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Data : ERA-Interim (1979-2013)

Température moyenne en été a 2m (°C)
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Précipitation annuelle (mm/an)
(Bruxelles : ~ 800mm/an)
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Bilan de masse en surface (SMB) ~ accumulation — fonte

Accumulation > fonte Fonte > chute de neige
(SMB >0) (SMB <0)

Ablation
zone
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Bilan de masse total (IMB) ~ accumulation — fonte — iceberg
IMB ~ 0 ~ 700 GT/yr - 350 GT/yr - 350 GT/yr

dans les années 90 !
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Modele Atmosphérique Régionale
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~ 130 publications sur le Groenland

~ 10 publi's sur I'Antarctique

~ 10 publi's sur la Belgique

~ 5 publi's sur le Svalbard, Patagonie,...
~ 10 Nature/Science

20.02.2020

laires|

Vd

egions po

les surlesr

égiona

Vd

Un des meilleurs modeéles r

10

https://doi.org/10.5194/tc-2019-321
Preprint. Discussion started: 14 January 2020
(© Author(s) 2020. CC BY 4.0 License.

The Cryosphere

GrSMBMIP: Intercomparison of the modelled 1980-2012 surface
mass balance over the Greenland Ice sheet
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(©) Author(s) 2020. CC BY 4.0 License.
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Chute de neige
(moyenne 1980-2010)

(Bruxelles ~ 800 mm/an)
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Evolution récente du bilan de masse en surface:
Anomalies < 0 a partir des années 2000
SMB ~ 0 en 2019!

GrlS SMB simulated by MARv3.10 forced by NCEP-NCARv1
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. SMB

350 GT ~ 1Tmm sea level equivalent
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Sea level contribution (mm)

Record de perte de masse en 2019!
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Evolution du bilan de masse total (1980-2018)
(par rapport a ce qu'on projette)
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Year

On suit actuellement le pire des scénarios et avec 2019, on est au-dela.
Source: IMBIE2, Nature, 2019
% Liege, 20.02.2020
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Dans un climat plus chaud: chute de neige + 5% par degré
fonte + 25% par degreé

Peamontds da la ligne
'S J]J]' ra

g \
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+ Accumulation +

zone
Ablation Ablation
zone lce zone
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Retrait de la calotte des cotes (plus d'icebergs)
et amincissement de la calotte...
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R Accélération de la fonte car
(w5 rétroaction positive de I'albédo

'y ] ; ._'I /
) Zone
d'accumulation

(albedo 70-80%)

& 'Zone d'ablation
-(albedo 30-50%)
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Température +
Fonte +
Elévation —

Température ++ (+1°C/100m)

En couplant MAR a un modele de calotte,
. A T e on a estimé que cela augmenterait la fonte
: de 10% mais en utilisant un scenario

] . moyen
Changement de hauteur cumulée de 2000 a (Le Clech't et al., 2019)

2100 suite a des anomalies de SMB
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LETTER

Greenland ice-sheet contribution to sea-level rise
buffered by meltwater storage in firn

J. Harper', N. Humphrey”, W. T. Pfeffer’, . Brown' & X. Fettweis"

60

. |

50

doi:10.1038/nature11566

45

40

35

30

Part of refrozen meltwater (%)

25
1960 1970 1980 1990 2000 2010

Jusqu'a présent, ~ 40% de l'eau de fonte est retenue par le manteau neigeux et
regel pendant I'hiver sans contribuer a la hausse du niveau des mers.
=> Cette capacité de rétention est entrain de diminuer ...
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https://doi.org/10.1038/s41586-019-1550-3

Rapid expansion of Greenland’s low-permeability
ice slabs

M. MacFerrin'*, H. Machguth??, D. van As*, C. Charalampidis®, C. M. Stevens®, A. Heilig”®?, B. Vandecrux®!°, P. L. Langen',
R. Mottram!!, X. Fettweis'?, M. R. van den Broeke!?, W. T. Pfeffer'¥, M. S. Moussavi®'!> & W. Abdalati!

