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A new approach to integrate effects of changesin vegetation cover in
slope stability assessment.

R. Vandromme & N. Desramaut
BRGM,Orléans France

ABSTRACT: Global changes would have direct impacts on landslide activities tihtbegmnodification
of the triggering events with the evolutions of climate forcingwiver, some predisposirgctors woul
also evolve, like, for example, the vegetation covers. Indeed, foredikedyeto be modified, either by an-
thropogenic interventions, natural ageing or adaptingimate change. And this evolution is likely to re
in changes of the susceptibilities of slopes to landslides. In order to propogatedsolutions for current ¢
future forestry management, it is therefore necessary to nyastimate the infilences of the vegetation
slope stabilities.

In the present study, we are developing a complementary module $topearstability assessment toc
take into account the effects of vegetation on the soil mechanog@@nties (cohesion and over-loadt als:
in a future second step, on the slope hydrology (change in interceptiorsff, and infiltration) Hence th
proposed methodology will combine a mechanical stability analysig disiite slope analysis, with a hydro-
logical model, and with a vegetation module which interfere with bqgiacas. All these elements are inter-
faced within a GIS—based solution. The method will be appliedRgrenean Valley, in Laruns, a site wi
is part of the Observatoire Pyrénéen du Changement Climatique (OPCC).

1 INTRODUCTION
1.1 Parameters governing slope stability

Slopes’ stability is controlled by the equilibriumetween the moving forces and the resisting forths.dis-
equilibrium of this ratio will induce landslidesn la natural context (i.e. with no human intervemtidhe
moving forces correspond mostly to the weight ef $lil, whereas the resisting strength are onledegnt
on the shear characteristics.

One of the main factors controlling the evolutidritos equilibrium is the soil water content. Indeg/hen
this parameter increases, the moving momentumasese(due to an increase in the weight) whilerahist-
ing momentum decreases (due to a reduction offtbarsstrengths of the solil or at the interface betwsoil
layers).

In the saturated zone, the shear strésis given by the Mohr Coulomb criteria:
t=c"+(c—u,) -tang’ Q)
whereos = total stress¢’= internal cohesionp’= internal friction angle; and,,= the pore water pressure.
In the unsaturated zone, where the effect of véigetavould be exacerbated, the effective stresdeis
scribed by Bishop and Morgenstern (1960) accortbrigquation 2:
o' =0—ug+ (Ug —uy) " x 2)

whereu,= air pressuret,,= pore water pressure, — u,,= suction; ange= parameter dependent of the de-
gree of soil saturation.

Combining equations 1 and 2, in equation 3, thdicuceffect can be seen as an apparent cohesion
(Capp = (ug —uy,) * x - tan@’), increasing the shear strength of the soil.
T=c"+ Capp + (0 —uy) - tan g’ (3)

Hence, the parameters potentially modifying theildgium are from two types: those modifying theneo
straints and those modifying the soil propertigs(, ¢’ ande").
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1.2 Potential effects of the vegetation on the shaangth

It is commonly considered that roots’ presencedases shear strength, but the ways to take tHeatginto
account are still discussed. A lot of authors idtrce an artificial additional cohesion in Mohr Gamb crite-
rion, but without taking into account the heterogignof the roots system at the scale of a slope.range of
possible value for this additional cohesion is lestw 2 kPa and 20 kPa (O’Loughlon and Ziemer, 1983).
large number of factors are involved in this meatareinforcement, the resistance of the rootsaction is
largely concerned: if the roots are assumed toeppgmdicular to the surface of the slide, the raoesmostly
mobilized in traction. However, the distributiontbe roots in the soil has more influence on tHetgdactor
than on the resistance to traction. (Genet e2@l.D)

One of the first quantitative relationships to mestie the additional cohesion due the resistant@dtion
of the roots and their spatial repartition has be#roduced by Wu et al. (1979). Then, Pollen anuids
(2005) improved this model, which originally overested the stabilizing effect of the vegetation.

A list of values for the resistance to traction &t species is provided by Stokes at al. (2008)lewben-
net et al. (2008) provide an equation linking bgaaver law the resistance to traction to the inverfsthe
diameters of the roots.

1.3 Influence of the vegetation on the suction

In unsaturated soils, the natural evaporation,emsed by the action of roots which uptake watenftbe
soil, induces the apparition of negative pore pressalso called suction phenomena.

This suction phenomenon increases the effectiwsstin the unsaturated layer of the soil, and there
stabilizes the slopes against shallow landslides. Suction can be quantified based on the leng#xisting
roots per unit of volume or surface (ratio calleabRlength density — RLD) (Stokes et al., 2009).

The influence of the vegetation on slope stabiliig, the modification of suction, is therefore \adulie ac-
cording to the period of the year and to the séturaof the soils. In temperate areas, the shallowislides
take mostly place in saturated soil, when evapepization are low and vegetation have low effecouigh
suction effects. This influence becomes more sicamt in tropical areas, where evapotranspirat®high,
all along the year (Stokes et al., 2009).

