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ABSTRACT 
 
Trees produce reaction wood when they are exposed to geomorphological and hydrolocical 
processes like snow avalanches, floods or landslides that lead to changes of the tree position, 
of the growth conditions or to direct mechanical damage. This wood has a different cell 
structure that is clearly visible when extracted from a tree. In this way trees record, from a 
certain threshold of intensity, duration or recurrence, geomorphological and hydrological 
processes that lead to disturbances in their environment. Consequently the identification of 
zones of reaction wood in tree stems can be used to identify previous disturbance and to 
reconstruct the triggering events in time, space and intensity. In this study we reconstructed 
the activity of four landslides in the Southern French Alps by using the forest cover on the 
landslide body as a silent witness of the past. We assessed the growth disturbances related to 
landslide activity of 75 damaged Pinus uncinata trees. In total we identified 139 growth 
disturbances that indicate 6 different periods of landslide activity between 1947 and 2004 
although only one event was clearly identified by historical records. Besides, this study shows 
that dendrogeomorphical methods are innovative techniques offering perspectives for a better 
understanding of natural hazards. 
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INTRODUCTION 
 
Dendrogeomorphology represents one of the subfields of dendrochronology and has 
repeatedly been used to study and date past geomorphic processes. The approach developed 
by Alestalo (1971) and refined by Shroder (1978), takes advantage of the facts that temperate 
forest trees form annual increment rings and that external disturbances of a tree trigger the 
formation of increment rings with a distinguishable structure, called reaction wood. 
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Consequently it allows the reconstruction of past geomorphologic processes such as snow 
avalanches (Rayback, 1998), debris flows (Bollschweiler et al, 2007), movements of 
glaciers (Giardino et al, 1984) or rockfalls (Stoffel and Perret, 2006). This method is based on 
the identification of visible defects in the tree morphology, such as scars, broken crowns or 
branches, candelabra trees and tilted stems. Trees subjected to mass movements, show a 
tilting and sometimes an S-shape of the stem, signs of a sudden decrease in ring growth, or 
changes in eccentricity (Alestalo, 1971). These growth disturbances can be linked to the 
occurrence of particular tree rings with abnormal density, cell structure and chemical 
composition (reaction wood i.e. tension – and compression wood and callous tissue). 
 
For example, the occurrence of yellow-brown or brown-red wood, formed of dense cells with 
thick walls, called reaction wood, revealed a rockfall impact. The presence of a dense callous 
margin reveals healing after an impact (c.p. Figure 1 for other examples). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Growth reactions of Pine trees affected by landslides. 
 
The identification of these reactions can be used as markers of previous disturbance and for 
the reconstruction of geomorphological and hydrological events in time, space and intensity. 
Shroder (1978, 1980) use the term of « Process-Event-Response » (Figure 2) to describe the 
effects of geomorphologic processes on growth reaction. 
 
 
 
 
 
 
 
Fig.2: Process-Event-Response. 
 
It is therefore the purpose of this study to date growth disturbances in heavily disturbed Pinus 
uncinata trees on a landslide area in the French Alps so as (i) to reconstruct periods with 
landslide activity (ii) to assess the spatial extent of events. We report results obtained from 
detailed geomorphic mapping and dendrogeomorphological analysis of 75 trees growing on 
the Bois Noir landslide near Barcelonnette. Data allowed spatiotemporal reconstruction of 6 
landslide events between A.D. 1947 and 2004. 
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STUDY AREA 
 
The study area, called Bois Noir catchment, is located in the Barcelonnette Basin which is 
representative for the climatic, lithological, geomorphological, and land-use conditions of the 
Southern French Alps. It is located in the dry intra-Alpine zone that is influenced by 
Mediterranean climate (Figure 3A). This area is characterized by a rugged topography, 
covered by coniferous forests and grasslands with an elevation ranging from 600 to 1700 m 
a.s.l. The study area is mainly forested and highly affected by landslide hazards (Flageollet et 
al., 1999). It is characterized by Callovo-Oxfordian marls covered with morainic deposits up 
to 15m thick. 
 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Barcelonnette Basin (Southern French Alps)  
and location of the Bois Noir  Catchment (A). B: Different views of 
 Bois Noir landslides. 
 
The Bois Noir catchment is affected by large rotational or translational slides. Most of the 
active translational slides are shallow and vary between soil depths from 2m to 6m. They are 
located on gentle slopes in areas of hydrological discontinuity that are caused by the contact 
zone between moraine deposits and the black marl bedrock. The active rotational slides are 
located along streams and occur principally in moraine deposits and in contact with the 
bedrock. In Bois Noir catchment, the RTM (Restauration des Terrains en Montagne) have 
listed only one landslide event in April 1993 owing to five autumn–winter months which were 
particularly low on rainfall, but after a year, 1992, of excess rainfall following on after 10 
years of insufficient rainfall. He destroyed a principal forest road (Thiery et al., 2007).  
 
 
METHODS AND MATERIAL 
 
The analysis of a LIDAR DTM permitted to identify 4 landslides in the study area. Due to the 
presence of forest on the landslide, it is possible to use dendrogeomorphology method (Figure 
3, B). The dating of mass movements is based on the identification of reaction wood. This 
morphology is associated with tree-ring anatomical feature, which can be detected and 
accurately dated using dendrochronological analysis. A tilted tree always tries to regain its 
vertical position producing, in the case of a conifer tree, easily recognizable reaction wood on 
the underside of its trunk. 
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Fig.4: Digital Terrain Model of the landslide Bois Noir, the position of all sampled trees and the localization of 
the four landslide sector. 
 
