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Action 1.1 — Carte du permafrost des Alpes francaises
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conditions climatiques actuelles
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Permafrost Favorability Index: Spatial
Modeling in the French Alps Using a
Rock Glacier Inventory

Marco Marcer ™", Xavier Bodin®, Alexander Brenning”, Philippe Schoeneich’,
Raphaéle Charvet* and Frédéric Gottardi®

* institut de Géographie Alpine, Université Grenaoble Alpes. Grenoble, France, ¢ Laborafoire EDYTEM., Centre National de la
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In the present study we used the first rock glacier inventory for the entire French Alps
to model spatial permafrost distribution in the region. Climatic and topographic data
evaluated at the rock glacier locations were used as predictor variables in a Generalzed
Linear Model. Model performances are strong, suggesting that, in agreement with several
previous studies, this methodology is able to model accurately rock glacier distribution. A
methodology to estimate model uncertainties is proposed, revealing that the subjectivity
inthe interpretation of rock glacier activity and contours may substantially bias the model.
The model highlights a North-South trend in the regional pattern of permafrost distribution
which is attributed to the climatic influences of the Atlantic and Mediterranean climates.
Further analysis suggest that lower amounts of precipitation in the early winter and a
thinner snow cover, as typically found in the Mediteranean area, could contrbute to
the existence of permafrost at higher temperatures compared to the Northern Alps. A
comparison with the Alpine Permafrost Index Map (APIM) shows no maijor differences
with our model, highlighting the very good predictive power of the APIM despite its
tendency to slightly overestimate permafrost extension with respect to our database. The
use of rock glaciers as indicators of permafrost existence despite their time response to
climate change is discussed and an interpretation key is proposed in order to ensure the
proper use of the model for research as well as for operational purposes.

Keywords: permafrost modeling, French Alps, mountain permafrost, rock glaciers, statistical modeling
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Action 2.1 — Inventaire des glaciers rocheux

Inventaire des glaciers rocheux RTM

3260 glaciers rocheux. Dont :
814 actifs
671 inactifs
3261 fossiles

Ré-évaluation de l'activité par analyse
diachronique d'images et par INSAR

Fiche technique n° 3 — Inventaire des glaciers rocheux

Mode d’emploi N°3

1) Insertion d’une couche au format Shapefile (Vecteur) dans un logiciel SIG

B geQycatalogue @i

Saisie des métadonnées d'une donnée géographique oL 39138

* la saisie des informations marquées d'un astérisque est obligatoire dans le cas d'une donnée concernée par INSPIRE

Description ition INSPIRE

“Intitulé de la ressource © Shapefile de Ia distribution des glaciers rocheux_dans les Alpes Frangaises [Obligatoire] Nom caractéristique et souvent unique sous lequel la ressource est connue.

Exempls : Plan de Prévention du Risque Inondation (PPRI) de Paris

“Résumé de la ressource : wous présente la distribution des glaciers rocheux des. [Obligatoire] Bref résumé narratif du contenu de la ressource.
pes rocheux sont classés selon trois catégories : les Exemple : PPRI78_Mauldre_Alea est la représentation numérique des aléas hydrauliques du plan de prévention des risques d inondation (PPF
[glacicrs rocheux actifs, inactifs ct fossiles. réglementaire.

“Identificateur de ressource unique | | Une valeur i ressout iére unique.
Exemples : Recommandation A : http:/fwwwign.fr/ t_le_jeu_de_données ; Recommandation B : fr-numéro_SIREN-bloc._identiiar
Vair guide de du CNIG.
“Catégorie thématique o i | Systéme de ification de haut niveau qui permet de regrouper et de chercher par théme les ressources de données.
(2): Information géo-scientifique | Exemple : Cadastre, aménagement
i ]




Action 3.1 — Sensibilité des glaciers rocheux

Active rock glaciers displacement rates : .
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Evaluating the destabilization susceptibility of active rock
glaciers in the French Alps
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Action 4.1 - Etude de cas de glaciers rocheux
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RESEARCH ARTICLE

Investigating the slope failures at the Lou rock glacier front,

French Alps

Marco Marcer™2 " | Steffen Ringse Nielsen™® | Charles Ribeyre® | Mario Kummert®© |

Pierre-Allain Duvillard*5

iraanst d Urbanisme ot Ghographie Alpine,
Uriv. Greroble Alps, PACTE, 38000,
Grerobie, France

MRS, Uni. Sawole Mont Blane, UMR CNRS
2204, EDYTEM, 73370, Le Bowrget du Lac,
Frarce

Hiraanute for A ac Tachnology, Lngby,
Deanmark

“Daparmant of Geosderoa s GROgraphy,
Wriversity of Fibourg, Swezeana

FPare Pramillet - S50 BUe Anstce Bames
BASERL MomT Do, Franoe

Cormapndenas

Moo Marcer, Univ. Granotle Apes nsatu
JNbarEme m Ghographie Alpre, PACTE,
T8 000 Grerobie, Frane e

Emall: man cmarmer@univ-greroble- Jpaser

Furding ird cmma 1on

Eurcpean Regonal Development Fund,
Gt/ asand Mumber PO PADDOL 100
Larslevilland Commurs:

| Philippe Schoeneich® | Xavier Bodin®® | Kim Genuite®

Abstract

On August 14™ 2015 a large debris flow initiated by the ocowmence of two shope
failures at the front of the Lou rock glacier flooded part of the town of Lanslevillard,
France. The present study aims to understand the meteorological and geomorpho-
logical context that led to these failures. Inestigations were conduc ted by combining
metearological data, surface movements, and geophysical transects. The analysis
indiicates that the Lou redk glacier is directly connec ted to an active tomential channel
and has a natural predisp osition to frontal failure due to the steepness of its front
The shope failures were triggered after a heat wave followed by a three-week period
of almest continuows rainfall Water flowing on top of the permafrost table was
obsarved in the two head scamps. suggesting that regressive erosion conseoutive to
this concentrated subsurface water flow triggered the failures. For one of the slides,
traces of previous failures were observable on historical aernial imagery dating back to
the 1950, while the second slide comesponded to a novel event and developad on
the frontal slope of afast-mowving and destabilired rock glacier lobe. We ako disouss
theinorease in local predisposition to failure related to the remarkable mompholegical
madifications such as frontal advance and devel opment of surf ace cracks associated
wiiith the lobe dest abilization.

