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Abstract. Natural hazards have substantial impacts on
economies on all scales. While the measurement of direct ef-
fects seems manageable, less is known about the dimensions
of economic effects, especially on local and regional scales.
The lack of standardized terminology, empirical data and
methods currently hampers profound decision support. In our
study of the 2005 flood event in the Federal State of Tyrol
(Austria), which triggered about 264 million Euros in direct
losses, we surveyed companies from all sectors of the econ-
omy to identify the drivers of economic effects. The main
aim of the study was to assess the regional economic im-
pacts on the gross regional product by the 2005 floods with-
out macro-economic modelling techniques using bottom-up
data. Using basic quantitative and qualitative methods, we
established and analysed a data pool of questionnaire and in-
terview results as well as direct loss data. Based on this em-
pirical evidence, we estimated the decline in gross regional
product in the study area at NUTS-3 level. We observed that
disrupted traffic networks, for instance, had very negative
effects on the regional economy. In addition, we identified
economic winners of severe hazard impacts and estimated
the amount of increasing economic flows (economic stim-
uli), based on compensation payments. Finally, the net effect
can be estimated balancing the negative and positive effects
of the flood event. The methods and results of this study can
help to improve ex post loss estimations, and with it, ex ante
methods for the cost efficiency of risk reduction measures,
e.g. cost–benefit analysis. However, much effort is needed to
improve the data basis on economic effects measured as a
change in economic flows.

1 Introduction

The economics of natural disasters usually cover the aggre-
gated effects on a national scale (Cavallo and Noy, 2009).
Estimating the costs and economic effects of natural hazards
is a necessary part of economic risk assessment to provide
a sound basis for disaster reduction policies (Meyer et al.,
2013). Due to the absence of comprehensive regionalised ap-
proaches and methods, and to missing regional data on eco-
nomic activities, the gross regional product (GRP) in Eu-
rope, for instance, is only available at NUTS-3 level; the
impacts of natural disasters and their channels on economic
systems are not understood so far, even on a local scale
(Przyluski and Hallegatte, 2011). Until now, economic ef-
fects of hazards in the Alps have neither been measured nor
comprehensively analysed, except for high-impact events at
the macro level using top-down approaches, which is car-
ried out for instance for the 2002 floods in Austria. This
event caused approx. EUR 2.3 billion in direct losses, induc-
ing only about 180 million Euros in indirect losses and dis-
ruption of production (Kletzan et al., 2004) calculated by an
input–output based macroeconomic model for the Austrian
economy (Kratena and Zakarias, 2001). This is equivalent to
approx. 0.1 % of Austria’s gross domestic product (GDP) in
2002.

Indirect effects and business interruption – which are both
reflected in GRP – can be substantial at all levels of the
economy and higher than the direct effects, at least for
very high impact events with more than USD 200 billion
in direct losses (Hallegatte, 2008). Missing data and meth-
ods at the meso and local levels hamper profound deci-
sion support for comprehensive risk management strategies
and cost-efficiency analyses of mitigation measures in alpine
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environments (Pfurtscheller et al., 2011). Analysing the re-
gional economic effects leads to the key issue of identifying
and evaluating the drivers of these adverse effects at the com-
pany level and the resilience to system effects in the local and
regional economy.

At the local level and from an ex ante perspective, cost–
benefit analyses for mitigation projects are carried out in
nearly all countries of the Alpine arc (Pfurtscheller et al.,
2011). However, indirect effects are rarely assessed in such
frameworks, primarily due to missing empirical evidence and
suitable bottom-up methods. Alpine hazards, e.g. rockfalls,
landslides, debris flows and torrent processes, are mainly lo-
cal processes with only marginal impact on the economy as
a whole. As such processes often occur in parallel as multi-
hazards during heavy-rainfall events, as happened during the
2005 floods in western Austria (Pfurtscheller and Thieken,
2013), the question arises if the adverse effects in their en-
tirety are the sum of every single effect or if the partial im-
pacts amplify the overall effect. Definitions and methodol-
ogy regarding (regional) economic or indirect effects are not
consistent, at least for levels lower than the macro economy
(Przyluski and Hallegatte, 2011). Generally, input–output
analyses can be applied for an assessment (e.g. Lin et al.,
2012), but regional input–output tables for Austria are not
available and must be regionalized using strong assumptions.
Hence, validated and sound methodologies, assessments and
case studies for local and regional scales are rare using val-
idated bottom-up approaches, which can be applied for e.g.
cost–benefit analyses and urgent policy decisions. To assess
all possible regional economic effects by natural hazards,
high efforts regarding data and methods are needed. Anyway,
such data are mostly not available.

The main issues addressed in this study are the regional
economic effects of the catastrophic floods in summer 2005
in the Federal State of Tyrol (Austria) using a bottom-up ap-
proach. We focus on the effects of the 2005 event on GRP,
since this is the main indicator of economic development
in a certain region. Since business interruption and indirect
effects overlap to a certain degree (and are represented in
GRP), both phenomena are included in the study. Also, on
this scale of assessment it is not of prime importance if a
company is directly affected or not. Different methodological
steps are used to estimate the economic impacts. In particu-
lar, we analyse adverse effects on businesses (e.g. duration
of the effects, effects on different economic branches) us-
ing survey results based on a questionnaire sent out to 4200
companies in regions affected by the 2005 floods, as well
as the net effects on gross regional product, combining eco-
nomic losses by estimating revenue decline and stimuli us-
ing compensation payments by public authorities. A macro-
economic study of the 2005 floods is used to compare the
results (Sinabell et al., 2009). We also assess tourism im-
pacts separately, since approx. 16 % of the federal state GRP
comes directly from tourism revenues. Finally, expert inter-
views are carried out to validate the quantitative results.

The study is organized as follows: the paper starts with
a systemisation of economic effects (including indirect eco-
nomic losses and business interruption) and provides some
background information on other (regional) economic ef-
fects, examining different temporal (short- vs. long-term) and
spatial (macro-, meso- vs. micro-economic) system bound-
aries. Methods to assess these effects were also introduced.
The third section gives an overview of the case study, es-
pecially the floods of 2005 and the study region. Section 4
presents the used data and methods. Section 5 shows results
of the different methodological steps (survey, interviews, cal-
culation of tourism losses and net effects). Section 6 con-
cludes and discusses uncertainties and assumptions as well
as key benefits of the methods used and the results. We also
point out issues for future research and provide some recom-
mendations for public risk and disaster management.

2 Estimating economic effects and indirect losses from
natural hazards

2.1 Systemising the economic effects

Much conceptual and recapitulatory work has been done to
systematize the effects of natural hazards. Most studies fo-
cus on growth issues because of the availability of aggre-
gated data and methods (cf. Benson and Clay, 2004; Cav-
allo and Noy, 2009). The disaster impacts on the economy in
a given area refer to market (e.g. income) and non-market
effects (NRC, 1999). A sound categorisation of the costs
(or losses) of natural hazards has been given by Meyer et
al. (2013). They distinguish between direct costs, business
interruption, indirect effects, intangible effects and risk mit-
igation costs. Direct losses are losses due to the direct af-
fection or destruction of houses and infrastructure and other
physical assets. Business interruptions are again triggered by
the physical affection of companies (e.g. machinery, car fleet,
buildings) and result in limited or stopped production. Indi-
rect effects are those losses, which were induced by direct
losses or business interruption. Hence, a breakdown of for-
ward and backward linkages is transmitted through the eco-
nomic system (e.g. Cochrane, 2004). Such effects occur with
a time lag and can be observed inside and/or outside of the
affected area. Indirect effects as well as business interruption
overlap to a certain degree, and hence a stringent concept is
hard to apply (Meyer et al., 2013; Hallegatte and Przyluski,
2010, 2011). Costs for mitigation are those costs which were
needed for risk reduction. In essence, these costs are spent on
technical and non-technical mitigation. An overview of risk
mitigation costs occurring in four different Alpine regions is
given by Pfurtscheller and Thieken (2013), analysing these
costs ex post using public budgets. Although the distinction
of the costs of natural hazards by Meyer et al. (2013) is well
reasoned, a variety of definitions of indirect and business
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interruption effects had been developed earlier (as presented
by cf. Przyluski and Hallegatte, 2011).

