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INTRODUCTION
Soil bioengineering techniques make use of different construction material: locally available materials are combined with living plant materi-

als. The approach of using plants for engineering purpose has a long historical tradition. Numerous publications show how these construc-

tion techniques mainly functioning as erosion control measures have been used and developed over centuries (Bischetti et al., 2014; Evette 

et al., 2009; Florineth, 2012; Gray and Sotir, 1996; Stokes et al., 2010). A large number of different techniques are used worldwide and are 

described by various authors (AMEC Environment & Infrastructure, 2012; Durlo and Sutili, 2005; EFIB, 2011; Florineth, 2012; Gray and Sotir, 

1996; Hacker and Johannsen, 2012; Howell, 1999; Li and Eddleman, 2002; Rauch et al., 2022; Rey et al., 2019; Schiechtl, 1980; Zeh, 2007) . 

One of the core activities in the soil bioengineering sector has always been natural hazard mitigation. We demand for ecosystem services 

in terms of prevention and protection from hazardous events. They are accompanied by demands on vegetation concerning resilience and 

resistance of natural hazards – in order to avoid triggering effects of single hazards to process/event chains. These ecosystem services are 

only generated by resilient, vital vegetation, mainly on its natural sites. To maintain these services and benefits under climate change aspects, 

an understanding of the system, its processes and its future developments is essential. 

When applying soil bioengineering at slope or catchment scale, woody vegetation is one of the most important components alongside 

grasses and herbs. Focusing on woody vegetation and its provision of requested ecosystem services, different aspects are of high impor-

tance: there are species specific attributes that are varying strongly between different species, vegetation is always dependent on local site 

conditions and influenced by external factors (see Fig. 1). On top of this, the system is non-static and changes over time are definitely not 

negligible. They can involve natural processes like succession or human-triggered factors like climate change, which is in terms of natural 

hazards currently maybe the most relevant changing impact: it is related to changes in hazard occurrence (Lehner et al., 2022)  as well as to 

changes in site conditions (Müller et al., 2022) and is demanding resilience from the vegetation. Vegetation as major construction material of 

soil bioengineering techniques provides ecosystem services that interact with natural hazards. The vegetation database claims for a uniform 

classification of species-specific attributes, site conditions and climate change impacts as the basis for future planning and management. The 

following figure shows the workflow of a soil bioengineering concept in a climate change environment. 

Figure 1: Visualized workflow of a soil bioengineering concept in a climate change environment.

METHODS
The analyses encompassed 92 woody species with relevance to Austrian forest stands, natural hazards and ecosystem services. With the aim 

of enabling standardised queries, information on their properties, requirements and resistance was harmonised and compiled in a database.

The information on the selected species was reviewed and categorized by their attributes. The used method was a review over selected 
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literature: Commission European and Centre Joint Research ( 2022); Florineth (2012),  Forster et al. (2019), Hasenauer et al. (2011), John 

Wiley & Sons Inc. (2014), Leder and Wolff-Metternich (2018), Schiechtl and Stern( 1994, 1992). The reviewed data from publications was 

supplemented by expert judgement within the research group Soil and Water Bioengineering - University of Natural Resources and Life 

Sciences Vienna.

The parameter set considered 53 harmonized parameters, which included plant specific aspects (habitus, root system, height, vegetative 

reproduction, sprouting capacity, …), preferred and adverse site conditions (soil type, water availability, light conditions, …), as well as 

resistances against natural hazard processes (storm, rockfall, surface erosion, erosion processes and fire), climatic resistances (drought, late 

frost, flooding and snow breakage) and other ecosystem relevant aspects (bee pasture, susceptibility to browsing by game, reforestation ca-

pacity in case of fire, …). Additional information, not fitting the standardized forms was added in text form. In order to enable queries within 

the database the attributes were standardized by four categories: x = applicable according to literature, (x) = partly applicable according to 

literature, - = not applicable to literature and ND = not defined in literature. In order to ensure transparency and traceability every entry in 

the database was linked to the original literature reference.

RESULTS AND DISCUSSION
The compiled dataset of 92 species covers 81 deciduous species and 11 conifers.  Their resistances, stabilization functions as well as their 

climatic tolerances are plotted in Fig. 2. Resistance against storm and resistance against rock fall are well documented in literature. The same 

applies for tolerance to flooding and tolerance to snow breakage. While especially information about resistance against fire, stabilization of 

erosion processes and tolerance to drought seem to be under represented in literature. 

Figure 2: Database records for natural hazard resistances, stabilization functions and climatic tolerances split in deciduous species and conifers categorized by their applicability based on 

literature.

