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EXECUTIVE SUMMARY

In the global context of climate change, periods of drought around the Mediterranean are becoming
increasingly severe and lotgsting, and are significantly increasing the number of fires and the areas
burnt. With increasingly dense Wuareas at the foot of the relief, the hydraulic risks induced after a
fire are likely to be aggravated. This results in much more reactive catchment areas, leading to more
frequent flooding and overflowing watercourses being triggered by less intengfaltdhan before.

After a fire on a slope overlooking human structures, the sudden change in the landscape often causes
psychological trauma in the population, which can lead to an exaggerated perception of the risks
induced by rainfall episodes. This peption bias can lead to a desire to quickly implement solutions

for restoring burnt soils that ultimately prove to be ineffective and costly.

The hydraulic processes induced after a fire, and in particular the increase in runoff and soil erosion,
have bea the subject of numerous studies and feedback throughout the world, with very varied
estimates, most of which are difficult to apply in a Mediterranean context.

As part of the EuropeaMONTCLIMArOject, a first indepth analysis of the potential aggraiat of the
hydraulic risks induced by the fire of 2019 in the municipalityloNzEAUDE FRANCEWas carried out.

Its aim was not to quantify the hydraulic processes precisely, but rather to describe the mechanisms
involved. To complete this analysis, wmposed the implementation of an experimental "pdse
erosion hazard assessment” sgi intended to enrich scientific knowledge on these hydraulic
processes induced in a Mediterranean context on burnt soils made up of weathered shale.

The principle dthis experimental setip consisted in installing measuring instruments on a slope
recently impacted by a major wildfire in a pidentified sector. The 5Shectare fire that occurred on

31 July 2021 on the international border ridge overlooking the toWM@E®BER®as an opportunity to

set up three experimental plots of 100?reach to measure hydrological and erosive processes. With
the help of precise knowledge of the rainfall regime thanks to the installation of a rain gauge, the
effects of the fire weregguantified by comparing the volumes of runoff and sediment between two
burnt plots and one vegetated control plot unaffected by the fire.

After one measurement season, from October 2021 to September 2022, and despite a general lack of
rainfall in the stug area, the experimental setp yielded the following results:

- burnt soils reacted more quickly (from the beginning of the rainfall) and more readily (for
lower rain intensities);

- burnt soils produced a hydrological response from a rainfall intensity adfits®0 mm/h;
- unburned soils produced a hydrological response for rainfall intensities above 40 mm/h;

- runoff rates were up to six times higher on the burnt erosion plots than on the vegetated
control plot;

- erosion rates were up to 14 times higher on the tugrosion plots than on the vegetated
control plot;

- runoff and erosion rates decreased with time and with the amount of vegetation cover on
the ground,

- the natural dynamic process of vegetation recolonisation was strong, and after 10 months
the vegetationon the ground reached a coverage rate of around 70% to 90%.
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The results of this experiment should be treated with caution as they are based on measurements
taken during a single hydrological season, in a context of rainfall deficit with few excepaarfallr
episodes.

By comparing these results with the literature, and taking into account the difference in scale between
the MONTCLIMAroject's experimental plots (1003nand larger burnt catchments integrating hyero
sedimentary processes, we conclude that fires can as mudbuwdse the runoff ratecompared to the
pre-fire configuration.

As far as erosive processes are concerned, even if the results show auddgs increase in the rate
of erosion, with a ratio greater than 10, it is difficult to establish a trend on the basis of this experiment
alone.

The changes in the hydedimentary regime of the burnt watersheds are transitory: in the
experimental seup, the natural dynamics of vegetation recolonisation provided good ground cover
after only 10 months. This dynamic depends on many factors, but an overview of the literature
indicates tha3 to 5 years after the firethe hydrological and sedimentary prosesreturn to normal.

Understanding this temporal evolution of the processes in the medium term requires the monitoring
of the experimental system to continue beyond the end of th®NTCLIMAproject. The RTM
Department will carry out minimal monitoring dag the 20222023 hydrological season, in
association with a local university unit to capitalise and update this knowledge.

Thanks to thevlONTCLIMAproject, the results of the experiment were used by the RTM Department of
the PYRENEEOGRIENTALH®A operatbnal studies on the evaluation of the potential increase in hydraulic
risks induced by the fires @POUtPERILLOGNd SALSESECHATEAU?28 June 2022) and @AUDIEE
FENOUILLEDESS August 2022).

In particular, it was possible to formalise, am objective and quantified mannera protocol for
intervention after a firg with a suitable timeframe for the implementation of action® mitigate the
hydraulic risks involved
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GLOSSARY

The following specific terms are used in this report:

1
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Experimental seup: set of three erosion plots, a rain gauge and digital cameras to confirm the
presence of runoff and monitor vegetation recolonisation

Rain gauge a device for continuous measurement of rainfall; a rain gauge consists of a stand
and a cylindrical covdsensor) installed on top of the stand

Erosion plot a setup comprising:
- aplot of approximately 100 fiwith borders;
- arunoff collector/settler;
- an approach channel with a flow measurement device Fiige);
- adigital camera to monitor thequipment.

Borders whether rigid (wooden planks) or flexible (ballast bags), these are used to delimit a
precise surface for the study of erosion

Settler. a tank that collects and measures the soil elements removed by the runoff (sand and
gravel)

Approachchannel a straight channel located upstream of the-H8me to allow the running
water to align with the general direction of flow and facilitate measurement

HSFlume the equipment used to measure flow (flow meter). This equipment has a very specific
geometry and gives a simple relationship between the measured water level and the flow rate
value

Digital camera Observation device to monitor equipment and reduce the risk of vandalism

Runoff coefficient ratio between the amount of water that renoff and the total amount of
water that falls (rainfall). This ratio is always less than 1

Splash effectthe effect of raindrops impacting the soil and dislodging solid matter which is then
carried away by gullying and contributes to soil erosion

Hydroptobicity: the tendency of a soil to become impermeable. In certain soil and vegetation
configurations, fire can strongly modify the pedological characteristics of the soil and increase
its hydrophobicity

RTM Restauration des Terrains en Montagifestoration of Mountain Land)a department
of the National Forestry Office (ONF) specialising in natural risks (avalanche, landslides, flooding,
overflowing watercourses)

DFCI Défense des Foréts Contre I'Incendia department of the ONF specialising in the
prevention of forest fires




MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

LITERATURE REFERENCES

Badia, D., & Marti, C. (2000). Seeding and mulching treatments as conservation measures of two burnt
soils in the central Ebro valley, NE Spain. Arid Soil Research and Rehabilitation, 14(3), 219-232.

Ballais, J. L., Bosc, M. C., & Sandoz, A. (1992). La morphogeneése sur la montagne Sainte-Victoire aprées
l'incendie : I'exemple du ruissellement (1989-1992). Méditerranée, 75(1), 43-52.

Ballais, J. L. (1993). L'érosion consécutive a l'incendie d'ao(t 1989 sur la montagne Sainte-Victoire :
trois années d'observations (1989-1992) (Erosion resulting from the fire of August 1989 on the Montagne
Sainte-Victoire: three years of observations (1989-1992)). Bulletin de I'Association de géographes
francais, 70(5), 423-437.

Bartet, J. H., & Combes, F. (1984). Remise en valeur d'un territoire incendié, communes de Saint-André-
les-Alpes, Angles, Vergons (Alpes de Haute Provence). Forét Méditerranéenne, 6(1), 27-38.

Bautista, S., Bellot, J., & Vallejo, V. R. (1996). Mulching treatment for postfire soil conservation in a
semiarid ecoset-up. Arid Land Research and Management, 10(3), 235-242.

Bodi, M. B., Martin, D. A., Balfour, V. N., Santin, C., Doerr, S. H., Pereira, P., ... & Mataix-Solera, J.
(2014). Wildland fire ash: production, composition and eco-hydro-geomorphic effects. Earth-Science
Reviews, 130, 103-127.

Bonnet, V., & Tatoni, T. (2003). Analyse spatiale et fonctionnelle de la réponse de la végétation apres
incendie en basse Provence calcaire. Forét Méditerranéenne, 24(4), 385-402.

Booker, F. A., Dietrich, W. E., & Collins, L. M. (1993). Runoff and erosion after the Oakland firestorm.
California Geology, 46(6), 159-173.

Cannon, S. H. (2001). Debris-flow generation from recently burned watersheds. Environmental &
Engineering Geoscience, 7(4), 321-341.

Cerda, A., & Doerr, S. H. (2005). Influence of vegetation recovery on soil hydrology and erodibility
following fire: an 11-year investigation. International Journal of Wildland Fire, 14(4), 423-437.

Cerda, A. (2009). Fire effects on soils and restoration strategies (Vol. 5). CRC Press.
Combes, F. (1990). Apreés le feu... la boue. Revue forestiere francaise, 42(S), 303-306.

DeBano, L. F. (2000, March). Fire-induced water repellency: an erosional factor in wildland
environments. In Proceedings of Conference Land Stewardship in the 21st century. The Contributions
of Watershed Management (pp. 307-310). Tucson: Arizona.

Diaz-Fierros, F., Benito, E., & Soto, B. (1994). Action of forest fires on vegetation cover and soll
erodibility. Soil erosion and degradation as a consequence of forest fires. Geoforma Ediciones, Logrofio,
163-176.

Doerr, S. H., Shakesby, R. A., Blake, W. H., Chafer, C. J., Humphreys, G. S., & Wallbrink, P. J. (2006).
Effects of differing wildfire severities on soil wettability and implications for hydrological response.
Journal of Hydrology, 319(1-4), 295-311.

Hoefen, T. M., Kokaly, R. F., Martin, D. A., Rochester, C. J., Plumlee, G. S., Mendez, G., ... & Fisher,
R. N. (2009). Sample collection of ash and burned soils from the October 2007 southern California
Wildfires (No. 2009-1038). US Geological Survey.

Kribeche, H., Bautista, S., Gimeno, T., Blade, C., & Vallejo, V. R. (2013). Evaluating the effectiveness
of post fire emergency rehabilitation treatments on soil degradation and erosion control in semi-arid
Mediterranean areas of the Spanish South East. Arid Soil Research and Rehabilitation, 27(4), 361-376.

Lavabre, J., Torres, D. S., & Cernesson, F. (1993). Changes in the hydrological response of a small
Mediterranean basin a year after a wildfire. Journal of Hydrology, 142(1-4), 273-299.

Service de Restauration des Terrains en MontgdgDBIF / October 2022



MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

Lavabre, J., & Martin, C. (1997). Impact d'un incendie de forét sur I'hydrologie et I'érosion hydrique d'un
petit bassin versant. Human Impact on Erosion and Sedimentation, (245), 39.

Martin, C., Bernard-Allée, P., Béguin, E., Levant, M., & Quillard, J. (1993). Conséquences de l'incendie
de forét de I'été 1990 sur I'érosion mécanique des sols dans le Massif des Maures (Repercussions on
physical soil erosion in the forests of the "Massif des Maures" following the fire of Summer 1990). Bulletin
de I'Association de géographes frangais, 70(5), 438-447.

