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ABSTRACT 
 
Drift wood appears to be a major flood hazard in torrent catchments and river basis. The 
documentations of recent floods have pointed out the most important factors of risk, which 
include the sources of woody debris (landslides, wind throws, bank failure), the effects of 
narrows (bridges, obstacles in the run-off zone) and the hydraulic conditions for displacement 
and transport. After the flood disaster of 2005 comprehensive research was undertaken in 
Austria in the framework of the project Flood-Risk II in order to summarize the state-of-the 
art in drift wood hazard management. The article gives a concise summary of the methods to 
assess drift wood risks and integrated protection strategies, emphasizing also the gaps of 
knowledge in this field. 
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INTRODUCTION 
 
Recent flood and landslide disasters in the Alpine countries (Austria, Bavaria, Italy, Slovenia 
and Switzerland) have highlighted the major risk caused by woody debris. Fallen trees and 
trunks are transported by gravity, mass movements or avalanches from the slopes into the 
river bed and accumulated there. Successive floods float the components of wood (trunks, 
branches, rootstocks) over long stretches (drift wood). Severe damages may occur due to the 
blocking of bridges and narrows or by the impact of floating tree trunks on structures 
(buildings). Woody debris also appears as dangerous component of debris flows and fast 
moving landslides. Even embedded in avalanches trees may cause heavy destruction to 
constructions and vehicles. The disaster documentations of the 2005 and 2009 floods 
emphasized an urgent need for comprehensive research concerning the risks due to the 
transport of woody debris by floods and debris flows and questioned the established strategies 
of managing these risks. 
 
One of the major reasons for the obvious rise of risk due to drift wood lies in the increase of 
forest stands and bushes on river banks and valley slopes subject to erosion. As a rule regular 
forest management does not take into account the risk of woody debris and often even 
increases the risk by inappropriate methods of timber harvesting. Recent storm catastrophes 
(Kyrill: 2007; Paula, Emma: 2008) have caused severe damage to forest stands and in some 
Austrian regions have increased the risk of drift wood dramatically which afterwards 
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manifested itself in the flood disasters of 2009. The Austrian forest and water acts include 
important regulations concerning the maintenance of torrent catchments and the inspection of 
rivers (torrents) and flood plains by the authority. Nevertheless there are practically no 
specific programs aiming at a comprehensive management of risks caused by drift wood. On 
the other hand the European Flood Directive has brought about a complex legal framework 
favouring the good ecologic and morphological condition of water courses. Major conflicts of 
goals have to be expected in the future concerning the management of drift wood as ecologic 
and economic interests stand contrary to the protection needs. 
 
Still very little is known about the erosion and transport of woody debris by rivers and 
torrents as well as the specific processes of displacement (erosion). In addition only few 
models have been developed in order to calculate (estimate) the dynamics of transport, the 
quantity of drift wood mobilized by a single event, the drift wood potential of a river basin 
(torrent catchment) and the impact forces on objects (buildings). Consequently the mitigation 
strategies and technical protection measures rely very much on empirical experiences and 
observations during (after) floods (event documentation). In general the importance of drift 
wood in flood risk management was seriously underestimated in the past. 
 
The results of the flood documentation of 2005 (BMLFUW, 2006) have changed the attitude 
towards this source of danger. Fundamental and interdisciplinary research was carried out 
within the project “Flood Risk II” (Habersack et al., 2009). The results of these studies will 
serve as a basis to evaluate and modify established protection concepts. Additionally they 
may lead to a revision of the management strategies as well as the legal and administrative 
measures concerning the risks related to drift wood in Austria.  
 
 
ASSESSMENT OF DRIFT WOOD RISKS 
 
Source of woody debris 
 
Drift wood, by definition trunks, branches and rootstocks, which are transported by rivers and 
torrents during flood events, can be displaced by bank (slope) erosion, landslides, avalanches 
or storms. Other human-induced sources may result from wood harvesting in the catchment or 
storage of logs or sawn timber in flooding areas (Bergmeister et al., 2009). 
 
