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partners
Automous Province of Bolzano - South Tyrol, Office for Geology and Building Materials Testing
http://www. provinz. bz.it/hochbau/themenfgeologie.asp
Bavarian Environment Agency, Department 10: Geological Survey, Economic Geology, Soil Protection
http://www.bavern.de/lfu
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o TN RECROMAL DOSSINEWT FUbY Regional Agency for Environmental Protection of Piemonte, Regional centre for geological researches
investling IA your fulure ht‘tp:fﬁﬂﬂv_arpa_piemunte_it
Apsta Valley Autonomous Region, Regional administrations comittee for territory, the environment and public
works, Department for the territory, environment and water resources, Section environment
http://www.regione.vda.it
Region of Veneto, Geological Survey
http://www.regione.veneto.it
Autonomous Province of Trento - Civil and Territory Protection Department, Geological Survey
http://www. protezionecivile. tn.it/frame . asp?5ite =6
Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management, Forest Department
http://www.lebensministerium.at
University of Innsbruck, Institute of Geography
http://www.uibk.ac.at/geographie/
University of Graz, Institute of Geography and Regional Science
http://www.uni-graz.at/geowww
Central Institute for Meteorology and Geodynamics, Regional Office for Salzburg and Oberdsterreich
http:f/www.zamg.ac.at
University Joseph Fourier - Grenoble I, Institute of Alpine Geography, Lab PACTE-Territoires UMR 5194 UJF-UPMF-
CNRS-IEP
http://www.pacte.cnrs.fr
National Center for Scientific Research - EDYTEM Laboratory
http://edytem.univ-savoie. frf
Grenoble Institute of Technology, GIPSA-lab UMR 5216 UJF-INPG-CNRS
http://www.gipsa-lab.inpg.fr
Federal Office for the Environment FOEN
http://www. umwelt-schweiz.ch
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Intermational research Society INTERFEAEVENT
Ministero per la tutela dell'ambiente, del Territorio e del Mare, Direzione generale per la ricerca ambientale e lo
sviluppo
University of Zurich
Swiss Federal Institute for Snow and Avalanche Research
Slovenian Torrent Erosion Control Service
Regione Piemonte, Direrione Ambiente, Setiore Pianificazione Aree Protetie
Seilbahnen Sulden
Dolomiti Superski
Skigebiet Ratschings-Jaufen
Confindustria Trento, Associazione Narionale Esercenti Funiviari (A.N.E.E ), Sezione impianti a fune
Societa degli Alpinisti Tridentini
Bayverische Zugspitzbahn Bergbahn AG
Sidtiroler Alpenverein
Parco Naturale Adammello Brenta
Direction Régionale de I'Environnement Rhione Alpes
Pale Grenoblois Risques Maturels
Office Wational des Foréts - Délégation Nationale Risques Maturels - RTM, Direction Technique Restauration des
Terrains en Montagn
Parc Mational décrins
Compagne des Guides de Chamonix
Amt der Tiroler Landesregierung, Abt. Geoinformation
Land Salzburg, Landesgeoclogischer Dienst
Amt der Steiermarkischen Landeregierung, Fachabteilung 17Af Styrian Environment Information System Resort
(LUIS), Depariment 1B
Land Vorariberg, Landsvermessungsamt
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Objectives

1. Creation of an alpine-wide monitoring
network on permafrost
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Objectives

1. Creation of an alpine-wide monitoring
network on permafrost

2. Creation of an alpine-wide permafrost
database
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Objectives

1. Creation of an alpine-wide monitoring
network on permafrost

2. Creation of an alpine-wide permafrost
database

3. Production of an alpine-wide map of
permafrost distribution
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Objectives

1. Creation of an alpine-wide monitoring
network on permafrost

2. Creation of an alpine-wide permafrost
database

3. Production of an alpine-wide map of
permafrost distribution

4. Development of strategies for dealing
with permafrost-related hazards and
water pollution
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Objective 1

Creation of an alpine-wide monitoring 11 new deep boreholes in the Alps

network on permafrost

- Fill spatial-gaps of knowledge
- Homogenize data collection

> 50 new GST sites — debris and rockwall

Standards for both drilling and data collection
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Objective 2
Creation of an alpine-wide permafrost
database 2009-2011

Standardized collection of
permafrost evidence at alpine scale

- Centralize data for sharing
- Create a wide\homogeneous
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Objective 2
Creation of an alpine-wide permafrost
database 2009-2011

Standardized collection of

- Centralize data for sharing permafrost evidence at alpine scale

- Create a wide\homogeneous
dataset for analysis
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Objectlve 2
Creation of an alpine-wide permafrost
database 2009-2011

Standardized collection of
permafrost evidence at alpine scale

- Centralize data for sharing
- Create a wide\homogeneous
dataset for analysis
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Objective 2

