1.2 V ULNERABILITY TO MOUNTAIN HAZARDS — FUNDAMENTALS AND
APPLICATIONS WITH RESPECT TO AN OPTIMAL SAFETY OF STRUCTURES ¥

[11.2.1 Introduction

The historical shift of a traditionally agriculturabciety to a service industry- and
leisure-oriented society led to socioeconomic dgw@lent in mountain environments
and foreland regions. This shift is reflected byimereasing use of those areas for
settlement, industry, and recreation. On the ottend, areas suitable for land
development are relatively scarce in mountain megie.g., in Austria, only about 20
percent of the whole area is appropriate for dgueknt activities [1]. Moreover,
those areas are located line-shaped along vallggrbs. In other mountain regions of
Europe, areas of economic activity interfere witkeaar periodically affected by
natural hazards such as flood plains of rivers arrential fans developed over
centuries or even longer. Consequently, a confflettveen human requirements on
the one hand and naturally determined conditiontherother hand results. Due to an
increasing concentration of tangible and intangddsets and to an increasing number
of persons exposed to natural processes, whichertase of harm to human life or
property are considered as natural hazards, tterani emerging need for the
consideration of risk in land-use development.

Dealing with natural hazard processes has a loadition in European alpine
countries. Early attempts in dealing with naturatdrds include the establishment of
official authorities in the second half of the 1@#ntury, e.g., in Switzerland in the
late 1870s [2] and in Austria in 1884 [3]. For mdahan half a century, technical
mitigation measures were developed and implemeiiteelse active measures, which
represent the human reaction to hazard procegsesared to be the appropriate way
to cope with this challenge. There was little imgetaward an integrative dealing
with natural hazards before the 1950s and 1960snwetreme events occurred over
wide areas of the Alps. Extraordinary governmentgbeaditures involved with
technical coping strategies resulting from thoséreeme events made traditional
reactive measures increasingly obsolete. Conseguddeas of complementary
passive protection measures emerged, such as hamappbing and land-use
restrictions.

Only recently, the responsible authorities in madghe European mountain countries
developed theoretical models of integrated risk agament, which follow mainly the
engineering approach to express riBK;{ as a function of hazard and values at risk
[4-7, see Equation 1]. Consequently, informationtbe hazard potential and the
related probability of occurrencesf), the values at risk exposedf) and the
vulnerability of objects at riskvg;, s) is needed for the evaluation of risk. The
development of these models is strongly conneatethé considerable amount of
damage in European mountain regions and relatethfme due to natural hazards in
recent years [8].

R, = f(psi Ao Vo) (1)

¥ Chapter written by Sven Fuchs & Markus Holub
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The aim of this chapter is to present the curreactore of hazard management
strategies for landslides in Austria and future dse&vith respect to the holistic

framework of risk management. Thereby, the focusas only on methods of

vulnerability assessment, but also on permanenttamgorary mitigation measures
implemented by public authorities nation-wide, awxdmeasures suitable to reduce
vulnerability on a regional scale, such as localicstiral protection of buildings.

Furthermore, the problem of risk evolution is addesl by a concept of multi-

temporal risk management.

[11.2.2 Current practice of hazard management in Austria

The legal foundations of dealing with natural hagardmountain regions of Austria
are regulated at federal level by the Forest Atirj4he respective current version.
According to this law, hazard maps have to be pedito protect settlements and
infrastructure against natural hazards; the respiitg for the compilation and
implementation of these maps is assigned to theriansService for Torrent and
Avalanche Control (WLV), a subsidiary authoritytbe Austrian Federal Ministry of
Agriculture, Forestry, Environment and Water Managetrj4, 8 11 Abs. 1]. Further
regulations concerning the content, the form amdsghecific design of hazard maps
are defined in the Decree on Hazard Zoning [5]. oAding to this decree, hazard
maps provide the basis (1) for any planning andlempntation of mitigation
measures by the WLV as well as for the prioritmatof these measures, and (2) for
any planning activities concerning regional devatept, land-use and construction
engineering. Thus, the overall aim of hazard mappsidl) to delineate areas
endangered by avalanches, torrent processes, ildeglshnd rock fall (2) to assess the
level of exposure of such areas, and (3) to depeas used for mitigation measures
against these hazards.