Martin, C., Martin-Decome, A., & Allée, P. (2008). Prédiction de I'érosion hydrique aprés incendie de
forét dans la partie occidentale du massif des Maures (Var, France). Etudes de géographie physique,
35, 51-64.

Martins, M. A., Machado, A. |, Serpa, D., Prats, S. A., Faria, S. R., Varela, M. E., ... & Keizer, J. J.
(2013). Runoff and inter-rill erosion in a Maritime Pine and a Eucalypt plantation following wildfire and
terracing in north-central Portugal. Journal of Hydrology and Hydromechanics, 61(4), 261.

Mataix-Solera, J., & Guerrero, C. (2007). Efectos de los incendios forestales en las propiedades
edaficas. Incendios forestales, suelos y erosion hidrica, 5-40.

Moody, J. A., & Martin, D. A. (2009). Forest fire effects on geomorphic processes. In Fire effects on soils
and restoration strategies (pp. 57-96). CRC Press.

Moody, J. A., Shakesby, R. A., Robichaud, P. R., Cannon, S. H., & Matrtin, D. A. (2013). Current research
issues related to post-wildfire runoff and erosion processes. Earth-Science Reviews, 122, 10-37.

Moody, J. A., & Nyman, P. (2013). Variations in soil detachment rates after wildfire as a function of soil
depth, flow properties and root properties. US Department of the Interior, US Geological Survey.

Moody, J. A., & Ebel, B. A. (2014). Infiltration and runoff generation processes in fire-affected soils.
Hydrological Processes, 28(9), 3432-3453.

Neary, D. G., Ryan, K. C., & DeBano, L. F. (2005). Wildland fire in ecosystems: effects of fire on soils
and water. Gen. Tech. Rep. RMRS-GTR-42-vol. 4. Ogden, UT: US Department of Agriculture, Forest
Service, Rocky Mountain Research Station. 250 p., 42.

Pietraszek, J. H. (2006). Controls on Post-fire Erosion at the Hillslope Scale, Colorado, Front Range
(Doctoral dissertation, Colorado State University).

Prats, S. A., Malvar, M. C., Vieira, D. C. S., MacDonald, L., & Keizer, J. J. (2016). Effectiveness of
hydromulching to reduce runoff and erosion in a recently burnt pine plantation in central Portugal. Land
degradation & development, 27(5), 1319-1333.

Rey, F., Ballais, J. L., Marre, A., & Rovéra, G. (2004). Role de la végétation dans la protection contre
I'érosion hydrique de surface. Comptes rendus géoscience, 336(11), 991-998.

Shakesby, R. A., & Doerr, S. H. (2006). Wildfire as a hydrological and geomorphological agent. Earth-
Science Reviews, 74(3-4), 269-307.

Thomas, G., Rosalie, V., Olivier, C., & Antonio, L. P. (2021). Modelling forest fire and firebreak scenarios
in a mediterranean mountainous catchment: Impacts on sediment loads. Journal of environmental
management, 289, 112497.

Vallejo, R., Serrasolses, I., Alloza, J. A., Baeza, M. J., Bladé, C., Chirino, E., ... & Vilagrosa, A. (2009).
Long-term restoration strategies and techniques. Fire effects on soils and restoration strategies. Science
Publishers Inc, Enfield, 373-398.

Wohlgemuth, P. M., & Robichaud, P. R. (2007). The effects of selected postfire emergency rehabilitation
techniques on small watershed sediment yields in southern California.

Woods, S. W., & Balfour, V. N. (2008). The effect of ash on runoff and erosion after a severe forest
wildfire, Montana, USA. International Journal of Wildland Fire, 17(5), 535-548.

Service de Restauration des Terrains en MontgdgDBIF / October 2022




MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

Service de Restauration des Terrains en MontgdgDBIF / October 2022 -




MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

CONTENTS

1  The goals Of the PrOJECT.....ceci it e e e e e e e e 1
1.1  The effect of climate change on the increase in fires..........ccccoviiiiiie e 1
1.2 Fires aggravate Natural MSKS.............coooiiiiiiiiirre e 2
1.3  The state of current knoledge on runoff and erosian..........ccccccvevveeveeeeeeieiieeeeeeennn 4
1.3.1  Changes in hydrologiCal regime............ooeiiiiiii e 4
1.3.2 Erosion and QUIYING.........oeeiiii e 8

2 MethOdOlOgY USEM..........uiiiiiieiiieeiee e e e e e e e e e e e e e e e anes 13
D2 R I 1 1= o] o] 1= 1Y PP 13
2.2 The experimental approach...........ccooo i 13
2.2.1  Selected principle of measuring iNStrumMeNtation............ccoocvvvieeeeee i 13
2.2.2  SHE SEIECHON.....ceiiiiiiiee e 15
2.2.3  SiZING OF tNE SEUP ....eiiiiiiiiiie e 20
2.2.4  Choice of equipment and iNSITUMENIS........coovviiiiiiieiieee s 29
2.2.5  Setting up the measuring INStTUMENES........covvviiiiiiie i 37
2.2.6 Implementation and MaINTENANCE. ..........c.uviiiiie e 46

3 ResUIts Of the MEASUIEMENLS. ......ccoiiiiiiiii et e e 49
3.1 RAINTAI CONEXL.....eiiiiiiiieiiie et e e s e e 49
3.2 Increased hydrological regIME............ooiiiii i e e e e e e e e e 51
3.21 Raw WateHeVvel data...........cccuviiiiiiiiiiieiee e 51
3.2.2  Waterlevel inthe HEIUME..........ooiiii e 53
3.2.3 MEASUIEA FlOWS......ceiiiiiiiiieiie e 54
3.2.4  Closeup on the November 2021 rain eVeNL...........cccoeeiiiinevnnniiiiriirrirereee e eee e 55
3.25 Results from another fire Nearby...............ooo oo 58
3.2.6  Conclusions concerning Nydrolagy.............ueeeeeeiiiiimiiieee e 61

R B | 0T == TS To [ =T 01 (o] o FO PP PP PPPPPPPPPRIN 61
331 Results of the experimentaieasurements...........coovveeeeeeeee e 61
3.3.2  Qualification of erosion: natural dynamics of vegetation recolonisation............. 64

3.4 Reservations on the interpretation of the resultS.........cccvevvveeieeii, 70

4  Lessons learnt and followp Of the Project...........cevvi i 71

Service de Restauration des Terrains en MontagdBlF / October 2022 -




MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

Service de Restauration des Terrains en MontgdgDBIF / October 2022 -




MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

1 THE GOALS OF THE PROJECT

1.1 THE EFFECT OF CLIMATE CHANGE ON THE INCREASE IN FIRES

In recent years;regionalincreases in temperature, aridity and drought have increased the frequency
and intensity of fires"with a spatial spread that goes far beyond the regions that were frequently
affected previously. Over the next few decad&¥, a global warming of 2°C withssociated changes

in precipitation, global land area burned by wildfire is projected to increase by 35% (medium
confidence).'(Source: Intergovernmental Panel on Climate Chgrwerking Group Il; contribution to

the Sixth Assessment Report)

By drying otivegetation, climate change increases the meteorological hazi#rdorest fires and
lengthens the fire season. Météo Fraancesearchers have studied the evolution of this hazard over
the past century and for the next few decades: it has been incrgasirce the 1960s and is expected
to increase further during the 2century. Especially in the Mediterranean basin, all climate models
predict a drying out. This area is thus defined as a climate change hotspot in the latest IPCC report.

The evolution ad modelling of the French Meteorological Fire Index (MFI) from 1958 to 2100 show a
steady increase in the frequency of days with meteorological forest fire hazard and a lengthening of
the fire season (starting earlier in spring and ending later in autufimg. regions exposed to this
hazard are also expected to extend towards the north of France.

The mean value of the MFI increased by 18% between the periods-[1988] and [1982008]. By

2040, the mean MFI is expected to be 30% higher than for the pEr&il-2000]. Some simulations

show that this increase could reach up to 75% by 2060. By that time, a year like 2003 would become
the norm for meteorological forest fire hazard.

METEdJRANCEesearchers have crossferenced this evolution of the meteorological fire hazard with
the maps of vulnerability to forest fires of the main forest stands, drawn up by the National Forestry

1 TheFrench Meteorological Fire Index (MFExpresses the meteorological hazard associated with forest fires.

This hazard is estimated by considering the probability of an outbreak of fire and its potential for dgEaai-RANCE
assesses the MFI daily throughout Fran@éis index is calculated from simple meteorological data: temperature, air
humidity, wind sped and precipitation. These data are fed into a numerical model that simulates the moisture conditions of
the vegetation and the resultingieteorological fire hazardWeather observations and forecasts are used to calculate a daily
MFI. Climate projectiomallow us to study its evolution in the longer term.

2 Extract from aMeTedRANCEUblication:https://meteofrance com/le-changemeniclimatique/observede-changement
climatigue/changementlimatiqueet-feux-de-forets
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Office (ONF) and the National Forest Inventory (IFN). Poteetigitivity maps for summer forest fires
in recent times [1982008] and the medium terrf2031-2050] were drawn up.

Référence Horizon proche Horizon moyen Horizon lointain
1989 - 2008 2031 - 2050 2051- 2070 2081-2100

© DRIAS les futurs du climat {Météo-France, CNRM-GAME IPSL CERFACS)

FiquréNumber of days with meteorological fire index above 40 (high emissions scenario)
1.2 FIRES AGGRAVATE NATURAL RISKS

After a wildfire, in mountainous terrain, the potential aggravations concern the following(Esksct
from the DGPR document, ONF 2(/hthése des études pastendie de forét et bilan des méthodologies

x  Risk of falling trees
Fire causes the death or weakening of trees, which greatly increases the risk of tree falls. This
risk occurs when wooded areas are affected by a fire of moderate or high severity. In most cases,
the trees fall months or possibly years after the fire has catiseid death by heating the living
parts (meristems), accentuated by degradation by various decomposers (entomofauna and
fungi in particular). In the case of trees that are already partially dead or desiccated, tree fall can
occur during or immediately adt the fire.

Falling trees can lead to the aggravation of other risks (erosion, rock falls, overflowing
watercourses, avalanches).

x  Risk of falling rocks and stones
In the zones of origin, fire facilitates the movement of rocks through the combined effect o
heatinduced soil destructuring and increased erosion due to the loss of vegetation cover.

In rockfall propagation zones, the destruction or damage of the forest by fire can lead to a
sudden loss of the protective screen function and therefore greadseemse the probability of
danger to important elements.