There are only few studies taking into account bm#thanical and hydrological effects of vegetaton
landslides, to compare their effects. Schwarz e(28110), demonstrate that the relative importaoicboth
effects is dependent of the size of the deformatiam small deformation, (up to few millimetresalslity
reinforcement is mostly the result of suction, ve@er for centimetric deformations, the mechanicad-re
forcement is predominant.

1.4 Influence of the vegetation on infiltration

The presence of vegetation creates preferentiahgirahich facilitate local vertical infiltration,na could,
during high precipitation events, contributes te thpid increase in pore water pressure at thefact be-
tween the soil and the substratum or in existisgattinuities (Sidle and Ochiai, 2006).

However, there is no general proof that the vegetatover increases globally the in-depth watempsup
Inside the soil, the modification of permeabiligylikely to be localized, diffuse and restrainedtte vicinity
of the roots system.

1.5 Influence of the vegetation on weight

According to Ladier et al. (2012), the vegetal matks forest would only correspond to a 5cm-litterd
could therefore be negligible for deep-seated leahels Except this assessment, very few quantdattudies
exist on the influence of the induced weight of etafjon at a slope scale. In all cases, the inflaesf the
weight cannot be evaluated alone, because thdizitaipiinfluence of roots on shear stress reinforeat
could not be omitted.

1.6 Synthesis on the influence of the vegetation qresstability

Vegetation influences very poorly the deep-seataddlides. However, this influence exists for sivalland-
slides, but remains difficult to address. In thmedime, the vegetation cover increases groundhigignd
so it would tend to decrease the safety factor,jtbaiso increases the shear strength. Some cosaparbe-
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tween these two effects are performed accordintpedocalization of the forest on the slope. Thab#ity
would be increased if the vegetation is preserthertoe of the slope (Greenwood, 2004, Genet 0410, Ji
et al., 2012) but this stabilizing effect would teeluced if the vegetation is located on the uppetr gf the
slope (Norris, 2008, Genet et al., 2010). In ths kituation, the influence of the weight wouleipass the
mechanical reinforcement. However, the benefidi@ot of vegetation would be dependent on the sfzée
landslides (Schwarz et al. 2010).

2 SLOPE STABILITY MODEL

The aforementioned characteristics of the intevastibetween landslides and vegetation, and theiabla
effects according to the hydrological regime, thepprties of soil, the types of landslides andltizalization
and species of forest, encouraged us to integnaie effects directly inside our physically-baseddal for
slope stability assessment ALICE.

2.1 Principle

ALICE (Assessment of Landslides Induced by Clim&hents) is a software designed to support lanelslid
hazard mapping for areas ranging from slopes tardeent (Sedan 2011). The model is based on a mecha
cal and geotechnical approach for which the maysigll characteristics of the soils and surfacesjaanti-
fied. These parameters are integrated in a matlhehatodel to calculate a safety factor for eactepof the
profiles (Aleotti & Chowdhury 1999). In this modehe spatial variability of the parameters (e.gchamical
characteristics of the different soil layers) hmgé known and is handled through GIS solution. fiodabil-
istic approach used allows us taking into accomecettainties by giving probabilistic distributiottssome of
the parameters of the model such as the soil cfesistacs: cohesion (c), angle of frictiof)(and unit weight

(¥)-

The 2D profiles on which the stability is assesamxlautomatically generated using four input rastaps
derived from the Digital Elevation Model (DEM), tover the whole area. Pedological and geologicaitast:
teristics, and their spatial variability, are takato account thanks to the altitude maps of therfaces be-
tween each soil layer, the highest limit correspogdo the topographic surface (DEM).

2.2 Hydrological Modelling

Water table level is set by determining two conispaezometric maps: one for the maximal water tééel
and the other one for the minimal water table. Gineent water table is then automatically generatdd/een
these piezometric levels by setting a global fjliratio. This filling ratio, corresponding to thevel of the
present water table compared to the maximal wat#e tevel, is computed thanks to a global lumpgdtdr
logical model, GARDENIA (Thiery, 2003). The hydrgical system is modeled by a system of 3 tanks,
which reproduces the 3 layers characteristics @htydrological behavior of the soil:

» the top zone, the first tens centimeters, wheretagotranspiration occurs

» the unsaturated zone, where runoff occurs

» the saturated zone

The model allows estimating the relationships betwthe piezometric levels and the meteorological pa

rameters, such as precipitation, temperature gingdiuish between snow and rain fall) or the patdetapo-
ration. These relationships, after being calibrateithg past records, allow estimations of futumeseof soil
water content.

