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Abstract. Recent studies on the avalanche risk in alpineinto consideration both, the processes and the values at risk
settlements suggested a strong dependency of the develofBenson and Clay, 2004; Dilley et al., 2005).

ment of risk on variations in damage potential. Based on Risk resulting from natural hazards is defined as a func-
these findings, analyses on probable maximum losses ition of the probability of a hazard process and the related
avalanche-prone areas of the municipality of Davos (CH)extent of damage (Eg. 1). In accordance with the definition
were used as an indicator for the long-term development obf United Nations (2004), specifications for the probability
values at risk. Even if the results were subject to significantof the defined scenarig§;), the value of the object affected
uncertainties, they underlined the dependency of today’s risky this scenariofo;), the probability of exposure of object
on the historical development of land-use: Small changes inj to scenaria (poj si), and the vulnerability of object in

the lateral extent of endangered areas had a considerable independence on scenati¢vo;, s;) are required for the quan-
pact on the exposure of values. In a second step, temporaification of risk (R; ;).

variations in damage potential between 1950 and 2000 were

compared in two different study areas representing typicalRi,; = psi - Aoj - Poj.si - Voj,si (1)

alpine socio-economic development patterns: Davos (CH) , .
and Galér (A). The resulting trends were found to be sim- However, until now, there have only been few studies related

ilar; the damage potential increased significantly in numbert© the development of risk resulting from natural hazard pro-
cesses over time (Wilhelm, 1997; Fuchs et al., 2004; Zischg

and value. Thus, the development of natural risk in settle- )
ments can for a major part be attributed to long-term shifts in€t &l-» 20052, b). An increased use of hazard-prone areas for
damage potential. sgttlement apd mfrastrupture has been assumed to t_>e respon-
sible for an increased risk and resulting losses during peri-
ods of high hazard activity (see e.g. Ammann, 2001; Bar-
bolini et al., 2002), particularly concerning avalanche haz-
1 Introduction ards. Since (1) the natural avalanche activity seemed to be
constant during the last 50 years (Laternser and Schneebeli,
During the last decades, compensations for damage paid o@002) and (2) the avalanche run-out areas were reduced due
by insurance companies due to harms resulting from natto the construction of permanent mitigation structures in the
ural hazards increased world-wide (e.g. MunichRe, 2005al€elease areas, this assumption could be explained by (3) long-
b). A similar trend could be observed in alpine countries onterm shifts in the damage potential. Analysing this assump-
a regional level, recent examples affecting settlements an@ion within a field study in the municipality of Davos (CH),
threatening traffic lines include the avalanche winter 1999Fuchs et al. (2004) conclude thatin general, the risk resulting
and the inundations in 2000, 2002 and 2005. This develfrom avalanche hazards decreased fundamentally since 1950.
opment illustrates the need for a sound, precautionary andiowever, high ranges occurred during the sets of calculation.

sustainable dealing with natural hazard phenomena, takingmall variations in the run-out lengths of the avalanche sce-
narios resulted in high scattering in the risk analyses, which

Correspondence tdS. Fuchs provides evidence for the particular influence of the damage
(fuchs@alps-gmbh.com) potential on the quantification of risk.
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Fig. 1. Study area in the municipality of Davos. The hatched raster represents the avalanche run-out areasfggendeitical hatching
corresponds to the red hazard zone (30-year scenario), horizontal hatching to the blue hazard zone (300-year scenario), and angular hatchir
to the yellow hazard zone (run-out area of powder snow avalanches). For explanations regarding hazard zoning in Switzerland, see the
Appendix.

area of 254 kr. In 2000, approximately 13 000 inhabitants

Table 1. Parameters distinguishing the study areas in Davos (CH)" . ; -
lived in Davos, and up to 45 000 tourists were present during

and Galiir (A). g A - h
winter time (BfS, 2001, see Table 1). The altitude of the city
Area (ki) Inhabitants  Tourists c_e_n_tre is situated at 1560 m a.s.l., which |Ilustrates_|ts suscep-
tibility to avalanche hazards. The centre of Davos is exposed
Davos (1560m a.s.l.) 254 13000 45000  to four main avalanche paths which are almost completely
Galtiir (1580m a.s.l.) 121 770 4000 equipped with snow supporting structures in the release ar-

eas.
The municipality of Galir is located 50 km north-east of
Davos in Tyrol, Austria, at an altitude of 1580 m a.s.l. The