Protective structures can also be damaged, diminishing their effectiveness in reducing the
probability of stones and rocks falling (active structures) or reaching other important elements
(passive stictures): wooden structures can be totally destroyed, dry stone walls destabilised,

concrete or metal structures can be damaged by thermal effects, with the appearance of
problems with anchoring and the resistance and durability of building materials.

x  Riskof gullying and erosion
During a fire, the heat destructures the surface soil and destroys the plant litter and the
herbaceous layer, facilitating the genesis of erosion and gullying phenomena. Furthermore, the
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layer of ash deposited on the ground durittig fire is highly mobile, and is easily washed away
at the first rainfall. Erosion and gullying occur mainly in the first year after the fire and up to the
third year. After this period, the most destructured fraction of the soil has already been washed
away and the herbaceous and shrub layer is again present to protect the soil.

These posftire phenomena can then have two types of consequences:

A natural risks erosion and gullying lead to the bottoms of thalwegs becoming filled with
gravel and scouring tfie slopes, as well as on the tracks. Indirectly, erosion favours the
movement of stones and rocks, which will actually fall later when watercourses
overflow.

A the environment soils are not only an important reservoir of biodiversity and carbon,
but also asubstrate for the development of the whole local biosphere. Although not
very visible, the impact of fires on ecosystems can be very strong (directly through
flames, then indirectly through erosion). This impact is all the more serious when fires
are intense and/or frequent; in this case, the ecosystems are increasingly degraded
(monospecific scrubland or maquis, grasslands, scree, deserts).

Risk of flooding and overflowing watercourses

The destruction of the vegetation cover and the weakening of the lsoilire considerably
aggravate the processes of runoff and gullying and therefore the risk of flooding and overflowing
watercourses, including far downstream of the catchment areas affected by the firefifeost
damage usually occurs at already problemddications (crossings, bridges, culverts, restricted
stretches of watercourses, flooding areas, etc.).

An aggravating factor is the formation of logjams of burnt wood along the river system.

The transport of solids is most significant during tiirst rainfall episodes after the fire
(departure of ash and the upper fraction of the soil disintegrated by the fire). It is therefore
essential to assess this risk very quickly, before the autumn period of intense Mediterranean
rainfall. This risk disagars as soon as a cover of at least 50% of the burnt surface is
reconstituted, either artificially (mulching) or more often naturally (herbaceous plants, shoots
or seedlings of shrub or tree species, etc.).

Avalanche risk

In potential avalanche zones, tldestruction of protective forest stands by fire can considerably
increase the avalanche risk (more frequent avalanches with larger volumes). Fire can also
damage and weaken avalanche defence structures of any material (metal, reinforced concrete,
wood, stae).
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1.3  THE STATE OF CURRENT KNOWLEDGE ON RUNOFF AND EROSION

For this case study, we weaoaly interested inthe phenomena of runoff and soil erosioafter a fire.

1.3.1 (HANGES IN HYDROLOGICAL REGIME

1.3.1.1 DESCRIPTION OF THE PROCESSES

In a catchment area, there aseveral types of flows:

"Slow" undergroundflows, involving the infiltrated part of the rainwater slowly transiting
through aquifers towards the outlets;

- "Rapid" surface flows, which mainly concern surface runoff processes and subsurface
runoff. Runoff ighe fringe of water that flows more or less freely over the surface of the
soil after rainfall. The amount of surface rundépends on the intensity of rainfahd its
capacity to rapidly saturate the first few centimetres of the soil, before infiltratmd
percolation, which are slower phenomena, become predominant.

Apart from any water intercepted by vegetation, the available rainfall at the soil surface is divided
between water that infiltrates and contributes, through a slower flow through the lsgirs, to
groundwater recharge and base flow, and surface runoff when the intensity of the ra@xéakds the
infiltration capacity of the soiwhich itself varies, among other things, according to soil moisture).

This surface runoff, where excess waflews down the slopes by gravity, forms the bulkagid flood
flow. The steeper the slopes, the more surface runoff predominates compared to infiltration.

Flow when rainfall exceeds the infiltration capacity of the soil (known as Horton overlandiglow)
considered relevant for explaining the hydrological response of basins iresihdlimates (as in the
Mediterranean context) as well as during conditions of high rainfall intensity.

The percentage ofegetation interceptionvaries with climate condibns anddecreases as the
intensity of rainfall increase$or a given rainfall, interception is better if it is light, fine rain rather than
a downpour.

Foliage interception losses are highest for small rainfall events (<15 mm) ardtémgity rainfall
(about 50% of rainfall). For heavy rainfall (>15 mm), interception losses decreas@@94l6Of rainfall.

Interception losses may be lower when foliage is shaken by strong winds. Thus, the amount of water
flowing down the trunk and precipitation on the gmod increases with rainfall intensity and wind
speed; the storage capacity of the foliage is not constant.

The loss of vegetation after a fire has two consequences:

- the forest layer the absence of forest cover leads to an increase in effectirdall of
around 1020%.

- the vegetation layer at ground levethe role of the vegetation contributes to a slowing
down of the hydrological dynamics. In the absence of ground vegetation, the hydrological
response is much more rapidnd can be almost imadiatein small catchments.
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Figurg Distribution of the rainfall level durinitertyssmiwer (according to Réméheraactl#dd) Page
Hydrologizie science de la naergestion stechstBlusy, C. Higy, E.RRegrasdolytechniques et universitair
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Figuresummarises the temporal contribution of the different types of flows that participate in the
formation of a flow at the outlet of a natural catchment.

Interception (tree vegetation) andsurface storage(microtopography, ground vegetation) are
important for low rainfall. For intense rainfall generating flooding episodes, they only play a secondary
role. This role is even more marginal where vegetation has been lost by fire. The amaugieof
impacting the soil is then increased by up to 20% compared to dir@nonfiguration.

The proportion ofmoisture in the soilincreases the deeper the soil. In the Mediterranean region,
shallow soils are very often found, where soil wetting reacheaturation level quite quickly after the
onset of rain.

In the Mediterranean context, the share giirface runoffpredominates, especially for intense rainfall.
Following a fire, this runoff is even greater and occurs more quickly after the start cdithe
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IMPACT OF A FIRE ON THE INCREASE IN FLOODING(FREQUENCY AND FLOW)

A wildfire very often changes the hydrological regime of a catchment area because it changes the input
parameters:

A

The strong decrease in thiaterception effect of crown covedue to its disappearance
(and of vegetation more generally) generates greatdfective rainfall than when
vegetation is fully present;

The runoff coefficient is increased because the land use is strongly modified: the
disappearance of low vegetation nonger allows for the slowing of runoff, which
preferentially runs down any slope rather than partially infiltrating the soil;

Potentialhydrophobicity of the soit (a crust of cindersgenerated by the percolation of
organic waxes from the burning of plants) which strongly reduces the infiltration capacity
of the soil;

The"splash" effectof raindrops that strongly impact the soil, aggravated by the lack of any
interception. This "splds effect contributes to the formation of a crust, which
considerably reduces the infiltration potential of the soil: whereas in a-panous and
loose soil, infiltration is of the order of 30 mm/h, with a crust this infiltration is heavily
reduced, wih values as low as@mm/h, i.e. 10 times less;

The washing away of the humus layén the case of a litter fire, which reduces the
retention capacity of rainfall, and thus aggravates runGibrbes, 1990

Decreased runoffoncentration timedue to increased runoff velocities on bare soil.

The lessons learned from the experimental catchment areas oRflmaud(sub-catchment area of
1.46 knt of the Réal CollobrierVAR département LAVABRE1992, 1996, 1997)llow for a better
understanding of the evolution of runoff phenomena and their impact on the hydrological regime.

Thus, following a fire in August 1990, which led to the disappearance of almost 85% of the
Mediterraneantype plant cover (scrub, cork foressweet chestnut trees, maritime pines on
weathered gneiss soils, fine and sandy soils) of the dRialbaudcatchment area, which has been
equipped with measuring instruments and observed @GyMAGREFsince 1967, the following
consequences were observed:

A

A

sediment entrainment although surface runoff only generated the beginnings of gullies a
few mm to a few cm deep; no bank undermining was observed;

increased peak flowsthe 1Qyear return period flow (estimated before the fire) was
exceeded three times ithe postfire year, with average rainfall values. Paradoxically,
these flows were not associated with intense rainfall events. The monitoring of rainfall and
hydrometry led to the conclusion that after a fire, a rainfall with a return period of one
year b sufficient to generate a peak flow with a return period of 10 years (estimated before
the fire).

adecrease in the time of concentration of flowg\fter the fire, the hydrological response

of the basinwas extremely suddenThe runoff response of the baswas almost
concurrent with rainfall. The recession was also much faster than before. However, within
about 2 years of vegetation recovery after the fire, this effect had disappeared.

3 The phenomenon of hydrophobicity is very often mentioned in Enggisguage studies on large coniferous fires and on homogeneous
soils with a significant silty fraction. In a Mediterranean context, on rather coarse and gravelly soils, this hydropttedmcityenon seems
less prevalent. A DGPR 26223 action sheet is being drafted to assess the relevance of taking this phenomenon into account.
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A anincrease in runoff coefficientsin a Mediterranean contexiR¢al Gllobrier, Lavabre
1992, the annual runoff rate in areas affected by fire car2béo to 30%higher than the
reference situation before the fire.

The study by.avabre (1992, 199¢)Figure3 ¢ even shows that flows for 2dour rainfall of
less than 100 mm (typically a-4@ar rainfall) can increase by a factor of up to 3 between
the prefire and postfire flow values. In contrast, for heavy rainfalletk is no marked
impact on flows.

These results may be subject to several interpretation biases:

o for heavy rainfall (> 100 mm): there are very few data in the {biostsituation;
ultimately, there are only two rainfall episodes with which to buildrend.
Furthermore, a threshold effect of the hydrological response before fire is
observed from a daily rainfall of 140 mm.

o For moderate and low rainfall (< 100 mm): the comparison is made with daily
rainfall. However, for this small catchment area (1.46°kmunoff is very much
linked to the maximum intensity of rainfall. Indeed, 100 mm of rain falling in one
daywill cause much less runoff than 100 mm of rain falling in a few hoursgs
3 does not make this distinction, thiactor of 3 should be taken ag maximum
as it is not known whether comparable quantities are being considered.
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Figurg& Relationship between peak flood fldvesiarairtfadl 2dat caused Bteotfioadabre, 1997

The more intense the rain, the greater the runoff: there will be more runoff following a
short, violent storm than with long, not very intensainfall Combes, 1990 "Aprés le
feu...la boue).

Another study $hakesby; 20Q06moderates the increase in flows for heavy rainfall,
estimating it at 30%. This is logically explained by the fact that for heavy rainfall, a high
proportion of the precipiated water has already become runoff (this is the threshold effect
observed irFigure3).

Figure4 compares runoff before and after a fire according to vegetation type. However, this
graph does not provide information on the severity of the fire.
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For example, for a stand of Ponderosa pine in Arizahal{e infiltration capacity changes
from 60 mm/h before fire to 35 mm/h after fire.

In holm oak stands in Spain, infiltration capacity remains almost constant. The impact of
fire on increasing runoff is therefore not demonstrated in this case.