In a torrent catchment several source areas can be distinguished that contribute in a different 
intensity to the mobilization of woody debris. In general, the intensity of erosion decreases 
with the distance from the source area to the water course. This principle may be altered by 
other processes like slope erosion, storms or avalanches. In order to create a comprehensive 
basis for the assessment of woody debris potential a GIS-based model of source zones in 
torrent catchments was developed (Mazzorana, 2007). The following zones are distinguished 
(Fig. 1): 
 

• Run-off Zone (RZ) 
• Active Erosion Zone (AZ) 
• Passive Erosion Zone (PZ) 
• Stable Forest Zone (SZ) 

 
The Run-off Zone (RZ) is limited by the inundation boundaries of an extreme flood event (e.g. 
100-years flood). In steep torrent reaches the equivalent cross section has to be defined not 
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only by hydraulic modelling but taking also into account flushing waves due to dam break or 
debris flow. In addition an exact delimitation of the Active Erosion Zone (AZ) is problematic 
as bank failure may simultaneously trigger the displacement of woody debris. These processes 
are highly related to the geological condition in the catchment area and consequently hardly to 
predict. Just as much uncertainties exist in the prediction of the transport capacity of the flood 
wave due to transient flow conditions in torrents and the occurrence of fluctuating waves of 
debris flow. In spite of these imponderabilities the application of the model of source zones 
may improve the prediction of woody debris potential of a catastrophic event. 
 

 

RZ 1 
Trees directly exposed to 
Run-off Zone (possibility of 
active erosion by floods). 

AZ 

2 Displacement of trees by bank 
erosion. 

3 
Trees overturned by other 
impact (storm, harvesting) fall 
into Run-off Zone. 

4 

Trees overturned by erosion or 
other impact is displaced in a 
transport zone (gully, 
landslide). 

PZ 5 

Tree falls into the active 
Erosion Zone (AZ) and is 
displaced by other processes 
(erosion, landslide, avalanche). 

SZ 

6 

Trees are overturned in a zone 
of slope movement and 
displaced by other processes 
(erosion, landslide, avalanche). 

7 
Trees are overturned in a stable 
forest zone. No displacement is 
possible. 

Fig. 1 Model of source zones for woody debris in torrent catchment (Mazzorana, 2007). 
 
Risk factors for damage caused by drift wood 
 
Drift wood is a specific flood hazard which predominantly occurs in mountain torrents and 
rivers where abundant displaceable woody debris is available. The hydraulic regime of the 
water course has to be governed by processes that are capable to erode and transport drift 
wood to areas exposed to flooding (damage areas). In principle the occurrence of damages 
caused by drift wood depends on several prerequisites (Fig. 2): 
 

• A potential source of drift wood is existent in the catchment area (drift wood potential) 
(see Fig. 1). 

• Abundant displaceable woody debris is stored in the Run-off Zone (RZ) or Active 
Erosion zZone (AZ). 

• The predominant flow regime is appropriate to erode and transport large quantities of 
drift wood in big components (trunks, rootstocks). 

• Hydraulic narrows or obstacles exist in the proximity of flooding areas (hazard zones). 
• Objects at risk exist in the flooding areas that are (directly or indirectly) vulnerable to 

the impact of drift wood. 
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A comprehensive overview of the factors for the susceptibility of a catchment to drift wood 
risks (erosion, displacement, transport, deposition) is given in Hübl et al. (2009 a). 
 

 
Fig. 2 Risk factors for damages caused by drift wood. 
 
Several methods for the estimation of drift wood potential are available in literature mainly 
based on data from historic events (e.g. Rickenmann, 1997; Uchiogi et al., 1996; Rimböck & 
Strobl, 2001). These rather unspecific methods suffer from the limited transferability to other 
catchment areas with specific environmental conditions but can be used as a first 
approximation to quantify the risk of drift wood at an extreme flood event.   
 
