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Abstract: The costs for emergency services are substantial and important for the choice of risk management strategies - but largely underresearched. This paper presents the main results of a study into the drivers and patters of emergency services during the 2005 flooding of the alpine province of Tyrol in Austria and compares it to the existing literature. It also briefly discusses simplified rules for the accounting of the cost of emergency services as a share of the total damages and standard cost benefit analysis for flood defence.
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1. Introduction

The public costs for emergency services, evacuation, securing infrastructure and clean-up, can be substantial. In the case of Hurricane Katrina the approved government expenditure for emergency services amounts to more than US$ 5 billion equal 3.7 per cent of the total economic loss of this event. Even higher shares of spending are reported in Europe: Up to 4.8 per cent in Germany (Sachsen report 2002) and up to 10.7 per cent in the U.K. (Penning-Rowsell / Wilson 2006).

The empirical basis for estimating these costs are weak, however. There has been little research into cost functions and cost patterns of emergency services. As flood risk management options will reduce the impact of floods and, therefore, the costs of emergency services needed in the case of an event, this omission may seriously affect the relative economic benefits of, for example, structural versus non structural measures of flood defence. Accounting of the (avoided) costs of emergency services would in any case be an essential component for a comprehensive cost-benefit analysis of flood risk management programs. 

This paper presents the main results of from a study on the costs of emergency services during the once-in-century flooding 2005 event in Tyrol/Austria. We will show that costs of emergency, clean-up and service-hours of the local fire brigades depend to a great extend to the appearance of multiple hazards in municipalities which can be seen as a typical consequence for alpine flood events.
1.1 Emergency costs during extreme flood events - definitions and drivers

The costs of emergency services are costs borne by both, statutory and voluntary organizations, that aim to protect property and life from damages due to a natural disaster. In the case of flooding these costs include 

1. Costs by municipal services (army, fire brigade, police, medical service) in searching, rescuing, and evacuating people 

2. Costs of voluntary organizations for assistance to flood victims (providing food and shelter, health services etc.)

3. Costs incurred by municipal services for flood control (sandbagging, pumping water out of flooded neighbourhoods)

4. Costs to avoid the danger of water pollution due to leaking oil or chemicals

5. Costs for protecting and safe-guarding buildings against structural damage and contamination 

In this study, we focus on the latter costs of emergency works (3. - 5. ), omitting the costs of evacuation (1., 2.). For estimating the cost of emergency services, only the marginal costs should be taken into account. Marginal costs of emergency services during flood events are only those costs that accrue as paort of the emergency operation. Normal operating costs of the emergency infrastructure, however, should not be considered. Typical examples for marginal costs are overtime payments, hiring of private contractors (in clean up), the operating costs and loss of vehicles and material of fire brigades during the flood event, etc. 

1.2 State of the art

There has been little research on the costs of emergency services in the case of flooding. Penning-Rowsell and Wilson (2005) studied the emergency expenses of 58 counties in the U.K. during a major flood event in 2000. They estimate that emergency costs on average amount to about 10.7 % of the total economic loss to properties. This study includes all costs of flood control (including emergency management), the cost to safeguard buildings and infrastructure, as well as the costs of search and rescue operations. 
Other findings are from case studies outside Europe. Joy (1993) studies the direct and indirect costs of the flooding in a small city in New South Wales, Australia (Nyngan), where a major evacuation needed to be done during and after the flooding of the city. He reports on evacuation costs of 1.5 mill (AUS$), relief costs of 8.4 mill AUS$ and clean up costs of 2.1 mill AUS$. Relief costs in Joy’s study include services for evacuees and extra salaries of community employees and more over that grants to evacuated people. 
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Figure 1: Costs of emergency services, Nyngan, New South Wales, million AUS $; Source: Joy 1993

Four surveys were conducted to assess the cost of direct and indirect flood damage to the New South Wales town of Nyngan, which was inundated in the 4–6 hour period after its flood protection levees were breached on 23 April 1990. A survey of flood damage to 24 residential properties, 14 commercial properties and 6 public authority properties was made by personal inspection. Surveys of flood damage to other public properties, of the worth of the volunteer effort in the evacuation, clean-up and recovery phases of the disaster, and of the value of donated goods and money were made by telephone and letter. The results of all surveys are presented and discussed. The use of a computer model to estimate property damage throughout the flooded area is described. Finally, the total cost of flood damage in Nyngan ($47.3 million) is dissected by type of damage, property sector and community sector.

The REBEL group (Morselt et al. 2007) carefully summarize these finding of international studies on emergency costs. In comparing these results to their set of case studies in the Netherlands they find that most foreign studies does not fit to the situation in the Europe, mainly because of differing geographic, socio-economic and governances structures. For example, the distances of travel for evacuating people are much larger in Australia than in Holland. 

