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Abstract. The Danube River basin has long been the loca-cal agendas. On the surface this statement appears to be an
tion of significant flooding problems across central Europe.appropriate depiction of the reason behind the devastation in
The last decade has seen a sharp increase in the frequen@p02, but a closer look at flood history and flood management
duration and intensity of these flood events, unveiling a direin Austria reveals a different story. Dating back to as early as
need for enhanced flood management policy and tools in thd 954, the Austrian portions of the Lower Danube River basin
region. Located in the southern portion of Austria, the statehave been subjected to intense flood events resulting in sig-
of Carinthia has experienced a significant volume of intensenificant economic damages and loss of life &thl et al.,
flood impacts over the last decade. Although the Austrian2012; Arellano et al., 2007). Although none of these events
government has acknowledged these issues, their remedidlve equaled the 2002 flood, their frequency and intensity
actions have been primarily structural to date. Continued fo-have steadily increased, with the first decade of the millen-
cus on controlling the natural environment through infras- nium realizing the most concentrated period of flooding in
tructure while disregarding the need to consider alternativemodern history (Frei et al., 2006; Caspary, 2004). Coinci-
forms of assessing flood exposure will only act as a provi-dent with the steady rise in flood events throughout the coun-
sional solution to this inescapable risk. In an attempt to rem-ry since the mid-twentieth century, has been a maturation of
edy this flaw, this paper highlights the application of geospa-flood mitigation strategy (Arellano et al., 2007). When con-
tial predictive analytics and spatial recovery index as a proxysidering the fact that Austrian authorities have frequently en-
for community resilience, as well as the cultural challengeshanced flood mitigation efforts over the last 60yr, it is rea-
associated with the application of foreign models within an sonable to question why flooding since the 2002 event has
Austrian environment. continued to result in such negative impacts throughout the
country.

In order to shed light upon this inquiry, the authors have
expanded upon flood recovery modelling research initiated
1 Introduction in 2009 in the province of Carinthia. Utilizing a spatial re-

covery index as a proxy for flood resilience in the region, the
While flooding has long signified one of the most ubiquitous 2009 study sought to define local flood risk in a context dif-
hazard risks throughout Austria, one can argue that the catasarent from the typical engineering based analyses (Ward et
trophic flood event in August of 2002 characterizes a semi-g 2009). The results of this analysis relied upon the appli-
nal moment in flood risk management for the central Euro-cation of a recently developed geospatially based model for
pean nation (European Commission, 2002). The last compagjentifying flood recovery potential. With the application of

rable event to impact this Alpine region occurred in 1899, this model at the core, the intent of the 2009 study was to do
far surpassing the memory of even its eldest citizens. Withthe following:

out this a posteriori knowledge, it is difficult to imagine flood
mitigation being at the forefront of modern Austrian politi-
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1. Determine if a geospatially based model developed forHamann (1997) study also advises that 9-12 % of structures
an urban area in the United States could be applied tan Austria are considered to be at extreme risk to floods.
other regions throughout the world. To state that the 2002 flood event did not result in a re-

newed interest in limiting the impacts of hazards would be

2. |dentify what factors might limit the effectiveness of mjsleading. Austrian authorities have taken significant steps
model execution and value of results. to understand the driving factors behind floods, to quantify

their risk, and to communicate this risk to planners and cit-

izens. Furthermore, the need for increasingly sophisticated
understanding of flood risks has not gone unnoticed by the

While reviewing literature and exploring the results of this European Union (EU) (Paulus et al., 2004). The EU Flood
analysis, the authors were able to not only answer the aforePirective, developed in 2006, has called for a reduction
mentioned questions, but also identify a number of subtletied! flood-related risks to health, property and infrastructure
underlying the subject of flood risk within the study region (Paulus etal., 2004). Leading up to the establishment of this
in Lower Austria. More revealing than the spatial distribu- directive, the nations impacted by the 2002 event gathered
tion of recovery potential was the lack of research and in-at @ workshop hosted in Vienna. Experts in numerous flood-
formation focused on the socio-cultural aspects of flooding.rélated fields worked to develop a series of recommendations
When considered in conjunction with the structural and en-élated to ﬂood. nsklreductlon strategies (Nachtnebel, 2007).
gineering focus of the current literature on flooding in the The fatal flaw in this workshop, as pointed out by Nacht-
region, it becomes clear that an alternative approach to as?ePel (2007), was the fact that the shortcomings to flood
sessing flood risk is necessary. It is speculated that man{iSk management identified in Vienna were no different than
flooding problems in Austria stem from anthropogenic al- those identified following floods a half-centu_ry prior. To_th|s
terations to rivers and streams (Arellano et al., 2007). Over£nd, Nachtnebel (2007) has suggested that insufficientimple-
managing these features has led to a false sense of securiﬁﬂ,?”tat'on and coo_rd|nat|on are the_pnmary limiting factors
stimulated development in hazard zones, and exaggerated ti@ improved flood risk management in Central Europe.
intersection between vulnerable populations and the physical 1his lack of follow through on flood mitigation planning is
elements which put them at risk. Continuing to rely on flood N0t as pervasive as Nachtnebel (2007) might suggest. Vary-
mitigation strategies based primarily on the engineering andnd levels of action can be seen across the Central Euro-
physical factors driving risk may be inadvertently increasing P&an countries represented at the 2003 Vienna workshop,
public apathy towards flooding. Furthermore, it is important and in turn several regions of Austria have seen a proact_|ve
that officials charged with flood control begin to adopt a more Movement towards improved flood management. Of partic-