As expected the density of information available concerning a single species is strongly connected to its importance in economically used 

forests. In the context of non-structural hazard management and nature-based solutions requested attributes, functions and services differ 

from those species with focus to growth and economic output. For typical soil bioengineering construction techniques reproduction by 

cuttings and the capacity of root building along shoots is of major importance (Florineth, 2012). The database contains 60 species that 

show evidence of at least one of these two attributes, see Fig. 3. Within this group the highest number of evidences in literature concerning 

resistances and tolerances was found for Acer campestre and Tilia cordata. Both species reach 7 out of 9 observed criteria. Acer campes-

tre is dedicated to be not tolerant to late frost and only partly tolerant to flooding, while for Tilia cordata tolerance to flooding seems not 

applicable and its resistance against rockfall is attributed as partly.  The next group is formed by Acer platanoides, Acer pseudopaltanus 

and Alnus incana. These species reach 6 out of 9 criteria. The most used species of soil bioengineering, the willows, are represented by 23 

species. While several attributes are well documented along the Salix species, attributes such as tolerance to late frost and drought seem to 

have further research demand. 
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Figure 3 : Subset of species showing evidence of reproduction by cuttings or the capacity of root building along shoots with their natural hazard resistances, stabilization functions and 

climatic tolerances.

CONCLUSIONS
Future relevant soil bioengineering approaches need to act on different scales and need to adapt the used vegetation to climate change. 

While soil bioengineering techniques always start with pioneer species, the construction techniques build living plant communities, which 

are developing in different succession steps towards climax vegetation. The prevailing database claims for a holistic approach and there-

fore considers a wide range of species, exceeding the spectrum of typical pioneers.  The developed woody vegetation database builds a 

good source of data. It confirms that many woody species are able to provide ecosystem services also in terms of natural hazards under 

climate change. The results also show that there is still a lack of specific vegetation knowledge in terms of soil bioengineering. This points 

out further research demand for a broad range of pioneer plant species which are most relevant for the soil bioengineering application. 

Nevertheless, the database includes many indications and definitions that are explicitly mentioned in literature. The attributes used were 

observed and described from a rather general point of view, most of them are depended on local site conditions and external factors. The 

prevailing database can be used as a planning tool, but not unrestricted and unlimited. Before implementing or releasing measures at a spe-

cific location a detailed investigation of prevailing local conditions is essential. The database allows a first approach to analyze and evaluate 

woody vegetation and its services from the perspective of changing climate. Which is one important step towards woody vegetation and 

forests being integrated in future oriented non-structural natural hazard management as well as creating the basis for nature-based solutions. 

APPENDIX
List of observed species: Abies alba, Acer campestre, Acer platanoides, Acer pseudoplatanus, Alnus glutinosa, Alnus incana, Alnus viridis, 

Amelanchier ovalis, Berberis vulgaris , Betula pendula, Betula pubescens, Carpinus betulus, Castanea sativa, Cedrus libani, Clematis vitalba, 

Colutea arborscens, Cornus mas, Cornus sanguinea, Corylus avellana, Crataegus monogyna, Cytisus scoparius, Euonymus europaea, Fagus 

sylvatica, Frangula alnus, Fraxinus excelsior, Fraxinus ornus, Genista germanica, Genista tinctoria, Hippophae rhamnoides, Laburnum alpi-

num, Laburnus anagyroides, Larix decidua, Ligustrum vulgare, Lonicera xylosteum, Picea abies, Pinus cembra, Pinus mugo agg., Pinus nigra, 

Pinus sylvestris, Pinus uncinata, Populus alba, Populus nigra, Populus tremula, Prunus avium, Prunus mahaleb, Prunus padus, Prunus spi-

nosa, Pseudotsuga menziesii, Quercus petraea, Quercus robur, Rhamnus catharticus, Ribes alpinum, Ribes petraeum, Robinia pseudoacacia, 

Rosa canina, Rosa rubiginosa, Rubus fruticosus, Salix alba, Salix appendiculata, Salix aurita, Salix caprea, Salix cinerea, Salix daphnoides, 

Salix eleagnos, Salix foetida, Salix fragilis, Salix glabra, Salix glaucosericea, Salix hastata, Salix hegetschweileri, Salix helvetica, Salix mielich-

hoferi, Salix myrsinifolia, Salix pentandra, Salix purpurea, Salix repens, Salix rubens, Salix triandra, Salix viminalis, Salix waldsteinana, Sam-

bucus nigra, Sambucus racemosa, Sorbus aria, Sorbus aucuparia, Sorbus torminalis, Taxus baccata, Tilia cordata, Tilia platyphyllos, Ulmus 

glabra, Ulmus minor, Viburnum lantana, Viburnum opulus ;
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