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ABSTRACT
The protective function of forests is facing increasing threats. At the same time, demand for the services provided by them increased. We 

present preliminary results of the ongoing interdisciplinary research project to assess the economic benefits of protective forests. Within 

this project, so-called potentially protected areas were modelled by the Austrian Research Centre for Forests. Forests with a (direct) ob-

ject-protective function are based on the map of “Protective forest cover in Austria”. The occurrence probability of potential hazards such as 

rockfalls, landslides, and avalanches was estimated, as well. These maps facilitate the identification of potentially protected economic assets 

such as infrastructure, houses, and workplaces. This information enables us to make an assessment of the economic benefits protective for-

ests provide. In follow-up analyses, this will enable us to design cost-effective measures to maintain protective services of forests in Austria.

INTRODUCTION
In Austria, the imperative for the formulation of a distinct action programme for protective forests (BMNT, 2019) arose from two significant 

developments. The protective efficacy of these forests faces growing threats associated with climate change, encompassing challenges such 

as bark beetle infestations, forest fires, intensified storm events, and deficiencies in game management in some regions. Simultaneously, the 

demand for services rendered by protective forests has surged in parallel with the expansion of both the economy and the population. The 

action program aims to ensure that by the mid-century, protective forests are climate-resilient and stable, providing sustainable protection 

against natural hazards, and are economically viable. In 2019 the Austrian federal government decided to invest in research and the devel-

opment of planning tools, to support cross-sector policy coordination, to streamline administrative procedures for forest owners, to align 

funding policies for protective forests, and to raise awareness about natural hazards and protective forests in Austria.

This research endeavours to present the findings of an ongoing comprehensive interdisciplinary initiative aimed at elucidating the means to 

assess the economic benefits derived from protective forests. Within the ongoing research project ÖKO-SCHU-WA (BML, 2023a), so-called 

potentially protected areas (PPAs) were modelled by the Austrian Research Centre for Forests (BFW). PPAs are areas that are potentially 

protected by forests with a (direct) object-protective function according to the map of “Protective forest cover in Austria” (Starsich and Perzl, 

2022). A data-based runout model for gravitational mass flows was used to model PPAs for the natural hazard processes rockfall, shallow 

landslides and snow avalanches to provide estimates for the hazard occurrence probability in these areas (Perzl et al., submitted). These 

model results are used in combination with other geospatial maps on topography, urban zones and infrastructure to assess the economic 

benefits of forests with (direct) object-protective function.

To achieve this, a series of maps has been meticulously crafted, leveraging geospatial data pertaining to topography, urban zones, and 

infrastructure, as well as the occurrence probability of potential hazards such as rockfall, snow avalanches, and shallow landslides. These 

maps facilitate the identification of vulnerable assets, including residences and key infrastructure, sheltered by the protective umbrella of 

these forests. Subsequently, this information empowers us to furnish estimations of the economic advantages conferred by protective forests.

The monetary valuation of benefits of eco-system services of forests is an elusive challenge in economics (Kumar, 2012). Such valuations 

are useful in the context of supporting decisions of policy makers who need to make assessments of costs and benefits of public goods 

provision. There are various ways to evaluate the benefits of eco-system services, among them willingness to pay estimates or estimates of 

losses avoided. Each of these approaches has advantages but as for a starting point, there needs to be a well-founded and empirically valid 

descriptions of the current status. In the remainder of the text we use the term “potentially protected areas” which should be understood as 

areas which benefit from protective capacities provided by forests. The benefit is a smaller exposure to certain risks compared to a situation 

where forests would not be in place.

The map “Protective forest cover in Austria” (Starsich and Perzl, 2022) is publicly available and shows the location of forests with (direct) 

object-protective function (BML, 2023b). However, the beneficiaries of these protective eco-system services have not been identified so far. 

In our paper we focus on persons and man-made objects that are potentially protected by forests against specific hazards such as rockfall, 

shallow landslides and snow avalanches. How to attain this information and ways to assess the economic benefits is presented in the fol-

lowing sections. For the sake of brevity, we report only results on persons, objects that are potentially protected against shallow landslides. 
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As an indicator of the economic relevance we use value added.

METHODS
The method we are employing is to merge geographical information from various sources to develop a data set that allows us to derive 

spatially explicit estimates of beneficiaries of protective forests in Austria. The source of hazard information and of of potentially protected 

areas is the Austrian Research Centre for Forests (BFW). The methodology underlying the maps on the spatial distribution of potentially 

protected areas in Austria categorized by hazard type is presented by Freudenschuß, et al. 2023 and Perzl, et al. (submitted). These maps 

are segmented into 10m x 10m grid cells. In addition, we have acquired shape data pertaining to traffic infrastructure from the Bundesamt 

für Eich- und Vermessungswesen (BEV). A basic intersection operation between these two distinct geographical layers enables us to identify 

potentially protected infrastructure and physical objects.

Economic data such as employee counts, principal residential counts, and apartment counts are procured as regional statistical grid units 

from the Statistik Austria. However, these are aggregated in a coarser grid resolution of 250m x 250m. Whereas physical data such as streets 

or potentially protected areas are available at a detailed spatial resolution, economic data are available only at a much lower resolution.

We therefore need to make estimates to link the information on residents and economic activities  to the information on protected areas. 