3. Provide atool by which planners in the Carinthia region
could assess vulnerability to flooding.

investigative approach to assessing risk. ular interest is the federal state of Carinthia. Following the
2002 floods, the Hydrologic Department of Carinthia devel-
1.1 Flood history and study region oped a database-driven software system to house flood and

water-related data for retrieval and analysis. The system of-
Central Europe has long been at significant risk from flood-fers users the capability to conduct flood impact assessments
related hazards, especially those areas lying within theand a platform for information exchange between experts and
Danube Basin (Zischg et al., 2011). Extended periods of rairscientists in the region. Coincident with the development of
and flash flood events associated with the tributaries of thehis application was the initiation of the Natural Hazards in
Danube have been characterized as the most important hagZarinthia project. This project incorporated many of the EU
ard impacting Austrian communities; yet, the hazardscape oflood Directive requirements and is widely considered to be
many portions of the country remain largely misunderstoodone of the first interdisciplinary studies focused on hazards
(Bloschl et al., 2012; Gaume et al., 2009). Exasperating thend risk management in the region (Paulus et al., 2004). This
impact of this risk is the fact that over 70 % of the Austrian integrated approach to risk management in Carinthia is con-
landscape is covered by mountainous terrain (Keiler et al.sistent with a trend in Austria which has seen the manage-
2010; Staffler et al., 2008). This steep topography limits de-ment of natural hazards transition from dealing with indi-
velopable land and in turn has led to unsustainable developvidual hazards to an all-hazards perspective (Zischg, 2011).
ment patterns and dense population distribution (EmbletonAt a national level, theHochwasserrisikozonierungustria
Hamann, 1997; Url and Sinabell, 2008). When one consid{HORA) was launched in late 2002 by the Federal Ministry
ers this in conjunction with the fact that over 93 people perof Agriculture, Forestry, Environment, and Water Manage-
square kilometer live within the Austrian territory drained ment (BMLFUW, 2006). By 2006, the program released its
by the Danube, the grave nature of this risk is quite hum-first maps depicting nationwide flood risk at the 30, 100,
bling (Sclonerklee, 2008). An analysis of the 2002 flood and 300 yr return periods via an online version of HORA
event reinforced this threat, suggesting that over 40 % of theHORA) (Zischg, 2011). Prior to the eHORA release, flood
flooded areas were heavily developed based on legal landamages and management processes were handled differ-
use planning ordinances (Paulus et al., 2004). An Embletonently by each federal province (Faber, 2006). The eHORA
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platform depicts flood zones in much the same way as the
Digital Flood Insurance Rate Maps prepared by the Federal
Emergency Management Agency in the United States. As in- O
formative as the eHORA platform proved to be, the analy- S
sis used to generate its data was limited to a steady-stat¢
model which does not consider discharge, impacted struc-
tures, impacted population, or any other details. For this rea-
son, the map’s usefulness is restricted to basic developmen
decisions.