There is also little evidence from official sides or regional / local governments in assessing emergency costs triggered by natural hazards, especially floods. In Austria it is well known that the statistical basis for estimating costs for emergency, evacuation und clean-up is missing. The main reason for this obstacle is the involvement of different institutions and voluntary organisations if catastrophes or state of emergency are becoming emergent. The range of publicized percentages of costs for emergency varies from 2.2% (Freistaat Sachsen 2002), to 4.7% (Sachsen-Anhalt 2002);single cities, e.g. Magdeburg, Germany, report emergency costs of more than 14.7% in 2002 (Freistaat Sachsen 2002). 

2. Study design

We use a maximum likelihood estimate to investigate the effects of a single flood event in Tyrol, Austria to quantity of involved men of local fire brigades and volunteers, sum of service hours, clean-up as percentage of the sum of service hours, the losses of local fire brigades, the total costs of emergency and total private and public losses of the municipality. Primarily we estimate a function for clean-up, the losses of local fire brigades and total service hours. The data of the study includes published statistical data - permanent settlement areas, inhabitants on municipality basis (N=249) by Statistic Austria, data on disaster relief spending by Austrian catastrophe funds from Tyrolean government, department for agriculture, questionnaire data of local fire brigades (N=325) and furthermore GIS-data which describes the flood event (digitalized data of the flood event by aerial photographs of inundation areas - Department for Geography, University of Innsbruck).

3. The flooding of 2005 in Tyrol / Austria

3.1 Event description

The weather situation shortly before the flooding 2005 in Tyrol / Austria can be described as a combination of a trough near the Adriatic Sea and heavy orographic precipitation in the western regions of Tyrol. The “Vb”-weather situation (normal situation: trough condition, low snowline and only precipitation at luv-sided mountainous regions in the far-western and north-western catchment areas) and precipitation over almost all catchment areas of the river Inn caused the once-in-century flooding event in Tyrol.
The flooding 2005 in Tyrol could be separated into two process fields. On the one hand rock falls, landslides and wet land slides (debris flows) in mountainous regions and on the other hand flooding, overflowing of river bodies and raising ground water levels in glacier formed valleys and low terrains formed loss characteristics. It seems to be typical for alpine regions that the combination and mixture of processes triggers the high total economic losses due to flood events. In August 2005 a surplus in precipitation, partly with measured high intensities of more than 10 mm/h (daily precipitation rates of more than 100 mm in the west of Tyrol), and single return periods of water gauges of 5.000 years caused overall an estimated 1.325 hectares inundation area upon the rivers in Tyrol (Lech, Inn, Rosanna, Sanna and Trisanna).The major river of Tyrol, Inn, at the gauge Innsbruck monitored the highest rate of flow ever measured (1.511 m3/s). Exceeding the hydrological situation a very low soil storage capacity due to high precipitation rates in the whole month, snow free glaciers and therefore a low storage capacity for precipitation, high groundwater levels and a high snowline (above 2.500 m.a.s.l.) generated and intensified direct damages of public and private assets.

3.2 Loss and emergency description

The catastrophic flood event in Tyrol in 2005 caused an estimated economic loss of 410 mill €. That would be 2.1% of the gross regional product (2002 basis, total GRP 19,2 billion €).Below the shares of total economic loss reproduce the pattern of alpine damage structure. Bezola / Hegg 2007 asserted that the proportions of private and infrastructure losses of the flood event 2005 in Switzerland (approximately 25%) are as high as in Tyrol 2005. The main characteristic of flood events in Alpine regions is the very high affection of private households and structures and the party or fully destruction of infrastructure, like railways and roads.
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Figure 2: Shares of total economic loss, flooding 2005, Tyrol, Austria; source: Tyrolean government.

This catastrophic event affected in total 61 of 279 municipalities (30.500 inhabitants) of the province of Tyrol, but the main damage region consists about 20 municipalities. In sum 1.200 structures and buildings were partly or total affected. 25% of these structures are part of trade and industry.

The situation of increased risk caused the high number of enforced members of fire brigades and other local volunteers (up to 13.400 per day). Additionally approximately 1.500 members of the armed forces, police and Red Cross produced in total 320.000 mission hours for emergency, clean-up and evacuation. In most cases (Paznaunvalley) 15 private and army helicopters evacuated approximately 450 people. For several days airborne supply was the only way to get in contact with the local inhabitants, because of the breakdown of communication and road networks. The evacuated returned quickly, due to the relatively short time of a situation of increased risk, where local inhabitants and assets were endangered. In general the flooding 2005 in Tyrol caused several negative effects and regional economic impacts. First of all, the endangerment of industry and trade location, due to interruptions of transport sector, a decline of supply on the tourism sector, due to partly or total destroyed structures, market breaks of affected municipalities as a result of interruption of traffic and finally partial breakdowns of telecommunication and energy supply for days.