The objective of this study is to highlight these ranges angMunicipality covers an area of 121 krand 770 inhabitants
to contribute to a discussion focusing on the significance ofived there in the year 2000 (Landesstatistik Tirol, 2004, see

damage potential when carrying out long-term risk analyses'@Plé 1). During winter time, up to 4000 additional per-

related to natural hazards. The spatial sensitivity of the re-SONS were counted living in the hotels and guest houses of

sults is discussed. First, the development of probable maxithe Village (Gemeinde Gait, 2003). Galtr is endangered

mum loss is presented for a case study carried out in DavoBY 26 avalanche paths, nine of which are equipped with de-
(CH) related to avalanche risk. Second, the development ofence s_tructures in the start-l-ng zone. Major avalanche dams
values at risk in the municipality of Davos (CH) is compared protecting the centre of Galt were constructed after the

to a similar study carried out in the municipality of Galt ~ @valanche event of 1999.

(A). Both municipalities represent typical alpine villages de-
pendent on winter tourism, thus, the results mirror recent de-2
velopments in damage potential in alpine destinations.

The municipality of Davos is the largest municipality in This study aims to contribute to the discussion on develop-
the canton of Grisons in Switzerland (Fig. 1) and covers anment of risk over time. It focuses on the relative comparison

Development of probable maximum loss in Davos
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of different system conditions resulting from socio-economic areas due to the construction of permanent mitigation struc-
changes in alpine environments. The probable maximuntures, such as snow fences in the avalanche starting zones.
loss (PML) resulting from avalanches in the year 1950 wasThe development of PML resulted from the comparison be-
compared to the remaining PML in 2000, considering tech-tween the initial state in the year 1950 and the state in the
nical mitigation measures implemented during the same peyear 2000, including the aggregation and expansion of val-
riod. Establishing the PML determines the upper boundaryues at risk during the same period.
of risk related to a worst-case scenario. This originally ac- The modelling of avalanche scenarios is affected by un-
tuarial approach identifies the largest potentially assumableertainties resulting from model parameters on the one hand
loss. To calculate the PML, according to Equation 1, dataand from input parameters on the other hand. Following a
related to the process and to the values at risk are needed. suggestion outlined in Barbolini et al. (2002), the range re-
sulting from those uncertainties was calculated on the basis
2.1 Methods of a confidence interval of 95%. Thus, as an example, the 30-
year event was calculated with a range in the run-out length

Changes in the extent of the avalanche accumulation areasf +20 m, and the 300-year event with a ranget@0 m.
were studied using the numerical avalanche model AVAL-