Despite the efforts highlighted in the previous paragraph,
recent studies have described the administrative areas withir
Lower Austria as having the highest level of flood risk in
the country (Embleton-Hamann, 1997). Couple this with the
significant risk of torrent hazards and Carinthia represents a
particularly vulnerable region in Lower Austria. Carinthia of-
fers a unique blend of both mountainous terrain and relatively
flat valleys populated with well-established urban, suburban,
and rural communities intersected by numerous rivers and
streams (Kosaret al., 2011). Bearing these characteristics ir
mind, Carinthia presented itself as an ideal candidate for this
study. Based on data availability, the municipalities of Kla-
genfurt, Ebenthal, Maria Saal, and St. Veit an der Glan were
selected for analysis (Fig. 1). These areas were determined t L
be representative of both the physical and cultural geography P
of Carinthia, allowing for broader conclusions to be drawn
from results of the analysis. The primary rivers dividing the
study region are the river Glan and the river Gurk. The con-
fluence of these two features is in the Ebenthal region in the
southern portion of the study area. tions (Ward et al., 2010). In consideration of this probable

The analysis and data collection phase of this study wawalue and the narrow flood management scope identified in
initiated in June of 2009 at the Carinthia University of Ap- the current literature, the SRI was used to assess flood risk in
plied Sciences (CUAS) to the west of the study region in Vil- the study region. Offering an alternative measure of flood risk
lach, Austria. Complementary research on Natural Hazardsicross the community provides the initial shift away from
in Carinthia was being conducted at the university during theengineering centric flood management strategies called for
same time frame, offering a healthy academic environmenin recent work (Gaume et al., 2009; Faber, 2006; Ganoulis,
for this project. Data for this study was largely provided by 2009). Url and Sinabell (2008) have also called for policy,
KAGIS, Corine Land Cover (CLC) and the government of insurance, and social consideration to drive a hew integrated
Carinthia. The initial stages of the work were presented at theapproach to flood management in Austria. The SRI also an-
2009 GI-Forum in Salzburg and a companion study was conswers the call of Paulus et al. (2004) and Sz&007), who
ducted at CUAS in 2010 (Kosar et al., 2011). While researchhave independently cited the need for an increased applica-
can often be conducted from remote locations, centring it intion of geospatial technology for hazards and disasters man-
Carinthia provided invaluable insight into the at-risk geogra- agement in the region.
phy and communities being studied. Based upon the results of their prior research, the au-

thors have posited that flood resilience can be measured

rapidly in the absence of social or even flood-related data
2 Spatial recovery index: methods and results by using the spatial proximity of structures. This can be

realized because of the fact that structures are not one di-
The spatial recovery index (SRI) was initially developed as amensional when considered in the recovery context. Build-
rapid means of assessing post disaster recovery based uporgs and their intended purpose are facilitators of social net-
the spatial distribution of undamaged critical infrastructure works (i.e. schools, churches, community centres, and ath-
(Ward et al., 2010). An evaluation of the results of the SRl letic clubs). For instance, the negative consequences associ-
demonstrated variations in the model’s fidelity based on theated with an individual residence impacted by a flood will
structure of input parameters as well as scale. Further regenerally be isolated to a single family. On the other hand,
search has demonstrated that the index has potential benefitiildings which house critical infrastructure or social capi-
as a metric for resilience when applied to pre-event condi-tal have the ability to impact a much larger portion of the

Austria ?

Fig. 1. Study area in Carinthia Austria.
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population as multiple families rely on them as part of their it demonstrated a higher level of resilience and less variance
social network. The SRI model is based on the notion thathan expected (Fig. 2a). The same trend was present when
buildings which provide services to the entire community the model was executed with just the recovery indicators
have more importance to the resilience of that community(Fig. 2b). The vulnerability indicators associated with ele-
than any single family dwelling (Ward et al., 2010). This can vation, slope, flood zones and other natural features revealed
be evidenced in the case of a water treatment facility beinga normal distribution of vulnerability in relation to rivers in
damaged by a flood, restricting the entire community’s ac-the region when run on their own (Fig. 2¢). The symbology
cess to potable water whether or not the flood impacted thén Fig. 2 depicts high recovery potential in green decreasing
community itself. By identifying the spatial location of struc- on a colour gradient from yellow to orange, and finally to red,
tures housing the key components of social networks withinwhich is indicative of the least resilient areas of the region.
a community, one can begin to create a spatial network or The lack of variation in the output of this initial SRI anal-
sphere of influence that each structure contributes to the pubysis suggests a flaw in model inputs or structure. Segregating
lic. When combined with the “spheres” of all other compo- the components of the model into individual variables shows
nents, a surface depicting resilience or recovery potential cathat the number of buildings included in the recovery indi-
be created. This overall range of influence is captured bycators far exceeded the total number of variables ever run in
the SRI and can be run pre-event or even post-event basetie model, artificially enhancing the value of these input vari-
on damaged facilities. Because all of this analysis is con-ables and homogenizing the model output. This high number
ducted using the geoprocessing capabilities of GIS softwarepf records was symptomatic of the large study area, a higher
the data can then be analysed to identify characteristics abouwjuality data set and the pre-event status of the scenario. How-
the distribution of resilience across the study region, or com-ever, the results of this first model run did demonstrate that
pared to engineering studies to offer decision makers a moréhe necessary data were available to run the model and pro-
comprehensive view of risk. duce results which had some spatial commonality with the