The transport of drift wood is closely related to the morphology of the water course, 
especially to the erosion and sedimentation of the river bed, as well as to the hydraulics of the 
run-off processes (flow velocity, flow depth). Thus deposited drift wood influences the 
development of the river bed and also the sedimentary regime of the river (torrent). Numerical 
models that are appropriate to describe the transport process of drift wood are practically not 
available. The transport processes are complex and dominated by coincidental procedures. 
Due to Hartlieb & Bezzola (2000) the predominant form of transport for drift wood is floating. 
During transport trunks and logs are most of the time oriented in flow direction. Rootstocks 
rather tend to “roll” on the river bed due to their size and form. In small torrents drift wood is 
also moved sliding or plunging. In debris flows drift wood is transported embedded in the 
moving mass. Another important phenomenon is the crushing of drift wood during transport 
dependant on slope, roughness and topography of the river bed as well as on the transport 
distance.  
 
The deposition of drift wood usually takes place during the decrease of the flood wave. In 
wide areas of the river bed or on flood plains the sedimentation occurs mainly on bars or 
forelands. In steep water courses like torrents and mountain rivers hydraulic narrows are the 
predominant places for deposition of drift wood (partly or totally) blocking the discharge 
cross section. Deposition is mainly induced by obstacles like trees within the Run-off Zone, 
like bridges, weirs (Fig. 3) or other constructions. Initially deposited drift wood catches 
further drift wood and finally may lead to a total log jam blocking the whole cross section. 
Log jams may cause a total blockade of the discharge cross section forcing the river (torrent) 
to overtop is banks and inundate the adjacent areas. Below the log jam heavy erosion may 
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occur. If the log jam breaks during the flood event severe flushing waves arise that may 
trigger debris flows.  
 

 
Fig. 3 Log jam blocking a weir in the River Trisanna (Tyrol) during the flood event 2005. 
 
The vulnerability of buildings (objects) to damages caused by drift wood is mainly a function 
of the impact and resistance of the construction. The impact force of drift wood on objects can 
be taken into account as point load in addition to the dynamic water pressure to the object. 
Detailed information on methods how to calculate the impact of drift wood on objects will be 
provided in the ON-Regulation 24801 (Austrian Standards Institute, 2010).  
 
 
RISK MANAGEMENT FOR DRIFT WOOD HAZARDS 
 
Strategies of drift wood hazard protection in torrent catchments 
 
Hazards related to drift wood hardly cannot be mitigated by technical measures only. Quite on 
the contrary an integrated protection concept is required to reduce the risks to an acceptable 
level. In practice this means that risk management should cover the whole range of 
forest-technical measures, particularly the tending of protection forest, soil-bioengineering 
works, structural protection works, watershed management, maintenance of the water course, 
hydraulic improvement of narrows, non-structural and administrative measures (Bergmeister 
et al., 2009).  
 
Table 1 gives an overview of the most important protection concepts for drift wood hazards in 
torrent catchments. 
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Table 1 Protection concepts for drift wood hazards in torrent catchments 
Protection Measure Objective of protection Area of application 

Tending of protection forest Development of stable forest stands, 
forest management focused on source 
zones of woody debris. 

Steep slopes in torrent catchments, 
forest on river banks 

Soil-bioengineering works Stabilization of slopes and erosion areas 
with plants and trees 

River banks, erosion surfaces, 
gullies, shallow landslides 

Structural protection works Retention of dangerous drift wood 
upstream of areas at risk 

Torrential streams, upper part of 
alluvial fans 

Watershed management Regulation of land-use effecting drift 
wood hazards in the catchment area (e.g. 
timber harvesting, forest pasture, 
hydro-power plants). 