Data on the location of houses (Milojewich-Dupont, 2023) allow us to use the proportional share of protected buildings within a grid cell. 

We use this information as a proxy to calculate the associated proportion of the implied protected indicator within the same cell. This ap-

proach provides a more accurate representation of actual conditions (see Figure 1) than a naive approach. Such an approach assumes a 

uniform distribution of objects and economic identities in a 250m x 250m grid and applies the proportional share of the designated poten-

tially protected area to the indicator of interest (numbers of residents and employees) in each grid cell. The information on the number of 

employees combined with the information in which sectors they are working can be used to estimate the value added that can be attributed 

to the location of their workplace. For this assessment the sector-specific value added per employed person is taken from the input-out-

put-tables provided by Statistik Austria (2022). This value can be set in relation to the the gross-domestic product (447 billion € in 2022) to 

evaluate its relevance.

Figure 1: Two examples of potentially protected areas and buildings in 250 x 250 m grid cell regarding shallow landslides; Source: Own construction based on BFW data (Perzl, et al., 

submitted) and BEV

In Figure 1 areas potentially protected by forests are indicated in 10m x 10m grids in shades of gray to black. The hazard of interest is shal-

low land slides. The left panel of Figure 1 shows that segments of a road (red) are potentially protected by forests. The right panel shows the 

shapes of houses in an urban area that are within (red) or outside (violet) of potentially protected areas. Economic information and data on 

population is only available at 250m x 250 m which is indicated by the area in the blue framed square. Because of the two different scales 

we need to make assumptions on how to use the information in a meaningful manner. In order to match the number of buildings that are in 

potentially protected areas (shaded in grey to black), data provided by Milojewich-Dupont, 2023 were employed. This data set allows us to 

locate houses within and outside of potentially protected areas. We assume that residents and employed persons are distributed equally in 

the houses (to be precise, uniformly over the built area) which are in a grid cell of 250m x 250 m. This is a bold assumption but a plausible 

one, given that we have no further information on how many persons live or work in which houses because we only have the information 

of the shapes of the houses within the grid cells.
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RESULTS AND DISCUSSION
We exemplify the expected economic relevance of shallow landslides, as one of the hazards of interest in our study. Main results are pre-

sented in Table 1 and Table 2. Table 1 shows count data on buildings in 2011 and 2018 in potentially protected areas and shares relative 

to the total number of houses. The figures show that in Tyrol, Salzburg and Kärnten a large number of houses was situated in areas that 

are potentially protected by forests regarding shallow landslides. Over the period to 2018 the number of houses increased in Austria, but 

the shares remained relatively steady which means that the overall expansion of economic activities prevailed in similar ways in potentially 

protected areas and other areas. Given that more houses benefit from protection provided by forests it is evident that the social benefit 

increased over time. An economic evaluation of that benefit was not yet carried out but will be done in follow-up-studies of the project.

Table 1: Buildings in areas potentially protected by protective forests regarding shallow landslides in NUTS2 regions of Austria

Source: Own calculations based on BFW data (Freudenschuß et al., 2023), BEV, Statisitk Austria, Milojewich-Dupont (2023)

Table 2 shows another aspect of economic relevance regarding employment and value added that is derived from the location of houses 

in potentially protected areas regarding the hazard of landslides. The first three columns show how many persons in different sectors were 

estimated to be working in protected areas in 2011. Note that the figures are estimates based on the assumption of equal distribution across 

built up area. It is no surprise that sectors such as mining and quarrying are located close to hazard areas in Austria and therefore benefit 

in an over proportional manner from protective services of forests. Sectors such as agriculture, energy and accommodation are benefiting 

relatively more than most other sectors, as well. The third columns to the right of Table 2 present not only exposure but also a valuation of 

the risk avoided. The methodology of these estimates is provided in Freudenschuss, et al. (2023) and exemplified for snow avalanches in 

Perzl, et al. (submitted). The “count” figures show how many persons employed in the relevant sector could be affected by shallow land-

slides per year if potentially protective forests would not exist. This is the modelled counterfactual situation of “no protective forests and no 

technical measures to prevent shallow landslides” compared to the situation of “protective forests are in place”. To be “affected by shallow 

landslides” does not necessarily mean that shallow landslides harm people or destroy all the value added generated in one year. However, 

the results nevertheless are a first indication of the potential economic loss if protective forests were not in place which is a measure of to 

the economic benefit of protective capacities of forests in Austria.

Table 2: Estimate of employed persons and economic activity in 2011 in zones protected by forests regarding shallow land slides

Source: Own calculations based on BFW data (Freudenschuß et al., 2023), BEV, Statistik Austria, Milojewich-Dupont (2023)
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CONCLUSIONS
This short paper presents preliminary results from the ongoing interdisciplinary project ÖKO-SCHU-WA which attempts to evaluate the eco-

nomic benefit of protective services of forests in Austria. By using data sets that have been made available only recently, a relatively robust 

method was developed to combine geographical information about forests and hazards with economic data. The findings contribute to a 

better understanding on the economic relevance of protective forests in Austria. Only now it is known how many persons are living in and 

how many houses are located in potentially protected areas. In the next steps both older and more recent economic data will be used to 

analyse the dynamic development over longer periods. In addition, more potential hazards, such as rockfall and snow avalanches will be 

included. The economic assessment will be further elaborated by applying additional valuation techniques.
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