flood zones from eHORA.
2.1 Carinthia case study

2.3 SRI 2010
In the case of the Carinthia study, three variants of the SRI
were conducted based on varying input parameters, modalith the intention of improving upon these results, Kosar
structure, and scale. The multiple iterations were necessargt al. (2010) ran a second iteration of the SRI in the same
to understand what modifications were necessary to propstudy region. It was the intention of this analysis to modify
erly employ the model. The SRI was originally developed the construct of the model to account for the large study re-
to operate in the urban environment of a medium-sized citygion and inordinate amount of input data. The research in the
and it was suspected that running an unmodified version ma010 study determined that many of the recovery indicators
produce misleading results. A variety of input variables areclassified in the original study under specific categories were
divided into recovery indicators (i.e. structures) and vulner-redundant and incorrect (Kosar et al., 2011). Being more fa-
ability indicators (i.e. flood zones). The influence of each of miliar with the local datasets and colloquialisms of their attri-
these variables on the community is based on distance decdyution, Kosar et al. (2010) were able to build a recovery data
theory and represented using a Euclidean distance convemodel more representative of real world conditions. This im-
sion to a raster dataset with the same cell size as the elevatigoroved version of the model was driven by only the most
DEM. These two categories are then combined in the modeimportant variables gleaned from the much larger regional
using an additive raster calculation to produce a final SRIdatasets, dividing the data into five variable categories: care
value. From this output the data can be resampled, dividednstitutions, cultural resources, infrastructure, economy and
into administrative units with a zonal analysis, or analysedmunicipal buildings. These variables were selected based on

for patterns and relationships. those used to assess recovery in the UN Tsunami Recovery
project (UN, 2005). The categories used by the UN to as-
2.2 SRI 2009 sess recovery in the countries affected by the Indian Ocean

tsunami were designed to be used from a regional perspec-
The first model runs were conducted using the exact frametive (UN, 2005). This new model structure better represented
work as the original SRI detailed in the 2009 study in the structure data available for this study, and removed the
New Orleans (Ward et al., 2010). Every available dataseduplicative information which was not of importance to the
for the study region which was part of the original SRI model. In addition, this reiteration of the SRI was conducted
data structure was clipped and incorporated into the analyat a finer resolution. All of the analysis was conducted using
sis. These datasets included railroads, power lines, churchea, cell array consisting of 9m as oppose to 25m. This im-
schools, healthcare facilities, roads, flood zones, elevationproved resolution provided an increased level of detail in the
fire brigades, police stations, gas terminals, rivers, and wafinal output of the model, allowing for more subtle trends to
ter stations. The output from this scenario was intriguing asbe identified throughout the study region. In addition to the
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Maria Saal

B

Fig. 2. Three components of 2009 SRI analysis.

modification in cell size for the analysis, the relative weight
of recovery indicators and vulnerability indicators were con-
sidered. Kosar et al. (2011) speculated that in addition to the
aforesaid faults with the recovery data, the vulnerability in-
dicators were also contributing to the limited detail in the
model output. To account for this proposed flaw, the vulner- 2
ability indicators were weighted forty percent less than the %
recovery indicators in the final SRI output.