1D (e.g. Christen et al., 2002a) in combination with the 2.2 Results
avalanche incident cadastre of former events. AVAL-1D
is a one-dimensional avalanche dynamics program for théBased on the methods outlined above, the PML in areas af-
prediction of run-out distances, flow velocities and impact fected by avalanches was determined for the municipality of
pressure of both dense flow and powder snow avalanche®avos. The result section focuses on the relatively frequent
The dense flow simulation is based on a Voellmy-fluid flow event of a 30-year avalanche scenario and the relatively rare
law, while the powder snow simulation follows Norem’s de- event of a 300-year avalanche scenario because these scenar-
scription of powder flow avalanche formation and structureios represent the outline of the red and blue hazard zone in
(Norem, 1995). The avalanche calculation is based on a drySwitzerland (see the Appendix), and they represent the typi-
Coulomb type friction ) and a velocity squared friction cal problems when dealing with design events in the area of
(&) and was carried out following the guidelines given in the risk analyses resulting from alpine hazards. Thus, emerging
manual (Christen et al., 2002b). The fracture depths were obproblems could be well demonstrated.
tained using Gumbel’s extreme value statistics on the possi- In the year 1950, 83 buildings with a total replacement
ble maximum new snow heights within three days. The inputvalue of approximately EUR 107.6 million had been located
parameters were calibrated on the basis of the legal hazarside the run-out areas affected by a 30-year avalanche sce-
map. nario (Fig. 2, Table 2). In the year 2000, 33 buildings with
The values at risk were obtained analysing the zoninga replacement value of EUR 19.3 million were situated in-
plan, which was provided by the municipal administration side the area affected by a 30-year avalanche, which is nearly
of Davos. This plan contains detailed information about the40% in number and 18% in value of the 1950s calculation.
location and perimeter of every building. Additional infor- The endangered residential population amounted to 591 per-
mation, such as year of construction, type and replacemergons living in the area of a 30-year avalanche run-out zone
value were provided by the land registry office and analysedn 1950. In 2000, in consequence of the construction of per-
using GIS. The number of endangered permanent resident®anent mitigation measures, 87 residents remained exposed,
was derived from the number of domiciles. Statistics indi- which is an 85% reduction of PML. However, the range of
cated 3.6 persons per unit in the year 1950 and 2.4 per unit ithese results was considerable: Inside the areas of a 30-year
the year 2000 (Ritzmann-Blickenstorfer, 1996; BfS, 2001).avalanche event, the number of buildings scattered almost
The number of exposed persons in hotels, guest houses ar&5% in number and value for the scenario 1950 and 50%
hospitals was quantified by the number of beds, multipliedfor the scenario 2000. Concerning residential population, the
by the degree of utilisation. To account for the employeesvalues ranged from:-20% for the scenario 1950 to a remark-
working in hotels and hospitals the number of beds was in-able factor of around 450% for the scenario 2000. Gener-
creased by 20% (Davos Tourist Board 2002, pers. comm.jlly, the PML inside areas affected by a 30-year avalanche
and 70% (BfS, 2002), respectively. decreased regarding the exact values as well as the mini-
The vulnerability of buildings and persons as well as their mum and maximum values for the number and value of en-
probability of presence was considered in terms of PML,dangered buildings and for the number of affected persons.
which traces back to actuarial procedures and is the largestompared to the results of the 300-year avalanche scenario,
potentially assumable loss. Following these ideas, the tothose values were relatively small.
tal avalanche run-out areas were considered when calculating Inside areas affected by the 300-year avalanche scenarios,
the values at risk. The cumulative PML for the areas endana total of 161 buildings with a replacement value of almost
gered by avalanches in the year 1950 was compared to thEUR 240 million were located in the year 1950 (Fig. 2, Ta-
year 2000: First, the values at risk were quantified for theble 2). In the year 2000, an amount of 125 buildings with a
year 1950. Second, the values at risk for the year 2000 weréotal value of almost EUR 122 million remained endangered,
calculated under consideration of a reduction of the run-outincluding 28 buildings that had been constructed in the pe-
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Fig. 2. Scenariggsgand scenarigog resulting from 30-year and 300-year avalanche events in the municipality of Davos (CH), and associ-
ated uncertainties following the suggestions outlined in Barbolini et al. (2002). For the 30-year scenario, the ranges regarding the buildings
are relatively similar, while the range resulting from the residents in the year 2000 is remarkably high. For the 300-year scenario in the year

2000, the highest range occurred within the category of endangered residential population, while the lowest variations were found for the
number of buildings.

Table 2. Probable maximum loss in Davos related to the 30- and the 300-year scenario.

