
SUPPORTING THE MANAGEMENT OF PROTECTION FORESTS
IN A CHANGING CLIMATEA25

ABSTRACT
Climate change is affecting the environmental conditions of forest sites, particularly in the Alpine region. It is anticipated that especially 

protective forests will be exposed to extreme weather events, such as drought, storms, fires and heavy rain. Enhancing the stability, resist-

ance and resilience of these forests can only be achieved by selecting appropriate tree species mixtures. A dynamic forest site classification 

provides the necessary methods, models and tools to plan and maintain the forests and ensure protective effectiveness. Spatio-temporal 

maps of site characteristics (geology, soil, climate, nutrition and water supply) and the suitability of different tree species are provided at 

high resolution to support the management of the protection forests. The approach was initially applied to the Austrian province of Styria 

and is currently being expanded across large areas of Austria and the Bavarian Alps. It allows projections to the end of the 21st century.

INTRODUCTION
Climate development in the European Alpine region is characterized by significant dynamism (Gobiet et al., 2014). In Austria, the average 

temperature in the climate period from 1991-2020 is around 1.3°C above the average temperature of the climate period from 1961-1990 and 

almost 2°C above that of the pre-industrial period (1850-1900). This increase is roughly twice the global average. The forest ecosystems will 

be affected not only by changes in mean climate characteristics but by increased variability and intensity of extreme weather events, such 

as droughts and storms. The disturbance regime will be altered by the changing climatic conditions as well, leading to more frequent and 

intensive bark beetle infestations, wind throws and forest fires (Senf and Seidl, 2021).

The climate and its change have an impact on the suitability of tree species, growth, structure and thus on the protective function of the 

forest. At global warming levels above +2°C especially conifer-dominated landscapes in mountain areas of Austria characterized by large 

trees might shift to a landscape dominated by smaller, predominantly broadleaved trees (Albrich et al., 2020). At higher altitudes there are 

higher growth rates to be expected due to longer vegetation periods and higher temperatures, in lowland forest growth might be affected 

by increased intensity of disturbances and droughts (Lindner et al., 2010).

The warming is also associated with an increase in the number and intensity of several natural hazard processes (Maraun and Jury,2022). 

Precipitation intensity is expected to increase by approximately 7% per °C and the intensity of heavy rain events will increase (Wasko, 2021). 

This is accompanied by an intensification of the thawing of permafrost areas, leading to an expected increase in the potential for gravitation-

al mass movements (e.g. Chiarle et al., 2021). Furthermore, an increase in the intensity of storm events and an increase in the risk of forest 

fires is expected (Müller et al., 2020). Increased intensity and frequency of abiotic disturbances caused by climate change (e.g. storm- and 

snowfall events, wildfires) can subsequently trigger large-scale biotic damages (Seidl and Rammer, 2017), which exceeds the resilience of 

already established tree species at forest sites.

Protection forests serve as an economical and sustainable resource against natural hazards such as erosion, rockfall, avalanches or mudflows 

(Teich et al, 2022). These forests serve as a direct or indirect protection of settlements and infrastructure. Protection forests prevent soil deg-

radation (erosion, humus loss), thereby mitigating or significantly limiting the intensity of natural hazard processes. Depending on the type 

of natural hazard process, the protective effect of the forest is primarily characterized by its structural characteristics, such as the available 

tree species, the number of stems, the vertical and horizontal structure of the forests or the size of gaps.

Apart from natural annual variations, factors linked to heat, water, and nutrient balances have traditionally been considered constant (Kus-

bach et al., 2023). However, this assumption is currently being re-evaluated in the light of climate change. The growth conditions on forest 

sites are expected to change substantially and static site classifications are not able to provide the necessary information for the adaptive 

management of forests. As a result of increasing temperatures, shifts in the vegetation period and the frequency of droughts, tree species 

can reach the boundaries of their ecological spectrum, while other tree species are gradually colonizing new sites.

To assess the current and future site conditions, it is necessary to design a novel approach in forest site classification that supplies the 

necessary information for tree species selection and silvicultural treatments. This requires climate-sensitive methods with an explicit focus 

on spatiotemporal modelling of soil characteristics, nutrient- and water availability in high spatial resolution. Based on this, the current and 

future suitability of different tree species is provided.

METHODS
The empirical data base is formed by a terrestrial survey, which is designed by a stratified sampling over the entire investigation area. Essen-
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tial components of these surveys are the recording of the ground vegetation, the soil as well as the existing tree population. At a subsample 

of the survey points, analyses of the chemical, physical and hydrological properties of the soil are carried out. Tree cores complement the 

survey. For the Austrian province of Styria, which is presented in the results, about 1400 sites have been surveyed, in addition about 400 

including soil analyses (Gadermaier, 2023).

A subsolum geological substrate map (Simon et al., 2021) is created from terrestrial surveys and the evaluation of existing data bases. The da-

taset describes the parent material for soil formation and includes a mineralo-chemical, physical, hydrological and genetic characterization.