At a cursory glance, the output of the Kosar et al. (2011)
SRI analysis produced varying results from the original SRI
analysis in 2009. Figure 3 compares the original SRI output
to the modified version using the same symbology to repre-
sent recovery potential as that used in Fig. 2. When compar-
ing the two assessments, the overall recovery potential for thejg 3 2010 kosar SRI compared to 2009 Ward SRI.
study region is fairly consistent with the exception of a few
areas. The rural corridor between St. Veit An Der Glan and
Maria Saal, the areas of Ebenthal to the southeast of Klagerkosar et al. (2011) attempted to address this issue by exe-
furt and the region to the northwest of Klagenfurt all have acuting the model for Maria Saal by itself, demonstrating that
reduced capacity for recovery based on Kosar’s SRI methodvarying the scale has significant influence on the model out-
ology. Review of the individual data components in these re-put. Unfortunately, this single model run at the municipal
gions unveils similarities in their physical geography which scale is inadequate when attempting to draw conclusions on
may be leading to the consistency in their low level of recov-component influence and city-wide recovery potential. Al-
ery potential (Kosar et al., 2011). Kosar also suggests that thehough these limitations may restrict the model from being
large number of structures supporting social networks withinan effective decision support tool, the revised methodology
the cities has a high level of influence on the high SRI scoressmployed in the 2010 study did produce results which were
in these areas. While a distinct change in output exists bemore easily interpreted and more consistent with the distri-
tween these two models, it is unclear based on the work bybution of population across the landscape. This improvement
Kosar et al. (2011) what is driving this dynamic. By altering was further confirmed when the output was compared to the
the structure, input variables, weighting scheme, and grid celflood risk zones depicted on eHORA. While the extent of the
size in a single model run, it is impossible to determine if aeHORA delineated risk zones is not as expansive as the high
single modification or a combination of adjustments have ledrisk areas identified by the SR, the general trend of risk tran-
to the variance in model output. The 2010 analysis was alsaitioning from low to high potential for recovery from Kla-
restricted by the fact that it did not analyse the data using adgenfurt throughout the rest of the study area is represented.
ministrative units smaller than the municipality. While areas
such as Klagenfurt appear to be largely immune when viewed®.4 SRI 2011
at the municipal or regional scale, analysing the results from _ _ _
these areas at varying administrative units (i.e. postal codedn 1ate 2011 the topic of recovery in the same region of

neighbourhoods, land use, etc.) may tell a different story.Carinthia was revisited once more in an attempt to further
refine the SRI methodology. Prior to this analysis, Zischg et

_» Ebenthal

Kosar 2010 > Ward 2009
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Table 1.Recovery and vulnerability elements included in 2012 en-  This input data represented a significant reduction in vari-

hanced Austrian SRI. ables used to calculate the SRI when compared to the afore-
mentioned versions of the analysis. This decrease in input
variables was welcomed as the overwhelming volume of data
used in the 2009 study was suspected of reducing the quality

Recovery Recovery Vulnerability — Vulnerability
(Buildings) (Infrastructure) (Physical) (Hazards)

Schools Roads Elevation Hydrology of the model output. The data layers were each converted to a
Hospitals Bridges Slope Flood Zones raster format using the geoprocessing procedures outlined in
Fire Stations  Railways Flood Control the 2009 SRI study in New Orleans (Ward et al., 2010). These
Structures raster files represented each at-risk element’s potential level
Police Power Lines Major Roads of influence on recovery based on Euclidean distance. The
Industrial Gas Lines level of influence on recovery for each element was inversely
\é\f:t;:s ;a:;?igsns related to the distance between structures. These rasters were
Industrial Areas summed using araster calculation to create a single layer rep-