1950 2000
Buildings Residents Buildings Residents
N MEUR N N MEUR N
30-year scenario 83 107.6 591 33 19.3 87

300-year scenario 161 239.4 1098 125 121.8 1137

riod before 1950 and 97 buildings that were constructed beto hotels and 83.7% to hospitals (Kurverein Davos, 1951),
tween 1951 and 2000. Thus, the 2000s results correspon@25 guests in accommodation facilities and 1550 patients in
to almost 78% in number and around 50% in value of thehospitals remained vulnerable. Including labour force, these
1950s calculation. Inside the areas of the 300-year avalancheumbers account to 750 persons and 2590 persons, respec-
scenarios, 1098 residents lived in the year 1950. In the yeatively. In the year 2000, 81 guests remained in the category
2000, this value increased slightly to 1137 persons. In com-of hotels and guest houses. Assuming an utilisation of 60%
parison to the areas affected by the 30-year avalanche scenaiuring the winter season and including employees, 59 per-
ios, the range — in absolute numbers — is significantly highersons were endangered. Hospitals were no longer endangered.
Regarding the 300-year avalanche events, the values of the

scenario 2000 scattered remarkably higher than those of the 3 conclusions

scenario 1950. The highest range was found in the category

of residents for the scenario 2000, were the number rangefl th _ . the devel t of PML bet

from 636 to 1971 persons. Particularly in the category of N the previous sections, the development ot Fi etween
residential population it became evident that the range of the1950 and 2000 was presented for the municipality of Davos

scenarios was higher than the difference between the scé—CH?' Based on the assumptions outlined in the methods
nario 1950 and the scenario 2000. section, the PML decreased remarkably for both, areas af-

fected by 30-year avalanches and areas affected by 300-year

Regarding temporal population in hotels, guest housesvalanches. The sole exception was in the category of res-
and hospitals, the 1950s scenario of the 300-year avalanchdents within the 300-year scenario, where an increase in
events included 1041 guest beds in accommodation facilitie$®ML was verifiable. The associated range was consider-
and 1851 beds in hospitals. Applying an average rate of util-able, resulting from a dense utilisation of development land
isation of 60% (Davos Tourist Board 2002, pers. comm.)in the studied area. Small variations in the extent of the ac-



S. Fuchs et al.: Temporal variability of damage potential in settlements 897

cumulation areas#20m for the 30-year avalanche events valley bottom tend to result in smaller risk than build-
and+30 m for the 300-year avalanche events) demonstrated  ings that are located closer towards the transit area. In-
a significant importance of the temporal and spatial analysis  dependently from the related political implications and

of values at risk. the associated impacts on land-use planning, further in-
The investigation provides specific information regarding vestigations on this effect should be carried out, because
the development of avalanche risk in the municipality of of the probable reduction of the accumulation areas and,

Davos (CH), based on analyses of PML. General statements as a consequence, the resulting risk.

referring to a larger area (canton, country) might be difficult . o ]

to deduce, since small-scale land-use disparities have a si(%— Independent from these methodical restrictions resulting
nificant influence on the diversification of risk. The spatial "o the application of the risk equation (Eg. 1), trends aris-
distribution of damage potential is substantially influenced"d from the shifts in damage potential should be taken into
by the historical growth of settlements on the one hand andonsideration, leading to an enhanced understanding of the
spatial planning issues on the other hand. When analysindPnd-term development of risk in settlements.

the development plan, this could be proven by relatively
larger buildings downwards the slope and smaller build-
ings upwards the slope, representing the respective buildings
codes and the underlying admissible floor space indices.

In addition to the described range of the results from theapart from today’s land-use regulations and the associated
analyses on PML, several inherent uncertainties regardingega| fundamentals, land utilisation and building develop-
the application of the risk equation (Eq. 1) should be con-ment js based on historical settlement growth and result-
sidered when analysing risk over time: ing land-use patterns. For this reason, detailed studies on
the spatial distribution of values at risk are major issues in
éjealing with risk, particularly for tourism-dependent munic-
ipalities, as stated in Keiler (2004) for the municipality of

avalanche event. The permanent residential populatio@"’l"i];Jr (A) and Fuchs and Bundll(2f005) for therr]nunicigal—
could be empirically determined using the average num-%Y of Davos (CH). However, only few approaches and con-

ber of persons per domicile. The temporally variable ceptual proposals describe the determination of damage po-

number of persons in hotels and hospitals could be alo_tent|al, focusing more on fatalities and direct damage cost of