Whole catchment area 

Maintenance of the water 
course 

Tending of vegetation on river banks, 
removal of dangerous woody debris from 
run-off zone 

Whole water course 

Inspection of rivers and 
torrents 

On-site inspection and condition 
assessment. 

Whole water course 

Improvement of hydrologic 
narrows 

Enlargement of discharge cross-section, 
removal of obstacles from run-off zone, 
hydraulic improvement of bridges 

Bridges and pipe passages under 
traffic ways, settlement areas 

Non-structural measures Mapping of hazards and risks, emergency 
planning, provision of inundation 
(deposition) areas 

Areas at risk (e.g. settlements, 
traffic ways, industrial areas). 

Administrative measures Implementation and enforcement of legal 
regulations concerning drift wood 
protection, organizing and finance 
maintenance works 

- 

Catastrophe management 
and urgent measures 

Clearing of log jams at bridges and 
narrows 

Bridges and pipe passages under 
traffic ways, settlement areas 

 
Legal and administrative framework for drift wood protection in Austria 
 
Drift wood protection is not an explicit topic in the Austrian legislation; never the less a wide 
range of regulation exists that serve the reduction of risks. The most important regulations are 
included in the following acts: 
 

• Forest Act (1975) 
• Implementation Acts to Forest Law by the provinces 
• Torrent Control Act (1884) 
• Water Act (1954) 
• Hydraulic Engineering Assistance Act (1985), Disaster Relief Fund Act 

 
The Forest Act regulates the tending of protection forests and contains specific regulations for 
the treatment of forest stand in torrent catchments. The authorities are entitled to stipulate 
specific measures. Referring to the fields of work of the Federal Service for Torrent and 
Avalanche Control, which is defined in the Torrent Control Act, felling of trees may be 
subject to official permission in these areas or important protective forest may be declared 
banned forest. In torrent and avalanche catchments the forest authorities may take 
precautionary measures by reducing pasture and harvesting or limiting the construction of 
forest roads. Of special importance is the obligation of each municipality to annually inspect 
every torrent catchment within their own domain and immediately arrange (force) the 
removal of woody debris and other obstacles in the run-off zone of the torrent. The 
Implementation Acts to Forest Law of the provinces contain specific regulations for the 
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execution of the torrent inspection in order to prevent damages on bridges, protection works 
and other buildings. Some of these acts additionally oblige the forest owner to remove 
obstructing trees or woody debris from the torrent bed.  
 
Due to the Water Act the constructions of bridges, foot-bridges or measures at river banks as 
well as other building within the limits of the 30-years flood are tied to an approval by the 
authorities. For all these building schemes the state-of-the-art defined by the Water Act has to 
be applied. Due to the jurisdiction of the Administrative Court also log storage and deposits 
with in flood area is subject to approval. If a structure is built without permission within the 
flooding area the authority is entitled to force the removal of these objects. The neighbor of a 
river or torrent is not entitled to alter the natural flow of the water course to the disadvantage 
of landowners upstream or downstream. The Water Act also ties the construction of 
protection measures including large dredging to permission. The holder of the permission is 
obliged to maintain the structure for the whole life-cycle. The law also regulates the 
maintenance of water courses and flooding areas. By serving this goal the authority can oblige 
the land owner to clear the river banks from dangerous vegetation (obstructing trees and 
bushes), to re-vegetate the river banks and stabilize small bank erosions of the clear the river 
bed from depositions blocking the discharge cross-section. This regulation also includes the 
possibility to force the removal of logs deposited within the flooding area. 
 
The relevant acts contain the following administrative competences: Due to the Forest Act the 
annual inspection of torrents is a task of the municipalities within their own domain. The 
Forest Act regulates the tasks of the Federal Service for Torrent and Avalanche Control while 
the Torrent Control Act additionally defines the supervision of catchment areas and protection 
measures by this institution. Further relevant regulations exist in the catastrophe acts, the land 
use act and building act of the provinces. A detailed overview of the legal and administrative 
framework of drift wood protection in Austria is given in Rudolf-Miklau (2009), the most 
important legal regulations are summarized in Hübl et al. (2009). 
 