Hazard maps are based on a design event with anne&wiod of 150 years, and an
event occurring more frequently with a return peraf 10 years [5]. In 8§ 6 of the
Decree on Hazard Zoning, the criteria for delinmtatof hazard zones is prescribed.
According to these prescriptions, red hazard zomebcate areas where the
permanent utilisation for settlement and trafficgmses due to avalanches and torrent
processes is not possible or only possible witmaextlinary efforts for mitigation
measures. Yellow hazard zones indicate those areae a permanent utilisation for
settlement and traffic purposes is impaired by gudtesses. Furthermore, specific
other areas have to be displayed in the hazard:r{lBpBlue colours mark areas to be
provided for future mitigation measures, (2) brosatours indicate areas affected by
landslides and rock fall and (3) purple coloursicate areas that can be used as
protection due to their natural properties, suchpastection forests or natural
retention basins.

As far as pure sliding processes and slumps areessket], the spatial extent of the
mass movement has to be described in the hazard @apently, there are no
regulations for a further classification of suctogesses. With respect to hillslope
debris flows and shallow landslides, the lateraéekhas to be included and marked
by red colour in the hazard map. Torrent debris sldvave to be classified according
to their accumulation height of < 0.7 m and®.7 m; the respective areas have to be
indicated in red and yellow colour in the hazarcpma
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The procedure of hazard assessment is methodollygietibble in determining the
hazard potential and the related probability of uscence ps) by studying,
modelling, and assessing individual processes afidadi design events [9, 10]. So
far, little attention has been given to elementsrisk (Aoj) affected by hazard
processes, particularly concerning spatial pattarnd temporal shifts. Furthermore,
studies related to the vulnerability of the objées; s) to a defined scenario have
predominantly been carried out so far as propdsatietermine the risk of property
and human life with the focus on a specific locatemd a specific point of time [7,
10, 11-14].

Socioeconomic developments in the human-made emmeoat led to an asset
concentration and to a shift in urban and subugiulation in European mountain
regions. Thus, the temporal variability of damageeptal is an important key
variable in the consideration of risk. Recentlynoeptual studies related to the
temporal variability of damage potential exposechézards have been carried out,
focusing both, on the long-term and the short-tegmporal evolution of indicators
[15-17]. Furthermore, owing to the requirement ocbreomic efficiency of public
expenditures on mitigation measures, there is d fm@ea precautionary, sustainable
dealing with natural hazard phenomena, taking atwount particularly the values at
risk [18-21].

Table 111.2-1: Average reconstruction values for buildings in tias applied in the GIS-based
assessment of valuesrak [23:122].

Type of building Floor height [m] Number of floors \Value/m?3 [€]
Detached house 2.8 3.5 350
Apartment building 2.8 4.0 385
Hotel 3.0 5.0 528
B&B 3.0 3.5 435
Restaurant 3.0 3.0 399
Public building 3.5 3.5 406
Office 3.5 1.0 342
Shop 4.0 1.0 330
Garage 4.0 1.0 212
Barn 2.8 1.0 200
Haystack 6.8 1.0 94
Indoor swimming pool |6.0 1.0 601
Gym 6.0 1.0 160
Carpark 2.8 1.0 235

[11.2.3 Assessment of elements at risk

Currently, only few conceptual suggestions and afp@nal methods are available for
the comprehensive assessment of elements at risihgared by natural hazards [10,
22]. Accordingly, the evaluation of damage potdnigaoften based on subjective
estimations rather than on widely-accepted stamsksdichpproaches. Hence, results of
such assessments are rarely comparable, and doenessarily mirror the actual
situation satisfyingly. With respect to integratkimanagement, the assessment of
elements at risk has to be based on a spatiallyceéxaluation using GIS techniques.
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Thus, the following procedures outlined in [7] andtlier developed by [23] are
recommended for an area-wide application in Europeeruntain regions with
respect to persons, infrastructure lines and ngklat risk.

The basis for this procedure is a digitised layethefelements at risk, e.g. a building
shapefile originating from orthophotos and inforioat extracted from the land
register plan. The surface area of buildings pravitlee source for any further
economic valuation. This valuation is carried outigans of average reconstruction
values for different building categories, multigliby further characteristics of these
buildings such as building height and technicaligaent, see Table IIl.2-1. The
number of persons at risk is derived from the nunabdrouseholds per building and
multiplied by the average number of persons pesébaold, e.g. by using information
from the respective national statistical officdsa tonsiderable amount of elements at
risk is comprised by tourist infrastructure, themtner of tourists being present in
endangered buildings could be derived from the remdd beds in the hotel and
restaurant industry, multiplied by the respectate rof occupation.