In coniferstands in Washington State, the impact of fire appears to be very strong on the
modification of the infiltration capacity (by a factor of three):

Infiltration capacity (mm hr')

1. Ponderosa pine, Arizona (Campbell et al., 1977)

2. Ponderosa pine and mixed conifer, Washington
(Martin and Moody, 2001a)

3. Pine and eucalypt, Portugal (Shakesby et al., 1993)
4. Pine and oak scrub, Israsl (Kutiel et al., 1995)
5. Qak scrub, Spain (Imeson et al., 1992)

1.3.2 BEROSION AND GULLYING

1321

MECHANISMS OF SOIL DESTRUCTION

Fire, depending on its intensity, wilhange the properties of the soil in several ways:

1. Theformation of a carpet of aston the ground Depending on the intensity of the fire,

the ash produced can be either black to a thickness of often less than 1 cm (coals formed
during a lowintensity fire) or greywhite to a thickness of up to 20 cm (fine, light ash from

a highintensity fire). Ash changes the porosity of the underlying soil in different ways:
black, rather coarse ash remains porous and does not form a screen over the ground. In
contrast,very fine grey ash clogs the soil interstices more quickly and effectiilpds,

20098).

Modification of the impermeabilityof the upper soil stratum(generally to a depth of less
than 6 cm) through the formation of a hydrophobic layddAONALD 2009. The
hydrophobic nature of the soil caused by fire is often the main cause of increased runoff.
Fire temperature is a critical factor in increasing the hydrophobic nature offppessoil
(DOERR 2006). In the case of deep, coarsextured soil covered byscruly and/or
coniferous vegetation, the impact of the fire (for a duration of between 5 and 20 minutes)
is as follows:

4 The2006DoERRStudy focuses on "chapparal" soils, which are a type of scrub and bushland found in Califorthiaestern Mexico and
the Mediterranean. This ecosystem belongs to the category of Mediterranean forests, woodlands and scrubland.
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A If the soil temperature remains below 175°C, the fire does not change the
composition of the soil much and it does not become morerbgtiobic than
before;

A If the soil temperature reaches values between 175°C and 200°C, the organic
matter turns into wax, which clogs up the interstices of the soil, considerably
increasing its hydrophobic nature. The rate of runoff then increases sharply;

A If the temperature reaches 280°C300°C or more, the top layer of soil
disintegrates and the hydrophobic layer is formed underneath.

3. Alteration of the surface soil structureln comparison, fire acts 10 to 100 times more
intensely than frost in the longerm to fracture rocks SHAKESBY2006). Burnt soils
become friable and much less cohesive, which generates a large quantity of fine
materials CoMBES1990 that can be washed away by moderate and heavy rainfall.
The most intense fires can destroy at lea@®% of the surface layer and litter
(MACDONALBR2009).

Figure5 summarises these mechanisms of soil degradation following a fire.

x In case (A), of a soil with a fairly impermeable tendency (strongly hydrophobic) that has
not been burned over, the foresttiér favours water retention, as do the cracks and
preferential pathways created by the root systems. With the rainwater being retained in
this way, the surface elements are not so strongly washed away;

x  After a low to moderate intensity fire (B), the littés consumed, releasing organic waxes
that clog the preferential pathways of cracks and root systems. The soil becomes even
more hydrophobic. There is no longer any surface litter to buffer the impact of raindrops
and the risk of fine particles being cid away becomes significant.

x The passage of a hightensity fire will cause the same damage as a modenaensity
fire, and will also "bake" the surface layer of the soil. As long as the rainfall intensity
remains moderate (C), the baked soil, whicls lh@come wettable, will buffer the runoff
and limit the removal of material. On the other hand, as soon as the runoff becomes too
high (D), the wettable soil is washed away, eroding large volumes of fine elements.

The literature does not give an order obgnitude of the rainfall necessary to move from
situation (C) to situation (D).
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B) Low to moderate severity burn

High risk of overland
flow development

Litter layer
destroyed

Highly water
repellent soil

Cracks and root-holes partly choked
with in-washed fines from post fire
erosional phase

D) High severity burn

Storage capacity of wettable
layer exceeded

Wettable surface soil

Highly water
g repellent soil

Figurg Structural and hydrological changes of the soil after a fire, (A) reference state witholw\iranBjese

intensity fire; (C and D) severe fire conditions

1.3.2.2 CONSEQUENCES FOR EROSION AND GULLYING

The degree of soil erosion depends on many factors, including:

x  Thelevel of soil destructuringnduced by the heat of the fire (this destructuring being
itself strongly linked to the geology, the vegetation cover, the relief, the previous hydric

conditions, etc.);

x  Theaggressiveness of the rainsplash effect”, cumulative rainfall and hourly intensities.

Following a fire, the absence of crown cowensiderably reduces the interception of rain by trees.
The direct impact of raindrops on the soil contributes to a significant splash effect on the soil, which is
all the greater when the rain comes from a thunderstoiefraszek, 200@ecause the dropsave a

larger diameter (summer thunderstorms, Mediterranetpe rain).

Raindrops falling on the ground produce a "splash effect" that can loosen soil material.

To give an order of magnitude of the aggressiveness of the splash effect, a rainfall equivalen
mm of water falling at a distance of 10 cm from the ground can loosen up to 10 grams of material per
m? of sail, i.e. about 100 kilograms of soil per hectare. The splash effect is one of the main processes
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of hydraulic soil erosion. Even in thesaimce of runoff, it is likely to cause theeepof sedimentary
particles. The larger the raindrop size, the stronger the splash effect: it is mdsheduring summer
thunderstorms.

Given the many factors that control the degree of soil erosion, it is very difficult to estimate sediment
production immediately after a fire. Some publications report erosion values:

- Ballais, 1992SainteVictoire mountan (PACARegion)
The bedrock is mainly limestone and the soils are composed of clays and marls. Measuring soil
erosion from instruments (grade nails) installed immediately after the August 1989 fire, 650
times more water erosion was observed on burnt stlilan on unburnt plots. The time
required for morphodynamic stabilisation is experimentally evaluated at 1 year, considering
the rather low rainfall. In the case of normal or excess rainfall, the study indicates, on the basis
of bibliographic references, #t equilibrium would rather be reached about 4 and 5 years
after the fire.

- Martin, 1993 Massif des Maures Réal Collobriecatchment area
The bedrock is essentially made up of crystalline rocks (gneiss, micaschist, phyllades). There
were already instruments installed on this catchment ar@amMaGREmydrological study),
which makes it the site with the richest rainfall record in the literatuThe erosion study
carried out after the fire of August 1990 concerned the quantitative monitoring of the
ASRAYSY(d FAtf 2F GKS 5C/LQa NBASNB2ANR | yR i
The specific degradation rate was more than 1500 #kwer one yar (19901991 season).
In subsequent years, this rate decreased sharply.
The fire caused a dramatic increase in soil erosion:

o fine load: the before/after ratio was in the order of 1:100 to 1:5000.

0 coarse load: the before/after ratio was in the range ofQo 1:3500.

Soil losses on the small burnt catchments were higher than those observed on the burnt
erosion plot. On the latter (area of 75%sloping at 11°) the measured soil loss was 883 #/km

on stony soil (gneiss and micaschist) during the first wdi@r the fire. In comparison, on
unburned woodland, there was hardly any soil loss.

This publication gives erosion values following fires in different contexts:

0 an example iMRIzONArom 1959 (scrub type vegetation), the specific degradation
rate is inceased by a ratio of 1:400 (production of 19.5 tAtyear before fire
versus 8400 t/krflyear after fire). In some areas, the specific degradation rate
even reached values of 25,000 t/kiyear;

o an example in the Australian Alps, the rate of specific dedialancreased by a
ratio of 1:100.

- Lavabre, 1997Massif des Maures Réal Collobrietatchment area
This publication complements the previously mentioned studgrin, 1993 with a longer
analysis period to assess the effect of vegetation recovery msi@n reduction. This
publication also specifies the specific degradation rates by year:
o 1 year after the fire (1990): 569 t/kityear;
0 2 years after the fire (1991): 66 t/Kifyear,;
o 3 years after the fire (1992): 76 t/Kiyear.

- Shakesby, 199®lorthern Portugal, pine and eucalyptus forest
Soil losses for rather wet conditions (above normal rainfall) after a fire were:
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Number of years after the fire

Type of fores 1 year 2 years 3 years
pine 6.73 t/ha 9.47 t/ha -
eucalyptus - 14.37 t/ha 2.88 t/ha

The literature indicates that alluvial production immediately after a fire can be increased on average
by a range of ratios between 1:100 and 1:400.

This excessive sediment production occurs immediately after the fire. The soils, afterthee part

has been washed away by the rains, return to their original sedimentary "equilibrium" 5 years after
the fire BALLAIS1999. This equilibrium is recovered all the more quickly because short vegetation
quickly colonises the burnt soil. Sedim@noduction can be divided by 8 after 3 yedisMABRE1997).

Figuré summarises the temporality of the prosses involved in the modification of sediment
production after a wildfire, and then illustrates the mechanisms for returning to thefipge

equilibrium. )
e
of arosion- Litter cover

limiting 4,
- Surface stone lag

factors

Figurds. The hypothetical decline in T
production after a forest fire and the r
factors (vegetation cover, litter cover §
stone lagy) reducing erosion rates (t E
Swanson, 1981, Shakesby et al., 19¢ 3
Williams, 1998).

f "\ Window of disturbance
Fire Time —>»

Service de Restauration des Terrains en MontgdgDBIF / October 2022



MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

2 METHODOLOGY USED

2.1 THE OBJECTIVES

Many publications deal witkhanges in thehydrological regime after a fireSeveral configurations
(soil type, slopes, vegetation) were analysed, and it was found that in the majority of casdlopdst
flows are significantly increased. This increase is in a wide range between +30% andL&8ab#é (
1992, 1996, 1997, Shakesby 2n0khis range is based on a compilation of post analyses from
different countries (USAQUSTRALISPAIN PORTUGAIFRRANCEand a multitude of configurations. It does
not specifically consider the impact of firesthe Mediterranean context.

In parallel, several publication8dllais, 1992; Martin, 1993; Lavabre, 1997; Shakesby,)198¢
analysedsediment production after a fire The values vary greatly depending on the configuration of
the sites (geology, typef @egetation, rainfall context). Some publications mention an increase in water
erosion by a ratio of 1 to 650 between the diee and postfire situation, with a return to normal after
between 1 year (low rainfall) and 5 years (high rainfall). Otherigatobns, in different contexts,
suggest an increase in water erosion by a ratio of 1 to 6000, with sediment production rates highest in
the year following the fire and decreasing up to 3 to 5 years after the fire.

The objective of this study was to use aserements to quantify very precisely the impact of a fire on
the modifications of the hydrsedimentary regime, in a configuration frequently encountered in the
PYRENEEGRIENTALE®Epartement wooded scrubland on predominantly shale.

2.2 THE EXPERIMENTAL APPROACH

Feedback and the literature on the change in hydrology after a fire indicate that runoff is systematically
increased immediately after the fire. But the runoff multiplier coefficient in relation to a reference
situation fluctuates greatly according the sources, and is sometimes not well suited to the context

of Mediterranean forests.