Following the model of the economic cycle, economic ef-
fects of natural hazards affect every part of it through dif-
ferent channels. Indirect losses as well as business interrup-
tion are reflected in GDP/GRP as a decline in economic
flows. Other economic impacts resulting from natural haz-
ards, e.g. declining consumption through lost household in-
come, subsequent interactions and declining taxes also affect
GDP. These effects are mostly hard to measure (Cochrane,
2004) and not often considered (Cavallo and Noy, 2009). To
sum up, the full economic costs of natural hazards are mostly
not assessable due to the manifold channels and impacts on
different economic dimensions.

Measured across the economy as a whole, catastrophic
events also cause stimuli or positive economic flows through
reconstruction and rebuilding of affected or destroyed pub-
lic and private assets (Kletzan et al., 2004; Hallegatte, 2008;
Sinabell and Streicher, 2009). Small-scale disasters in par-
ticular can have positive effects on the economy (Loayza et
al., 2009), predominantly from repair and reconstruction, re-
placement of furniture or machinery, and from clean-up ac-
tivities. Two different economic flow values can thus be ob-
served in the aftermath of a catastrophic event: indirect losses
and business interruption as declining economic activities
and positive consequences or economic stimuli. So far, it has
not been possible to distinguish or analyse these contrasting
flow values because GDP/GRP includes both. Hence, what
are reflected in economic aggregates are the total effects (the
net effects) of a hazard on a certain scale, measured in flow
values.

Rose (2004) and Cochrane (2004) provide basic princi-
ples for evaluating indirect effects of natural hazards and for
understanding them better. Messner et al. (2007) as well as
Merz et al. (2010) have compiled a state-of-the-art loss as-
sessment and present rules and conventions for evaluating
flood losses for different damage categories. As the main
principle in the assessment of indirect effects, the determi-
nation of spatial and temporal boundaries is of prime impor-
tance and the purpose of a study (Messner et al., 2007; Merz
et al., 2011; Pfurtscheller et al., 2011). Essentially, indirect
effects cancel each other out through substitution of goods
and services, if the analysed period is long enough and the
region large enough (NRC, 1999).

2.2 Methods to assess indirect economic effects and
business interruption

The extent of existing data largely influences the methods
available for assessing indirect effects and business interrup-
tions. Generally, natural hazards can have effects on differ-
ent economic parameters at different levels of aggregation.
To measure these effects, macro-scale and top-down meth-
ods have mostly been used (Cochrane, 2004; Cavallo and
Noy, 2009). Meyer et al. (2013) present a large overview of

studies. They separate methods for assessing business inter-
ruptions (sector-specific models, event analyses and a fixed
share of direct losses) and indirect effects (event analysis,
econometric approaches, input–output modelling, CGE mod-
els, intermediate and idealized models). The methods can
also be subdivided into ex ante and ex post assessments,
whereof the former analyses the possible effects in advance
of an adverse impact and the latter assesses the effects af-
ter an event occurred. In this paper, only a short review of
available studies is given.

To assess business interruption, sector-specific models
mostly by applying loss of value added are presented by
e.g. MURL (2000) and SLF (2000). In the aftermath of the
avalanche winter of 1999, Nöthiger (2003) assessed the de-
cline in touristic income on a local scale based on empirical
data from a questionnaire and provided a statistical tool to
estimate future indirect losses from avalanches. Chatterton
et al. (2010) analyse the total economic costs of the 2007
floods in England based on regional studies and internal in-
stitutional surveys resulting in an estimated GBP 3.2 billion.
They do not assess indirect economic effects, but increased
costs of business (e.g. additional transport costs) and costs of
disruption of provision. In this survey, it is also stated that
160 million pounds were claimed from insurance companies
for business interruption and lost income. Effects on macro-
economic aggregates were not assessed. In Austria, cost–
benefit analyses for technical mitigation measures against
the above-mentioned hazards is carried out assessing indi-
rect losses and business interruption effects within the risk
area, although these effects were mostly not analysed due to a
missing stringent concept (BMLFUW, 2008 a and b). Hence,
loss of value added per affected employee is used. In these
assessments outside effects are neglected. Fixed share of di-
rect losses to assess business interruption is presented by the
Department of Natural Resources and Mines (2002). They
calculate indirect losses by estimating them as a percentage
of the direct losses, without any empirical validation. They
used 15 % in the case of residential damages and 55 % in the
case of commercial damages.

Indirect economic effects are analysed by applying event
analyses, econometric approaches, input–output modelling
and CGE models. For the Alpine space, Kletzan et al. (2004)
assessed the impacts on a national scale of the 2002 floods in
Austria. They used a welfare approach and a disaggregated
model, and calculated effects on consumption, investments,
imports, exports, GDP and final demand. 180 million Euros
in indirect losses were estimated. This is equal to approx.
0.1 % of Austria’s GDP in 2002. To estimate potential losses
by heavy impact hazards ex ante, the HAZUS MH software
was developed, which also includes a methodology to as-
sess indirect losses for earthquakes and floods (Scawthorn
et al., 2006a, b). The module is based primarily on input–
output modelling using an algorithm that rebalances inter-
industry trade flows, which are varianced by changing sup-
plies and demands due to the hazard impacts (FEMA, 2011).
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The module therefore considers supply shortages, declines
in sales, and opportunity costs. Hallegatte et al. (2010) as
well as Ranger et al. (2011) use the Adaptive Regional Input-
Output (ARIO) model provided by Hallegatte (2008) to as-
sess the economic effects of climate change. Rose and Liao
(2005) focus on business resilience of water supply disrup-
tions using a CGE model in the aftermath of a fictitious earth-
quake in the US to analyse the regional economic impacts for
different economic sectors. To sum up, it is apparent that in-
direct effects and business interruption effects often overlap,
and a stringent concept to measure these effects is hard to
apply.

3 Case study: 2005 floods in the Federal State of Tyrol
(Austria)

The event happened in August 2005 and caused about 592
million Euros in direct losses of private and public assets
across four federal states and an estimated 264 million Eu-
ros in the Federal State of Tyrol (Sinabell and Streicher,
2009; Sinabell et al., 2009), although earlier estimates pin-
point 410 million Euros in Tyrol (Central Auditing Author-
ity of the Federal State of Tyrol, 2006, 2007). 61 % of these
losses occurred in private households and companies, 18 %
in the transport network, 9 % at hydraulic constructions and
5 % in municipality infrastructures and 7 % in other cate-
gories (telecommunications, water and energy supply, tor-
rent and avalanche mitigation). As indicated by a macro-
economic analysis based on national input–output and inter-
regional trade data, the 2005 event caused only a marginal
decline in GDP for the national economy, but also a slightly
positive effect (approx. 0.1 % of GRP) in the Federal State
of Tyrol (Sinabell et al., 2009). The reasons for this are the
high investments and repair stimulus in the aftermath and the
advantages of local producers. Based on this poor empirical
evidence for local and regional impacts, we analysed the re-
gional economic consequences of the 2005 event for the Fed-
eral State of Tyrol. Moreover, such macro-economic studies
neither provide information on the impacts within the most
affected areas, nor at the company level. Hence, a bottom-up
analysis was carried out. 208 million Euros of the total direct
losses of the 2005 event were compensated by the public risk
transfer system (Central Auditing Authority of the Federal
State of Tyrol, 2006, 2007). Based on data of the Austrian
Disaster Fund provided by the Federal State of Tyrol, 190
businesses were directly affected during the 2005 flood event
in the whole federal state, with a total direct loss of 64.8 mil-
lion Euros (at 2006 values). The average direct loss of the
companies was approx. 0.3 million Euros per municipality
and 0.34 million Euros per company (median 90 k Euros).
However, these data do not include losses of state- or federal-
state owned institutions (e.g. federal railways, electricity sup-
pliers, avalanche and torrent control) or losses which were

not reported to the disaster fund (for a short description of
the disaster fund see Sect. 4.3.2).