As a result, a relational database is developelinvihe GIS environment, containing
spatially precise information on the economic vatiebuildings at risk, and the
number of inhabitants and tourists. If necessagopte at risk can be further
evaluated using economic techniques such as tharmgeapital approach [24], a well
established method derived from the insurance tngJg.g. 25, 26]. A similar

approach is recommended for infrastructure lineRi) 28] based on earlier works
[23]. Hence, the damage potential is monetised card be further processed with
respect to the risk equation (Equation 1). Therefimfermation on the vulnerability
of values at risk is necessary.

[11.2.4 Assessment of vulnerability

From a technical perspective, vulnerability is dlyueonsidered as a function of a
given process intensity towards physical structueesl is therefore related to the
susceptibility of elements at risk. Thus, vulner#pH often referred to as ‘physical’
vulnerability in this context — is defined as thgected degree of loss for an element
at risk as a consequence of a probability of failii4]. Accordingly, if elements at
risk are monetised within the framework of riskesssnent, the vulnerability value
provides the proportion of expected loss and rarfgess O (no damage) to 1
(complete destruction). Its assessment involvesgémeral the modelling and
evaluation of several different parameters andfactuch as the structural behaviour
of the element at risk resulting from the hazarg@awt. This includes information on
building materials and techniques, state of masnten, presence of protection
structures and so on [29, 30]. On the impact sidecess parameters such as the
intensity are — due to a lack of dataoften empirically analysed based on theories of
probability, which is usually undertaken by mappthg geomorphologic disposition

! Up to now, the most popular approaches in practieemainly empirically based, given the limited

scientific background in the field of structural Iverability evaluation resulting from the hazard

impact [31]. Finite element modelling, howeverjrisreasingly used to model the physical impact on
structures. So far, this method is able to accéamiaterial properties that might provide inforinat

on structural resistance. Due to the amount of maicgies included, however, such methods
concerning the reliability of structures have neeb verified with respect to incurring losses, and
conventional empirical relationships are used at®r operational risk analyses [32].
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and the extent of previous events, and by mode(lilefined design) events. Thereby
the magnitude-frequency concept plays a key rolaeWthe activity of different
hazard processes is compared on a given timesmale processes appear to operate
continuously while others operate only when spectfonditions occur. The term
eposidicity was used [33] to refer to the tenderwy processes to exhibit
discontinuous behaviour and to occur sporadicadlyaaseries of individual events.
Episodicity appears when discontinuity is inherenthe forcing process, however,
with respect to mountain hazards, the relationdfepyveen the initiating forcing
process (e.g., intense but discontinuous rainéaif) the geomorphic response (e.g.,
formation of debris flows as a result from eroseénd mobilisation of solid particles
in a channel bed) is not constant. Operationaliggéering thresholds are used instead
to indirectly approach the probability of occurrenaf a specific design event, and
connectivity is assumed to deduce the behaviouh@fhazard process from that of
the triggering factor itself.

By applying the concept of risk, the definitionvafinerability plays an important role
in natural hazards research and in practical agpdic within mountain environments
[12, 13]. Hence, from an engineering point of vi@ensiderable areas in European
mountain regions are vulnerable to hazard procesBgsn if the theory of
vulnerability had been subject to extensive reseaand numerous practical
application for the last decades, considerable gsiik exist with respect to
standardised functional relationships between inipacforces due to occurring
hazard processes and the structural damage cali2edl3d, 34]. This has to be
attributed to the overall lack of data, in partarulconcerning losses caused by
mountain hazards, often as a result of missing eocapiquantification. Recently,
promising approaches for a quantification of vuiinglity have been made by [7, 11,
22] with respect to avalanches and rock fall preess respectively. These
suggestions are based on (partially estimated) rezapirelations between impact
forces (e.g., pressure, accumulation height) andemied damage to exposed
buildings located in the respective run-out arddswever, sound suggestions for
landslides and torrent processes are still outstgneven if these processes caused
major losses in the Alps in recent years [12, 8, 3