The most appropriate scientific reference concerns experiments carried out as part of a study on a
catchment area burnt in 199@®Rg¢al Collobrier catchment, Lavabrebfications from the 1990s

Locally, in theP’yRENEEGRIENTALE$Epartement there has never been an attempt to quantify erosion
after a fire. TheMoONTCLIMAroject, which can provide precise measurements of these phenomena,
makes it possible to acquire thled and local knowledge on this problem of soil erosion. This
knowledge is possible thanks to hyesedimentary monitoring on erosion plots installed for this
project.

2.2.1 SELECTED PRINCIPLE OF MEASURING INSTRUMENTATION

Determining the variables to be measured isemsential prerequisite for the proper construction of

the experimental setup, in terms of both the sizing of the equipment (collector volumes, channel
shapes, organisation of the various measurement and "destrative" erosion representation
modules) and the choice of the measurement range of the various sensors and their level of accuracy.

In the specific case of tHeERBEReErosion plots, the variables to be measured are:
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1 therainfall at short timesteps (amount and intensity of the rain);

9 the runoff rate at short timesteps (flow rate and volume of liquid flows);

1 the quantity of eroded material(mass of sand and gravel).

In order to have a precise knowledge of the liquid (hydrology) solid (water erosion) flows,
according to the type of land (burnt, not burnt), the instruments were designed to measure two
categories of values, as illustratedArgur#

x principle of continuous (flow) measurement

0 short timestep rainfall
0 runoff rates

x principle of overall (accumulated) measurement

o0 mass of eroded sediment

mesure en continu
pluie

pluviométre

Synoptique du fonctionnement : mesure en continu des flux (pluie, débit)
+ quantification des volumes solides
e parcelle d'érosion de 100 m? + prise en compte des trés faibles débits
Mesure de la pluie

“

caniveaux en pied de parcelle

—— mesure du flux solide
’ eau par échantillonnage

dép  Mesure en continu

Mesure du débit liquide

e T
7 Collecte des flux

chargée

temps

—— canal de mesure *x\\

7
" rejet dans le
milieu naturel du
flux liquide

bac de L .
sédimentation 1

mesure en continu
du flux liguide

bilan volumique
périodigue du flux solide

Figuré Schematic diagram of the opegapienrotatal erosion plot
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To easily demonstrate the impact of a fire on the increase in runoff and erosion, three experimental
plots were established in order to be able to compare the different measurement results:

x 1 plot of shrubby scrubland that had been burnt o¢@REPLOTL);
x 1 plot of dense shrubby scrubland that had been burnt ¢FAREPLOT2);
x 1 plot of dense shrubby scrubland, not bu(@NTROPLOT).

2.2.2 9TE SELECTION

The effects of fire on hydrsedimentry soil changes can be assessed in two different ways:

- possibility I ARTIFICIAL FIRE
An unburned site is selected and then one or more prescribed burns are carried out to
"simulate" a wildfire. This makes it possible to choose the site in advance witdrate
advantages: ease of access, land ownership issues, choice of slopes, choice of geology, choice
of rainfall context, sufficient time to order the equipment, etc.).
The setup is then ready to be deployed as soon as the artificial fire passes, sththat
variables can be measured immediately after the fire.
However, an intentional fire is consideradlow-severity fire and does not have the same
effects on soil as an actual wildfire. With a lower temperature, it does not impact the soil and
vegetationas much as a real fire would.

- possibility 2 REAL WILDFIRE
A real wildfire is often of moderate to high severity and has a significant impact on the soil. It
represents reality. The difficulty in instrumenting plots for this type of fire is that theiget
must be adapted rapidly to suit the location of the fire and that it is often not possible to install
equipment immediately after the fire: difficulties linked to land ownership, access,
implementation, etc.
It may take 12 months after the fire to becom operational. This timeframe is highly
dependent on the location of the site and the land ownership.

For this project, in order to assess the reality of the phenomena as accurately as possible, we chose to
instrument plots after a real fire

In order to be able to respond as quickly as possible, all the equipment was designed and sized during
the summer/autumn of 2021in anticipation of a fire that might occur.

This"opportunistic" strategy required the preidentification of interesting sites to be equipped with
measuring instruments.
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The preidentified sites, according to their geological, rainfall and relief characteristics and their
susceptibility to fire were, in order of prioritgFigurg. Cote Vermeille / Albéres / Fenouilledes / Bas
Vallespir / Aspres / L'AudeCorbiéres Alaric.
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Fiqur& Location of possible sites to be agegmethyiihstruments in the event of a fire

The Cote Vermeillés a suitable experimental site because of the high likelihood of hydraulic risks
induced by wildfires, to which the area is particularly vulnerable (Mediterranean vegetation, human
activities, wind regime, significant slopes, schistose soils), as weelhtagining densely built areas and
features.

In the summer of 2021, two fires occurred on the Cote Vermeille:

A the fire of 16 June 2021 in the commune FORFVENDREDelow Fort Béar. This fire
affected about 33 ha of scrubland on former agricultural teest Access is by footpath
only and the land is mainly private;

A thefire of 31 July 2021 in the commune GERBERIR the state forest (51 ha). The land is
totally Stateowned and access is very easy (well served by forest tracks).

The selection of a company to install the instruments was carried out on the basisRIRTEENDRES
fire, with a site visit taking place on 31 August 2021. However, for ease of access and control of the
land, we decided to instrument the burnt land imet commune of0ERBERE
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On 31 July 2021, in the middle of the afternoon, a fire broke out in the southern part of the commune
of CERBEREjgurg. Driven by a sting tramontana wind, the fire which started along the RD914 road
covered 51 ha as far @RTBOWY10 ha burnt on the French side and 41 ha on the Spanish side).

Lagents rurals
LB

Figurg Timeline of the fire, and resources deployec

(a): Start of the fire on 31/07/2021 at about 5 p.n :
embankment of the RDBdrizwatdal view from the fi
GERBEREhemdes Vignes,

(b): Development of the fire under strong tramontar
the Fren8panish border;

(c): Final traces of the burnt areas straddkBganE
border

(d). Emergency resiamsgr Tractor spraying retard.
thespread of the fire;

(e). Emergency regieatisguishing the fire witkbamvai — -
helicopter;

(1): Emergency respaastcal fire along the embar |
Chemin des Cachalots to slow the progress of the
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The burnt vegetation was mainly composed of heath and scrub (50 ha) and marginally of fairly dense
coniferous forest (1 ha). On the French side ladllturnt vegetation was in the manag€HdRBERState
forest. The overall fire severity index was Higlur#? During the search for sites to locate the erosion

plots, we selected a High severity ind&gurs?

FigurgOCerberus Fire Severity Index defined or

burning rate of plants Indice de sévérité de I'incendie
Incendle du 31/07/21

Differenced Normalized Burned Ratio (DNBR)
Faible (19.0% ) Limite de commune
Moyen (40.8 %) 1" " Limite de departement

e) | B For (402%) % point de départ
D Surface parcourue : 50.9 ha (100 %)

Cap Cerbére
(Ce eral

£ ; ,.'.1"’ Punta del Falco
tja de les Fresses

- ‘ﬁf"{_ iap de Portbou
X % ;Ia do /P.s‘ 2
tes

Traitements : N
&4 ONF-DFCI pour

le compte de I'Etat

Echelle : 1:10 000

Fonds : ®IGN

afja O@
/ Py
@ Les Tres p
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A Digital Terrain Model (DTM) was produced in October 2022 fraBveR survey by drone. This DTM

provided a detailed description of the topography of the burnt slope and the characteristics of the

experimental plots. The shading on this DTAVgr£r shows the micraelief and watershedstigurés
shows the slope values of the hillside.

Figurg2DTM obtained by LIDAR in October 2022. The acquisition area of this LIDAR survey is nizkei
represented is that of the RGEAIN £26724).

pente du terrain
[ <10
[J10°-20°
[J20°-30°
[ 30° - 40°
B <o: - 500
B 50 - 60
B co: - 700
B 7o - 80
I so: - 90

D limite
départementale

contour_feu2021

0 75 1500 225 -300 A
\ m

Figuré3Slope map based on the LIDAR survep{ixtabibn@@? e 31/07/2021 wildfire is shown in green

5 LDAR Light Detection And Rangingy.remote measurement technique that allows for lasgmale topographic surveys (poicloud) with
the ability to describe the relief under vegetation.
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2.2.3 9ZING OF THE SBP

2.2.3.1 QUANTIFICATION OF RAINFALL EVENTS

The quality of erosion measurements over small areas depends heavily on the ability of-thetset

accurately measure rainfall at short time steps, especially so as to be able to properly describe short
andintense rainfall events.

Rainfall on the ground can be measured with several instrument technologies:

A Doublechambered bucket rain gauges, which describe the rainfall pattern perfectly, but
have great difficulty in describing precipitation totals in theetof hail and snow;

A Weighing rain gauges, which give the water equivalent of all precipitation: liquid and solid.
These instruments are suitable for use in remote mountain locations.

A Impact rain gauges, which "count" the number of impacts of drops pesrson a rigid
surface to deduce an equivalent water depth. The accuracy of this device is sometimes
guestionable, as the measurement can deviate by up to 20% from the actual rainfall. This
system measures solid precipitation (hail and snow) very poorly.

Taking into account the location of the measurement site, and the need to have a good accuracy of
measurement of short rains, we opted for a PrécisMéca rain gauge with a mechanical -double
chambered bucket, with an opening of 400%and an accuracy of Oram.

For simplicity and cost reasons, as the-gptneeded to be visited periodically (at least once every 2
months), we chose not to transmit the data electronically. The records are then downloaded manually
at each maintenance visit.

In an ideal configuttéon, this type of rain gauge should have been set up at each erosion plot. For
reasons of economy and consistency of investment, as well as ease of maintenance and proximity of
the plots to each other, we installed only one rain gauge, at the centreso$ébup.

Figur#lustrates the rainfall patterns that occur at the pidentified sites. The PrécisMéca PLV400 rain
gauge is suitable for measuring these rainfalls, which can be very heavy (> 100 mm/h).

Figuréd Climatological data and rainfall characteristics from the Aurelhy and Shypre procedures Asie
(Caixas), Cote Vermeille (Cap Béar), Fenouillédes (FofuesRén)hibE(RodEs) !

. - . Analyse statistique de la pluie de durée TH 4 24H
T et m Itcnsité de pluic fam,/h) Courbes IDF : Intensité-Durée-Fréguence

Répartition mensuclle de la pluie et des
hauteur de pluie () fissues de la procédure Auréity
120

== piuie (mmi

——TC

Fs @ 3 A dunte de la pluic (h) 24
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2.2.3.2 QUANTIFICATION OF RUNOFF OF THE PRECIPITATED WATER

For each rainfall event, the quantification of the liquid volume produced by the erosion plot from direct
surface gullying is essential data; it indicates the volumegatér involved and ultimately provides an
understanding of the capacity of the soils to favour or not favour water flow, as well as the
concentration of the materials removed.