The Paznaun valley in the NUTS-3 Tyrolean Oberland re-
gion was the worst hit area due to waters with the highest ever
measured return periods (Federal State of Tyrol, 2006). The
study area is equivalent to the NUTS-3 Tyrolean Oberland re-
gion, where we concentrated on the Paznaun valley (Fig. 1).
This Alpine lateral valley has only one major road connec-
tion to the Inn valley and one road (closed in winter because
of the risk of avalanches) over a pass to the western Federal
State of Vorarlberg. We chose this heavily affected valley as
the main study region because of our focus on the special
situation of closed Alpine economies. Generally, the district
of Landeck is characterized by structural imbalance, high un-
employment and relatively low wages compared to the whole
NUTS-2 region (Table 1). The economy is heavily dependent
on winter tourism. The service sector provides approx. 70 %
of the jobs in the district of Landeck. The district generates a
gross added value of EUR 2.3 billion. On average, one busi-
ness unit in this area produces economic flows of approx.
0.5 million Euros. As a special characteristic of Alpine lat-
eral valleys, the marginal permanent settlement area, which
is about 4 % in the Paznaun valley, restricts economic activ-
ities to the valley floor. Consequently, business units as well
as structures and the population as a whole are prone to high
flood and torrent risks.

The Paznaun valley includes the municipalities of Galtür,
Ischgl, Kappl and See and, with approx. 260 million Eu-
ros, contributes over-proportionally to the gross added value
compared with the district of Landeck and the NUTS-3 level.
This is mainly due to earnings from high-intensity win-
ter tourism. The municipality of Ischgl is among the top
three winter destinations in Austria, with over one million
overnight stays per year. Like the whole NUTS-3 region,
the Paznaun valley is highly dependent on tourism revenues.
The valley has high rates of commuters and tourist flows
and therefore, in the case of road closures, makes local busi-
nesses vulnerable to indirect effects. Approximately 600 peo-
ple commute every day to the valley and 700 out of it, not
counting the commuters within the valley (source: Statistics
Austria).

4 Data and methods

As no comparable studies on local and regional economic
effects on mountain hazards were available, this paper exam-
ines the regional economic impacts of the 2005 flood event
in the Federal State of Tyrol (Austria), while focussing on
the effects in the NUTS-3 region Tyrolean Oberland. Effects
outside the study areas were neglected. We are aware that we
analysed an individual event, but case studies are a mean-
ingful instrument for assessing the economic effects of ad-
verse impacts at the meso and micro levels, since few com-
parable data and studies are available (Pfurtscheller et al.,
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Fig. 1. Cartographical overview of recorded total direct losses > 100 000 Euros in the public (municipality and federal assets) and private
sectors (households, businesses) at the municipal level, the assessed NUTS-3 regions, the main study area, and the most affected munici-
palities in the Federal State of Tyrol (Austria); Data source: Federal State of Tyrol (Austrian Disaster Fund / department for rural areas and
agriculture, department for roads and traffic, department for municipal affairs).

Table 1.Main socio-economic facts of the study areas at different levels of aggregation; source: Statistics Austria, Federal State of Tyrol.

Paznaun District NUTS-3 region NUTS-2 region
valley of Landeck Tyrolean Oberland Federal State of

Tyrol

Population (2001) 6307 42 795 100 451 673 504
Rate of unemployment (2005) n.a. 10.5 % n.a. 5.8 %
Number of businesses (2001) 562 2837 5922 39 792
Employees (2001) 2342 16 344 34 988 295 390
Median wages per month in Euros (2010) n.a. 1992 n.a. 2079
Nominal GRP in million Euros (2003) n.a. 1210 2187 19 244
Nominal gross added value in million Euros (2003) 260∗ 1139 2344 18 126

∗ estimate

2011), besides a macro-economic assessment by Sinabell et
al. (2009). In particular, we assess the total/net effects ex-
pressed in GRP. This includes an estimation of the decline in
business revenues (transferred into GRP values) and of the
economic stimuli based on compensation payments. This in-
cludes both business interruption and indirect effects, since

the overlapping of these effects is apparent on such scales.
Moreover, special focus is placed on tourism impacts.

Within this study, we used a threefold strategy to exam-
ine the regional economic effects of the 2005 flood event.
First, a postal questionnaire was carried out focussing on
the effects on single companies. Second, expert interviews
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were conducted to identify the qualitative dimension of the
regional economic effects. And finally, available statistical
data in combination with achieved data and results of the first
methodological step were used to calculate tourism losses
and the total regional economic effects expressed in GRP.
The focus in this paper is on methods and calculation tech-
niques to estimate the adverse impacts quickly, but also the
economic stimuli. The different methodological steps and the
combination of these methods and data aim to identify possi-
ble contradictions of the qualitative and quantitative results,
but also to analyse different stakeholder views.

4.1 Postal questionnaire

To collect primary data on indirect effects and business inter-
ruption occurring at single businesses, a standardized postal
questionnaire, combined with an online alternative, was con-
ducted. Several pre-tests with companies and the chamber
of commerce were carried out in 2011. Based on 9000 busi-
nesses in the broader study area and in the NUTS-3 Ausser-
fern region (see Fig. 1), we asked 4200 randomly distributed
companies. To keep the focus on the most affected area, we
surveyed all businesses in the Paznaun valley. The survey
contained details on the following issues: (a) general busi-
ness characteristics: location, sector, employees, annual rev-
enue, locations of the inputs and outputs; (b) direct losses:
amount, categories; (c) indirect losses: amount, categories,
triggers; (d) financial effects on the business and duration of
the effects; (e) investment: categories, amount; and finally,
(f) positive effects and beneficiaries of the 2005 flood event
(see Appendix A). Finally, the rate of return was only seven
per cent (n = 282). This is very critical, especially for es-
timating short-term economic losses. A comparable survey
carried out in 2009 resulted in a response rate of nearly 14 %
(Thieken et al., 2012). One main reason for this low response
rate is the long time interval since the event happened and the
low topicality at the time of the survey. This was also stated
in the pre-tests and especially by the chamber of commerce
(S. Garbislander, personal communication, 2011).

Nearly 40 % of the 282 companies surveyed in the study
region belong to the tourism sector and related businesses,
followed by 23 % small traders and 15 % trade. 70 % of the
companies are small businesses with fewer than ten employ-
ees. Only 4 % of the sample are companies with a staff of
more than 250. The low annual revenues per company pro-
vide further evidence of this fragmented, remote and tourism-
affected economy. 68 % of the companies return annual rev-
enues of less than one million Euros. Regarding the inter-
mediate inputs of the surveyed businesses, 53 % source them
locally and regionally. Only 32 % get their inputs from the
rest of Austria and from abroad. Not surprisingly, 88 % of
the companies distribute their goods and services in the re-
gion.

4.2 Expert interviews

Guided expert interviews were carried out in the Paznaun
valley with mayors, the tourism association, a hotel, a bank,
mountain railways and construction companies on the fol-
lowing topics: type and trigger of indirect losses, duration
of the effects, investments subsequent to the flood event and
positive effects/beneficiaries. The main reason for these addi-
tional interviews was to identify possible contradictions and
analogies with the postal survey. We asked open questions
to obtain free replies without restricting the interviewees to
categories and schemes.

4.3 Assessing the economic impacts using available
statistical data and survey results

Available statistical data were used and analysed (e.g.
overnight stays, GRP) for the assessment of impacts on the
tourism sector and on economic growth. Next, the decline,
but also the stimuli of the 2005 event are estimated and trans-
ferred into GRP values leading to the net effects of the 2005
flood.