proximated using the number of beds and the corre-SPecific events than on methodological issues. Related to set-

sponding average utilisation. Concerning infrastructuretlerg?ntsb’ earlly dStUdiZS by Bjnsson (1952) and more rdecent
facilities, such as buildings of the public sector or ca- studies by Glade and Crozier (19969hannesson and Ar-

ble car stations, such statistics are for the most part nopalds (2001), Stethem et al. (2003), Kleist et al. (2004) and

available. Thus, high uncertainties should be taken intoVerZ et al. (2004), have to be rn_ent|0neq. .
consideration when assessing the probability of pres- Due to the lack of comparative studies, additional anal-

ence of endangered persons, or the calculation shoulfS€S concerning the temporal development of damage po-

be a priori carried out using a value in terms of an uppertent.ial have been carried out in the munici'pglity. pf @alt
limit. Furthermore, the spatial probability of presence is (Keiler, 2004). Results from both of the mun|C|paI_|t|es based
subject to considerable temporal changes, as presente_(H] areas affected by avalanches are presentgd in the follow-
by Keiler et al. (2005). ing sections. Focusmg on emerging trgnds in the Qevelop-
ment of damage potential, the comparative study deliberately
2. Further uncertainties are connected to the vulnerabilityneglects different legal land-use and planning regulations in
factor o si). Concerning the vulnerability of build- the two alpine countries.
ings towards the impacts of avalanches, consolidated
findings allowing for a spatial application are still miss- 3.1 Values at risk in Davos

ing (IUGS, 1997; dnasson et al., 1999; Keylock and o ) )
Barbolini, 2001). Assumptions, as for example pre- The number and value of buildings in the studied area rose

sented in Wilhelm (1997), can only partly contribute to cOnsiderably between 1950 and 2000 (Fig. 3, Table 3). The
this problem. Future research is needed to obtain signif{otal number of buildings has almost tripled, from 161 in
icant empirical data on the relevant parameters for thel990 10 462 in 2000. This increase was due to the shift from
determination of the vulnerability of buildings. 51 to 256 in the _category qf residential bwldmgs_, yvhlle in
the other categories of buildings the number of buildings was
3. Moreover, future research concerning the behaviour ofapproximately unchanging. A significant increase in number
avalanches in the accumulation areas is needed, espéated back in the 1960s and 1970s before the legally hazard
cially related to the structure of buildings. Buildings can map came into force (Fuchs andiBdl, 2005).
have similar effects on avalanches as avalanche retard- The total value of buildings increased by a factor of almost
ing mounds. Due to a shift in the building pattern within four. In 1950, the total sum of insured buildings was EUR
the accumulation area, buildings oriented towards the240 million and in 2000, the total sum was EUR 930 million.

Development of damage potential in Davos
and Galtir

1. Regarding the probability of presence. s;) of en-
dangered persons, the question is how to determin
their number at the specific time of occurrence of an
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Fig. 3. Development of damage potential in Davos (CH) and @4dlf) related to the respective avalanche-prone areas, subdivided in
decades and building functions.

Table 3. Values at risk in Davos.

1950 1960 1970 1980 1990 2000
Building categories N k EUR N k EUR N k EUR N k EUR N k EUR N k EUR
Residential 51 34980 85 62145 158 160951 206 312127 236 385881 256 428972
Agricultural 13 4589 13 4589 16 5166 16 5166 16 5166 16 5166
Special risk 14 46833 16 48393 20 87199 22 95457 23 99611 24 100229
Commercial 22 17594 28 26209 33 38359 38 65586 43 82507 47 91361
Hotels and guest houses 27 93768 27 93768 32 121246 35 134608 39 163857 43 175062
Others 34 41668 39 43474 58 66344 66 102462 71 111160 76 127360
Sum 161 239432 208 278578 317 479265 383 715406 428 848182 462 928150

In 1950, the proportion of residential buildings was less than The number of endangered persons increased slightly. In
15%, compared to the total amount of endangered buildings1950, a permanent residential population of 1098 persons
Until 2000, this ratio changed to almost 50%. Regarding thewas exposed to avalanche hazards, until 2000 this value in-
category of hotels and guest houses as well as the category ofeased to 1137 persons. This is a relatively moderate in-
special risks, nearly no increase in value could be observedccrease of 3.6%, compared to the increase in tangible assets.
However, those categories showed a higher average value pérthe classification into different building functions is carried
building than residential buildings. out, this increase turned out to be larger. In residential build-



S. Fuchs et al.: Temporal variability of damage potential in settlements 899

Table 4. Values at risk in Galir.