resenting recovery potential for the entire study region. The
output of this SRI analysis is compared to the 2009 and 2010
indices in Fig. 4.
al. (2011) approached the assessment of risk to natural haz- Visual inspection of the 2012 SRI results illustrates a bal-
ards in Carinthia as a function of climate change. This Euro-ance between the data-rich 2009 study and the heavily ma-
pean study took a very similar approach to the original SRInipulated 2010 analysis. The primary distribution of recovery
analysis which considered structures as key elements of vulpotential across the study area is very similar using all three
nerability. Just as Ward et al. (2010) postulated in the Newmethods, but further analysis of the 2012 data revealed sig-
Orleans study, Zischg et al. (2011) identified a list of at-risk nificant patterns which were not present in the 2009 and 2010
elements exposed to hazards. These elements were largetyudies. Using a global spatial autocorrelation (Moran’s )
structural in nature and grouped into three categories: buildtool in the spatial statistics extension in ArcGIS, the re-
ings (e.g. buildings, schools, and domiciles), infrastructuresults of the 2012 study were analysed. The Moran’s | analy-
(e.g. roads, power lines, bridges, gas lines, and railways), andis demonstrated significant clustering of recovery potential
agriculture (e.g. farmland, grassland, and forest). These cathroughout the study region (Fig. 5) with a Moran’s | index
egories were derived from the European Water Framework/alue of 0.85 ang value of 0.00187, both of which desig-
Directive and the guidelines for cost—benefit analyses in hy-nate clustering at a significance interval of 0.01. Having not
draulic engineering (BMLFUW, 2006, 2008). These cate- seen a significant level of clustering in the output of the 2009
gories were reviewed by a team of local administrators inand 2010 iterations of SRI, it was important to gain an un-
Carinthia to adjust for native conditions. Prior to the Zischg derstanding of the nature of the general trend identified in
et al. (2011) study, the SRI had been used in Austria withthe 2012 study.
little variation in the methodology or recovery features in-  Significant areas of high and low clustering or “hot/cold
cluded in the model. With the intent to modify the index to spots” were examined using a local Getis—Ord &ialysis.
be more reflective of Austrian ideology, the SRI analysis wasThis statistical method assigned acore ang value to each
conducted in 2012 using these new at-risk elements to reeell in the final output raster and identified significant areas
place the original recovery indicator components. of high and low clustering of recovery potential. Areas with a
When considering these categories in the context of thehigh z score and lowp value represent hot spots (red) where
SRI methodology, there are two very interesting varianceshigh recovery values are clustered, while areas with low neg-
The first is the heavy focus on domiciles (single-family and ative z scores and sma}p values indicate cold spots (blue)
multi-family), while the second is the lack of any cultural or where low recovery values are clustered (Fig. 6). All other
commercial facilities. No churches, banks, pharmacies, gro€ells in the output raster havescores near zero which indi-
cery stores or elder care facilities were included in the at-cate no apparent clustering of recovery values.
risk elements classification used in the Zischg et al. (2011) Reviewing both the global and local statistics reveals the
study, indicating a possible variation in Austrian risk percep- highest clustering of recovery potential in the urban areas of
tion when compared to that identified in New Orleans. While Klagenfurt, Maria Saal, and St. Veit An Der Glan. These ur-
Zischg et al. (2011) progress to an increasingly complex asban centres are obvious choices for high recovery potential
sessment and estimation of impacted population based on thgue to their density of at-risk elements and structures. Of
conflation of various datasets focused on these at-risk elegreater interest to emergency managers in the region may
ments, the SRI adopted a less intricate approach. It was imbe the smaller clusters of high recovery potential northwest
portant for the SRI analysis on these new classes to stay truand southwest of Klagenfurt as well as the clusters of low
to its original intent and only consider these elements fromrecovery potential in Ebenthal and to the east and west of
a spatial perspective. The final SRI run used the Austrian atSt. Veit An Der Glan. The lack of at-risk elements in these
risk elements detailed in Table 1. regions provides limited options within the built environment
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Kosar 2010 - Ward 2009 Ward 2011

