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The announced death of Chacaltaya glacier in 2010
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Rabatel et al., Cryosphere, 2013



How glaciers of the tropical Andes changed since the
mid-20th century?

Cumulative length
or surface changes
in the tropical
Andes.

Clear change in the late 1970s

Rabatel et al., Cryosphere, 2013



Linking climate and glacier changes in the tropical Andes

1900 to 2013 1985-2005 to 2081-2100

Atmospheric warming

Linear trend in annual mean surface air temperature (left) from 1900 to 2013.

Modelled changes in temperature (right) from 1985-2005 to 2081-2100 according to a moderate-to-high emissions scenario
(RCP6.0, CMIP5 Atlas subset from KNMI Climate explorer).

Purple and white lines indicate topography over 1000 m.



Linking climate and glacier changes in the tropical Andes

Reconstructions and projections of global net glacier mass loss rates.
The upper panel shows global sums for different climate scenarios, with the solid line indicating the multimodel mean and

shading indicating model uncertainty.
The lower panel depicts mass loss rates for selected regions. Many regional rates will begin (or have begun) to decline long before

the global rate will.

Marzeion et al., Cryosphere, 2012



Main research axes and worksites

document and understand the recent evolution of the cryosphere in mountain
basin in link with the climate change

guantify the water resources of the mountain basins by taking into account snow
and glacier contribution in the context of anthropogenic modifications

reconstruct past climate and environmental changes using ice core archive from
high altitude glacier
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Reseach based on Observation Networks



A network of ‘Reference’ glaciers...

www-lgge.obs.ujf-grenoble.fr/ServiceObs/




... strongly supported and funded...

Who? ~20 persons (from France, Bolivia, Ecuador, India, Nepal) + students & post-docs

Fundin g ? ~700 k€/yr (including salaries and logistic costs)

Links with the international community



... wWith extensive long term in situ observations ...

Surface mass balance
Topographical survey

Surface energy balance
Meteorological monitoring

Zongo Glacier, Bolivia (tropical Andes)



... Freely available data

GLACIOCLIM website

www-lgge.obs.ujf-grenoble.fr/ServiceObs/

Released in
summer
2015



Contribution of glacier runoff to water
resources of La Paz city, Bolivia (16° S)

With complete glacier disappearance:
-12% annual scale
-9% wet season

-24% dry season

Soruco et al. 2015 y



GlacioClim structure



Black Carbon increases snow/ice
melting

(Hadley et al., 2012)
In Science



Black Carbon emission in South
America increase since decades



Smoke transported above Andean mountains




_ _ Glacier melting
Air quality

Impacts on ecosystems



Chacaltaya (CHC)

A "Global Atmospheric Watch” =
(6AW) Station in the high Andes —'

0)

Running since 2011




«CLimate relevant Aerosol Properties from near surface
Observations » — CLAP

Objectives:

 observe and study atmospheric aerosol, with the aim to understand
its sources (natural / anthropogenic, primary / secondary), and its
climate impact (direct and indirect)

« target variables are: the concentrations of particles (number per size
range), chemical composition, and their optical properties (absorption,
scattering)

« onsites (1) of regional and global relevance operated in whole or in
part by French teams and (2) that have demonstrated their ability to
conduct observations over long periods



GAW/CHC Chacaltaya Station
(5240 masl)




SO-CLAP atmospheric monitoring stations



Atmospheric Black Carbon



Comparison between atmospheric and ice core concentrations
(NCO-P station Nepal)

Monsoon: June 1stto October 1st

Ginot et al., Cryosphere, 2014
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Jlaclk carloon anc dust impact on Himalayan glacier melting

Ginot et al.. The Crvosphere.



Black Carbon at 6300m in Illimani ice core
- similar to Himalayan glacier levels
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Linear trend in zonal annual mean temperature from 1979 to 2013.
The green line denotes the heights of large mountain ranges (e.g. Andes ca. 4 000 m near 20° S, Tibetan Plateau ca. 5 000 m near

30° N); individual peaks are shown as green triangles.
Data source: ERA-Interim reanalysis
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The project contributes to the UNESCO International

Hydrological Programme (IHP) within the framework of the
snow, glacier and water resources activities of the IHP-VIII (2014-

2021) 'Water Security: Responses to Local, Regional and Global
Challenges’.

Jean Jouzel, climatologist and vice-president of the IPCC

Luc Jacquet, french filmmaker and Oscar-winner for “March of the Penguins” and
currently releasing his latest film « Ice & Sky ».







Conclusion 1

Long termes and structured « Observation Networks »
are essential for climate relevant research



Conclusion 2

It is not too late for saving some ice
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Observation structures

European International

French National Structure
RI Program

WMO



Observation structures

National Structure | European International
: RI Program
WGMS
GCW

Cryosphere

Label « Sud » I
LMI Great Ice I
JEAI «GRANT» & «IMAGE>» :



Cryosphere

Atmosphere

Observation structures

French National Structure

Label « Sud »
LMI Great Ice
JEAI «GRANT» & «IMAGE»

Label « Sud »
JEAI «CHARME>»

European International
RI Program

WGMS
GCW-WMO

GAW-WMO
ACTRIS
ACTRIS-2