Creation of an alpine-wide permafrost

database 2009-2011

Standardized collection of
permafrost evidence at alpine scale

- Centralize data for sharing
- Create a wide\homogeneous
dataset for analysis
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Objective 2

Creation of an alpine-wide permafrost

database 2009-2011
Standardized collection of
permafrost evidence at alpine scale

- Centralize data for sharing
- Create a wide\homogeneous
dataset for analysis
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Objective 2
Creation of an alpine-wide permafrost
database 2009-2011

Standardized collection of
permafrost evidence at alpine scale

- Centralize data for sharing
- Create a wide\homogeneous
dataset for analysis
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Objectlve 2

Creation of an alpine-wide permafrost

database

- Centralize data for sharing
- Create a wide\homogeneous
dataset for analysis

35 institutions provide data

> 400 point evidence

8 regional RG inventories (4795 RG)

Point permafrost evidence
last observation year

@ =1990
1990-2000
® 2000

Rock glaciers
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Home About < Evidence Map « Rock Glaciers Map -« Download data Contributors Contacts

Welcome

e Alpine Permafmst Data (APD) i=

=

a in tne =u

ropean Alps. The main goal of the
: ! Reglstratmn data
. submission and updatlng uf nermafmst ewdence is em:nuraged as well as the active

¢ participation in open discussions and database development.

researchers ians D afros o 5 the Alps

de standardized collection of permafrost e

:'Ei" aNET project between 2008 and 2011
Alpine Permafrost Index Map -::DntubumrE.

: Lot s el i gudiine " ARPA Valle
) Lane|5m i Zuuu:l'h 1d E_F HIM.L C
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Adapting alpine and mountain river basins to climate change

Profile

;'L.h presdency
alpine comvention

Logout

- Add a new permafrost evidence -

ermafrostdata.eu/

See some examples:

b
» Ground Surface Temperature
» Surface

O
=

Movement

permanet

[Iwww.al

Login
Hi Paolo Pogliotti,

htt
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About s Evidence Map .. Rock Glaciers Map Contributors Contacts Login

S~
>
Metadata Borehole Data Grdund Surface Temperature Data Surface Movement GJ
Borehole Dadg{m) * 41 qv]
©
Choose the year to plot: b
e
(2013 2 | 8
| -
| S—
(T3] o ™ all b cu
Temperature Data 175 ¥ | B Tmean E
1 J Tmax
250 -4 =
. . Q
375 =] (@]
. ]
500 )
-12 -6 o ] 12 C
Home About Evidence Map « Rock Glaciers Map Contribut~. s Contacts Login Q.
Year ALT (m) Date cs_
Metadata Bare Da Ground Surface Temperature Dgta Surface Movement
2008  3.94 2008049-25
PR35S | 200070 Method Year Vel _mean_[mia] VelTTSCTmia] Vel min_[m/a]
2010 3.86 2010-10-0d Topographic measures 2012 0.14 0.61 0.04 <
Active Layer Data 2011 5.13 2011-10-23 Bl Topographic measures 2013 0.12 0.59 0.01 ~~
2012 542 2012-10-04 Ol
Yearly mean. maximurm and minimum surface movemnent data and measurement method used. )
2013 46 2013-10-13 +=)
L

Yearly maximum active layer thickness (ALT) and date of maximum ALT occumrence.
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Objective 3
Creation of an alpine-wide map of Index of the estimated likelihood of permafrost
permafrost distribution occurrence for the whole Alps
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- Provide stakeholders and

researchers with a common modelled and designed at the University of Zurich
operative tool
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Objective 3

Creation of an alpine-wide map of
permafrost distribution

- Provide stakeholders and
researchers with a common

operative tool

The legend and the interpretation
key allow the map user to refine the
interpretation of the color code
considering the nature of terrain.

Alpine Permafrost Index Map (APIM): Legend, Interpretation Key and Auxiliary Information

Map Legend
This map 870ws 2 quaktabve index descriing hos

likahy parmafrost exists It is cansstent for tha antire
Alps and interded 1or pracical uss 10 intrestructure
planning and meintenanze.

Blue:  Pormaf-ost in noarly
all corcitions

Purple: Memef-ost mostly in
ol conditions

Yellow. Pemafost crly rovery
tavatania condiliong

Glacier

Sama imperant incsl bactors 2uch As sub-surace
matanal or $now CoNditons A7 Not of only apEry.
i ativety acccurted for in the map. However, they
can cauce strong difieranzes i ground termporatuney
In atherslze coual opograhio sietians. For this
reason, e map legend i accomoanied by the
interpretation kay, shown o the rght, that can ke
used ¥o Iozally furter rafine the estimete shawn on
iz map. As an example, one would rol expesl
permelost in v matevial (B] o homogenesus
rock (H) where & vel ow Sgralre s shown on the
map. In special cicumsiances, pemmatrost can exist
outsire tha araa of the color signatre shonm Tha
rap shows estraled concilions: Mare cartainty can
lazally be achveved by &0, Q20physes or
boranoles.