=> formation de lentilles de glace

=> effet de mémoire dans le manteau neigeux

Est-ce que les modeéles sur-estiment ou
sous-estiment la capacité de rétention??

Décalage dans les projections de niveau
des mers ?

. Liege, 20.02.2020 Xavier.Fettweis@uliege.be



Greenland ice sheet SMB (GT/yr)

Greenland ice sheet SMB (GT/yr)

as simulated by the MAR model from Uliege (X. Fettweis)
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La variabilité observée du climat est plus grande que celle des modeles globaux.
2 années de fonte élevée # année record puis année normale

% Liege, 20.02.2020 Xavier.Fettweis@uliege.be



Dans la zone d'accumulation, la fonte es

par le rayonnement mfr ouge.

Dans |a zone d'ablatipn, la fonte est dirigée par
le rayonnement solaire.

Role des nuages:
- réchauffement dans la zone d'accumulation (effet de serre)
- refroidissant dans la zone d'ablation (effet parasol)

+ Nuages liquides (gris) vs nuages solides (blanc)

B Liege, 20.02.2020 Xavier.Fettweis@uliege.be




Journal of Geophysical Research: Atmospheres
RESEARCH ARTICLE  Temporal Characteristics of Cloud Radiative Effects on the

10:1029/2018ID028540 Greenland Ice Sheet: Discoveries From Multiyear Automatic
Key Points: Weather Station Measurements

+ Both net and longwave cloud
radiative effects present contrasting

seasonalities between North and Wenshan Wang'' "/, Charles S. Zender'' ", and Dirk van As?
South Greenland

+ Hourly cloud radiative effects exhibit 1Dr:par'cmem of Earth System Science, University of California, Irvine, CA, USA, 2G-:oloc_:;ical Survey of Denmark and
a bimodal distribution, peaking at Greenland (GEUS), Copenhagen, Denmark

nearly clear skies and opague clouds
« Surface albedo dominates cloud

id's surface melt is difficult to quantify due to the limited
tify cloud radiative effects (CRE), we utilize 29 automatic
an seasonal and hourly timescales in both accumulation and

SCIENCE ADVANCES | RESEARCH ARTICLE

METEOROLOGY gspﬁii:wmn zycles across geographical regions. CRE generally increases
. . e PUThots, Some nainly due to longwave CRE enhancement by cloud fraction
DecreaSIng CIOUd cover drlves the recent mass IOSS 23:::55irve:eur::iee ily and increases afterwards in the middle and south of
on th e G reen Ia n d |ce Sheet American Association rave CRE caused by surface albedo reduction. This finding
for the Advancement in previous studies at different Arctic locations. Longwave
Stefan Hofer,'* Andrew J. Tedstone, Xavier Fettweis,” Jonathan L. Bamber' 2;;1‘;”5'; 2;2';':;1: 'north to decreasing in the south, implying spatial variations
. . . . . Works. Distributed y timescales, longwave downwelling radiation exhibits a
The Greenland Ice Sheet (GrlS) has been losing mass at an accelerating rate since the mid-1990s. This has been under a Creative ; 3 .
due to both increased ice discharge into the ocean and melting at the surface, with the latter being the dominant Commons Attribution e, clear state) and ~ 0 W/m” (i.e. cloudy state), suggesting
contribution. This change in state has been attributed to rising temperatures and a decrease in surface albedo. We License 4.0 (CC BY). ind overcast. In the cloudy state, CRE strongly correlates with
show, using satellite data and climate model output, that the abrupt reduction in surface mass balance since nd albedo (r = 0.85,p < 0.01) probably because clouds

about 1995 can be attributed largely to a coincident trend of decreasin~ ~+:~=nx ~losed covins o b et tlon s
melt-albedo feedback. Satellite observations show that, from 1995 to 20

0.9 £ 0.3% per year. Model output indicates that the GrlS summer melt i ARTICLE

percent reduction in summer cloud cover, principally because of the impac
the low albedo ablation zone. The observed reduction in cloud coveris str¢  Received 26 May 2015 | Accepted 23 Nov 2015 | Published 12 Jan 2016 DOI: 10.1038/ncomms10266 OPEN

North Atlantic Oscillation promoting anticyclonic conditions in summer ai

mass loss from the GrlS is driven by synoptic-scale changes in Arctic-wid: C | Ou dS e n h a n Ce G ree n |a n d ice S h eet m e | twate r

Le réle des nuages est runoff
toujours débattu!