The legal basis for the financing of preventive protection measures in rivers and torrents is the 
Hydraulic Engineering Assistance act. The subsidies come from the Federal Disaster Relief 
Fund, which is also the financing instrument to the compensation of damages caused by flood 
disasters. The administration of damage compensation is task of the provinces. 
 
Tending of protection forests, maintenance of stocking on river banks 
 
The most important task for the management of protection forests on slopes subject to erosion 
is the development of stable and well structured forest stands. The forests should be tended in 
adaptation to the site conditions. Of major importance is a function of evapotranspiration of 
the trees which lowers the water level in the soil and reduces the risk of slope movement. 
Thus the past strategy of “lowering the weight on instable slopes by clear-cut” was replaced 
by a stability oriented silviculture serving an optimal drainage of soil. 
 
An appropriate silviculture for the Active Erosion Zone (AZ) could be the coppice forest, 
mainly consisting of bushes and low trees and inducing rejuvenation from root stock. For the 
Passive Erosion Zone (PZ) and the adjacent Stable Forest Zone (SZ) a well graduated mixed 
forest is preferable. The Run-off Zone (RZ) should be kept free of forest vegetation. Logging 
in areas subject to torrent erosion should be carried out very carefully including the immediate 
removal of logs and branches from the Active Erosion Zone. After storm-triggered wind 
throws in the Run-of Zones and Active Erosion Zones have to be cleared immediately in order 
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to prevent the displacement of woody debris by consecutive floods and debris flows caused 
by log jams (urgent measures). 
 
Soil-bioengineering measures are appropriate to stabilize landslides to a depth of 2 meters. 
These measures also prevent soil erosion and support the natural drainage of instable slopes. 
The reafforestation (planting) of instable slopes in the Active Erosion Zone requires intensive 
maintenance measures in order to avoid uncontrolled growth of bushes and trees in turn 
producing woody debris in a later phase of succession. Consequently successful 
soil-bioengineering measures have to be continued by lasting coppice forest siviculture. 
Especially after the flood disaster 2005, when stocking on river banks was found as one of the 
reasons for severe inundations, extensive clear cut campaigns took place along several 
Austrian rivers (e.g. Bregenzer Ache/Vorarlberg). These measures caused an intensive 
discussion between ecologists and water authorities concerning the importance of bank 
vegetation for the river habitat and morphology in contrary to the hydraulic capacity of the 
rivers and the risk of drift wood. In the “area of tension” between the goals of the European 
Flood Directive and European Water Framework Directive this poses a still unsolved problem 
of flood control, which gets even more complicated if the interest of the electricity sector 
(hydro power) are taken into account. 
 
Structural protection measures against drift wood 
 
Concerning the structural drift wood protection there are two basic strategies applied: 
 

•  Passing trough of by-pass (without causing damage) 
•  Filtering of drift wood 

 
The first protection concept aims at the removal (or enlargement) of hydraulic narrows like 
bridges, foot-brides of pipe passages. Most often this goal is reached by the correction of the 
river (torrent) and the extension of the discharge cross section. The most important precaution 
is the calculation (construction) of a freeboard between the water level of an extreme flood 
and the bottom edge of a bridge. In addition bridges with pillars or columns have to be 
avoided or replaced by self-supporting constructions. Other solutions were found by the 
construction of drawbridges or self-elevating bridges (examples can be found in Switzerland 
or France). In Austria engineers rather tend to construct bridges with structures made of wood 
that may be destroyed as planned or flushed away during floods instead of being blocked. 
 
A temporary alternative measure is the steady clearing of bridges by excavation. The strategy 
may be very efficient in torrents but has the major disadvantage that the driver has to work in 
an area at high risk. This problem could be solved radio guided dredgers in future. 
 