4.3.1 Tourism impacts

Since tourism is of great economic importance for the Paz-
naun valley, we analysed these impacts separately. First, the
development of overnight stays in the Paznaun valley is anal-
ysed using overnight stays at different levels of aggregation
provided by Statistics Austria, and second, the decline in rev-
enues in the Paznaun valley is estimated using the approach
by Nöthiger (2003), shortly presented in English in Nöthiger
and Elsasser (2004). Nöthiger’s method (2003) relies pri-
marily on extensive questionnaires in the aftermath of the
1999 avalanche winter in Switzerland. He surveyed cable car
companies, restaurants, hotels, private accommodations and
hostels, retail businesses and other tourism-related compa-
nies for the indirect consequences in the avalanche-affected
regions in Switzerland. Moreover, he interviewed daily and
non-daily visitors in the municipalities of Davos and Elm.
Based on this empirical evidence he assessed the decline in
income from tourism after the 1999 winter and provided a
statistical tool to calculate the effects ex ante in a certain re-
gion linking changing touristic frequencies with their daily
expenses. The tool relies on regressions combining change
of overnight stays for a specific time period and disrupted
traffic network, as well as death toll. This study aims to anal-
yse short-term local impacts, while impacts outside of the
study region are neglected (e.g. substitution of touristic re-
gions). It is argued by Nöthiger (2003) that the tool could
also be used for other hazards occurring in the Alpine space
and in the summer season. To calculate the decline in income
from tourism, data on the number of overnight stays, average
daily expenditure of tourists, duration of the impacts on the
region, share of day visitors and the share of private rooms
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are needed and were provided by Statistics Austria and the
Paznaun tourism association.

4.3.2 Estimating the net effects of the 2005 event

To analyse the total adverse economic impacts of the 2005
floods (the net effects) at the regional level, we calculate the
lost GRP per employee based on revenue data and the main
results of the postal survey. The short-term positive impacts
on the regional economy were also assessed. An exact quan-
tification of the total economic effects of the 2005 flood event
in Tyrol – and of local/regional events in general – is not pos-
sible now, but a sufficient estimate of these effects can be
achieved if some assumptions are made.

The simple and quick approach for extrapolating decreas-
ing revenues to the NUTS-3 Tyrolean Oberland study region
is based on available statistical data and the empirical find-
ings of the postal survey, using average values. A similar ap-
proach for directly affected structures – without any empiri-
cal validation – was used by the Department of Natural Re-
sources and Mines (2002) to calculate business interruption
losses by estimating them as a percentage of the direct losses.
They used 15 % in the case of residential damages and 55 %
in the case of commercial damages.

To calculate the economic stimuli, we used payments for
the total direct losses on a single object basis based on in situ
observations to estimate the economic stimuli. These data
stem from estimates of the direct losses of private households
and companies and were provided by the Federal State of Ty-
rol, department for rural areas and agriculture, based on the
Austrian Disaster Fund Act as a basis for disaster relief. Aus-
tria has a national risk transfer system, which relies primarily
on a public funding scheme based on the Disaster Fund Act
of 19661 with several amendments in recent decades (Gru-
ber, 2008). Private insurance companies rarely cover floods
and similar processes (Holub and Fuchs, 2009). In general,
the fund compensates direct losses of private (households
and companies) and administrative bodies (municipalities,
federal states). The federal states are responsible for the ad-
ministration of the damage cases and receive payments from
the fund. Due to the catastrophic impacts of the 2002 and
2005 floods, Austria established additional national acts to
sustain the national risk transfer system and to guarantee the
financing of the Austrian Disaster Fund via extraordinary na-
tional payments to the fund (flood victim compensation and
rebuilding acts of 2002 and 20052). Finally, we related a sim-
ple GRP analysis from 2001 to 2008 – also combined with
survey results – to the analysis of the total net effects of the
2005 event.

1Katastrophenfondsgesetz 1966 (Disaster Fund Act), BGBl.
207/1966.

2Hochwasseropferentschädigungs- und Wiederaufbau-Gesetz
(HWG) 2002 and 2005, BGBl I 155/2002 and BGBl. I Nr.
112/2005.

5 Results

This section presents the results in the same order as the
different data and methods are described. It starts with the
findings of the postal survey. Then, the results of the ex-
pert interviews are described in a table. Finally, the eco-
nomic impacts using available statistical data and survey re-
sults are specified. This includes the calculation of the de-
cline in touristic revenues, estimates of short-term economic
losses and economic stimuli as well as an analysis of the ob-
served GRP from 2001 to 2008. Finally, the total economic
effects on GRP values are estimated and compared with the
results of the top-down macro-economic study by Sinabell et
al. (2009).

5.1 Postal questionnaire

Here we summarize the basic results using descriptive statis-
tics. We focussed on direct and indirect losses, their triggers
and amounts, measured in percentage of annual revenues, the
proportions of direct losses, indirect losses and investments,
the financial impacts and their duration. We asked the com-
panies for the extent of the variable relative in % based on the
annual revenue, since the pre-tests had shown that the com-
panies do not share exact figures for sensitive data like direct
or indirect losses or profits. Hence, a quantification of direct
losses, indirect effects, business interruption and investments
could be made (and served as a guiding value for estimating
the short-term economic losses). Finally, we identified posi-
tive effects and beneficiaries of the 2005 flood event. Please
note that the basic variable statistics can be found as appen-
dices.

5.1.1 Direct losses, indirect losses, and investments

In our sample, 76 companies were directly affected by the
flood, with a mean value of nearly 30 % of their annual rev-
enue (median 10 %). In the main, structures, outside facil-
ities and access roads were struck, but also machinery and
infrastructure/provision. Over 100 companies stated that the
indirect effects were mainly triggered by disrupted transport
networks. At company level, broken lifelines, but also the ab-
sence of employees engaged in emergency operations (e.g. as
voluntary members), road closures and the decline in demand
caused indirect effects (Fig. 2).

145 companies of the sample suffered from indirect eco-
nomic effects and business interruption (51 %). 80 of them
offered quantitative data (Fig. 3). Mean indirect effects in-
cluding business interruption amounted to 11.4 % of annual
revenues (median 10 %). Business interruption effects (busi-
nesses without any direct losses) were stated at about 11.8
% of annual revenues (median 5 %). 82 companies made in-
vestments (29 %) which were directly caused by the floods.
In the mean, 54 companies stated their investments at 22.6 %
of the annual revenue (median 7.5 %).
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Fig. 2.Companies’ estimates of the triggers of indirect effects, mul-
tiple responses,n = 145.

The lion’s share was invested in repairing structures. We
also asked for repairs that were not investments in the strict
sense but which will result in increased economic flows. Less
than a third of the surveyed businesses improved their in-
surance cover and built/renewed mitigation measures. Even
fewer companies used the adverse impact as an opportunity
to implement risk management tools or to adapt production
or storage. This implies that at company level only a marginal
learning (or experience) effect has taken place after the 2005
flood.

5.1.2 Financial impacts on the businesses

Generally, 68 % of the companies did not experience any
positive or negative financial impacts from the flood event.
25 % experienced losses and 7 % recorded positive impacts.
Examining the different economic branches, the tourism and
leisure industry (33.8 %), industry and production (28.6 %),
and retail (27 %, Fig. 4) observed the highest negative finan-
cial impacts expressed in decreasing revenues.

Not surprisingly, the construction industry (50 %), the
transport and logistics sector (25 %) and the industry and pro-
duction sector (14.3 %) increased their revenues while also
suffering from the event in part. However, more companies
from the construction and transport sector returned increased
rather than decreased values and thus are the net “winners”
of such events.

5.1.3 Duration of the effects and changing revenues

In the economic analysis of such events, the time horizon
of the impacts is important for estimating the total effects
(Messner et al., 2007). Hence, we asked the companies for
the duration of the impacts, first, on their own business and
second, on the whole region. Nearly 75 % of the surveyed
businesses were only affected during the flood event and in
the following months until the end of the year. The impacts
on the region lasted longer, as stated by the companies, al-
though – in the short term – the company impacts exceeded

0 20 40 60 80 100
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direct losses

business interruption

indirect effects

investments

n=53 
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n=54 
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Far outside values

Fig. 3.Boxplot of direct losses, business interruption, indirect losses
and investments in % of annual revenue based on companies’ esti-
mates. Please note that all given values > 100 % have been changed
to 100 (seven cases).