K. Van Tricht!, S. Lhermitte!, J.T.M. Lenaerts?, I.V. Gorodetskaya1, T.S. L'Ecuyer3, B. No&l?, M.R. van den Broeke?,
D.D. Turner? & N.P.M. van Lipzig'
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nature LETTERS

climate change https://doi.org/10.1038/541558-019-0507-8

Cloud microphysics and circulation anomalies
control differences in future Greenland melt

Stefan Hofer®'2*, Andrew J. Tedstone!, Xavier Fettweis 2 and Jonathan L. Bamber®"

Les projections futures sont trés sensibles
aux changements de phases des nuages!
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Clim Dyn (2011) 36:139-159
DOI 10.1007/s00382-010-0772-8

The 1958-2009 Greenland ice sheet surface melt
and the mid-tropospheric atmospheric circulation

The Cryosphere, 7, 241-248, 2013
www.the-cryosphere.net/7/241/2013/
doi:10.5194/tc-7-241-2013

© Author(s) 2013. CC Attribution 3.0 License.

(GHOH

Xavier Fettweis + Georges Mabille -
Michel Erpicum - Samuel Nicolay -
Michiel Van den Broeke

Brief communication

The Cryosphere, 12, 3287-3292, 2018
https://doi.org/10.5194/tc-12-3287-2018

© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

The Cryosphere

Brief communication: Recent changes in summer Greenland
blocking captured by none of the CMIP5 models

Edward Hanna', Xavier FettweisZ, and Richard J. Hall!

LSchool of Geography and Lincoln Centre for Water and Planetary Health, University of Lincoln, Lincoln, UK
?Laboratory of Climatology, Department of Geography, University of Litge, Lizge, Belgium

“Important role of the mid-tropospheric atmospheric circulation in
the recent surface melt increase over the Greenland ice sheet”

The Cryosphere, 12, 3409-3418, 2018
https://doi.org/10.5194/tc-12-3409-2018

© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.

X. Fettweis!, E. Hanna2, C. Lang' , A. Belleflamme!, M. Erpicuml, and H. Gallée®

!Laboratory of Climatology, Department of Geography, University of Lizge, n°2 Allé du 6 Aout, 4000, Liége, Belgium
2Depar[ment of Geography, University of Sheffield, Winter Street, S10 2TN, Sheffield, UK
3Laboratoire de Glaciologie et Géophysique de I'Environnement (LGGE), n°54 Rue Molite, 38402, Grenoble, France

https://doi.org/10.5194/tc-2019-332
Preprint. Discussion started: 10 February 2020
(© Author(s) 2020. CC BY 4.0 License.

The Cryosphere

Discussions

Brief communication: Impact of the recent atmospheric circulation

change in summer on the future surface mass balance of the
Greenland Ice Sheet

Alison Delhasse', Xavier Fettweis!, Christoph Kittel!, Charles Amory', and Cécile Agosta'?

Laboratory of Climatology, Department of Geography, University of Liége, Liége, Belgium
2Laboratoire des Sciences du Climat et de I'Environnement, Gif-sur-Y vette, France

Brief communication: CMIP6 does not suggest any circulation
change over Greenland in summer by 2100

Alison Delhasse !, Edward Hanna 2, Christoph Kittel !, and Xavier Fettweis '

"Laboratory of Climatology, Department of Geography, SPHERES, University of Liege, Liége, Belgium
2School of Geography and Lincoln Centre for Water and Planetary Health, University of Lincoln, Lincoln, UK

Correspondence to: Alison Delhasse (alison.delhasse @uliege.be)

Xavier.Fettweis@uliege.be



Indice NAO: différence normalisée entre I'anticyclone des Acgores et la dépression d'Islande.