Auzxiliary Information
An addtional msp ehowe the surtace typee that wera
used This allows comprahending the epplicd madels
{dzbriz and rozi model) and oftset terme. To gid
calla with a slope angle £ 35° only tha debris medal iz
apglizd, for slope angles = 55° the rock model |3
uzed. In oetween, a fuzzy memibership funclion is
valloulalend.

*: Btoop Bedrodk (slope angle & 557)

0: Debris Cover (slope angle = 35°)

Interpretation Key

Steep rock slopes:

Stz2o rock sicpes have diffeivg cegraes of heterogensity saused by

Clast gize, soil propertios and vegatation

A cover of coarse blocks with opan voids and na infill of line material (A)
Iindizaies cold condtions. Bedrock, fine-grainec 2oil o soll with coerse
blocks but an irfill of fines (B) indizate warm conditcra. A dense vegetation
wven [G) usualy Fuliales he abswnce of painlost

Rock glaciers
Active fintact) rock glaciers (D) are B2
Identited by signs of movement sach as
atesp fronts. They are reliable visual
indizators of pama‘rms! within their
crepping mass of debriz but do not
aluw eesy conduzions un edjacent &8
araas.

=lapa pogition and long-1agting snow.patches

Tre position along a slope can affect grourd lemperatures through the
SORing Ol GRS, AlF eleLIAROn MININ e 8132, and Snow re-aisn b ton.
Often, thz foot of slaps (E) has colder ground temperatures. It sontaing
riene oo s nialeni and is allzcied by ong-lesting avalanche snow.
Similarly, other late-lying srow paiches indicate ccally cold conditions.
Tre top of slope (F] often has locally rather wanm conditions. Freguently, it
containg smaller dleets as well as an 17l of e material.

MiCro-opnOARTY A

thin ercw covar ae well ag ienil!Umaﬂdepoaﬁor o znow inlarge
Tractunes, roicating ocally cold condiions. Sesp, smocth and largely
wrtractured racs (<) is ndicativa of warmer condicions, This effect is mare
pronounced r sun-sxkaosed than r shaded ccations.

Y () ohien enables A

2 Vagatation
The data are provided "2 5" and University of Jurich makes v represantations or warrantles, seprass orbmxlec. By way of exarrple, bot without By iation, Lnlversitg of Zrlck
‘waranses of merchanibity or NRES ‘CF Ay PArticular pLr 2028 or that the data will Meet yewr 'equirmems of that the use of the €3 ar decarenation will not infringe any 1hir RarTy's ANt capmyms
mderarks or ather dches Furthermare, Uive: !tyuqunchdnes 01 warmart of e sy representatlons regerding use of the dete in terms of cor sicuracy, r iabilty, or oth hat defects in
the data will b § Zurich wil |

ircidentzl, ar

or cny ctherrel of, or fcrany daim by ary third party, arising ‘ram the wse of the dita
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Objective 4 — - —
Development of strategies for dealing Identification of risks deriving from
with permafrost-related natural permafrost degradation

hazards

Recommendations for policy
- Provide handbooks and guidelines makers
- Define possible scenarios

B Muren August 2003
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The hydrologlcal reglme of rock gIaC|ers '_"'
IS affected by the amount of ice in the 5:._'
permafrost ground
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oy atertemp 4
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of rock gIaC|er springs S¢
were determined at Lazaun g
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‘and compared to

- glacial meltwater =

not |mpacted by permafrost %
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Permafrost and Water resources management \
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The hydrologlcal regime of rock gIaC|ers A
is affected by the amount of ice in the ; ,5
2 | permafrost g ‘pund )

0.15 - oQ1 T
%: mQ3 Drinking water limit = i " ;
E, G o 28 L ' (*a |ons catlons;-
i e #GB o R
« all 5 5 o .. ofrock gIa(:lerrspr 3 .:
0.05 1 pida O u : Were dejgrmmed at Lazaum :
. .,...:".m’* e ~and compared ta
1 : —® T i .
0 100 200 300 400 i glax:lal meltwater =
N Conductivity (uS/cm)
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Fig. 4: Nickel concentration and conductivity of springs in the Lazaun cirque and at Ulten.

Samples were taken in the years 2007, 2009 and 2010 (for abbreviations see above).
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The total melting of rock glaciers is about 182,38 I/s (= 0,18 m3/s), this is about 0,13% of the total
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