A review of existing approaches relating to lardislrisk assessment is provided by
[12] and [34], and summarised with respect to ladds and torrent processes in
Table 111.2-2. The approaches for the evaluationwdhegrability vary significantly in
detail of analysis and resulting numerical valudshough vulnerability is part of
consequence evaluation, many approaches do nepbkeify the type of process they
are applicable to (e.g., landslides, debris flolwgperconcentrated flows), nor the
physical mechanisms (e.g., travel distance) or s$kreictural resistance of an
endangered object. In particular, information om pnocess intensity is often missing
and is therefore only described semi-quantitativBlgreover, in none of the studies
the universal set and the sample taken for empiedculations were clearly
specified.

Suggestions for a quantitative vulnerability-intépnselationship for the application
in torrent risk assessment have been made by dsgidon case studies in Austrian
torrent catchments, these have been extended hyioadtl Swiss data [37], see
Figure 11.2-1. The applied method followed a spasipproach, and was based on
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accumulation heights as a proxy for process intessispatial data from elements at
risk and average reconstruction values in deperencdhe surface area on an object
basis. The relationship between process intenxsagpd vulnerabilityy was found to
fit best to the data by a second order polynomiaicfion for all intensities
0.33<x<3.06 m, see Equation (2). The coefficient of deteatibn R is 0.97,
which seems to be comparatively sound with resjoeitte amount of data available.

0 if x<0.3
f,, =4 012x* - 004x if 0.3<x< 306 (2)
1if x> 306

Recent studies by [12, 13] suggested that the vaibnay for buildings located on a
torrent fan will be overestimated if such values applied during the assessment of
risk. As a consequence, the results mirror theamesiexpected systems behaviour
(expected destruction due to impacting forces)faertain amount of values at risk,
e.g., the entire area of a torrent fan or an acdlamun-out area presumably affected
by a defined 1 in 150 year event. However, thisghesvent does not cover the entire
possible run-out area, but only a certain partt.oflis assumption is based on the
repeatedly observation that the individual desigané accumulates in a lobe-shaped
pattern, in particular if the accumulation areaaavex. Hence, the spatial probability
of occurrence of individual scenarios may be ndgtbauring the application of
vulnerability-intensity relationships, and is contously taken into account by
applying overall spatial reduction factors duringpermtional risk analyses.
Furthermore, since resistance against impact fascdependent on the construction
type of buildings which is typically to be iden&fl by field studies, determining
structural vulnerability is very time-consuming atitus costly. Furthermore, the
effects of processes in the run-out area is nocgatpletely knowf consequently,
modelled impact pressures can only be a rough atiof the real system behaviour.
With respect to mountain hazards, there were exasnphere an avalanche destroyed
a building situated perpendicular to the avalareckis (e.g., in the hamlet of Valzur,
Paznaun, Austria, in February 1999), but there wases where such a building was
able to stop such an avalanche completely (e.gthenvillage of Airolo, Ticino,
Switzerland, February 1951). To conclude, the corepbof structural vulnerability
within risk analysis for mountain hazards is stilghly specified, mainly due to a
lack of intensive experimental or observationabdatevertheless, within the present
study, structural vulnerability is understood to k®e source for any other
vulnerability concept, since if there was no impdoe to a hazardous event on
elements at risk, no loss would result, and theetp@s a whole would not suffer
harm.

2 Future research concerning the behaviour of pesses the run-out areas is needed, in particular
related to the structure of buildings. Buildings dsve similar effects on hazard impacts as reigrdi
mounds used for technical mitigation. Thus, dueatcshift in the building pattern within the
accumulation area [15, 38], buildings oriented taisethe valley bottom tend to result in smallek ris
than buildings that are located closer towardstthesit area. Independent from the related politica
implications and the associated impacts on landplesening, further studies on this effect should be
carried out due to the probable reduction of theaut areas and, as a consequence, the resuktlag ri

12¢



1.0

0.9 Vulnerability values (hyperconcentrated flow)
Vulnerability values (debris flow)
0.8 Swiss test sites (Kimmerle 2002)

Mean vulnerability

Lo - =

0.7 = Empirical vulnerability function A
Tos| y=012¢-004 %
=
= R*=067 *
Los
e
a
£
3 0.4
>

0.3

0.2

01

0.0

0.0 035 1.0 15 2.0 25 30
Intensity [m]
Figure I1l.2-1. Empirical vulnerability function for torrent procsss in Austria.
Data related to debris flows is shown by solid kldwombi (mean by framed white
rhombi). Data from Swiss test sites is presentedjiey triangles. Data originating
from hyperconcentrated flows is shown by grey sgsift4].