1950 1960 1970 1980 1990 2000
Building categories N kKEUR N KkKEUR N KkKEUR N KkEUR N kEUR N k EUR
Residential 26 6585 28 7464 29 7918 30 9111 28 9783 27 9858
Agricultural 7 583 9 884 12 1380 17 2257 20 2651 21 2896
Special risk 1 30 1 30 1 30 2 69 2 69 4 2336
Commercial 0 0 0 0 0 0 0 0 0 0 0 0
Hotels and guest houses 6 4712 12 9463 23 19892 31 32963 37 35928 45 47716
Others 1 66 1 156 1 90 3 470 8 861 11 1195
Sum 41 11978 51 17999 66 29313 83 44872 95 49293 108 64003

ings, 673 persons were concerned in 1950 and 1116 in 200@he proportional increase in the number of buildings. Build-
which is an increase of two thirds. Subdividing the utilisa- ings inside avalanche-prone areas showed a lower average
tion within the winter season into months, it became evidentvalue as buildings outside those areas. These findings were
that the peaks in utilisation were during the Christmas periodn accordance to similar results for the community of Davos.
and towards the end of February. According to the analy- The number of endangered persons increased substan-
sis of the avalanche bulletin of the Swiss Federal Institutetially. In Galtir, in 1950, approximately 850 persons were
of Snow and Avalanche Research SLF, these periods cointocated inside exposed areas, consisting of 460 residents and
cided exactly with periods when there was an above-averagg90 tourists. Until the year 2000, this value increased to 4700
occurrence of days with high avalanche danger. As a resultpersons, 770 of which were residents and 3930 were tourists.
temporal risk peaks may possibly arise, as described in Fuchhe increase in residential population was about 60%, while

etal. (2004). the increase in temporal population was a factor of ten. Thus,
considerable diurnal risk peaks might occur, as presented in
3.2 Values at risk in Galir Keiler et al. (2005).

