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Alpine glaciers are sensitive key markers of climate variations and are among the most
important natural proxies to study climate change
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Main goals:
multitemporal qualitative and quantitative analysis of glacier
variations
Photointerpretation and multitemporal analysis on a@mporal dm
combined with /

geomorphological and glacial-geological field surveys

stereoscopic aerial photographs,
orthophotos, Lidar data,
historical maps, terrestrial
historic photographs, drawings,
front variation measurements
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We built a

georeferenced dynamic
multi-temporal

glaciological inventory
of the Gran Paradiso
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Massif glaciers
providing detailed
snapshots of the state
of the glaciers from the
LIA to 2015.
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following WGMS
guidelines
(WGMS, 1989,
2008; Paul et al.,
2009, 2010;
Salvatore et al.,
2015)
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103 Ghiacciaio di Valeille
Operatori: Valerio BERTOGLIO
¢ Picro Borge - Controllo del 2016.09.24

Ancora potente la vasta zona con crepacciatura trasver-
sale in zona centro-frontale. Davanti alla fronte ¢ presente
un deposito di limo glaciale misto a detriti di varia pezzatu-
ra. Il ghiacciaio risulta parzialmente coperto da detrito nel
settore destro frontale.

In the framework of the NextData Project, we
provided an organic georeferenced dynamic
multi-temporal front variation database of
the Gran Paradiso Massif glaciers monitored

Quota min, fronte: 2690 m

Segnale Direzione DISTANZE (inm)
by the Italian Glaciological Committee or dellamisura attuale _precedente variazione oot o
LP1 (cf) 190* 73 47 - 26

under its coordination

RELAZIONI DELLA CAMPAGNA GLACIOLOGICA 2015
REPORT OF THE GLACIOLOGICAL SURVEY 2015

u curn di teditor) CaxLo BARONL ALpino BONDESAN & Giovasst MORTARA

Comitato
Glaciologico

Click on the Italian Glaciological
Committee banner to go to the website
of the Annual Glaciological Surveys!

GEOGRAFIA FISICAE
DINAMICA QUATERNARIA

SURVEY_
SURVEY_D PATFOR REFERENCE P
ATE M_METH _DATE

[~ Nl - B -

N CODE-
CODE_SUBCOD GLNAME WGICODE  "OMS— \wGms ID PART
E NAME

CUMULATIVE_F QUALITA
;fz::;v‘ RONT_VARIATI TIVE VA
ON_{m) RIATION

SECTOR SECT_SuB SUPERGROUP GROUP

LATITUDE LONGITUDE

MEAN
Year
OR

|Ghiacciaio del Coupe di Mone 109.0 109 IT4L01512019 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1925 19259999
|Ghiacciaio del Coupe di Mone 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1927 -8 12 19279999 19269999
?Ghiatciaio del Coupe di Mon¢ 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45531 7,34922871 NW 1928 -5 7 19289999 19279999
Ghiaccialo del Coupe di Mont 105.0 109 1T4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |12 Gran Pa 45,531 7,34922871 NW 1929 19289999 19289999
Ghiacciaio del Coupe di Mont 109.0 "109 1T4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran | 2 Gran Pa 45,531 7,34922871 NW 1930 -15 -8 19309999 19299999
Ghiacciaio del Coupe di Mon¢108.0 "109 IT4LC151201¢€ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1931 -7 -15 19319999 19309993
Ghiacciaio del Coupe di Mone 109.0 '109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1932 -6 -21 19329999 19319999
Ghiacciaio del Coupe di Mone 109.0 '109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1933 -10,5 =315 19339999 19329999
Ghiacciaio del Coupe di Mon¢ 109.0 '109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1934 -6 -375 19349999 19339999
Ghiacciaio del Coupe di Mone 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45,531 7,34922871 NW 1935 -7 -445 19359999 19349993
Ghiacciaio del Coupe di Mone 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western 8 North-Wester 7.1V Alpi Gra ACatena del Gran12GranPa 45,531 7,34922871 NW 1936 1 -435 19369999 19359999
Ghiaccialo del Coupe di Mont 105.0 "109 1T4L0151201¢ COUPE DE 1271 | Western B North-Wester 7.1V Alpi Gra A Catena del Gran |2 Gran Pa 45531 7,34922871 NW 1937 -3 -46,5 19379599 19369999
Ghiacciaio del Coupe di Mont 105.0 "109 IT4L0151201¢ COUPE DE 1271 | Western B Northt/artas 7001 alai ~on 4 Catena del Gran |2 Gran Pa 45,531 7,34522871 NW 1938 -10 -56,5 19389999 19379993
Ghiacciaio del Coupe di Mont 109.0 '109 T4L0151201¢ COUPE DE 1271 | Western B No! 45,531 7,34922871 NW 1939 -2 -58,5 19399999 19389999
iGhiacciaio del Coupe di Mone¢ 109.0 '109 IT4L0151201¢ COUPE DE 1271 | Western B No! 45,531 7,34922871 NW 1940 -2,5 -61 1
thiacciaio del Coupe di Mon¢ 109.0 '109 IT4L0151201¢€ COUPE DE 1271 | Western B Noi 45,531 7,34922871 NW 1941 -1 -62 19419999 19409999
|Ghiacciaio del Coupe di Mone 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western B Noi 45,531 7,34922871 NW 1942 19429999 19419999
Ghiacciaio del Coupe di Mon¢ 109.0 '109 IT4L0151201¢ COUPE DE 1271 | Western B Nor 45,531 7,34922871 NW 1943 19439999 19429999
Ghiacciaio del Coupe di Mon¢ 109.0 "109 IT4L0151201¢ COUPE DE 1271 | Western 8 Noi 45,531 7,34922871 NW 1944 19449999 19439999
|Ghiacciaio del Coupe di Mone 109.0 "0s iT4L0151201¢ COUPE DE 1271 | Western 8 No: 45,531 7,34922871 NW 1950 -50 -112 19509939 19499999
‘}Ghia:(iaio del Coupe di Mont 109.0 :109 1T4L0151201¢ COUPE DE 1271 | Western B No! ACatena del Gran | 2 Gran Pa 45,531 7,34922871 NW 1951 -12 -124 19519999 19509999
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http://www.glaciologia.it/en/i-ghiacciai-italiani/le-campagne-glaciologiche/
http://www.nextdataproject.it/