Without doubt, vulnerability is considerably dewed if local structural protection
measures are implemented. However, further stuatieseeded in order to enhance
the database on losses resulting from landslides t@ enable the development of a
vulnerability function applicable on different st scales [14]. Until now,
standardised values for average loss are usedath&te public authorities for the
operational application within cost-benefit anafy/der protective measures [39].
Following these guidelines, the uniform damagewadrage buildings resulting from
landslides is estimated to be € 28,800. Howevergtis some evidence from recently
analysed data that these average values do natrntive vulnerability of buildings
towards landslides precisely with high accuracy].[12

[11.2.5 Protective measures

In Austria, strategies to prevent or to reducedtfiects of natural hazards in areas of
settlements and economic activities trace backhm mediaeval times; official
authorities were only founded in 1884 [40] basedadirst legal regulation [41]. In
the second half of the T'9and in the early 2D century, protection against natural
hazards was mainly organised by implementing peemiameasures in the upper
parts of the catchments to retain solids from ersand in the release areas of
avalanches. These measures were supplemented myltiikal efforts to afforest
high altitudes. Since the 1950s such convention@jation concepts — which aimed
at decreasing both, the intensity and the frequesfcgvents — were increasingly
complemented by more sophisticated technical ntiiganeasures. Until the 1970s,
mitigation concepts mainly aimed at the deflectbrinazard processes into areas not
used for settlements.
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Table 111.2-2: Compilation of different suggestions related to assessment of vulnerability of
structural elements with respect to landslidestanent processes [12:500].

Intensity
qualitative (semi-)quantitative
low medium high very high low medium high very hig
w
2 2 2 2 2 o € 2
5 = = = = E = =
o] ] 7] 7] 9] =] EA ]
& 3 3 3 & - Vv - > 3
P ot ot ot ot > ° ot
o 5] 5] 5] o v Z A e 5]
= =4 =4 =4 = £ o  ®© =4
o [ [42-44] not linked to process intensity
g
‘_§ [45] superficial functional structural structural
o
[30] 0.1 0.4 0.7 1.0
[46] 0.1 (distal) 1.0 (proximal)
[47] 0.1 0.2 0.5 not specified
[35] not specified | 0.1-0.2 0.5 not specifigd
2o
=2
g g | [7, channel
E € | debris not specified | 0.1 0.5 not specifiel
S |8 | flows]
>|o

[11.2.5.1 Conventional mitigation within the framevk of risk management

In the Republic of Austria, conventional mitigatioh natural hazards institutionally
originates from the 1890s when the French systerforast-technical torrent and
avalanche control was adopted. Watershed managemsagures, forest-biological
and soil bio-engineering measures as well as teahnneasures (construction
material: timber and stone masonry) had been imghed. Thus, conventional
mitigation concepts only consider technical stroesuvithin the catchment, along the
channel system or track and in the deposition akeaording to the approach of
disposition management (reducing the probabilitypofurrence of natural hazards)
and event management (interfering the transportga® of the hazard itself), a wide
range of technical measures is applicable [48].

Conventional technical measures against land slglesh as deflection and retention
walls and dams as well as torrential barriers agdorrent related mass movements,
are not only very cost-intensive in constructiomreover, they interfere with the
ecology of the adjacent landscape [e.g., 49-51di#ahally, because of a limited
lifetime and therefore an increasing complexity nedintenance in high-mountain
regions, future feasibility of technical structuresrestricted due to a scarceness of
financial resources provided by responsible autiesri[52]. If maintenance is
neglected, mitigation measures will become ineifecnd can even increase the
catastrophic potential of natural hazards. Sinagventional technical measures do
neither guarantee reliability nor complete saféig]] a residual risk of damage to
buildings, infrastructure and harm to people remain

Experiences from last years suggested that valueska&nd spatial planning should
be increasingly considered within the frameworlkafural hazard reduction [54]. To
meet this goal, integral risk management strateggesn to be a valuable instrument



to reduce the susceptibility of buildings and isfracture to natural hazards and to
develop strategies for a strengthened resistanoeyeaall by means of local
protection measures.