The values at risk were determined based on methods out-
lined in Keiler (2004). The total number of buildings inside 4 Discussion
avalanche-prone areas in the municipality of Galbse by
a factor of 2.5 (Fig. 3, Table 4), from 41 in 1950 to 108 in The results of an analysis of damage potential in Davos (CH)
2000. This increase is due to the relative development in thend Galtir (A) suggested a similar trend, even if the com-
category of hotels and guest houses, and — obviously less inmunity of Galfir and the community of Davos have dif-
portant — in the category of agricultural buildings. The num- ferent historical roots. Both municipalities have undergone
ber of buildings in all other categories stayed nearly constantsignificant socio-economic changes during the 20th century.
The decrease in the number of residential buildings sincénhile Davos was transformed into a winter sports destina-
1980 resulted from a modification of buildings formerly used tion from a traditional health resort, Galtdeveloped from
for habitation to accommodation facilities subsequently useda farming village to a centre of sustainable winter tourism.
for tourism. Since 1950, a significant change in the number and value
The total value of buildings rose by a factor of almost six. of buildings has taken place in both studied municipalities,
In 1950, the total value of buildings amounted to EUR 12 and, as a consequence, a remarkable increase was detectable
million and in 2000 to EUR 64 million. Since the 1960s, in residential and temporal population. Endangered areas
the category of hotels and guest houses held the highest pravere increasingly protected by technical mitigation mea-
portion of the total amount of endangered values per decadgures since the 1950s (Davos) and 1960s (Balt Par-
and per category. In 1950, the proportion of hotels and guesgllel to those technical tools, spatial planning instruments
houses was about 30%, compared to the total value of buildwere introduced. At the same time, governmental authorities
ings. In 2000, this ratio changed to approximately 75%.in Switzerland (Frutiger, 1980) and in Austria (Bergthaler,
In contrast, the number and value of residential buildings1975) were founded to organise protection against natural
showed nearly no change between 1950 and 2000. Genehazards.
ally, the number of buildings in the community of Galhas In Davos, the increase in damage potential was caused by
risen above average in comparison to the district of Landecla significant increase in the category of residential buildings,
and the federal state of Tyrol. In 2000, a quarter of the to-while in Galiir this increase could mainly be attributed to an
tal value of all buildings in the municipality was found to be increase in accommodation facilities. These results can be
located in the avalanche-prone areas. The proportional inattributed to (1) the different socio-economic development
crease in the value of buildings was significantly higher thanof the municipalities and (2) the different legal situations in
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Switzerland and Austria. While in Austria, the construction ther implementation instructions result from the appropriate
of secondary residences was restricted by law until the latarticles in the Federal Law of 4 October 1991 relating to
1990s, no such restrictions could be found in the canton oforests and the Federal Law of 21 June 1991 relating to hy-
Grisons, Switzerland. In both municipalities, the highest in- draulic engineering. According to these laws and associated
crease in number and value was spatially located at the outatecrees, the appropriate specialised offices of the federal au-
boundary of the endangered areas. These findings are algborities have to compile guidelines to encourage the consid-
represented by the high range shown in Fig. 2 for the mu-eration of natural hazards in land-use planning. The princi-
nicipality of Davos. Thus, relatively small variations in the ples for general planning issues are published in Heinimann
lateral extent of the areas affected by avalanches have a higét al. (1998), whereas tl@&uidelines for the Consideration of
impact on the values at risk. For this reason, a possible imthe Avalanche Danger in Land-Use Planning Activitiese
provement in the delimitation of areas affected by naturalbeen approved in 1984 (BFF and SLF, 1984). These guide-
hazard processes regarding a decrease of objects at risk codides describe the two main instruments for the inclusion of
possibly be implemented using a fringe instead of aline.  avalanche danger in land-use planning, namely avalanche in-
Temporal changes in risk can primarily be attributed to cident documentation and the avalanche hazard map. This
the outlined spatiotemporal variations in damage potentialhazard map divides an examined area into different subsec-
The analysis of tangible assets as well as intangibles is &ons with different danger levels according to the severity
guantitative procedure for comparative studies in different re-and the likelihood of potential avalanche hazards (BFF and
gions and for different hazard processes. Thus, risk analyseSLF, 1984).
should consider those alternations by expanding the today’s Red indicates areas where pressure from avalanches with
procedures by appropriate methodical approaches as well ascurrence interval§ between 30 and 300 years exceeds a
practical implementations. lower limit that ranges from 3 kPa far=30 years to 30 kPa
The long-term trend in the development of damage potenat 7=300 years. The entire area affected by (dense flow)
tial described above is superposed by a short-term fluctuatioavalanches witll' <30 years is also marked in red.
resulting from diurnal peaks in values at risk, particularly Blue indicates areas where pressure from avalanches with
consisting of persons commuting to and from tourist destinafecurrence intervalg between 30 and 300 years falls below
tions. The combination of those two phenomena should be30kPa. Areas affected by powder avalanches with reoccur-
carefully observed and integrated in the methodology of riskrence intervals” <30 years and a pressure3 kPa are also
analyses, as shown by Keiler et al. (2005) for the commu-marked in blue.
nity of Galtiir. Similar problems related to road networks are  The run-out areas of powder avalanches with reoccurrence
discussed in Margreth et al. (2003) and Zischg et al. (2005aintervals7>30 years and a pressure3 kPa are marked in
b). In dealing with natural hazards in a proactive manner,yellow, as well as theoretically not excludable but extremely
this aspect should be strengthened and incorporated into thi@re avalanches with a reoccurrence inteival300 years.
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