Between LIA and 2015 Gran Paradiso glaciers lost about

| elevation.

Location map of the Gran
Paradiso. Massif (after
Salvatore et al., 2015)
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curves of frontal variations.
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70 % of their area. We assist to an important shrinkage of ™
frontal margin as well as a strong reduction at the highest 72

Here below, black stars indicate validated Time-Distance [&%
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Glaciers distribution is strictly related to the orographic
; setting of the studied area as most of the Gran Paradiso
glaciers face toward the Northern sectors.
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The amount of volume loss between the LIA and the 2006 time-steps was obtained by applying the geodetic mass
balance. Classes of thickness variations (Az, in meters) are displayed through a chromatic scale. Assuming a
density of the ice equal to 850 kg/m?3 (Huss, 2013) we calculated a volume loss of ca 3.9 £ 0.28 km3 w.e. from LIA

to 2006. Between 2006 and LIA, ELA variation (AELA 2006-LIA) was of about 166/130 = 5/4 m (AAR/AABR
respectively).
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Altimetric distribution of glacier fronts vs. longitude

Rhémes V. Valsavarenche
[ ] [ ]

Orco V. Valnontey

Since the LIA, Gran Paradiso glaciers
experienced a relevant rise in elevation of
frontal margin (290 m as a mean). Only
debris covered glaciers recorded modest
frontal rise during the last decades.
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1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year

-150
-350
—— Ghiacciaio di Valleille 103
550 | = =Ghiacciaio di Grand Croux 111 —

—0=Ghiacciaio del Lauson o del Gran Sertz 116

—%%— Ghiacciaio di Goletta 148

Cumulative Front Variation (m)

750 —@— Ghiacciaio Soches-Tsanteleina (o Centelina) 147 "s"‘\,,v
—@— Ghiacciaio del Coupe di Money 109 .
—@— Ghiacciaio di Money 110 -
—@— Ghiacciaio di Moncorve' 131

-950 !
—e— Ghiacciaio di Monciair 132 \.\..
—=— Ghiacciaio di Lavassey 144 L |

-1150

Time-Distance curves evidence a strong retreat almost

since the beginning of the XIX century, interrupted by —a A
small advance phases. Lavassey, M. Concorve‘ and Grand ' ol (%Q

Ieailins
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Croux glaciers recorded the stronges retreat (-1089.4 m,
-1004.4 and -851.5 m, respectively).
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Moncorve’ Glacier (CGI-CNR code: 131.0).

e 1508

5

Our data show a strong acceleration in the reduction rates of the glacial bodies marked by dramatic shrinkage of
frontal area and contraction also in the accumulation basin.

As a consequence, we assist to a progressive fragmentation of glaciers inducing an increase in the number of
glaciers smaller than 0.1 km? and of the extinct glaciers.

Moreover glacier of the Gran Paradiso Massif recorded a dramatic reductions both in term of area and volume
and, overall, our results underlined a strong increase of the reduction rates in the last decades - in particular
since ‘90s - reflecting temperature anomalies increase.

iﬁ"-/”“"msm ‘*h Salvatore M.C. 2, Gennaro S. !, Alderighi L. !, Cerrato R. 1, Baroni C. 12 @Uﬁss":n':d.yzozo | 4-8 May 2020

S S| pr Pisa .
" © Authors 2020. All rights reserved.




References

Auer, |. et al. (2007) - HISTALP — Historical instrumental climatological surface time series of the greater
Alpine region 1760-2003. Int. Journal of Climatology, 27, 17-46.

Baretti, M. (1975) - Per rupi e ghiacciai. Boll. Club Alpino It. IX, n. 24, pp. 381-392.
CGI-CNR, Comitato Glaciologico Italiano - Consiglio Nazionale delle Ricerche (1959, 1962) - Catasto dei

Ghiacciai Italiani, Anno Geofisico Internazionale 1957-1958. Comitato Glaciologico Italiano, Torino, v. 1-4.