0 10 20 30 40 50 60 70 80

in per cent of surveyed companies

small trade and handcraft

construction industry

industry and production

tourism and leisure industry

information and consulting

transport and logistics

trade

6,7 13,3 6,7

14,3 7,1 50

28,6 14,3

8,2 25,5

14,3 4,8

12,5 25

10,8 16,2 5,4

serious decreasing revenues
decreasing revenues
increasing revenues

0 10 20 30 40 50 60 70 80

in per cent of surveyed companies

small trade and handcraft

construction industry

industry and production

tourism and leisure industry

information and consulting

transport and logistics

trade

6,7 13,3 6,7

14,3 7,1 50

28,6 14,3

8,2 25,5

14,3 4,8

12,5 25

10,8 16,2 5,4

serious decreasing revenues
decreasing revenues
increasing revenues

Fig. 4. Companies’ estimates of sectoral financial impacts in terms
of changing revenues,n = 81.

those for the whole region. Surprisingly, the effects on the
winter season, even though the region is primarily dependent
on tourism, were marginal. This may be because visible dam-
age was covered by snow from the beginning of November.
The impacts on the 2006 summer season were higher because
of the visibility of affected assets and reconstruction works
(Fig. 5).

To link information on economic impacts in the regional
and company estimates, we asked for the annual change in
revenues from 2003 to 2009. Again, this is sensitive infor-
mation and the businesses are not providing exact values for
the change in revenues. Caution must be applied to judge the
significance of these results given the low rate of responses.
Based on a 5 % classification, we identified trajectories for
different sectors (Fig. 6). In the mean and in the assessed
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Fig. 5. Companies’ estimates of the duration of the economic im-
pacts on companies and on the region;n = 148 for companies,
n = 221 for the region.

periods, the growth of company revenues is stable at 1 to
5 %. In the year of the event, revenues stagnated at the previ-
ous year’s level.

However, the trajectories differ greatly by economic sec-
tor. Evening out of revenues can be observed for retail,
tourism and leisure, small traders and the construction in-
dustry. A strong increase – starting from a low level – took
place in the transport and logistics sector in 2005 and 2006,
with a higher growth of more than 10 %. This must be in-
terpreted with caution, because only two companies offered
data. Revenues grew strongly in the construction industry in
2006. As an explanation it was to be expected that clean-
up, immediate and short-term necessary earth movement and
road (re)building would occur after the event (before the start
of the winter season). The 2006 growth in the construction in-
dustry can be explained by the fact that the main reconstruc-
tion and rebuilding of affected structures, but also the instal-
lation of new mitigation measures, had to be done after snow-
melt, i.e. from early April/June until October/November. The
other sectors show a relatively homogenous development,
apart from the information and consulting sector, but also
banks and insurance companies. It can be assumed that these
sectors are not affected by the floods, rather by the general
economic conditions, which could not separate within this
study.

5.1.4 Positive effects and beneficiaries

Generally, flood events like the one of 2005 also have
positive effects. The main triggers of the positive eco-
nomic effects (e.g. rising revenues) are found in the repair,
rebuilding/reconstruction of assets, in clean-up, the higher
demand for producer goods and other inputs, the installation
of new mitigation measures and a growing demand for con-
sumer goods (Fig. 7).

We also asked open questions about positive effects and
the beneficiaries of the flood event. Surprisingly, 40 % of the
respondents see installing new mitigation measures, and to

a lesser extent, upgrades or improvements to the public in-
frastructure, as well as the increased awareness of natural
processes, as stimuli for the local and regional economy. The
emerging solidarity in the affected population was mentioned
as a positive effect.

Only 9 % of the surveyed companies stated that the 2005
event did not have any positive consequences. Regarding the
beneficiaries of the event, about 70 % of the respondents
stated that the construction industry and related trades (earth
moving, haulage and transport) were economic “winners” of
the 2005 event (Fig. 8).

5.2 Expert interviews

This section provides a summary of the guided qualitative in-
terviews in the most affected region (Paznaun valley) in table
form. In total, we carried out ten interviews: four with may-
ors, three with representatives from the tourism sector (hotel,
tourism association, railway company), and three with peo-
ple from other companies (construction industry, earth move-
ment, bank). Table 2 summarizes the most important state-
ments of the guided interviews. Overall, the statements of
the guided interviews matched the results of the postal sur-
vey and gave some new insights into the effects of the 2005
event on the municipalities.

5.3 Assessing the economic impacts using available
statistical data and survey results

This section estimates the economic impacts by using avail-
able statistical data starting with impacts on tourism. Then
the negative and positive effects triggered by the 2005 floods
are presented and the total economic net effects of the 2005
flood event in GRP values are summed up.

5.3.1 Tourism impacts

Generally, overnight stays in the assessed regions grew be-
tween 2001 and 2009, as shown in Fig. 9. Compared with
the development of overnight stays in the whole of the fed-
eral state (dotted line), the assessed regions show a more
dynamic development because of their great dependence on
tourism and related service industries. It is also apparent from
this figure that in the year of the event and in the two con-
secutive years, overnight stays stagnated at different levels
of aggregation, especially in the Paznaun valley. Overnight
stays fell by 36 400 or nearly 61.5 % from September 2004 to
September 2005. We assume that the fall in overnight stays
was mainly triggered by the 2005 flood event. Because the
assessed regions are mainly winter destinations (approx. 70
to 90 % of total overnight stays, depending on the munici-
pality), the 2005 flood had no severe impacts on the annual
tourist flows. The effect of the flood event could not easily
be isolated from the general economic and touristic develop-
ment in the assessed regions, but we assume that the impact
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Table 2.Final summary table of the guided interviews.

municipalities tourism companies

direct high loss of structures abrupt end of the 2005 summer season due different degree impacts,
losses and infrastructure to departure depending on

of tourists and directly hit structures the location

indirect disrupted transport decline in income through cancellations and early disrupted transport lines and provision,
losses lines and provision departures, a minus of 50 000 overnight absence of employees

stays in the Paznaun valley compared with 2004

duration of short- to long-term severe impact on 2005 and 2006 summer different duration of the impacts,
the impacts effects up to the present seasons depending on the location;

more short-term impacts until end of 2006

investments reconstruction and rebuilding, most of the company premises were depending on the degree of impact,
new mitigation measures, improvement of repaired, some investments in touristic upgrades were carried out (cars and trucks,
public risk and disaster management infrastructure machinery,
(danger zone planning, disaster management) (hiking paths) mitigation measures)

positive strengthened solidarity in affected no positive effects, improvements in public infrastructure,
effects areas, high generosity, no negative impacts on destination image special credit regulations

improvements in public infrastructure (0 % interest rates for five years)

beneficiaries construction and reconstruction no beneficiaries in construction and reconstruction
sector and related trades the tourism sector sector and related trades
(transport, earth movement) (transport, earth movement)
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Fig. 6.Mean annual change of revenues from 2003 to 2009 based on companies’ estimates,n = 133 incl. multiple entries.

of the 2005 floods affected mainly the overnight stays in the
summer season.

On the basis of Nöthiger (2003), we calculated a short-
term decline (including 2006) in tourist expenditure of about
5.24 million Euros (Table 3, 2.8 million Euros in GRP val-
ues). For this method, the following data must be known
and were fully provided by the Paznaun tourism associa-
tion (D. Walser, personal communication, 2011): number
of overnight stays (140 000 in the month of the event and
50 000 in the consecutive month), average daily expenditure
of tourists (96 Euros), duration of the impacts on the region
(20 days), share of day visitors (20 %) and the share of pri-
vate rooms (25 %).

Overall, the results of Nöthiger’s approach fit very well
with the calculations and estimates of the tourism associa-
tion. They calculated the decline in tourist expenditure (rev-

enues) in September 2005 as amounting to ca. 3.5 million
Euros (D. Walser, personal communication, 2011). The de-
cline calculated with the Nöthiger method is 3.3 million Eu-
ros in the same month (Table 3). This means a decline in GRP
of approximately 1.8 to 1.9 million Euros. Concluding the
section on tourism impacts, the 2005 event severely affected
the Paznaun valley, especially in the 2005 to 2007 summer
seasons. Only marginal effects were observed in the broader
study region. In total, a decline in tourism income of approx.
5.2 million Euros was calculated. Not included in this figure
are long-term or multiplier effects and the missing compul-
sory contributions to the tourism association (approximately
1 million Euros, D. Walser, personal communication, 2011).
The long-term impacts on the tourism sector were minor, be-
cause the infrastructure and accommodation facilities were
reconstructed very rapidly in the following years.
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Table 3. Results of the calculation of the decline in touristic income in the Paznaun valley as a result of the 2005 flood event, based on
Nöthiger (2003), in 2011 Euro values; input data provided by the Paznaun tourism association (D. Walser, personal communication, 2011).

expenditures accommodation board retail cable other total
cars expenditure∗∗ in Euros

August 2005 0 −473 600 −219 300 −87 500 −135 400 −915 800
in % 0 −12 −10 −13 −9 −5 %
September 2005 −1 788 200 −730 300 −375 900 −124 700 −270 400 −3 289 500
in % −60 −54 −52 −54 −54 −57 %
long-term∗

−585 600 −214 700 −114 900 −36 600 −82 600 −1 034 400
in 2005 −1 788 200 −1 203 900 −595 200 −212 200 −405 800 −4 205 300
total in Euros −2 373 800 −1 418 600 −710 100 −248 800 −488 400 −5 239 700

∗ August 2006,∗∗ transport, entry fees, sports courses.