Different climate projections are selected, based on ÖKS15 (Chimani et. al, 2019) and their changes in mean temperature and summer pre-

cipitation. Two scenarios were chosen from the model ensemble ( Jacob et al., 2014), the first assuming moderately strong climate protection 

measures by society (RCP4.5: CNRM-CERFACS-CNRM-CM5_rcp45_r1i1p1_SMHI-RCA4) and the second only a low level of social commit-

ment to climate protection (RCP8.5: ICHEC-EC-EARTH_rcp85_r1i1p1_KNMI-RACMO22E). Ecologically relevant indicators for precipitation, 

temperature, potential evaporation and radiation are derived for the historic (1989-2018) and two climate periods (2036-2065; 2071-2100) in 

the future. Methods of downscaling and bias adjustment of the model data are described in Lehner et al. (2023).

Soil properties and the nutrient and water balance are digitally mapped from the field data and laboratory analyses. Water supply and 

drought stress are calculated using a numerical water balance model (LWFBrook90R, Hammel and Kennel, 2001). The spatial prediction of 

parameters with a high spatial resolution (30x30m) is carried out applying AI methods (artificial neural network; Geology/substrate, topog-

raphy and climate variables were used as covariates). 

To classify forest sites, the concept of three-dimensional ecograms is used with axes being characterized by water supply, nutrient supply 

and thermal regime. Based on a set of 27 site parameters the ecological suitability of 20 selected tree species under current/historical and 

future climate conditions is derived. In addition, thematic maps of several site factors and silvicultural recommendations for the adaptive 

management to climate change are provided for forestry practice.

RESULTS AND DISCUSSION
The results presented here relate to the Austrian province of Styria, which serves as a case study for the dynamic site classification (Amt 

der Steiermärkischen Landesregierung, 2023ab). It provides the full range of results as it has been the first case of a cluster of projects (all 

Austrian provinces excluding Salzburg, Carinthia and Vienna, Bavarian Alps) currently being executed. In Styria a forest area of around 1 

million ha was processed, from this about 170.000 ha are protection forest.

As a result of global warming, the deciduous and mixed forest zone will expand considerably in terms of area and increasingly displace the 

coniferous forest zone currently established in the mountain region. By the end of the century, the very warm deciduous forest zone, which 

is not yet represented under current climatic conditions, will occupy large areas of the Styrian basin. The deciduous forest zone will expand 

far into the mountainous region, while the coniferous forest zone will retreat to the highest areas of Styria. The shifts in the forest zones are 

pronounced in both of the climate scenarios presented, but much more significant in scenario RCP8.5. (Fig. 1).

Figure1: Distribution of forest zones under current (left) and distant future climate conditions in Styria (end of 21st century, worst-case scenario, RCP8.5, right).

The water balance will change differently from region to region due to the various patterns in the underlying climate change scenarios. 

While the forests in the high mountain region are still well supplied with water even in the event of a pessimistic climate development 

(RCP8.5) at the end of the 21 st century (water balance class: very fresh), the conditions in the Styrian-basin and in the surrounding moun-

tains as well as in the inner-alpine valleys are getting significantly drier (Fig. 2).
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Figure2: Distribution of water balance classes under current (left) and distant future climate conditions in Styria (end of 21st century, worst-case scenario, RCP8.5, right).

An example of a moderately mild, moderately fresh beech forest site (current state) on carbonate substrates shows the climate-induced 

changes in site characteristics. Sites of this type occur in Styria predominantly at altitudes between 750 and 900 m above sea level, are usu-

ally around 60% steep (up to 140%) and exposed to the south. They are located on mostly shallow to medium Rendzic Leptosols. On sites 

like this forest often protects the soil from degradation and protects against rockfall. The humus-rich soil favours the infiltration of water 

during heavy rainfall events and thus enables natural water retention to a high degree (Fig. 3). In Styria, 27.000 ha of this forest-type are 

categorized as protection forests.

Figure 3: Beech forest on carbonate bedrock. Shallow Rendzic Leptosol (left) and stocking beech forest with grassy ground cover.

Figure4: Changed climate conditions of a beech location (black current conditions, dark and light bars bandwidths, orange and red triangles future mean conditions at the end of 21st century)
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At the end of the 21st century, this location is expected to have warmer conditions by 2°C (RCP4.5) and will have a moderately dry water 

regime. If scenario RCP4.5 is realized, the tree vegetation will shift towards oak-beech dominated forests, and if even greater warming 

occurs towards (sub)mediterranean oak forests. Most of the tree species in the beech forest group will be able to retain their suitability in 

the future climate, however the suitability of some of the tree species in the group will decline significantly. The suitability of oak species 

(pedunculate oak and sessile oak) and other drought-resistant tree species (e.g. black pine, linden, wild service tree) will increase. Tree 

species that are as deep-rooting as possible should be preferred for soil stabilization, such as pedunculate oak and sessile oak, sycamore 

maple, fir, larch and beech.

CONCLUSIONS
The instrument of dynamic forest classification is a modern tool for ensuring proactive forest planning with regard to protection forest man-

agement. The results can be aligned with the requirements of a process-related natural hazard assessment in order to achieve forests with 

both a high protective effect and high stability. In this context all measures related to the different phases of disaster management (disaster 

prevention, disaster preparedness, disaster response, recovery after disasters) can be supported with this new approach including the ongo-

ing monitoring and evaluation of the measures taken in these areas. Among other (e.g. climatic) parameters, the model chain describes the 

site in terms of its geology and soil characteristics. This information can also be used with the purpose to model the frequency or intensity 

of natural hazards on other related fields (e.g. hydrological modelling, shallow landslide modelling, geological issues...). 
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