[11.2.5.2 Local protection measures

Besides conventional technical mitigation measw®gagctural precaution is achieved
by an adapted construction design and the apptepuse of an object. Structural

precaution is the main application domain for losalictural measures, since the
individual vulnerability of buildings can be fundantally decreased by strengthening
e.g. brick walls with reinforced concrete composergnd/or the adopted interior

design of the different rooms according to occupatime and hazard potential. A

well organised utilisation of the rooms can inflaerthe vulnerability and as a result
the risk considerably [54].

The principles of planning and implementation ofalostructural measures to reduce
vulnerability against natural hazards are neithaghlly sophisticated nor very
innovative. However, the performance of local dintel measures often is neglected
or even ignored following the proverb that cheaputsans cannot be effective.
Generally, local structural measures are “the #ifterght of a tragedy rather than a
forethought of prevention” and are “developed basedndividual experiences more
than scientific knowledge” [55]. Besides, in retatito the potential damage caused
by natural hazards, the construction of local $tmad measures seems to be
reasonable, in particular if renewal or reconstaicts planned [56].

Some basic principles should be considered fointtpgementation of local structural
measures:

1. Knowledge of the interactions between all thegtlile hazard processes within
the area concerned is required.

2. Spatial measures should be preferred to stalaweasures. The most effective
way to avert the impact of natural hazards to damagiential is to keep the
affected areas clear of values at risk.

3. Permanent measures should be preferred to mehigment. Due to high
transport velocities of mountain mass movements arghort lead time for
reaction, mobile mitigation measures cannot providesame safety level than
fix installed protective systems since they neecedain amount of time for
installation.

4. Damage to third parties is not acceptable; hdocal structural protection must
not cause negative impacts to adjacent or dowmstrgerian owners’ values at
risk.

5. Combination of miscellaneous local structurabmges decreases considerably
the vulnerability.

Local structural measures can be distinguished cdamkified in various ways, i.e.,

according to the applicability for protection agdimhe hazard process, the location
with respect to the protected object, as well astyipe of construction and material
used; a further differentiation is possible whettier local structure is of permanent
or temporary use [54].
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Table 111.2-3: Local structural measures for new buildings asl wasl for an upgrade of existing
objects with respect to possible impacts of lan@sli[57].

ol o
. — 2 c c .S
Relevant impact Objective Local structural measure 23 53
=] Q>
alo>ea
. Stabilising sliding masses (supporting elementgetegion
Prevention of general damages - g - .g (supporting e )
Drainage of sliding masses
. Strengthening of exposed walls (reinforced congrete -
Prevention of damage to outwallgq— 9 cl - P ( y L
Reinforced facing formwork + +
Preventl(_)n of dg_mage on Strengthening of intermediate ceilings
Endangering the stability [intermediate ceilings + -
of the exposed object Static separation of structural levels + -
Static separation of outbuilding + -
Subsidence, tilting, Strengthened bedplate with cellar by reinforcedcoete + —
translational displacement Deflection of load to stagnant ground + _
Non-stop reinforcement from bedplate to wall + -
Lightweight constructions by timber + -
Prevention of damage due to ~ |NO Openings in exposed walls + =~
Intrusion of sliding solids [mechanical demolition and Small windows (located far above ground level) + -
contaminaition Impact protection for windows (massive shutter) + -
Concept of internal and external use of the object +
Combination of protection measures + +
Constructive easily feasible +
Constructive hardly feasible ~
Constructive not feasible —

Impacts originating from the dynamic or static lazdsliding material endanger the
stability of a building (Figure 111.2-2), in partitar with respect to translational
slumps. Several local structural measures can pé&mented, the most popular are
described in Table Il.2-3 [57]. Two strategies guting losses due to land slides can
be pursued, (1) stabilising unstable soil layersptevent the initiation of mass
movements, and (2) deflecting and/or retaininglefaaly triggered masses.