0 5 10 15 20

in per cent

more orders repair
more orders new construction

more orders clean-up
higher demand for producer goods

higher demand for other inputs
more orders mitigation measures
higher demand consumer goods

more granting of credits
more overnight stays due to disaster tourism

more overnight stays due to loyality with the region
more insurances

higher demand whole sale
more overnight stays due to higher publicity of the destination

Fig. 7.Companies’ estimates of triggers of rising revenues, multiple responses,n = 70.
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5.3.2 Estimates of short-term economic losses

In our survey, we identified the median of indirect losses
(including business interruption) as 10 % of annual turnover
(mean 11.4 %). Moreover, 51 % of the sample was affected
by the 2005 flood event. In general, 75 % of the surveyed
businesses were only affected by the flood event itself and
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Fig. 9.Overnight stays in the study regions at different levels of ag-
gregation for the touristic year (01/11 to 31/10) from 2001 to 2009;
source: Statistics Austria.

in the following months until the end of the year. For the
calculation, we assumed the severe impacts in terms of lost
turnover for the businesses to have lasted 5 to 10 days. Ta-
ble 4 sums up the estimates of the short-term effects. Based
on the number of companies and employees in the three
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Table 4. Estimates of short-term economic losses of the 2005 floods in NUTS-3 region Tyrolean Oberland; source: Statistics Austria and
authors’ calculations.

NUTS-3
region affected primary secondary tertiary total

Tyrolean (51 % of sector sector2 sector
Oberland total)

number of companies 2837 1447 3 % 24 % 73 % 100 %
number of employees 35 000 17 850 535.5 4284 13 030.5 17 850
average GRP/employee/working day1in Euros – – 150 (estimate) 332.5 359.8 –
short-term indirect losses in 10 days in Euros – – 803 250 14 244 300 46 883 739 61 931 289

1 The average GRP/employee/working day is calculated by using Table A3 (see Appendix),2 without energy supply.

different sectors, we used average GRP values per working
day to extrapolate the economic impacts. Only 51 % of the
GRP is used since the 2005 flood only affected about half of
all businesses. Calculated by this method, the short-term de-
cline in revenues in the first 10 days after the event was about
62 million Euros.

Comparing these results with Sinabell et al. (2009), who
calculated the total negative impacts on GRP from 2005 to
2020, they put the impacts at 0.4 % of the GRP of 2005.
This means approx. 77 million Euros. Hence, an underesti-
mation of the effects is calculated due to the short-term anal-
ysis (10 days).

5.3.3 Estimates of economic stimuli

As presented in the results of the postal survey, natural haz-
ard events, like the 2005 flood in western Austria, also cre-
ate economic “winners”. Our focus in this paper is on meth-
ods and calculation techniques to estimate the adverse im-
pacts quickly, but also the economic stimuli. One possible
way to estimate positive impacts measured in growing rev-
enues or GRP is based on national compensation payments.
In Austria, the Disaster Fund, based on specific regulations,
counterbalances direct losses of private households and busi-
nesses. Fortunately, the fund also estimates the total direct
losses of assets. For the calculation of economic stimuli, it
can be assumed that all assets were repaired or rebuilt after
a catastrophic event. Again, backward or forward economic
linkages are neglected. Moreover, the needed goods and ser-
vices are assumed to be fully produced inland. The economic
profits from rebuilding and repairing public assets at diverse
administrative levels, e.g. transportation infrastructures, must
be analysed separately. We did not analyse induced effects
due to the very vague data basis. Nor did we include insur-
ance payments. For this estimate, the Federal State of Ty-
rol provided the following data: single-object compensation
payments and total direct loss estimates of the Austrian Dis-
aster Fund for the 2005 floods (2100 cases in total) and de-
tailed estimates of direct losses of municipal, district and fed-
eral state assets. For the private sector, 59 % of the losses
were compensated on average by the Disaster Fund. We as-

sume that 100 % of the public losses were compensated (or
fully repaired/renewed), since this assumption is also applied
by Sinabell et al. (2009). The total payments were computed
using these compensation rates (Table 5).

From the rough calculations in Table 5 we can say that a
minimum of 165 million Euros can be attributed as increas-
ing revenues to the 2005 flood event. This estimate neglects
additional investments and “upgrades” as well as improve-
ments in productivity. Assuming that all direct damages were
obviously repaired, which seems more realistic (in the case
of 100 % compensation of the private sector), the economic
stimuli (as additional revenues) rise to approx. 208 million
Euros. In the construction industry, one Euro revenue has
an impact on GRP of 0.51 Euros using Table A3 (Appendix
A). Therefore, the positive impacts of the 2005 event on the
GRP can be estimated with about 84 to 106 million Euros.
This means roughly a rise of 0.43 to 0.55 % in the federal
state GRP assuming that all goods and services for repair
and rebuilding were purchased in the federal state. To com-
pare, Sinabell et al. (2009) calculated approx. 125 million
Euros stimuli to GRP for the federal state, analysing the to-
tal effects from 2005 to 2020. These slightly higher effects
could well be explained by the fact that direct losses occurred
at state- or federal state-owned institutions (e.g. federal rail-
ways, electricity suppliers, avalanche and torrent control) or
that losses that were not reported to the Disaster Fund are
not included in the calculation of Table 5. The share of the
NUTS-3 Tyrolean Oberland region can be calculated roughly
by analogy to the share of total direct losses to the affected
private households and companies (104 million Euros) in the
NUTS-3 region (67 million Euros). This share of 64 % can
be combined with the effects in the federal state. All in all,
the economic stimuli in the NUTS-3 region can be put at 54
to 68 million Euros rise in GRP.

5.3.4 GRP analysis and total economic effects

If one analyses the growth of the GRP from 2001 to 2008 at
different levels of aggregation, the NUTS-3 Tyrolean Ober-
land region had a below average growth rate in 2005 of
3.6 % compared with the federal state level (NUTS-2, 6.6 %)
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Table 5.Rough calculation of economic stimuli based on damage compensation in million Euros for the Federal State of Tyrol (2006 values);
Data sources: Austrian Disaster Fund, Federal State of Tyrol, department for rural areas and agriculture and own calculations.

in million Euros companies private municipal federal total direct
(2006 values) house- assets assets losses3 total

holds compensation

direct losses 64.8 39.6 27.1 76.3 207.8
average compensation rate in % 591 591 1002 1002 –
total compensation 38.2 23.4 27.1 76.3 165

1 This rate is calculated by the Austrian Disaster Fund’s estimates of the total direct loss, divided by the final payments,2 we
assume that all direct losses of public bodies were fully repaired and rebuilt,3 the total direct losses do not include losses which
occur at state- or federal state-owned institutions (e.g. federal railways, electricity suppliers, avalanche and torrent control or
losses that were not reported to the Disaster Fund).

(Fig. 10). In absolute values, this means approx. 90 million
Euros for the study area. The sharp decline in growth for the
region in 2005 stands against the general economic develop-
ment of the total NUTS-2 level and especially the NUTS-3
level (for example, the Tyrolean Unterland). It is highly likely
that this contrary development of the broader study area was
triggered by the flood event. In the following year, the lower
growth rate of the study area can be put at 60 million Euros.
In 2007, the growth rate recovered to an average level and the
other assessed regions show a lower growth rate. This con-
flicting development of the study region could be attributed
to the strong repairing, rebuilding and upgrading of private
and public assets.