KEYWORDS
destabillization, natuml hazard, Rock glacier, gope falue
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Action 2.3 — Inventaire des infrastructures

sur permafrost

Inventaire des infrastructure

Elaboration d'un indice de risque
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Recent evolution of damage to infrastructure on permafrost
in the French Alps

Pierre-Allain Duvillard "# 3 + Ludovic Ravanel ' « Marca Marcer® « Philippe Schoeneich

Feceined: 12 February 1018, Acospted: 31 frwary 10197 Published anline: 11 Febmuary 31018
£ Sgringes-Werlag G Gesmanyy, part of Sgringes Mature F19

Abstract

The past four decades have seen extensive development of the winler spont indusiry in the French Alps and several hundred
Topeway Tampon syskems have boeen installed in areas where mountain permafrost may be present. Due to current elimstic
change and the ensuing permafrost degradation, the vulnerability of these infrastructures to destabilization may increase.
Therefore, there & a real potential for instabilitics to develop on ropeway transport systems in the Alps, requiring a betier
understanding of these processes. This sudy investigates the relation between permafrost and infrastructure sibility in the
Freneh Alps, seeking to understand the evelution of this phenomenon over the past decades. This was done by following a
two-step analysis. At first, the infrastructure elements built on modeled permatrost-affocted arems were inventoried at the scale of
ihe French Alps in order to get an overview of the possible valnerabilities. Then, our study presentsa detailed historical inventory
of damage 1o infrasrwere over the past three decades in different geomoaphelegic contexs. Owverall, in the French A lps, there
are almest | () infrasiruciure elements located in permafrost areas among which 12 {ie, 24 infrastruciure elemenis) were
idemntified 1o have been subject o repeated instances of dismuion and deterioration and most of the damages recorded were in
areas where permafrost degradation i fully expected {ice-rich terrain). Infrastructure recovery costs may be significantly high,
making this issue a relevant consideration io be included in the design process.

Keywords Mountainpermafrost - [nfrastructures - Damages - Climate change - French Alps
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Action 3.3 — Sensibilité et vulnérabilité des

infrastructures

Des analyses d'endommagement
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Recent evolution of damage to infrastructure on permafrost
in the French Alps

Pierre-Allain Duvillard " + Ludovic Ravanel' « Marco Marcer® « Philippe Schoeneich

Feceined: 12 February 1018, Acospted: 31 frwary 10197 Published anline: 11 Febmuary 31018
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Abstract

The past four decades have seen extensive development of the winler spont indusiry in the French Alps and several hundred
Topeway Tampon syskems have boeen installed in areas where mountain permafrost may be present. Due to current elimstic
change and the ensuing permafrost degradation, the vulnerability of these infrastructures to destabilization may increase.
Therefore, there & a real potential for instabilitics to develop on ropeway transport systems in the Alps, requiring a betier
understanding of these processes. This sudy investigates the relation between permafrost and infrastructure sibility in the
Freneh Alps, seeking to understand the evelution of this phenomenon over the past decades. This was done by following a
two-step analysis. At first, the infrastructure elements built on modeled permatrost-affocted arems were inventoried at the scale of
ihe French Alps in order to get an overview of the possible valnerabilities. Then, our study presentsa detailed historical inventory
of damage 1o infrasrwere over the past three decades in different geomoaphelegic contexs. Owverall, in the French A lps, there
are almest | () infrasiruciure elements located in permafrost areas among which 12 {ie, 24 infrastruciure elemenis) were
idemntified 1o have been subject o repeated instances of dismuion and deterioration and most of the damages recorded were in
areas where permafrost degradation i fully expected {ice-rich terrain). Infrastructure recovery costs may be significantly high,
making this issue a relevant consideration io be included in the design process.

Keywords Mountainpermafrost - [nfrastructures - Damages - Climate change - French Alps
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Action 4.3 — Etudes de cas d'infrastructures
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Analyse multi-méthodes de la déstabilisation d’un pyléne de remontée mécanique

implanté sur un glacier rocheux des Alpes francaises

Multi-method analysis of the destabilization of a mechanical lift tower located on a rock Franc&)

glacier in the French Alps
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Three-Dimensional Electrical Conductivity and Induced
Polarization Tomography of a Rock Glacier
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Abstract Theee dimensional electrical resistivity and induced polarization dal wes collected on an
undtable Alpine rock glacier in Val Thorens {Vanoise massd, France) in addition to these field dats, we also
perlonmed induced polaization measurement during freezre and thaw uding 3 soil sample and the poardy
minealized watker, both from this site. In the tomograms, the electrical conductivity and the norm alized
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Bilan ... des partenaires opérationnels ...
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du territoire alpin francais

Un jeu de données unique a ce jour dans les
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De nombreuses études de cas
Des sites de suivi de I'évolution des phénoménes
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11 articles scientifiques publiés,
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