These guantifications are based on the integration method, since it was plaoset up erosion plots

of approximately 100 rin area. In concrete terms, this means measuring a liquid flow rate. In
hydraulics, there are many methods of measuring flow. In this case, the most appropriate way is to
measure with a calibrated channel.

This channel can either be assembled directly on site orgasembled at the factory. In the first case,
the rating curve (water level/flow rate ratio) that needs to be determined depends very strongly on
the correct construction of the structure. Measurentecampaigns are then necessary for a period of
one to several hydrological seasons.

In the second case, the factory pealibrated templates allow immediate quantification after
implementation on site.

In order to save time for the measurement campaige recommend the solution of &actory pre-
calibrated channel gauge

In this case, several geometries are possible. They depend on:

the maximum flow rate that needs to be measured;

low flows representative of common rain showers;

the accuracy of theneasurements;

the consideration of the risk of obstruction by floating objects;

the consideration of any deposits (sand and gravel) that may form;

ease of installation and maintenance;

= =4 4 4 A A -

the cost of purchase, installation, commissioning and maintenance.

Themost common structures that can meet these requirements include:

1 The HFlumetype channeélwith its HSFlume variant;
1 The KafaghVenturitype measuring flume;

1 The Parshallype measuring flume.

Figurgprovides a comparative overview of the mdliow meters that can be used for this study. We
should also mention some other less common measuring flumes, such as CUTTHROAT,-LEOPOLD
LAGCO, etc., but they do not generally provide accurate measurements of small flows and have
therefore been excluded &m the comparative analysis of technical options.

6The term H comes from the fact that this geometry corresponds to the eighth design of the flume (H being the eightthietiéptuibet).
This design combines the sensitivity of a-lvalled weir with the sel€leaning properties of a flume.
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Khafagi-Venturi

Palmer BOWLUS

Fluid Tipper

Figurel5 Possible equipmy
measuring  small  flod|
characteristics of Hawmhmetd
fts advantages and limitatio

ILLUSTRATIONS
SCHEMAS ) Le canal Khafagi-Venturi posséde un La mesure est basée sur le principe
e fond plat et les écoulements des volumes élémentaires, a I'image
subissent un rétrécissement (effet du fonctionnement des pluviométres
le H-Flume ) Le canal Parshall fonctionne sur le j Venturi pour un passage en régime a augets.
le HL-Flume pour les forts débots_ principe d’un rétrécissement (effet critique).
le HS-Flume pour les faibles débits Venturi) combiné 3 une « marche »
3 o 0
en fond. - —+— —{— -
Grace a des géométries différentes, | Comme tous les canaux, il permet aux N L b
ils couvrent plusieurs gammes de | écoulements de passer par le régime - Side vélevill le
débits. critique (de fluvial a torrentiel). onctionnement egalement sur
principe du régime critique.

AMPUITUDE DE ® Hs-122 mm : 0,0046 I/sa 2,41 1/s e colde25mm:0,131/s34,381/s ®QV302:0,51/sa6,931/s e diamétre 102 mm :0,21/s32,21/s * modéle 2 L - jusqu'a 0,25 1/s
MESURE DEDEBITS  ® Hs-152 mm : 0,0056 1/sa 3,96 I/s e coldeS1mm:0,41/sa8751/s * QV303:de0,S1/sa29l/s e diameétre 152 mm :0,981/sa891/s | ® modéle 5L -> jusqu'a 0,63 1/s
POSSIBLES (SELON  ® Hs-183 mm : 0,0066 I/s 2 6,513 I/s e colde 76 mm : 0,82 /s 452,56 1/s e diameétre 203 mm: 2,1 I/s a 18,96 | ® modéle 10L - jusqu’a 1,31/s

MODELE) ® Hs-244 mm : 0,0086 a 13,31 1/s I/s * modéle 16 L - jusaqu’a 2 Ifs

» H5-305 mm : 0,0105 Ifs 23,22 s

» modéle 25 L = jusqu’a 3,11fs
s modéle 40 L = jusqu'a 5 Ifs

Canal d'amenée

caractéristigues

Longueur d'au moins 5 fols la hauteur
d’eau maximum.
Pente du canal d’amenée < 1%

Longueur d'au moins 20 fois la
dimension du canal d"arrivée d'eau
Pente du canal d'amenée < 1 %

Longueur d'au moins 10 fois la
hauteur d’eau maximum.
Pente du canal d’amenée < 0,2 %

Longueur d'au molns 25 fols la
dimension de la conduite d’amenée
Pente du canal d’amenée < 2 %

Aucun, principe de la chute

Le Flume de type Hs permet de
mesurer les plus petits débits awvec

+3%

+1%

+3%

Mage d'erreur a condition d'un strict respect des sur la gamme de débit comprise A condition d'un strict respect des )
une étendue assez intéressante vers ) . Mon précisé par le fabricant
renseignée dimensions de construction et entre 5 et 100 % du maximum dimensions de construction et
les débits les plus forts et une faible ; )
. d'installation d'installation
marge d'erreur.
Fadlité de
structiol Difficulté = fort Difficulté = fort
constru n sur Difficulté = moyenne e orte o £ Difficulté = Forte Inenvisageable
place & partir de (nombreux plans & assembler) (courbure & respecter)
plans
3 000 our un canal et le capteur
Prix (hors frais $p P
de mesure de hauteur d'eau (y R R entre 1 600 € et 2 300 € H.T. selon
de port et R Environ 2000 € en europe Environ 1 000 € en europe inconnu .
R compris la batterie et le data logger) modéle

Aux USA
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2.2.3.3 ESTIMATION OF RUNOFF ON A100M2 PLOT

In order to choose the most suitable type of flowmeter for the measurement site, it is necessary to
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Experimental setip in the communeFCERBER(PYRENEESRIENTALEBRANCE

accurately determine the characteristic flow rates that can be produced by each plot.

Given the small size of the plots under caesation, it is entirely appropriate to use thational
method using theMONTANAcoefficients for the study area.

Qr

36

_ GO, )G

where: @ = peak flow of return period T (s)

C

(mm/h)

S = catchment area (ki

R = runoff coefficient of the basin, function of T

imm/h(tc’T) —

= intensity of rainfall with duration.tand return period T

te = time of concentrationof the basin (h)

The Montana coefficients related to the rainfall context of the study am@ linked by the

relationships:

-b
(o

Pmm(tc’T) = aT ®1

Pl

where: mm

and

ot T) =& d)éb

tC’T) = amount of rainfall with duration.tand return period T (mm)

ar andD: Montana coefficients of the return period T representative of the rainfall

regime atsmall time steps on the selected site.

As explained in 82.2.2. "Site Selection", we sized theigdtefore having made the final choice of the
site to be equipped. For this purpose, we carried out sizing on the different sites consj@iénad).
The Montana coefficients used are shown compiledah/#

Caractérisation de la pluie de projet - coefficients de Montana

92ans sans d10ans 350ans 3100ans b
@ Caixas Mont Héléne 30.8 42.7 51.3 76.3 87.3 0.51
% Cap Béar 27.4 38.1 47.6 74.9 86.2 0.54
§ ForcaRéal 29.8 41.4 50.8 75.6 86.9 0.50
E Perthus 34.0 45.9 55.7 80.6 92.0 0.51
A Rodes 26.4 371 46.6 73.4 84.9 0.54

Tablé Montana coefficients of the rainfall regime at the different sites considered

7The time it takes for the drop of water that falls at the most remote point of the basin to reach the watershed outieiadollo

the longest hydraulic path.

8The selected rainfall value is@z§” QG A 2y 2 F

ol &Ay Q&
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U DETERMINATION OF THE TIREONCENTRATIQN

With a plot area of approximately 100%rfrectangular plot, 20 m down the slope and 5 m wide), the
longest hydraulic path travelled by the runoff will be around 20 metres. This distance corresponds to
a very short time of concentration, well below what is usually observed in catchment areaghard

can be determined using several different hydrological methods of determining the time of
concentration can be used. In the case of such small plots, these methods are outside their respective
scope. Indeed, very few formulas have been constructethfwery short concentration times. For
example, theKirRPicH-ormula, which is known to accurately estimate the times of concentration of
very small catchments, was determined from a sample of basins ranging from 0.4 ha to 43 ha in size.

For comparison, therosion plots to be studied have an area of about 0.01 ha, which is 40 times smaller
than the smallest sample definition of thérRPICHFormula.

The only applicable method, which generally gives very satisfactory results, is-tiadesb "speed
method". This is a physically based formula detailed in the book Hydroldggy(and Higy, 2004

The time of concentratiot. = th + t. + t: is the sum of the following three terms:

A wetting time tn 4 time needed to saturate the soil before runoff occurs
A runoff time on an inclined planet4 travel time in diffuse flow

A flow time te 4 travel time in concentrated flow

The main objective of the erosion plots is to meadine ablation of the soil surface layaunder the
effect of rainfall forcing and according to afthed state of degradation (burnt or not).

The processes related to gullying and concentrated flow do not reflect the ablation variable we wish
to quantify. It is therefore important to avoid the occurrence of these phenomena in order not to
distort the measurement. The small size of the plots will make it possible to avoid this. Therefore, the
flow time t.is arbitrarily assumed to be zero.

The wetting time is usually between 5 and 10 minutes. This wetting time can be considerably reduced
in the followingcases:

1 rain on very dry ground will be difficult to absorb in the first few moments (as when a
trickle of water runs easily at first off a very dry sponge). In the case of a very small area,
runoff can travel a significant distance before the land becosusseptible to infiltration;

1 rain on soil that is already saturated with water. In this case, the wetting time is very short
before the precipitated water starts to run off.

Thewetting time is usually betweend and 5 minutes
As far as runoff time is carrned, this corresponds to:

1 aflow on an inclined plane witlnconcentrated flows In the present case, it is assumed
that this type of flow occurs in the first 10 metres. As show#iinrésthe corresponding
time would be in the order of 1.2 minutes, which corresponds to an average runoff velocity
of about 15 cm/s;

1 aflowon an inclined plane wiffows beginning to concentrateThis phenomenon of flow
concentration needs to be quantified, as it is largely responsible for materials being swept
into the river system. In the present case, taking into account the slope of the land and the
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type of soil, an average speed of aroun8l /s is assumed. This time corresponds to the
10-metre distance of flow near the bottom. It is very short, of the order of a few seconds
(10 s).

The directrunoff time on the plot would therefore be in the region dfminute.

Figuré6 Calculation of runoff time according tbabegpmetivad! tees and-c)y2004.