%, land slide

%

due to landslides. bio-engineering measures to stabilise unsteady
slopes (courtesy of Rankka, 2005).
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Flguré I11.2-4. New bLiiI.ciL:i'rig and upgr: SoiIFigure 11.2-5. Eclosng structures:rainage
nailing measures to stabilise unsteady slopggstem to stabilise the sliding layers of the slope
(courtesy of Rankka, 2005).

Figure Il11.2-6. New bUIIdlng an upgrade igure 1l. uilding and ugrade:
Splitting wedge for splitting and deflectingDeflection waII
mass movements.

Considering the catalogue of local structural messuo protect buildings against
landslides, selected examples of protection measuweh as soil bio-engineering and
soil-nailing are presented in Figures Ill.2-3 andMoreover, the stabilisation of

sliding masses is strongly supported by an efficdrainage system installed in the
subsurface layers (Figure II.2-5). Instable andbileomasses can be deflected by
suitable facilities (Figures 111.2-6 and 7) constied from appropriate materials, such
as earth-filling, timber, gabions, stone masonny amnforced concrete.

111.2.6 Integral risk management

The current method of dealing with natural hazard@ustria should be extended
towards the holistic inclusion of damage potergdgbosed (cf. Equation 1), which is
also prescribed by the European Directive on theegssent and Management of
Flood Risks adopted in July 2007 [58]. This extenstrectly brings about the

concept of risk: The active and ex-ante managemfematoral hazards based on risk
assessment, and including both, the assessmentleofiemsts in the natural

environment and in society. With respect to nathestards, the concept of integral
risk management includes (1) risk analyses, mdsbiy;m a natural science point of
view, (2) risk evaluation in collaboration with salcscientists and politicians, and (3)
interdisciplinary risk management strategies. Muoegp the comprehensive

consideration of risk includes post-event concdptsrecovery and an associated
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analysis of the damaging event in order to enhamckoptimise the necessary risk
management procedures [e.g., 9].

values at risk
piezey

basic disposition
0 I T 1

tn th+ th+z th+i
time —

values at risk

time —

Figure 111.2-8. Schematic description of the concept of basicgiterm) and variable (short-term)
damage potential and the relation to triggeringievémodified from 59:271].

However, risk changes over time since neither $@yatems not geosystems are
static in space and time. Due to climate changegsses and the associated impact
on European mountain regions [60, 61], magnitude #&eduency of natural
processes will most probably slightly increasetfmse processes where water is the
driving agent [62]. Furthermore, the change in riskpresumably indicated by
remarkable damage in the 1990s — has to be a#dbict changes in the damage
potential affected [63]. The development of valuésisk due to socioeconomic
transformation in the European Alps varies remarkaiol different temporal levels.
These long-term and short-term variations in damagential should be
implemented into risk management approaches.

Long-term changes originate from the general irg#aa values at risk in mountain
regions since the early 20th century. A considerabhcentration of tangibles as well
as intangibles had been proven [15-17] for diffe@pine regions, leading to a long-
term increase in exposed values at risk. Superigth@hort-term variations occur
with respect to mobile damage potential and persangsk. Information on the
general development of damage potential and selaserakly, or diurnal peaks
should be implemented in the risk management proegedecause the range of the
results is remarkably high, and the values at halkte a key influence on the risk
equation.

In Figure IIl.2-8, the significance for a considéwa of basic as well as variable
disposition with respect to values at risk is pnésd. The basic disposition is defined
as the long-term increase in values at risk, eeganding the creeping increase in
buildings exposed to landslides, while variablgdstion is defined as a short-term
fluctuation in variable damage potential, e.g.,spes exposed. The need for a
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comprehensive assessment of risk is obvious ifefit hazard situations are
considered. As shown in example (a) a hazard wtllhit any values at risk, and thus,
the level of risk reduction is sufficient. In exa®pb), due to high amounts of
variable values at risk, damage will occur. As sule temporal mitigation strategies
could reduce the variable damage potential unttitical level. In contrast to the
immobile damage potential (buildings and infrasimoe, etc.), persons and mobile
values can be removed from hazard-prone areassen @fadangerous situations. For
developing efficient and effective evacuation amgersgency plans, information on
the numbers of persons and mobile values as wélleaslocation and movements in
the area is needed. In example (c), basic andblanalues at risk are affected by a
process. Thus, temporal measures are no more saffienough for an effective risk
reduction, either conventional mitigation measwe$ocal structural protection, or a
combination, will be needed for an effective rigduction. These examples clearly
indicate the strong need for an incorporation ohailgic assessments of damage
potential in community risk management strateggegh risk management strategies
should include an objective risk assessment thadased on both, hazard analysis and
an analysis of damage potential.