2.3 Safety factor calculation

The software uses the Morgenstern and Price mgtf8V), which is a finite slope stability model bdson
the equilibrium calculation between slices subdigdhe landslide volume. This method is used enrégu-
larly spaced topographic 2D profiles. The principbasists in analyzing the forces applied on arsiidody
along a potential slip surface and assessing aralbbveeasure of its stability through a safety éactMore
precisely, the sliding body is divided into slicasd the forces exerted on each slice (weight, teasulvater
force, shear and normal forces on the base, iiter&irces, external force and seismic force) aken into
account. The safety factor (SF), calculated ferwiole sliding body, can be expressed as:

SE= soil shearstrength
shearstrengthrequired for equilibrium

(4)
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Theoretically, a sliding body for which the valuktlee safety factor is less than unity is unstableless
the slip surface is previously known, the safetstdes should be calculated for every potential slipface of
a hill slope. The slip surface for which the safietgtor is the smallest is the critical slip sugaalong which
sliding is the most likely to occur.

The software calculates safety factors on eachilgrof the studied area. The probability of haviheg
safety factor below one represents the probaklittandslide occurrence for a given triggering soen(i.e.
landslide geometry and water table level). The elisipn of the distribution gives the uncertaintgasated
to the result. Finally, a map is created, displgytine highest calculated probability of occurrefmeeach
pixel of the studied area.

2.4 Integration of vegetation

So far, the vegetation has been integrated in théeinn two ways, with an additional apparent cadre®f
the soil due to root reinforcement of the resistatacshear and additional weights on the slicesrdangy to
the vegetation cover. The vegetation cover is altiadal layer of the model, with 3 characteristitte addi-
tional cohesion due to the roots.(s), the average depth of the rootk< and the average weight of the
forest indicated as a surface for&fes). These modifications affect mostly shallow lamtkss$, where the
potential slip surfaces would be situated insice ot layer (Fig 1.a) and for which the additionedight
will be significant compared to the weight of thal @ibove the slip surface (Fig 1a and 1b). Thé dwarac-
teristic would be modified as described in Equabon

. I
{ €' = Csoi1 + Cforest

5a
W = Wsoi + Wforest (5a)
¢ = Csoir
5b
{W = Wsoi + Wforest (5b)
7 { ¢ = Csont 5c
C W = Wson (5¢)

Figure 1: Description of the different potentigusitions of mechanical effects of vegetation opsistability.

3 APPLICATION TO THE LARUNS TEST SITE

The above method is being applied to the Larurtsstiss which is located in the Pyrénées Atlantigegion,
in the South of France. The studied area is locat@mountainous valley with altitudes rangingir606 m
to 2613 m, and with high slopes (the median slgpgbove 40%). It covers 4758 ha, amongst which 2864
are covered by beech, fir, or mixed beech-fir ftw€Big. 2a). A simplified 3D geotechnical modekHzeen
constructed based on the geological map and centaur zones called respectively “colluvium”, “gel,
“limestone” and “granite” (Fig 2b). The charactéids of the soils for the four zones have beenbcaled
based on an inverse method and on punctual dabde(I® The model considers so far only one upager
susceptible to slide, over the bedrock, and tharpaters are considered homogenous (and therefostac)
inside a zone.
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Figure 2: Description of the studied area: a) foceser (source: CRPF) and b) geotechnical model.

The first simulations are run for different levelswater table, for different lengths, for rotatedlandslides
with slip surfaces located between 1 and 5 m belmvsurface, and, as no distributions are introduyet,

safety factors are returned. (Fig.3). Further sanohs have to be performed to consider heterogemesoil

properties, the vegetation cover and the evolutidthe hydrological context.

a) b)

Facteur de stabilité

ResFs.fit

Value
s High : 127727

Facteur de stabilité

80m

Value
High : 12.7727

000241226 B Low: 000241224

0 5001000 2 000 Meters 0 5001000 2 000 Meters

Figure 3: Results of the spatial distributionsiud safety factors for different water table le@lswater table = DEM; b, water
table = DEM-5m)

Table 1. Characteristics of the 4 zones of thaegdmical model

Zone Cohesion frictional Gamma Depth
(kPa) angle (®) (kN (m)
1-colluvium 5 30 18 25
2-pelite 2 30 17 5
3-linestome 2 35 18 1
4-granite 80 40 19 100

4 DISCUSSIONS

The ALICE software has been further developed talile to integrate the effects of the evolutionhef veg-
etation cover on the stability of the slopes, dmetefore to be able to provide insights for forgstranage-
ment. So far, the influence of the vegetation anrttechanical properties has been integrated, butthated
uncertainties on depth of influence and on quantdaeffects should still be considered. Furthermdhe
effects of vegetation on the hydrological cycle Vdoliave to be analysed, through our hydrologicatleto
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ling, with variations of evapotranspiration, busalon its effect on the spatial repartition of tiater table
level. All these development will be applied to tteruns test sites, to simulate different scenaoifoglobal
changes (climate and land-cover). The results shHwsve are only preliminary results, which will beed as
support for the comparison and the sensitivity wsialof the different upgrades of the model.
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