The protection concept of drift wood retention is based on the strategy to filter and store the 
woody components upstream of areas at risk. In principle the types of check dams can be 
divided into those, which only filter drift wood and those, which dose or keep back drift wood 
and bed load (debris). In principle every type of check dam has a retention effect on drift 
wood. For this reason it is necessary to adapt the buildings to the drift wood potential of the 
torrent (river) by constructing rakes and bars in front of the openings (discharge units). For 
flood retentions basins drift wood retention is of special importance in order to avoid 
unscheduled backwater if the discharge unit is blocked. 
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Most structures for the retention of drift wood today consist either of rakes or nets. Some 
examples are shown in Fig. 4. Inclined rakes have the advantage that drift wood may slip up 
when elevated by the flood wave keeping the discharge unit free for water flow and sediment 
transport as long as possible. Vertical rakes with V-shaped outline (tip oriented upstream) 
effectuate a broader log jam forming a kind of “carpet” which keeps the discharge unit free 
for sediment transport while swimming.   
 

Fig. 4 Types of drift wood rakes: Check dam with inclined rake (left), vertical rake with V-shaped outline. 
 
A rather new technology is the application of drift wood nets which are spanned above the 
level of mean-flow conditions. Ring nets can cover span width between 5 and 20 meters and 
have to be anchored in solid ground (rock) on the banks. This type of check dam is especially 
appropriate for narrow ravines and gorges. As a rule drift wood nets will cause tight log jams 
which get impassable for bed load soon making clearance difficult. In some cases it might be 
necessary to replace the net after a flood event. (Hübl et al., 2009 a) 
 

45° 45°

≥2m ≥2m ≥2m

a) b) c)

 
Fig. 5 Types of inclined rakes for dosing check dams in torrents (according to ONR 24802). 
 
Drift wood retarding structures on check dam may be constructed in form of horizontal 
beams or vertical/inclined rakes. Beams where used in the past to protect discharge units and 
slots but turn out to be easily blocked by drift wood. The same holds true for vertical rakes. 
Today torrent check dams are normally equipped with inclined rakes of different types shown 
in Fig. 5. Check dams with rakes are able to store large quantities of drift wood in the 
retention basin without losing the main function of debris retention. In torrents with 
extraordinary drift wood potential it might be useful to separate the function of drift wood 
filtering and dosing of debris flow (or energy dissipation of debris flow) by different 
buildings. 
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The documentation of the flood disaster 2009 (Hübl et al., 2009 b) has proved the efficiency 
of dosing check dams for the retention of drift wood. Especially in many torrent catchment of 
the province of Salzburg severe damage has been avoided by the function of these protection 
works keeping away woody debris (displaced by wind throw in 2008) from the hazard zones. 
 
 
CONCLUSIONS 
 
Recent flood events proofed the significance of drift wood hazard for flood risk management. 
Protection concepts cannot be based on structural measures alone but should contain the 
whole range of forest-technical measures, particularly the tending of protection forest, 
soil-bioengineering works, structural protection works, watershed management, maintenance 
of the water course, hydraulic improvement of narrows, non-structural and administrative 
measures.  
 
Special attention has to be given to silviculture in Active Erosion Zones and along river banks 
(run-off zone) in order to establish a stable and well structured protection forest or tending the 
forests in the way of coppice forest. Storm triggered wind throws might increase the risk 
related to drift wood in future. The growth of trees and bushes in the run-off zone (on flood 
plains) may also contribute to drift wood potential. Thus regular inspection and maintenance 
of rivers and torrents will be of raising importance within in the framework of risk 
management for drift wood hazards. Structural measures have to be further improved 
concerning their efficiency and serviceability. In general a better understanding for the 
processes of mobilization and transport of woody debris in torrents and river is needed. 
 
The results of the study this article is mainly base on will be published by INTERPRÄVENT 
in 2010. 
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