[11.2.7 Conclusion

As presented in the previous sections, Austria Bgpees a long tradition in dealing
with mountain hazards, i.e. torrent processes, aachles, and landslides. The
concepts of analysing and assessing the hazardoamparatively well-established.
Based on the respective legal prescriptions in Rbeest Act and the Decree on
Hazard Zoning, technical mitigation is implementadd hazard maps are compiled.
Similar procedures can be found in other Europeamticies. However, neither
values at risk nor the corresponding vulnerabiitg operationally assessed in a
spatial and temporal resolution. These shortcomargs— with respect to mountain
hazards — a result of missing quantitative datateel to impact forces on elements at
risk affected. Consequently, it is still not pos$sito quantitatively link impact forces
to the reliability of structures, and to a respexxpected severity of loss. Therefore,
the methodology of integral risk management andutigerlying foundations are still
not fully implemented. Furthermore, the risk-regigciimpact of local structural
protection has not been assessed quantitatively.

Risk assessment has to be followed by a risk etralugrocedure. In this evaluation
process, the level of accepted risk and the leVdresidual) risk to be accepted
should be defined by a participative process. Utiege results, the risk management
strategy could be defined, aiming at both a riskimisation and an economic
efficient use of public expenditures. Thus, a coratan of mitigation strategies,
such as passive and active measures, could berclhosaeet these prerequisites.
Thereby, temporal variations of the risk have tatesidered seriously.

Information on the temporal variability of valuesriak both from a long-term as well
as from a short-term point of view provided in conation with process knowledge
is the basis for dynamic risk visualisation. Sucfoimation may help to recognise
high-risk situations more easily and enables aasdn-oriented and risk-based
decision making [28, 64]. Apart from the damageesptal, risk analyses are based on
the concept of recurrence intervals of hazard mee® If those defined design events
would be exceeded, the remarkable increase of saterisk would result in a
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significant shift in monetary losses (and presumdatalities). First results on risk

associated with torrent hazards suggest an inciaabe probabilities of the design

events in the alpine region, however, these restiltsieed some additional analyses
to be verified, and are subject to ongoing research

Furthermore, because socioeconomic developmengrglifivithin Alpine regions,

studies on the long-term behaviour of values & gentribute to the ongoing

discussion of passive and active developing regiand suburbanisation [63].
However, if a potentially dangerous natural evertuos, it depends on the actual
amount of values at risk (basic and variable digjpsg within the process area
whether or not damage will be triggered.

To conclude, risk analyses concerning natural hazalsbuld be carried out with

respect to a dynamic change of input parameterss Ehiessential for efficient

disaster risk reduction and contributes to the ephof resilience as part of proactive
adaptation. Regarding landslides in European mawsitadhe most important input
parameter is the temporal variability of damageeptél, since the natural variability
of process activity seems to increase due to glctahge processes.

Thus, future research is needed to quantify the anpa modifications in damage
potential on (1) the result of risk analyses, (8 assessment of risk in the cycle of
integrated risk management, (3) the adjustmentaping strategies, and (4) the
perception of risk by all parties involved, incladipolicy makers. The latter is the
most crucial issue in Europe, because until nowljeavith natural hazards is based
on mono-disciplinary approaches. In Austria, theeBb Act of 1975 restricts all
hazards planning to forestry engineers [4, 5], r@nEe, experts responsible for these
issues are predominantly geologists [65], whildtaty, the requirement for these
specialists is a PhD in agriculture or a masteggree in forestry or geology [66].
However, because risk resulting from natural haz#&d subject matter affecting life
and economy within the whole society, multiple staidders’ interests have to be
considered when mitigation measures and copingegies are developed and
decisions are made [1]. Thus, there is a partiowdad to involve (1) economists with
respect to an efficient and effective use of pubkpenditures, (2) social scientists
with respect to both society’s risk perception @amdenhanced risk communication,
(3) engineers and land-use planners as well aal(©ther disciplines representing
any other party involved.
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