Fig. 4. Comparison of 2009, 2010, and 2011 SRI results.
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Fig. 5. Global spatial autocorrelation — Moran’s | results.
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for recovery to anchor to. These clusters represent latent ather supported by the work of Burton (1972), which points to
eas of vulnerability which may exacerbate the managemeninflexibility in social and institutional perceptions as a lead-
and mitigation of floods in the region. To put these find- ing cause of repetitive loss to disasters.
ings into perspective, one must imagine the entire state of In Austria it has been stated that this type of risk percep-
Carinthia or country of Austria riddled with these dormant tion varies across the country based on expectancy-value the-
pockets of low recovery potential, creating a network of vul- ory (Thomas, 1981; Hobfoll, 2001). In other words, what
nerability to floods which cannot be ameliorated by means ofbenefit do | gain or lose from taking steps to prepare for a
structural flood control alone. flood event? Answering this question can be problematic for
the public official who has to balance highly technical risk
and vulnerability assessments with public risk perception re-
3 Risk perception in Austria quiring practicality and benefit (Renn, 1998; Homan, 2001).
In light of this predicament, the application of methods used
Though the results of this third iteration of the SRI proved to assess vulnerability or recovery potential should be ap-
to be far more promising than the early efforts by Ward etplied with cultural values in mind, whether they are a social
al. (2010) and Kosar et al. (2011), the fact that the benefitmetric or not. As such, the SRI as a stand-alone quantification
came at the expense of the cultural component of recovery inef recovery potential will hold little value with the general
dicators was stimulating. This was exaggerated further whempublic. In order to improve perception with assessment tools
considering the importance of churches and education facilisuch as the SRI, the analysis must be conducted from the ap-
ties in the New Orleans study, leading to the conclusion thatpropriate cultural perspective and presented in conjunction
the application of the SRI in Austria may be suffering from with additional factors (Fleischhauer et al., 2012). These fac-
risk perception issues. Without a thorough understanding ofors can be referred to as “soft facts” which underscore the
risk perception values within Austrian culture, and little doc- “hard facts” or results of technical assessments (Schmidt,
umentation of local recovery from large flood events, appro-2004). A better understanding of the “soft facts” influenc-
priate input variables are difficult to identify. Including too ing risk perception in Austria will lead to an improved SRI
many variables may dilute the results of the study (see Wardnodel based on a refined set of at-risk elements.
et al., 2010), while excluding important variables will over-  As previously stated, current risk and vulnerability assess-
generalize the results (see Kosar et al., 2011). This indefments in Austria are based primarily on management of river
initeness of input variables highlighted the underlying cul- systems and structural control measures (Faber, 2006). This
tural context, which is important to consider when assessingrend is symptomatic of water resources managers who are
risk and vulnerability. Zischg et al. (2011) began to touch ondisconnected from impacted populations. This disconnection
this in the discussion of his analysis by suggesting that disasin Austria has been highlighted in the European Social Sur-
ter management in Austria is experiencing a shift to a morevey (ESS) data over the last decade (European Social Sur-
integrated approach. This approach will call for more respon-vey, 2011). The ESS is a comprehensive biennial survey con-
sibility to be placed on the individual for damages incurred ducted across Europe to assess general social sentiment and
from flooding, but can only be accomplished with improved includes political, social, moral, demographic, health, and
communication and comprehensive risk perception (Zischgwvell-being variables. Over the course of the last decade, hun-
etal., 2011). dreds of survey responses have focused on floods and natu-
The notion of culturally driven risk perception having in- ral disasters across Europe, with only a single response in
fluence on the application of the SRI is not implausible this category coming from Austria in 2002 (European So-
when cultural theory is considered. In order to gain a bettercial Survey, 2011). Previously cited literature suggests that
understanding, Gierlach et al. (2010) investigated this phethe government is spending a significant volume of money
nomenon with interesting results. They found that risk per-on adapting flood management and policy to new norms.
ception across cultures has little to do with exposure to a disWith this being said, why is the risk of flooding receiving
aster and more to do with an optimistic bias or “not in my so little recognition from the Austrian public? The answer
backyard” mentality generated by social construct (Emerg-is undoubtedly multi-faceted and not attributable to a single
ing Health Threats Forum, 2008). The idea that hazards plagause, but may be highlighted in the same survey. When re-
more of a global risk than a local risk is pervasive across cul-viewing all of the Austrian data collected as part of the ESS,
tures and often results in imprecise valuation of risk, vulner-the topics of political performance and trust come up on a
ability, and preparedness (Emerging Health Threats Forumtecurring basis (European Social Survey, 2011). This lack of
2008). In light of this, personal experience and socio-culturaltrust towards government officials is expounded upon by the
factors will often be superseded by ideologies created byAustrian Academy of Sciences (G&z008), who charac-
groups within the community (Emerging Health Threats Fo- terize the Austrian public as one that is slow to adopt change
rum, 2008). For instance, individual members of a congregain regards to new technology and policy. This study also
tion at a church may undervalue individual risk based on thesuggests that tight political regulations and little tradition of
fact that as a group they are more resilient. This notion is fur-public debates amongst a relatively young population also
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contribute to a passive view towards change, whether that beomponents of the SRI at varying scales. Isolating the urban
policy, technology, building standards, etc. (Gaz2008). areas and rural areas into separate model runs may begin to
When formulating risk perception towards natural hazards,offer more detail on the variance explained by each indicator
this detached mentality to policy change and political com-used in the analysis, and it would also help eliminate some