3.3 Costs of emergency services

We can compute the total costs of emergency services by summing up the money equivalent of service hours, i.e. services hours multiplied with an average hourly wage of 38 € (This rate will be charged by a local fire brigade in Germany (municipality of Süßen, administrative district of Göppingen, Baden-Württemberg). It seems to be an average value for hourly wages for liable to pay costs for special services in Central Europe., and the loss of material to the fire brigades. The total costs of emergency services (6.4 mill €) are depicted in the following table. Comparing this cost with the total cost per municipality, consisting of the damages to private buildings and public infrastructure (as recorded by Austrian funds for catastrophes) and the total costs of emergency services, we arrive at share of services costs 40 per cent. The median value is much higher (76 %) because emergency costs are often the only costs incurred in most municipalities. 
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Table 1: Descriptive statistics: involved fire brigade men and volunteers, total sum of service hours, share of clean-up, material losses of local fire brigades, total costs of emergency services and total private and public losses per municipality

Figure 3 depicts the share of emergency costs over the total cost per municipality in our sample. Obviously the share of emergency costs is relatively high in cases of low and moderate damages (below 125.000 €) and decreases as the amount of damages increases. Yet, even at very high total costs (> 0.5 Mill. €) we find shares of emergency spending beyond 30%. Given this high variance and functional relationship, we find that average values (37% in our sample, marked by the yellow dot) can be misleading as a rule of thumb to establish the costs of emergency services.
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Figure 3: Share of emergency costs over the total cost per municipality (sum of emergency costs, damages to private buildings and public infrastructure)

3.4 Variable description and results

3.4.1 Total service hours fire brigades

We observe in our model for municipality characteristics, specifically the number of inhabitants (INH) and the settlement area (AREA). The intensity of the flood event is measured by the inundation area (INUND) and duration of the flooding event (DAYS). ADD HAZ measures the occurrence of multiple extremes such as debris flows, rock falls etc. in the observation area. Our main finding here is that the flood duration and the occurrence of multiple hazard have both a strong significant impact on the total hours spent on and thus the costs of emergency services in our sample.

[1] log (hours) = 3.29 – 0.43 log (inhab) - 0.27 log (area) + 0.33 log (inund) + 1.6 (days) ***



           + 1.17 log (add haz) *** + 
significant at 10% level; r2= 0.426, r2adj.= 0.32; N=33.

3.4.2 Clean up costs

The share of clean up costs is driven by the flood intensity (measured by inundation area) and the coincidence of multiple hazards (ADD HAZ). The duration of the emergency period shows a strong impact with great error margin however, so that its effect is not statistically significant. Unoberseved characteristics of the location (such as the infrastructure, the structure of housing, share of frame houses versus stone houses etc.) also seems to have a great effect on the cost of clean up, since our set of variables only explains for less than half of the variance observed in our data

[2] log (clean up) = 2.35 + 0.06 log (inhab) - 0.14 log (area) + 0.37 log (inund) * + 0.37 (days) 



   + 0.43 (add haz) *** + 







significant at 1% level, significant at 10% level; r2= 0.497, r2adj.= 0.404; N=33.

3.4.3 Loss in material

The loss in material (damage to cars, machines, safe-guarding material etc.) is driven in our sample overridingly by the days of the event and to a lesser extent by the flood intensity (measured by the area of inundation). It is also significantly affected by the number of vehicles used in the emergency operation (VEHICLE) but, surprisingly, not significantly by number of personal (MEN) in action.

[3] log (loss_material) = 3.87 – 0.23 log (inhab) - 0.03 log (area) + 0.45 log (inund) *** + 1.65 (days) *** 


           + 0.86 log (vehicle) *** + 0.46 log (men) + 
significant at 10% level; r2= 0.698, r2adj.= 0.569; N=21.

4. SUMMARY AND OUTLOOK

To summarize and valuate our results it is necessary to consider that alpine regions are specifically exposed to natural hazards. The often marginal permanent settlement area (on average 13% for the province of Tyrol) and the frequent coincidence of the appearance of multiple hazards in alpine lateral valleys are typical for these regions. An often mistaken land use planning of the last few decades (especially the construction of structures and buildings near water bodies and inside flood plains) adds to this and result in relatively high economic loss.

These specifications appear in our study as empirically unoberseved characteristics of the location (“special vulnerability”) and featured with high residual variance. Both need further investigation in the future. This need will be addressed by increasing quantity and quality of observed locational data, a greater homogeneity of flood measures (including inundation depths and return periods), improved investigation into the damages and a validation of the estimated cost functions by data from municipalities currently not included in the sample.
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