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GLACIOCLIM : a global observation network




Recent depletion of tropical glaciers in the Andes: an indicator of the climate change

e ation GLACIER MONITORING NETWORK
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~10 morrenas datadas en Bolivia

Glacier today_
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15 glacier areas reconstructed from dated
moraines (liquenometry)

[1600-2000 AD]
Rabatel et al., Quat. Res. (2008)
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Measuring mass balance at month/year scale:

the ground measurements

e Bolivia:
e Zongo (from 1991) Glacioclim
» Charquini Sur (from 2002)
» Chacaltaya (from 1991, extincted 2009)

» Ecuador:
e Antisana 15 (from 1995) Glacioclim
* Antisana 12 « Los Crespos » (from 2004)

* Peru:
» Artesonraju (assist. UGRH/ANA): from 1994
» Yanamarey (assist. UGRH/ANA): from 1994

» Colombia (IDEAM, Bogota):
» Santa Isabel (assist. IDEAM): from 2006
» Yanamarey (assist. UGRH/ANA): from 2006




The Glaciar de Zongo, Cordillera Re
best monitored in the Tropics (> 30yr

Reconstruction of 50-yr mass balance from crc
glacio/hydro/aephotogrammetry i

Soruco, 2008
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Hydrological Mass Balance
A Geodetic Mass Balance
Adjusted Glaciological Mass Balance
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Evidence of a common signal in the mass balances
at regional scale (a month scale)
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Hydrologic years
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Complexity of thre ENSO/glacier teleconnection:
Zonation of SST anomalies induces disctinct glacier response

Antisana 15 /Nifio4 sector 1995-2009 Zongo/Nifio1-2 sector 1991-2009

Correlation between mass balance and SSTa at month scale Correlation between mass balance and SSTa at month scale

Blue = Cold SST anomaly and positive mass balance anomaly (La Nifia)

Francou , Vuille et al., 2003;2004 & Francou/Vuille, in prep.
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Key-variables of the energy
balance :

« SW-- radiative balance ( albedo)
e Long-wave radiation LW--

e Turbulent fluxes H, LE

* G and P are not important

Key-variables of atmosphere :

* Precipitation (solid/liquid):  Mass

" H$% &'( ) &) &,

Energy balance

'-&

Equation of energy conservation

R+H+LE+G+P=MD,

Radiative Balance : ATMOSPHERE

all wave-length

SW- LW-

Sensible heat flux
& latent heat flux

alimentation, albedo
* Cloudiness y Relative Humidity:
SW, LW, LE/H

SW

* Wind velocity : LE

* Air temperature (sensible heat
flux): H

Sources : P.Wagnon, J.E.Sicart, V.Favier,
L.Maisincho, M. Litt

MELTING GREATACE

Wind

Conduction
(snow & ice)
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Parameters measured in the field
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AWS on Caquella snow field, Bolivia, 21°S, 5400 m asl OPW
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Data collection

Automatical Weather Stations (AWS)

GLACIOCLIM

Zongo glacier : Station ORE « Moraine » (5050 m) and Station SAMA « Glacier » (5050 m)

Antizana 15 and Antizana 12 (Ecuador): 4900 m
Zongo (Bolivia): 5050 m
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Turbulent fluxes

Ph.D M. Litt (2011-2013)
Tropical glaciers / Alpine snow cover
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Anual fluxes measured at the glacier surface
Antizana (Ecuador, 028S) and Zongo (Bolivia, 16%S)

Inner Tropics: weak seasonality

R+H+LE = M,

RADIATIVE

*Net short radiation S
 Net long radiation L
TURBULENT
 Sensible Heat Flux H
 Latent Heat Flux LE

Outer Tropics: strong seasonality

Wagnon et al., 1999 J.Geophys.Res
Favier et al., 2004 J.Geophys.Res
Sicart et al., 2005 J.Geophys.Res.

Energy fluxes (W m-2)

Energy fluxes (W m-2)

200

100

o

-100

-200

200

100

o

-100

-200

ANTIZANA (0°28'S, 4890 m asl)
H

—
e s

R |

< Jo S

R S

...’.‘0.0. 0.0.0.0.0

.0'.'00 S

MO2 A02 MO2 JO2 JO2 AO2 S02 O02 NO2 DO2 JO3 FO3 MO3
_| ZONGO (16°S, 5050 m asl) =
S

am

o

i

5
5
R

o
e,
botete!
ot
Iyt
tetel

o
2
etel
Iyt
Iyt

o
o
o
o
o

o
o

e
o
o
<
o
2!

>
&
&
&
L

| | | | | | | | | | | | |
A99 599 099 N9 D99 JOO FOO MOO ADD MOD JOO



S8 -0 )(S- 158 " HS% &( ) &) W& &

Crucial factors for melting glaciers in the Andean tropics

 Short-wave radiation [SW™]: the biggest source of energy, which is strong all year round

» Long-wave radiation [LW "] : important incoming flux in the wet season (frequent
convective clouds and high moisture content in the atmosphere). [LW - ] can be positive
and aliment a constant melting

» Sensible heat flux [S] : low, generally compensated by the latent heat flux [LE]. This is
due to the low elevation freezing point (generally situted below the glacier terminus) and
the poor density of atmosphere

e Latent heat flux [LE] is high (sublimation) in the dry season. With the [LW - ] negative,
the [LE] represent a strong loss of energy (low temperature at the glacier surface)

» Consequently, melting the mainly controlled by short wave [SW - ] balance, which
depends on albedo

» Albedo is controlled by the snow cover frequency on glacier surface, which depends on
frequency of snowfalls and phase of precipitation (snow/rain limit)

* The snow/rain limit depends on temperature of atmosphere GREATICE
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5 stations on the Altiplano, daily averages over 1991-2008
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Discharge in the Zongo runoff station and wet season timing in balance / melt discharge: wet season tim ing and duration /
precipitation intensity, frequency  PhD. C. Ramallo, 2010-2012
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Consequence of glacier shrinkage on discharge in the high elevation basins

Discharge increases in very glacierized basins (dominant glacial regime)
and decreases when glaciers are reduced (dominant snow/rain regime)

P=0 and Gmb<0
runoff increases
(up to a peak)
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Since the 1950s, temperature has increased by ~0.7° C
in the Tropical Andes, mainly after 1976

T +0.7C

0.10<C/decade

Annual temperature deviation from 1961-90 average
(1IN -23%) between 1939 and 2006. Compilation of 27 9 station records.
Black line: long-term variation (0.10C/decade). (Vuille et
al., 2008)

Precipitation trend from 1950 to 1994
(42 station records)

A increase

W decrease
(Vuille et al., 2003)
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Future...

Models/Simulations
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SRES A2
Mean simulation of 8 models
Alaska (+68N — Patagonia (-50N)
Vuille et al., 2008

Sensibility of mass balance of Glaciar Zongo at temperature and
precipitation variations. Reference : wet season 2005-2006
CROCUS model Lejeune, 2009

ELA, . = 5230 m (Present)

ELA,,, = 5430 m (+1C) +1C ELA +200m

ELA,,, = 5700 m (+3T)

GREATICE
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