In this study we applied an exhaustive sampling strategy, because on the landslide body only 
few mature trees had remained standing. For each of the four landslides we considered all 
trees, including those standing on the landslide edges (Figure 4). In total, we have taken 
increment cores from 75 Pinus uncinata trees (for a total of 284 exploitable). In order to 
detect the possible presence of reaction wood four cores were removed from each tree, two 
perpendicular and two parallel to the fall-line of the slope (Reardon et al., 2008). GPS 
coordinates with <1 m accuracy were recorded for each sampled tree using a Trimble 
GeoExplorer. For each tree, additional data were collected including its position within the 
landslide, its diameter at breast height, the description of the disturbance and information on 
neighbouring trees. In addition to the disturbed trees, twenty undisturbed Pinus uncinata trees 
showing no signs of landslide activity or any other geomorphic process were selected outside 
the landslide area. The samples obtained in this investigation were prepared following the 
dendrochronological procedures (Braker, 2002). The single steps of the surface analysis 
included drying of the samples, surface preparation by sanding up to grit size 400, creation of 
skeleton plots and ring widths measurements to the nearest 0.01 mm using a digital LINTAB 
measuring device and the Time Series Analysis and Presentation TSAP-WIN 3.0 software. 
The reference chronology primarily served to compare general growth patterns of undisturbed 
trees with the tree-ring records of disturbed trees so as to allow distinction of predominant 
growth conditions (climate) from growth disturbances (GD) induced by geomorphic processes. 
The comparison further allowed cross-dating of undisturbed with disturbed tree-ring records 
and, where applicable, correction of faulty tree-ring sequences derived from disturbed 
samples. The dated tree-ring series were statistically checked by using programme 
Cofecha (Holmes, 1983). 
 
 
RESULTS 
 
Age structure of the stand  
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The analysis of all increment cores shows a uniform age distribution (pith age at breast height; 
1.3m) ranging from 50 to 149 years with a mean age of 100 years. However, considering the 
spatial distribution of the trees, in each of the four landslide sections an age shift becomes 
apparent (Figure 5). For instance, in the lower parts of L1 and L2 all trees are between 50 and 
84 years old. This indicates a recolonisation of that area between the 1920s and the 1950s. 
This spatial homogeneous distribution suggests that parts of the stand must have been 
eliminated by mudslide activity. For L3 and L4, the presence of broadleaves in the bottom 
parts of landslide doesn’t indicate a good age structure of the forest. But, the youngest trees 
are located in the upper parts. This indicates an important rotational activity that has modified 
the age structure of the forest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Age structure of the forest stand on the Bois Noir landslides. 
Growth disturbances and minimum frequency of past landslide events 
 
In total, 139 growth disturbances (GD) were assessed in the 284 samples. The results show 
that apart from the historically recorded landslide in 1993, five additional events took place 
between 1947 and 2008 (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Reconstructed frequency of Bois Noir landslide. 1993 marks the historically recorded event  

-884-



 
Spatial patterns of former events 
 
The position of all trees showing GD in a specific event year was then used to assess spatial 
patterns of the 6 events reconstructed on the Bois Noir landslide for the period from 1947 to 
2008 (Figure 7). Based on the spatial distribution of trees disturbed during particular events, a 
different pattern of spatial activity was distinguished and also,a type of landside, so rotational 
or translational. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Spatial patterns of past landslide events for 1947, 1963, 1977, 1993, 2000 and 2004. 
 
In 1947, 1977, 1993 and 2000 movements were recorded by trees located in all parts of the 
Bois Noir landslide body (L1, L2, L3 and L4). Another period of instability occurred in 1963 
and 2004 when movements affected trees only on the upper landslide body but only in 
sections L1 and L4. The distinction between trees inclining downs-lope and up-slope indicate 
a landslide mechanism.In case of Bois Noir landslide, the escarpment area functions rather 
rotationally activity (L2 in 1947 and 1977, L4 in 1993). 
 
 
DISCUSSION AND CONCLUSION 
 
Dendrogeomorphology has proved very useful in reconstructing the history of episodic 
reactivations of landslides. Many unnoticed reactivations of the landslides were identified by 
analysis of the presence of reaction wood. 
 
However, an attempt to obtain information about landslide events from both local and 
regional archives was unsuccessful; in fact even though landsliding is widespread in the 
region, there is little documentation relative to its occurrence. Among the reasons for this lack 
of reference are: (i) landslides appear as isolated events that are not of interest unless they 
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cause extensive damage to life or properties; (ii) because the Barcelonnette basin has a low 
population density, many failures are unnoticed.  
 
Between 1947 and 1993, the time span between the four recorded events is relatively constant 
(on average 11 years). However, from 1993 onwards the event frequency increases 
considerably. In 2004 the active zones are situated rather in the upper parts of the landslides 
near a secondary escarpment area.  This could indicate a retreat of the main escarpment area 
and therefore denote a new period of events of the entire landslide area. 
On the basis of one historically recorded event in April 1993, the use of trees as bioindicators 
helped to trace back the landslide activity of the study area and to identify five additional 
landslides since 1947. Moreover the analysis reveals an event frequency which is a crucial 
element for a better understanding of landslide behaviour. The use of trees as immobile 
witnesses of past events furthermore permits to spatialize active zones and to assess 
qualitative information on the type of landslide (i.e. rotational or translational). Apart from 
this, the data assessment is non-destructive, cheap and easy to carry out. This methodology 
may be applied to other sites in which alternative sources of landslide records are unavailable. 
Therefore, the landslide frequency has to be seen as a minimum frequency for past events.  
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