METHODE A BASE PHYSIQUE
Th : Temps dhumectation

Tc=Th+Tr+Te avec Tr : Temps de ruissellement sur plan incliné
Te : Temps d'écoulement
Temps d'humectation : temps nécessaire a la production de ruissellement

- T

Temps de ruissellement : temps nécessaire aux écoulement pour rejoindre le réseau hydrographigue

1- Temps de ruissellement non concentré : ty 2- Temps de ruissellement concentré : t;;
Aqgg = 120.00 paramétre de Montana Lo= longueur du cours d'eau
b= 0.32 paramétre de Montana Vo = 7 vitesse de ruissellement
€100 = 0.80 coefficient découlement
= coefficient de rugosité de Manning t.=| 0.1 min

L= ) longueur du cours d'eau

ey = pente du trongon du cours d'eau

ty = 1.2 min

tq +tp =t calculé=

t, retenu =B N

Temps d'écoulement : temps nécessaire aux écoulements pour rejoindre I'exutoire du bassin

To summarise, theoncentration timeof a 100m? erosion plot, depending on the initial soil moisture
conditions, would be betwee minutesand6 minutes

U (HARACTERISTIC FLOW RATES

Before choosing the instrumentation to be installed (flowmeter geometry and sensor performance), it
is essential to spéiy the range of values expected for runoff from the erosion plot.

The flows to be measured will be generated by both common and exceptional rainfall events. In order
to offer the widest possible measurement range, we u$B6@-year rainfallas thesizingvalue for the
flowmeter geometry.

Meteorological rain gauges rarely provide rainfall characteristics for a time step of less than 6 minutes.
In the present case, despite the fact that the time of concentration is much shorter than the minimum
time step forthe determination of the Montana coefficients, we assume that the latee still
applicablefor calculating theorder of magnitudeof the rainfall intensity.

Tablesummarises the rainfall intensities that can be observed for small time steps (< 6 minutes) at the
different pre-identified sites, and for several different return periods.
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While for the 2year return period, an average hourly intensity of around &@@/h is obtained, for
the 100year return period, a value close to 360n/h is obtained.

MONTCLIMA FENALREPORT, Erosion hazard assessment after a fire
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Tablé Reference rainfafisities at
identified sites Intensité de la pluie de projet
intensité pluie (mm/h) 2ans Sans 10ans S50ans 100ans

- Caixas Mont Héléne 100 138 166 247 282
% Cap Béar 95 132 165 260 299
§ ForcaReéal 94 131 161 239 275
E Perthus 110 149 180 261 298
s Rodés 92 129 162 255 294

These rainfall intensities result in flows ranging from 0.51 I/s to 6.64 I/s on a drained plot af?100

(Tablg.
7Tabl& Range of funaies for ¢
identified sites Calcul du débit projet selon la méthode rationnelle
Débit max (I/s) 2ans 5ans 10ans 50ans 100ans
Coef. ruissellement 0.2 0.3 0.5 0.6 0.8
- Caixas Mont Héléne 0.55 1.15 231 4.12 6.28
]
- Cap Béar 0.53 1.10 2.29 4.33 6.64
L4
‘:o'; ForcaRéal 0.52 1.09 2.23 3.98 6.11
ﬁ Perthus 0.61 1.24 2.50 4.35 6.62
@ Rodes 0.51 1.07 2.24 4.24 6.54
moyenne 0.54 1.13 2.32 4.20 6.44
mini 0.51 1.07 2.23 3.98 6.11
maxi 0.61 1.24 2.50 4.35 6.64

When implementing the setip,

the boundaries of the erosion plots must be adapted to the terrain

(micro-relief, trees, rocks, etc.) and some plots may be slightly larger tham1.0Dhe epected flows
could then be greater than those previously determined. In all cases, the flows will be below the value
of 10 I/s.

The flow rate value of 10 I/svas chosen for sizing thmaximummeasurementcapacityof the flow
meter.

In order to measure atbinoff values, it is essential to be able to quantify the very low flows generated
by common rainfall events.

Ideally, the measurement range to be considered would#s - 10 I/s]. However, the measuring
instruments (flow meters and sensors) have thmelsl values that do not allow the measurement of
flows close to zero.
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Now that the project measurement range has been defined, and considering the different types of
flowmeters that can be usedFigurely comparing theproject measurement range and the
measurement ranges offered by the different possibilities of equipment enables the most suitable
equipment to be choseFigurgr

FigurgéZMeasuring ranges of the different flowmeters in comparison with the désiadsineasuring rang
( plage de mesure recherchée

h 4

famille des

FluidTipper
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H, - Flume
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H - Flume
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Hg - Flume

plage de mesure en /s

R A el

0.001 0.01 0.1

-
2

100 1000

It can be seen that FluidTippgrpe equipment (volume measurement using the doubl@mbered
bucket principle) allows very low flow rates to be measured. However, they do not measure flows
above 5 I/s, which does not meet our needs.

The E5 Flumeype equipment covers the project measurement range to a large extent, except for very
low flows (< 0.01 I/s). This type of flowmeter offers thest measurement compromise

In view of the respective measuring ranges of each of the devices shote igraph above in
comparison with the desired range of{@0 I/s], it appears that the 244 mm (Bf8ot) HS Flume model
is the most suitable.

Indeed, at 13.31 I/s, the maximum measurement value of this model will ensure that exceptional
rainfall is welltaken into account. But what is most interesting is the ability of the device to measure
very low flows (from 0.0086 K%

In order to measure these low flows, the water level probes will need to be very accurate and placed
below thelevel of thesill plate of the HS Flume, ideally in a stilling well.

9To imagine this low flowate value, it is equivalent to taking almost 2 minutes to empty a 1 litre bottle.
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2.2.4 (CHOICE OF EQUIPMENT AND INSTRUMENTS

The technical choices amgecifications of the equipment and instruments are presented below.

2.2.4.1 PLOT BOUNDARIES

U PRINCIPLE

In order to be able to make accurate hyesedimentary measurements, it is essential to know the
exact surface area receiving the rainfall. The area definedhwbastructing the plot must be constant
throughout the life of the setp.

Boundaries are set by laying borders. Usually the borders are sunk into the ground, and it is sometimes
necessary to use a mechanical tool to make a thin, clean trench to ingemdital or wooden border
plates.

During the installation of the borders, an important precaution must be observed: the installation work
must not mobilise sediments, otherwise the erosion measurements would be considerably distorted
by the impact of the wik itself.

In the case of theQdERBEREIte, the soil is composed of highly weathered shale, with a significant
proportion of stones. It is not pable to cut borders without releasing a large volume of material. To
avoid this, we chose not to sink the borders, but rather to | Control Plot borders

them down and compact them in such a way as to fit t@#es oy '
unevenness of the ground.

U (HOICE OF EQUIPMENT

In order to fit the shape of the ground, we installed sdified,
UVtresistant sleeves made from synthetic materi&ligurd &
These items were origally used as ballast bags for agricultu
tarpaulins.

They are fixed together and held firmly down by steel reinforci )
bars (rebars) driven into the ground.

Figuré8 Boundary lines of the Cod
17/11/2021
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2.2.4.2 RAIN MEASUREMENT

U PRINCIPLES FOR MEASUREMENT

The rainfall context o€ERBEREften involves efsodes of heavy rain (> 100 mm/h). The rain gauge in
the setup should allow for accurate measurement of these intense events. The site is also heavily
impacted by stormy winds which the instrument will have to withstand.

Less intense events (< 100 mm/hpsid also be accurately measured.

U (HOICE OF RAIN MEASURING EQUIPMENT

The following material was selectg8igure®

A Brand:PARATRONIC

Type: automatic with a doublehambered bucket

Model: PLV400; aperture 400 én®.2 mm/pulse; without heating

Standalone power supply (battery)

Data acquisition: ®hanrel recorder without remote transmission

LyadlfftSR 2y I 06dzAf RSNRA LINRPL)E 3Jd2@SR gA0GK o
Measurement timestep chosen: 6 min, in line with that usually usedM§TEdRANCEaIn

gauges

Acquisition memory capacity for 6 min time step: 67 days

v B>y >y P> D

>

FigurE9PL V400 rain gauge in
the GrBEREperimental site,
taken on 30 March 2022

Right::View withou &
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2.2.4.3 MEASUREMENT OF RUNOFF

U PRINCIPLES FOR MEASUREMENT

A flow rate is by definition the ratio of a volume of water per unit of time. This quantity cannot be
measured directly. To carry out the measurement, we use a flowmeter, i.e. a gauge withoefivedd
geometry that allows us to establish amambiguousrelationship between the flow rate and the
water level (rating curve). The measurement of the water level alone is therefore sufficient to
determine the corresponding flow.

U QHOICE OF FLOW ME{BR MEASURING FLUME OR GAUGE CHANNEL

In order to make custorbuilt flowmeters operational and specific to the topography of a site, it is
essential to establish the rating curve. This requires a calibration campaign which can be long (several
hydrological seasons), difficult (access and time issues) and oneradsfrgpersonnel to be on site
during flood events).

To overcome these constraints, we decided to agge-calibrated HSFlume gauge
HSFlumes have the following advantages:

1 Precalibrated at the factory for immediate use, provided that the installatimtructions
(horizontality, alignment with flows, etc.) are followed;

No measurement drift as long as the geometry remains unchanged,;
Fairly easy and quick installation;

Limitation of sediment deposition up to a certain value. The flat bottom makes oigani
easier;

1 Modular, with low impact for the environment as it requires little earthwork.

The disadvantages of this type of flume gauge are as follows:

1 The specific shape does not allow the installation of a protruding watel measurement
probe, agthis would alter the preestablished rating curve; in this case, it is preferable to
use a noAntrusive measurement by ultrasound or radar (which uses more power);

1 When using a pressure probe (intrusive measurement in the flow), it is necessary to create
a measurement well at a specific point in the convergent flow so that the probe does not
alter the geometry of the installation;

9 Itis necessary to add an approach channel to carry the flows in order to obtain a water
surface that is little disturbed andasily measurable;

9 Horizontality of the equipment must be guaranteed to ensure the correct application of
the rating curve.
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The HSlume model chosen is the "small" version (hence the name HS, "s" for small) with a
characteristic size of 0.8 foot (24.38 cnBigur&0 gives the geometrical characteristics of this
measurement flume.

Figuré0 Standardised dimensions -¢6dhée4. 4 51/64" P U——
Flume and its approach channel [12.19.CM)
I L o o e B
31/64"
10 5/64" _‘m
[25.60 CM) _F
Toy b Y
2" X2
ANCHOR CLIP
4' 1-2 13/32"
[121.92 CM] [36.58 CM] L
FRP STIFFENING ANGLE
919/32°
[24.38 CM] D D
5-2 13/32°
[158.50 CM] L
The geometry of the channed quite simple as it is compose HS /H/HL FLUME

of an assembly of flat walls. It is quite simple to constru
from the diagrams iFigur20and Fiqur21

Ha POINT OF HS o
MEASUREMENT H 10D

Nevertheless, in order to remain faithful to the factory pre - HL125D
calibraied calibration curve, rigorous attention must be pa

to respecting dimensions and angles. HS 1050

H 180
As part of theMONTCLIMAroject, the search for Hlume HL 3.2D

type hydrometric equipment led us to a single supptier

However, taking into account the delivery times, the pri
and difficulties internal to the ONF for importing equipmer
from the UNITEDSTATES we decided to manufacture this
flowmeter ourselvegFigur22

In order to simplify the construction, we chose 15 mm thi
marine plywood as the material.

