢) To examine the existing protection constructions. If there is the possibility to let them
“decay in a controlled manner” they should not be restored. This means that only
indispensable conservation and renovation will be performed and “unnecessary
safety” ("Vermeidung vollig Gberflissiger Verbauungen”, "avoidance of totaly
useless control works™ AULITZKY 1998, p. 17) should be withdrawn. This could
be a contribution to reducing rescue-costs. Above all there should be made an effort
to develop appropriate constructions with low maintenance costs, guidelines for
doing this and emphasis on research should be given.

¢) To take advantage of the natural process and reinforcing its effect by using simple
types of structures which are not susceptible to repairing. Only indispensable re-
constructions and replacement buildings should be considered.

e) To develop “intelligent types of construction”, which will have a positive impact on
the running processes and which cause lower costs of construction and favourable
conditions of maintenance. In addition the bio-cybernetic basic rules (VESTER
1983/1992) should be taken into account.

f)  After all there should be put a lot of effort into the research on geomorphologic and
disastrous processes and on damages of constructions for a better hazard appraisal
and designing of protection measures.

9. Examples:

Special emphasis should be given to the measures described under b) because they use the
self-regulation process of landscape. By improving watershed management methods
infiltration and storage can be positively effected. Another consequence is that forest
management advances natural reproduction of forests which results in an improvement of
their structures. Consequently they provide a protection against erosion, rock fall and
avalanches and the use of constructions for protection can be minimised.

Redev i iv which stimulates natural reproduction and the
protection function by reducing excessive game stock or by redemption of forest-grazing
rights. By this development of a good stand structure the protection from snow
avalanches, rock fall and erosion will be increased. In addition to that natural forests show
better conditions for infiltration too. Similar results derive from reforestation of some
unused, degraded grazing land and from afforestation of decayed alpine pastures in the
high mountains (afforestation in subalpine area).

In_agriculture the substitution of erosive cultivation like corn, wine, hop and root crop on
steep erosive slopes is advantageous. From a quality-based point of view one can be
recognise, that ecological methods of farming (“alternative farming”) also provide a
valuable contribution to erosion control and to reduce surface run-off. As I know,
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quantitative studies into the contribution of “alternative farming” to an improvement of
the erosion- and overland flow situation have not yet reached a satisfying dimension.

The Austrian Forest-Technical-Service of Torrent and Avalanche Control now puts a lot
of effort into the works on this topic. Land improvement and projects of land use planning
serve this idea and are supported by public institutions.
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