In a next important step, the revenue information of the
survey (Sect. 5.1.3) can be compared with the general eco-
nomic tendencies of the region. Combining both flow values
– the growth of the region and changing revenues provided
by the questionnaire – we can conclude that the surveyed
companies reported lower business growth (as changing rev-
enues, hatched areas, Fig. 10) than the whole NUTS-3 Ty-
rolean Oberland region. However, it must be assumed that
the respondents to the questionnaire were mainly companies
directly or indirectly affected by the floods. The results are
also distorted by businesses not being quite honest about ben-
efitting from the event. Nevertheless, the Paznaun valley and
the surrounding NUTS-3 region suffered more than the other
regions.

Concluding, the total economic effects (the net effects:
stimuli minus decline in GRP) in the assessed NUTS-3 Ty-
rolean Oberland region can be estimated at approximately
minus 7.7 to plus 6.3 million Euros (Table 6). For the Federal
State of Tyrol, a marginal positive effect of approximately 7
to 29 million Euros can be estimated. To judge these results,
it is important to distinguish between short- and long-term
effects. The decline in GRP of about 90 million Euros in
2005 (Fig. 10) coincides with the estimation of short-term de-
cline in GRP, because multiplier effects or effects which last
longer that the considered period (10 days) are not included
in the calculation. It can be assumed that most of the recon-
struction and repair stimuli were reflected in 2007 and the

Table 6. Overview of the total effects in GRP Euro million based
on own calculations and Sinabell et al. (2009).

NUTS-3 NUTS-2
region region

Tyrolean Federal State
Oberland of Tyrol

negative impacts/decline 61.9 approx. 77∗

in GRP in Euro millions

positive impacts/rise 54.2–68.3 84–106/approx. 125∗

in GRP in Euro millions

total effects −7.7 to 6.3 7–29/approx. 48

∗ These values are read out of graphs provided by Sinabell et al. (2009). Therefore, the
results must be interpreted with caution.

following years. Hence, the long-run slightly positive effects
as indicated by this study and Sinabell et al. (2009) seem
realistic, although the low growth of the analysed NUTS-3
Tyrolean Oberland region in 2006 cannot be explained well.
However, a longer period needs to be considered, if the total
net effects should be analysed.

6 Conclusions and discussions

What is needed within risk and disaster management strate-
gies for natural hazard impacts at diverse levels are exercis-
able approaches and methods for assessing the indirect con-
sequences of natural hazard events, with acceptable uncer-
tainties and resources needed. Such a methodology should
provide explicit pointers to the public and private sectors to
improve decision making in compensating future losses and
investing in technical and non-technical mitigation measures.
Therefore, this paper examines the regional economic effects
of the 2005 flood event in the Federal State of Tyrol (Aus-
tria), based on primary and secondary data. As mentioned in
the literature review, these effects were mostly not assessed
within the framework of event or risk analysis, although the
results are highly relevant for future risk prevention strategies
and urgent policy decisions. Macro-economic studies neither
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Fig. 10.Annual economic growth at NUTS-2/NUTS-3 level and change in annual revenues of surveyed businesses in % from 2001 to 2008,
n = 125; source: Statistics Austria, questionnaire.

provide information on the impacts within the most affected
areas at the local and regional levels, nor at the company
level. Hence, a bottom-up analysis was carried out. We used
basic quantitative and qualitative methods to draw conclu-
sions about the overall economic effects of the 2005 flood in
GRP values. This is done by estimating the economic losses
using extrapolation of a fixed share of indirect losses (in-
cluding business interruption) and estimating the economic
stimuli to calculate the net effects on GRP. A fixed share of
indirect losses is applied by the Department of Natural Re-
sources and Mines (2002) without any empirical validation.
Since we use results of the postal questionnaire on the de-
cline in revenues, it seems to be a better basis for estimating
the economic effects on GRP. Moreover, we use the duration
of the effects, as stated by the companies, which will also
improve the robustness in estimating the short-term adverse
economic effects expressed in GDP.

Finally, the total effects in the NUTS-3 Tyrolean Oberland
region can be put at about plus 6 million Euros, assuming that
all destructed assets were fully repaired and rebuild, which
seems realistic. At the federal state level, the impacts on GRP
were slightly positive, which is also indicated by Sinabell et
al. (2009). Disrupted transport networks were the main cause
of the decline in business revenues. Companies which have
been affected directly by damages to structure or machin-
ery do suffer more from declining revenues than companies
without any direct losses. The 2005 event also brought about
economic winners due to the repair, reconstruction and up-
grade of private and public assets. As a review of the guided

expert interviews and the quantitative estimations shows, the
results match.

Based on the empirical findings and available data, we
presented a basic approach for assessing the short-term eco-
nomic impacts measured in declining revenues. The ap-
proach relies primarily on the number of affected businesses,
the duration of the effects, annual revenue and number of
employees. The estimation of economic stimuli is based on
compensation payments of the total direct losses. These ap-
proaches can be used in cost–benefit frameworks, but also to
estimate the economic consequences quickly in case of past
disasters to have a sound basis for policy-relevant decisions
(e.g. special funding programmes for companies). The pre-
sented empirical approaches are simple, do not need sophis-
ticated knowledge in macro-modelling techniques, and have
been developed for application by public authorities and risk
managers.

To judge the results and methods presented in this paper,
we found that if different quantitative and qualitative meth-
ods and data are used, it is possible to set limits and roughly
estimate the total economic effects without macro modelling
top-down approaches. Uncertainties in the data and empirical
results strongly affect the analysis of the regional economic
effects of the 2005 flood event. The necessary data for the
assessment of the effects are rarely available. E.g. insurance
claims for business interruption losses as used by Chatterton
et al. (2010) to assess the effects on businesses are not open
to the public in Austria. Therefore, the postal survey as well
as the expert interviews serve as a basis for estimating the
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regional effects to have a benchmark for flood processes in
similarly developed regions in the European Alps. The data
of the survey will be biased by multiple causes, e.g. it can
be strongly assumed that more affected companies than non-
affected replied. As the analysis was carried out more than
six years after the event, there was little interest in replying to
the survey. Of course, the results have to be weighted with re-
gard to this low response rate. The analysis of the net effects
in particular tends to be vague. Nevertheless, the main aim
of the paper is to estimate the dimension and not the exact
quantification of the effects. In assessing regional economic
effects, the considered period (short- vs. long-term) and the
scale of assessment are of prime importance and therefore
should be determined in advance of an assessment. This is
closely connected to the distinction between business inter-
ruption and indirect effects, which is not possible and not
necessary on a regional scale. From a local perspective, it
makes absolute sense to analyse indirect effects and business
interruption separately, as the effects of both on revenues
might differ. The approach estimating the decline in GRP
can well be applied, e.g. for a cost–benefit analysis. The ap-
proach calculating the economic stimuli is more appropriate
for an estimation for the total/net effects. Finally, the analy-
sis focused on a solitary event and does not use data of any
other events or studies for validation. This probably distorts
the results when analysing the effects of other natural hazard
events using approaches of this study.

To assess the regional economic impacts of the 2005 flood
event, strong assumptions have to be made. First, the meth-
ods focus on short-term adverse impacts on the regional
economy, using revenue changes of the businesses. Mid- or
long-term effects, as well as high-order or ripple effects, are
neglected and can only be analysed by estimating the to-
tal net effects based on time series data, but unfortunately
the economic trajectory without the adverse impacts is un-
known. We focus on the measurable part of the total eco-
nomic effects. Hence, the negative and positive economic
impacts at micro and meso level are difficult to assess and
cannot easily be demarcated from profits resulting from the
event. Secondly, the approaches cannot identify the effects
of economic connections with backward (suppliers) and for-
ward (customers) linkages or effects outside the study region,
including multiplier effects. But from a regional policy per-
spective, outside effects are not the focus of interest. Thirdly,
we neglected a possible change in the economic structure,
which can be triggered by the movement of companies and
labour or resettlements of severely endangered areas.