IPCC (2007) - Climate Change 2007: The Physical Science Basis. In: Solomon, S. et al. (Eds.) Contribution
of Working Group | to the Fourth Assessment Report of Intergovernmental Panel on Climate Change.
Cambridge, 996 pp.

IPCC (2013) - Climate Change 2013: The Physical Science Basis. In: Stocker, T. F. et al. (Eds.) Contribution
of Working Group | to the Fifth Assessment Report of Intergovernmental Panel on Climate Change.
Cambridge, 1535 pp.

Maisch, M., Wipf A., Denneler, B., Battaglia, J., Benz, C. (2000) - Die Gletscher der Schweizer Alpen.
Gletscherhochstand 1850, Aktuelle Vergletscherung, Gletscherschwund-Szenarien. Vdf Hochschulverlag,
Zurich.

Paul, F., Barry, R.G., Cogley, J.G., Frey, H., Haeberli, W., Ohmura, A.,, Ommanney, C.S.L., Raup, B., Rivera,
A. & Zemp, M. (2009) - Recommendations for the compilation of glacier inventory data from digital
sources. Annals of Glaciology, Vol. 50 (53), 119-126.

Paul, F., Barry, R.G., Cogley, J.G., Frey, H., Haeberli, W., Ohmura, A., Ommanney, C.S.L., Raup, B., Rivera,
A. & Zemp, M. (2010) - Guidelines for the compilation of glacier inventory data from digital sources.
World Glacier Monitoring Service (WGMS), Zurich, Switzerland, pp. 1-23. Link:
http://globglacier.ch/docs/guidelines_inventory.pdf.

Porter, S.C. (1975) Equilibrium line altitudes of late Quaternary glaciers in the Southern Alps, New
Zealand. Quaternary Research 5, 27-47.

Rea, B.R. (2009)- Defining modern day area-altitude balance ratios (AABRs) and their use in glacier
climate reconstructions. Quat. Sci. Rev. 28 (3-4), 237-248.

Salvatore, M.C., Zanoner, T., Baroni, C., Carton, A., Banchieri, F.A., Viani, C., Giardino, M. & Perotti, L.
(2015) - The state of Italian glaciers: a snapshot of the 2006-2007 hydrological period. Geografia Fisica e
Dinamica Quaternaria, 38, 175-198.

Vannuzzo C. (2001) - The glacier retreat in Valle d’Aosta (Western Italian Alps) from the Little Ice Age to
the second half of the 20th century: linear, areal, volumetric and equilibrium line altitude changes.

WGMS - World Glacier Monitoring Service (1989) - World Glacier Inventory - Status 1988. Haeberli W.,
Bosch H., Scherler K., Ostrem G. & Wallen C. C. (Eds.) IAHS (ICSI) / UNEP / UNESCO, World Glacier
Monitoring Service, Zurich, Switzerland. Link: http://wgms.ch/downloads/wgi_1988 small.pdf.

WGMS - World Glacier Monitoring Service (2008) - Fluctuations of Glaciers 2000-2005 (Vol. IX). Edited
by: Haeberli, W., Zemp, M., Kdab, A., Paul, F., and Hoelzle, M., ICSU (FAGS)/IUGG
(IACS)/UNEP/UNESCO/WMO, World Glacier Monitoring Service, Zurich, Switzerland, pp. 266.

WGMS (2018) - Fluctuations of Glaciers Database. World Glacier Monitoring Service, Zurich, Switzerland.
DOI:10.5904/wgms-fog-2018-06. Online access: http://dx.doi.org/10.5904/wgms-fog-2018-06.

| 4-8 May 2020

EGUzsemby 2020

Acknowledgement:

This work was conducted in the
framework of the PhD Course on Earth
Science (Univerity of Pisa) and of the
“WP 1.6 Mountain criospheric
resources” of the Project of Strategic
Interest NextData (CNR-PNR 2011-
2013; Responsible A. Provenzale, W.P.
Leader: C. Baroni).

DIPARTIMENTO DI SCIENZE DELLA TERRA
UnIvERSITA D1 F1SA

NextData Projet

oo

Metadata
NextData Projet

Salvatore M.C. 12, Gennaro S. !, Alderighi L. !, Cerrato R. 1, Baroni C. 1.2

© Authors 2020. All rights reserved.



http://www.nextdataproject.it/
https://www.igg.cnr.it/
http://nextdata.igg.cnr.it/geonetwork/srv/eng/catalog.search#/search?facet.q=category%2Falpineglacersdb

| 4-8 May 2020

Glacial reduction in the EGU general 2020

Gran Paradiso Massif
(Western Italian Alps):
multitemporal
dynamic inventory
since the Little Ice Age

irhank,youjfor

Salvatore M.C. 12, Gennaro S. 1,
Alderighi L. 1, Cerrato R. 1, Baroni C. 12

o *

-

oL / UNIVERSITA

(1) Department of Earth Sciences, University of Pisa, Italy.

(2) Geosciences and Earth Resources-Research Council of Italy
(IGG-CNR), Pisa, Italy.

© Authors 2020. All rights reserved.