munication can have dire consequences, as its fault may onlgf the overwhelming volume of data used in the first iteration
be recognized following a disaster. In order to improve uponof the study. In addition, adapting the land cover class devel-
risk communication between the government and the puboped by Zischg et al. (2011) to account for agricultural lands
lic, credibility of risk assessment tools must be establishedversus non-agricultural lands may reveal a nuance in recov-
through improved risk communication (Reid, 1999). This ery potential undetected in the scenarios used in this study.
will in turn lead to a better understanding of how the public It should also be stated that floods do not present the only
perceives risk, what mechanisms of the social network are ahazards in this Alpine region. Torrents, avalanches and land-
greatest risk, and finally, which structures within the built en- slides represent a few of the other hazards in this region of
vironment are necessary to sustain these social mechanisn@arinthia. Couple any one of these events with a large flood
(Fleischhauer, 2012). With this information in hand, the SRl event and predicting recovery becomes considerably more
can be applied using empirical recovery indicators which arecomplex.
correlated with public risk perception. The nuances in recovery potential across this regional
setting represent a critical missing component in current
flood management practices in Austria. At present, individ-
4 Discussion ual structures are not viewed as enablers of social networks,
and as such their function and the people they house are
By examining the role of predictive spatial analytics in flood placed in a secondary tier of flood management in Austria.
management and mitigation, this study has expanded upof@ne-dimensional flood management and reduced risk com-
the aforementioned evolution of risk management in Aus-munication have created a culture with a skewed perception
tria. Although the initial phase and scope of the study wasof resilience, risk, and vulnerability. In addition, personal re-
to apply the spatial recovery index in Carinthia, the use ofsponsibility for flood damages are dwindling and an obliga-
this technology also led to a complementary summary of cul-tion for rapid and thorough recovery has been left largely in
tural influence on risk perception and recovery potential. Thethe hands of government (Zischg et al., 2011; Fuchs, 2009).
two crucial questions behind this investigation focused onZischg et al. (2011) recognized this in their loss estimation
the transferability of an urban index developed in the Unitedstudy, and called for new tools to assess the various compo-
States to a regional level in Austria, and the influence of cul-nents of disasters in Austria. In order to be effective, these
ture on the assessment of potential for community recoverytools had to be able to identify vulnerable hot spots, distin-
In short, the answer to these is that the SRI can be utilizedyuish between factors driving vulnerability and risk, and be
to assess recovery potential in Austria, but only with signif- easily updated with new data and information (Zischg et al.,
icant consideration given to the cultural setting it is being 2011). The results of this study suggest that with limited re-
applied in. With this being said, it must be noted that this as-finement, the SRI will meet all of these criteria in a simple
sessment was written from an American perspective based oand adaptable spatial decision support tool. Combining the
observed data and research in the study region. As such, theRI’s prediction of recovery with other non-structural mea-
information associated with this study does not lend itself tosures of vulnerability could place Carinthia at the forefront
extrapolation across the rest of the state or country, but doesf flood management practices in Europe.
offer a practical framework to build from. The integration of cultural values into non-social met-
Through three iterations of the SRI model, this study wasrics in disaster science is not a new idea, but has been
able to identify that the variables input into the model hadrelatively dormant in the literature for some time. The
more influence on its outcome than the model structure, resrecent increase in hazard intensity and frequency across the
olution or weighting scheme. The results of the analysis indi-globe has resulted in a renewed interest in the intersection
cate that although the corridor between Maria Saal and Klabetween these two subjects. This condition was recently
genfurt may be one of the most vulnerable to floods in all ofillustrated in Austria by Kulmesch (2010), who faced
Austria, the density of recovery indicators in the Klagenfurt numerous challenges when trying to transition Hazards US
area may be able to offset the impacts of a widespread floodHAZUS) loss estimation models to Austrian communities.
More isolated and localized flooding in the region may resultin addition, the Federal Emergency Management Agency
in problematic recovery for areas in Ebenthal and north of(FEMA) has only just initiated the RiskMap programme
Klagenfurt which do not have the combination of recovery which features the opportunity to combine cultural, social,
elements to facilitate social stability. The analysis could ben-and non-engineering-based vulnerability assessments with
efit from detailed post-flood data in the region which would ancillary flood map products (FEMA, 2008). These emerg-
allow for the most influential at-risk elements to be identified. ing trends are blurring the lines between risk perception,
Moving forward, it would also be beneficial to run different technologically driven risk assessment, and communication
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in a manner which provides a new perspective for manag- europa.eyllast access: July 2012, 2002.

ing flood hazards. This new viewpoint is a necessity for European  Social ~ Survey: available  at: http://www.
proactive management of hazards as human environments europeansocialsurvey.org/index.phplast —access:  August
are increasingly overlapping hazardous geographies around 2012, 2011. . . . o
the globe. In a community where the most hazardous':a_ber’ R.: FIc_>od Risk Analysis: R_’e5|dual_ Risks _and Un_certa_untles
geographies are already populated and developed, it does no in an Austrian Context, Unpublished Dissertation, University of

" " . . Natural Resources and Applied Life Sciences, Vienna, Austria,
good to “help” people by delineating flood zones on a map. 2006

Communities must find ways to retroactively mitigate flood rg\ya (Federal Emegrency Management Agency): FEMA's Risk
risk by quantifying and dpfmmg recovery potential across  maP Strategy — Integrating Mapping, Assessment, and Mitiga-
these zones, better focusing mitigation funds, and enhancing tion Planning, available aftttp://www.fema.goylast access: Au-

risk awareness and communication. gust 2012, 2008.
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