One of the issues that emerge from the findings is that
public institutions, especially in data sharing of public flood
management, the Austrian Torrent and Avalanche Control,
and Austrian Disaster Fund, should be intensified to have
more information on direct and economic consequences of
every single damaged object. Therefore, this needs minimum
standards for data collection of the negative and positive eco-
nomic effects arising at the affected businesses on differ-
ent temporal scales. However, more research on this topic
is needed to understand the linkages of stock and flow mea-
surement with the effects of natural hazard events. Gener-
ally, the economic impacts of disasters are measured in direct
losses. It would be desirable to combine these (stock) values
with economic ones to get to know the total effects of the ex-
ogenous impacts on the economy. This is closely connected
with the measurement of the economy as a whole, which is
based on flow values. Disasters seem per se to be positive
for GDP/GRP, given that the loss of buildings etc. is not in-
cluded in GDP, but the reconstruction and repair. Therefore,
flow values, like GDP/GRP, would reflect the net effects of a
natural hazard event better than direct losses. More research
is necessary here to improve the interaction between direct
losses and their economic consequences. Another topic for
future work is improving cost–benefit and cost–effectiveness
frameworks by considering economic effects. Up to now in
Austria such analyses have been carried out but without a
closer look at economic effects (Pfurtscheller et al., 2011).

To verify the results presented in this paper, further case
studies of similar catastrophic events should be carried out.
Since for the calculation of economic losses an empirically
grounded fixed share of economic effects is used, further
analyses would improve this estimation. Finally, the trajec-
tories of economic development without the flood event are
unknown. Research should be undertaken to separate these
effects, e.g. when analysing economic effects, regions with-
out any impacts should be surveyed to compare the changing
revenues of businesses and their impacts on economic aggre-
gates. Finally, data at company level should be collected to
improve the future basis for model development.
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Appendix A

Table A1. Overview of questionnaire topics and attributes.

topic question attributes

ge
ne

ra
lf

ac
ts

municipality name, postal code

economic sector

trade and
industry

(re)construction
industry

industry and
production

tourism and
leisure industry

information
and consulting

banks and
insurance com-
panies

transport and
logistics

trade additional entry

employees 1 to 2 3 to 10 11 to 19 20 to 49 50 to 249 > 250

estimated annual < 0.1 0.1 to 0.5 Mio. 0.5 to 1 1 to 5 5 to 10 10 to 50
revenue in million
Euros

50 to 100 Mio. > 100

di
re

ct
lo

ss
es

directly affected
company

yes/no

structures inventory automobiles
and trucks

machinery access road outside
facilities

categories of direct
losses (multiple
responses)

supply of water,
electricity and
gas (provision)

long-term
damages
(e.g. mould)

ground water
damage

in
di

re
ct

lo
ss

es

indirectly affected
company (multiple
responses)

yes/no

triggers of indirect

disrupted trans-
port networks

absence of em-
ployees due to
road closures

absence of em-
ployees due
to emergency
operations

absence of em-
ployees due to
injuries

business
interruption

disrupted
provisions

losses breakdown of
mitigation mea-
sures

declining de-
mand, sales
dump

others

financial impacts on
the business

no impacts decreasing
revenues

seriously
decreasing
revenues

increasing
revenues

seriously
increasing
revenues

po
si

tiv
e

ef
fe

ct
s

origin of increasing
revenues

public admin-
istration

other
companies

private
households

more orders
repair

more orders
new construc-
tion

more orders
clean-up

more orders
mitigation
measures

higher demand
for producer
goods

higher demand
for other inputs

triggers of
increasing revenues

more overnight
stays due to
disaster tourism

more overnight
stays due to
loyalty with the
regions

more granting
of credits

more
insurance com-
panies

higher demand
consumer
goods

higher demand
wholesale

others

categories of

repairs of
structures and
infrastructures

new construc-
tion of buil-
dings

expansion of
structures

mitigation
measures

adjustment of
production and
storage

insurance com-
panies

investments risk
management

others

positive effects of
the event

open question

profiteers of the
event

open question
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Table A1. Continued.

topic question attributes

du
ra

tio
n

of
th

e
ef

fe
ct

s

duration of the
economic effects
on the company

during the
event

following
months (Sep-
tember to De-
cember 2005)

winter season
(2005/2006)

summer season
(2006)

until 2007 until 2008

until 2009 until 2010 until today
(2011)

duration of the
economic effects
on the region

during the
event

following
months (Sep-
tember to De-
cember 2005)

winter season
(2005/2006)

summer season
(2006)

until 2007 until 2008

until 2009 until 2010 until today
(2011)

annual change in <−20 −20 to−16 −15 to−11 −10 to−6 −5 to−1 0
revenues in %
(basis 2002, 2003 to
2009)

1 to 5 6 to 10 11 to 15 16 to 20 > 20

Table A2. Main sample characteristics of quantitative variables.

n min max mean median std. dev.

direct loss in % of annual revenue 53 0.1 400 29.6 10 69.6
indirect loss in % of annual revenue (including business interruption) 80 0.1 50 11.4 10 11.7
investments in % of annual revenue 54 1 225 22.6 7.5 41.5
input region in % of total input 159 0 100 47.3 50 38.2
input federal state in % of total input 159 0 100 16.1 10 19.9
input Austria in % of total input 160 0 100 20.3 10 26.5
input foreign countries in % of total input 160 0 100 17.2 3,5 27.8
sales in the region in % of total sales 170 0 100 58.9 70 39.8
sales federal state in % of total sales 169 0 100 11.5 1,0 19
sales Austria in % of total sales 169 0 80 6.3 0 13.7
sales foreign countries in % of total sales 169 0 100 24.1 0 35.3
number of employee absences due to closed transport networks 58 1 450 13.5 3 59
duration of employee absence due to closed transport networks 56 1 60 6.9 5 9.2
number of employee absences due to emergency operations 61 1 30 3.4 2 4.8
duration of employee absence due to emergency operations in days 60 1 30 4.3 3 4.2
number of employee absences due to injuries 12 1 10 2.7 2 2.6
duration of employee absence due to injuries in days 11 1 90 15.6 4 27.1
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Table A3.Calculation of GDP/GRP in Euros per employee and working day and per economic sector based on the main data of the structural
business statistics from Austria 2008 ÖNACE classification for private economic sectors1. Source: Statistics Austria and the authors’ own
calculations.

ÖNACE 2008 classification Statistics Austria number of total total revenues gross added gross added GDP/GRP in GDP/GRP per
companies employees in Euros per value in factor value in production ’000 Euros employee and

employee and costs in costs in working day2

working day2 ’000 Euros3 ’000 Euros3 in Euros

mining 357 6238 1353 950 297 45 490 000 51 691 689 357

production of goods 25 319 606 526 1002 41 218 361
energy supply 1569 28 289 4210 5 302 926 8 630 000 9 806 535 899

water supply, disposal 1929 17 912 931 1 585 152
construction 29 878 273 655 614 14 175 564 17 520 000 19 908 516 308
retail, automobile repair and maintenance 73 038 612 872 1393 26 474 320 32 150 000 36 533 036 253
transport and logistics 13 780 211 567 688 12 745 268 11 780 000 13 385 977 268
accommodation and gastronomy 44 089 258 901 237 6 944 125 12 310 000 13 988 232 229
information and communication 15 491 91 076 849 7 572 186 8 150 000 9 261 096 431
banks and insurance companies 6798 126 597 2205 18 222 193 12 070 000 13 715 513 459
housing and real estate 15 791 41 934 1374 7 115 312 45 840 000 52 089 405 519

engineering and professional services 55 977 202 788 525 11 407 208

other economic services 12 013 180 248 419 8 217 396
other services 1455 4250 337 156 061 n.a.4 n.a.4 n.a.4

total/mean 297 484 2 662 853 11535 162 086 369 193 940 000 220 380 000 4145

1 Without state activities, health and the social sector, and education,2 we assume that the average working year of one employee consists of 236 working days (365 days minus weekends and minus 25 days holiday),
3 depending on the statistical source and desired result, different figures for gross added value are given: gross added value in factor costs = gross added value in production costs – other net production charges
(e.g. import taxes, subventions),4 due to statistical conventions, gross added value in production costs of other services is not available,5 arithmetic mean.
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