SN, p—_

HS 1.50D
H 1.35D

HL15D

Figurél Details of the geometrical cha
of the convergent and tHeveaeeasure
point to respect the rating curve

10 https:// www.openchannelflow.com
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The 0.8foot HSFlume has the following specifications:

A Minimum water level for measurement = 0.61 cm
A Maximum water level for measurement = 24.08 cm
A Minimum measurable flow rate 6.0085 I/s

A Maximum measurable flow rate = 12.94 I/s

For comparison, the O-bot HSFlume, which is the model just
below, has the following characteristics:

A Minimum water level for measurement = 0.61 cm
A  Maximum water level for measurement = 17.98 cm

A Minimum measurable flow rate = 0.0065 I/s

A Maximum measurable flow rate = 6.259 I/s

It can be seen that the 0ot HSFlume does not cover the
entire measurement range ([©10 I/s]). i

The 0.8foot HSFlume is therefore the most suitable gauge fg
the CERBERe€rosion plot instrumentation project.

The rating curve for the 0ot HSFlume is given ikiguré3

Figuré? H%lume and its approach che '
manufacturetiouse; the use of plywoo.
costs and facilitates construction.

14 Figur3Rating curve fefoaBHEume
12

@
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U (HOICE OF WAHERVEL MEASURING EQUIPMENT

The water level in the gauging flume can be measured either manually or automatically.

Given the very short response time of the erosion plots (between 2 min and 6 mingsiastial to
carry out automatic measurement at small time steps.

As this is purely a research project, there is no need fortner data. For this reason, we chose not
to transmit sensor data remotely, which simplifies installation (no SIM card castsged to install a
standalone power supply, less risk of vandalism).

There are several types of technology available for automatic measurement: piezometric
measurement, noAntrusive ultrasonic measurement, nentrusive radar measurement. The latter
two technologies require the addition of a staiatbne power supply.

In order to simplify the instrumentation as much as possible, with a view to reducing costs and ensuring
the robustness of the equipment, we decided to install a wddeel measurement prod (piezometric
measurement).

The waterlevel measuring instrument should offer the best traofé between the following
objectives:

A have a measuring range at least equal to the maximum amplitude to be measured (from 0 to
about 30 cm);

permit precise meas@ment (in the order of mm);

> >

have a very low drift over time (deviation from calibration);

>~

have a high degree of autonomy in terms of power and logging memory (several months);

>~

be sufficiently robust for installation in a natural environment (resistanti¢i temperatures,
rapidly sweeping fire, strong winds);

be discreet, to reduce the risk of vandalism;

be as inexpensive as possible, and readily available when replacements are needed;

> > >

not be very sensitive to silting;

have a simple software solution for setting up and for downloading data.

The measurement probe chosen was the Levi e SSEfs
TROLL 500 from InSiteiguz24. This probe is the size S

of a large pen, 1.83 cm in diameter and 21.6 cf
long.

The body is made of titanium and the measuring ce
of ceramic. It is powered by a&V lithium internal
battery.

The battery life is approximately 10 years in norma ‘ e
use. The internal memory allows the acquisition Figua4 L evel TROLL 500 proberalitheasereme:
120,000 recordings. With measurement set at every

5 minutes, the memory can store information for over 200 days.
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TheVusSitu smartphone interface allows easy parameterisation of and downloading from the probes.
The small diameter of the probe allows it to be easily and discreetly inserted into an external
measurement well.

The selected model allows measurement over thegen33.5 m. The probe is ventilated, which means
that the hydrostatic pressure is automatically corrected by the atmospheric pressure. The stated
accuracy of the probe is +1.75 mm which is perfectly satisfactory for the quantities to be measured.

In order to overcome the disadvantages linked to the presence of the probe in the channel
(disturbance of the flows in a calibrated gauge), the sensor should be installed in a dedicated
measurement well.

Since the HElume gauge has a weléfined geometry, theneasurement of the water level must not
be disturbed by the presence of the probe in the gauging channel. This requires the probe to be
installed in an external measurement well.

This well has several advantages. It not only guarantees the rating cavintts the water level and
the associated flow rate, but also smooths out the fluctuations of the water surface and therefore
averages the measurement.

Figuré5shows the installation of the

hydrostatic pressure sensor (probe) in

GKS TFtdzySQa YSIF&daNBYSyild 6Stfao LV

order to measure low flows (and Pressure probe
therefore low water levels), the
measuring probe should be positioned Measuring chann
below the channel bottom. This
configuration make#t prone to silting,
but given the regular maintenance of
the setup, silting has little impact on
the quality of watetlevel

Measuring well

Possible silting up

measurements. Figur5 Installation diagram of the probe in its measurement

2.2.4.4 MEASUREMENT OF SEDIMENT LOAD

U PRINCIPLES FOR MEASUREMENT

The sediment load from the erosion plots will betlufee types:

A Suspended solids (SSs), of which there will be a significant volume that can only be quantified
through turbidity measurement of flows (or by sampling and then analysing the concentration
of samples);

A The load of heavy sediment, which will @ap as silting of the bottom of the device;

A Uncontrollable deposits that are swept into the collector at the foot of the plot (pine needles,
twigs, lumps of earth, stones).

As part of the project, given the intermittent nature of the flows and the techndifiiculties of
accurately measuring SSs, we chose to measure only the coarse sediments (sand and pebbles).

Thus, even if we do not measure the entire volume of eroded sediment, we can compare the same
variable (coarse load) in relative terms between toatrol plot and the burnt plots.
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U (HOICE OF MEASURING EQUIPMENT

In order to collect the coarse load, we placed a settling tank immediately below the plot's collector
installation (Figur26. This 80 cm cubic tank allows the solid fraction to settle before the flows join the

approach channel and then the H&ime for liquid flow measurement.

The bottan sediment load will not be quantified on
continuous basis, but rather during maintenance visg
which often occur after significant rainfall events. Sedime
can deposit in the settling tank, but also further down in
approach channel, as shown Migur26

Deposits are collected periodically during maintenanss
visits using a brush and shovel. They are then dried natu
and any vegetation isesmoved. These deposits are theg
weighed with a precision balance to determine their mase:

Initially, in the design of the sediment tank, it was envisag &
that baffles and filter screens would be installed
encourage the deposition of such matter.

In practice, it was found that these devices were nj
necessary and the bin was left "empty" to facilitate cleani
operations.

8% oheh e

Fiqur@6 View of the settling tank anc
channel, with theluse in the backgrour.
foreground you can see theftibedplst arn
mat that forms the transition between
ground and the measuring device.

2.2.45 PROCESS OBSERVATION AND SUPERVISION

U PRINCIPLES FOR MEASUREMENT

The visual observation of these erosion plots has segeralks:

A Toobservethe flow meter in operation andonfirm the accuracy of the information from
the waterlevel sensors;

A To monitor thenatural dynamics of vegetation recolonisatigrwhich is a marker of the
extent of erosion;

A To carry out these observatisron each of the erosion plots;

A To enablesupervision of equipmentind deter vandalism.
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U (CHOICE OF OBSERVATION EQUIPMENT

Given the frequency of maintenance visits (at least 8 times a year), and in order to limit operating costs
OG0 KNBS { La OC30/Mdhth edch), we dithalzgoRsider remote transmission of images.

Observations are made using Digital Cameras (DCs) of the camera trap type-riinetgédtime lapse
mode, combined with motion triggers, allows for very regular monitoring of equipmentatioer.

The hardware used is tHBOLYGUARSG 2060X. It can be set to produce images of different quality
(low/medium/high). This DC can take pictures at night, thanks to an infrared flash.

hy GKS o0dNyid LX20dazx GKS 5/ ahegoftiiplotithe A Wak inskaled 2 y 6 d.
on a tree. Figure7shows a typical layout for a DC and the quality of the images in day and night
conditions.

Figure? Digital camera (DC) for the obse,
equipment in an erosion plot.

(a): Installation of the DC at a height of a
stand in front of the plot.

(b): Clegp of the DC used

(c)Daytime image of Fire Plot 1 produce
this picture, we can see a flowlimige HS

(d): Nigtithe image of Fire Plot 1 produce )

2.2.5 SETTING UP THE MEASURING INSTRUMENTS

The equipment was installed during September and October 2021. THup $Ecame operationain
21 October 2021less than 3 months after the fire (31 July 2021).

During these 3 months, there was no significant rainfall event that could begin toavashthe soil.

At the time of implementing the saip, the condition of the burnt soils can be considered to be
identical to the day after the fire, except for the significant wind erosion in the sector, which
transported very fine elements (soot) as wasl the pine needles that began to cover and protect the
soil.
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Figurg8presents the setip schematically, which is composed of:

A Threeerosion measwementplots with measuring equipment and probes
0 One burnt plotA Fire Plot 1
0 One burnt plot (steeper and with more vegetatioly) Fire Plot 2
0 One plot unaffected by fird, Control Plot

A One automatic rain gaug®cated in the centre of the three erosion plots;

A Three digital camergseach observing one plot.

Parcelle d’érosion Feu2 Parcelle d’ércﬂsi?n Feul
Sol briilé Sol briilé

Parcelle d’érosion Témoin /\
Sol intact /\
] ~ T )
- o,

30
40, 12—
| A

Pluviométre

Digital Camers Digital Camere

Digital Camers

. J
Figure8 Overview of theps@trinciple and equipment) and distance betweemththenasiogalges

Figur29%shows the whole setip. The characteristics of the plots were as follows:

Area Lonsgiggginal Dista;n;lj:gtg rain Type of vegetation
Fire Plot 1| 115 n¥ 44% 130 m Shrubby scrub
Fire Plot 2| 107 n¥t 53% 40 m Dense shrubby scrub
Control Plot| 114 n? 56% 70 m Dense shrubby scrub
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CERBERE
Dispositif expérimental de mesure de I'érosion post-incendie

, Vi
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Theerosion plots were located on the upper part of the northern slope of the international border
ridge. This slope overlooks the RD914 (departmental road) and the houSERRHREEigurég.

Figur8Q Isometric view of the burnt and instrumentégBtgtm eofdlest: the red line shows the outline of the fi
the erosion plots are shown in yellow. Image. HD LIDAR (Geogpole, October 2022) overlaid on IGN RGEAI

For ease of implementation, and above all to guarantee regular maintenance, these plots were set up
along the elge of the forest traclFigur@) but were not disturbed by runoff from the track. Contrary

to what is shown (analysis of Sentinel satellite images at 10 m spatial resolution), the Control Plot is
entirely in the unburnt zoe.

/

Limit of fire

Figuri Precise location of equipment in the burnt ared(@ti2 Rigt §akge) and in the unburnt vegetati
image: orthophotograph taken in October 2022 during the realisation of the Digital Terrain Kobiesdyy
Sentinel satellite images (European Capemegusifiragiesolution of 10 m. Contrary to appearances, the
the edge of the fire, and entirely in the unburnt zone.
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