North Atlantic Oscillation

negative mode
in wintertime

: cold
blocking and dry

high
¥ 'IHEEH Q

warm and |
80° N ar _d asg i L
H ' H 2 p_osatl_ve m?da
L S in wintertime
~ ' 40° E
60° N jet stream
40° cold and
more sea ice
enhanced
trough 80° N
E
@ 2012 Encyclopaadia Britannica, Inc. a°

T, Liege, 20.02.2020

Xavier.Fettweis@uliege.be



1 Liege, 20.02.2020

N

Changements
“K.climatiques ??
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Fonte anti-corrélée a la NAQO!

Classification des types de temps

Normalised values (-)
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T700 = température a 700hPa (~3000m)
Z500 = geopotentiel a 500hPa (~5000m)
= altitude du champ de pression 500hPa
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Ces changements de circulations ne sont a priori pas prévus par les modéles!

— CMIP5 GB2
ot)se;://atlons CMIP6 GB2

—— NCEP GB2
NCEP GB1

|
N

Greenland Blocking index

(un dérivé de la NAO)
|

I
w

1960 1980 2000 2020 2040 2060 2080

Qui a raison ?

Est-ce du a la variabilité du climat ou induit par le réchauffement global ?

i Liege, 20.02.2020 Xavier.Fettweis@uliege.be



Si les changements de circulation continuent en éte,
le fonte du Groenland est a multiplier par 2 (Delhasse et al., 2019)!

Juillet 2019: Changements d'altitude en 2100:
40°C en Belgique puis

fonte record au Groenland Circulation normale Circulation actuelle
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Greenland ice sheet Irreversible retreat of the ice sheet

disintegrﬁfian_' caused by rising temperatures 0 SeRlarElis @27

Abrupt increase in emissions of
Permafcost—loss« €02 and methane through the « Greenhouse gas release » Amplified warming
= thawing of frozen carbon-rich soils

Atlan_tic meridiopal Shutdown of the AMOC caused by 4 Regional cooling
overturning circulation--—an-increased-influx of freshwater
breakdown into the North Atlantic B

— Sea level rise

Nine climate “tipping points”

where rising global temperatures 2
could push parts of the Earth o =y e e 2 shitt
system into irreversible change ' T S : :

Boreal forest. Ashiftinboreal forests,seeing ., g qgical shift
-expansion-intotundra to the north

and dieback to the south ——————= Regional warming
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@® Melting
Biodiversity [0ss ‘e Deforestation and hotter, drier conditions  Amazon-rainforest

causing dieback of the rainforest-and-a—>——= —, _ &
Decreased rainfall e —— " shift towards savannah dieback g

Collapse of the ice sheet triggered by  West Antarcticice
Sea level rise (5m) = persistent grounding-line retreat-in-one -—FJT 3 A
sector, cascading to other sectors sheet 'Smtegratlon

@® Biome shift

@ Circulation change

An abrupt change in Sahel rainfall, caused by A fri
a-shift-northwards-(wetter)-or-southwards -—ﬂeSt Afrlcan.
(drier) in the West African monsoon _nonsoon shift

Ecosystem change

Decreased carrying capacity e Ihe monsoon system could be weakened o -
by higher aerosotemissions-or--—Indian monsoon shift
Drought e———strengthened by rising CO2 emissions

Rising temperatures pushing corals beyond 2
Ecological change tolerable-levels of thermal stress into-an——CoOral reef die-off
alternative state dominated by macroalgae
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Point de non-retour de la calotte si la calotte fond de trop,
elle ne pourra plus se reconstruire

méme si on revient a un climat "normal”

Observed RCP 2.6 RCP 4.5 RCP 8.5

Percentiles

2000 En I'an 3000 En I'an 3000 En I'an 3000
(accord de Paris) (le plus probable) (si on ne fait rien)

Ref: Aschwanden et al. (2019)
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=~ +1-2°C pendant 1000 ans (IPCC ARY)
=~ +2-3°C pendant 1000 ans (dernieres estimations)

Greenland
collapse

2 3 4
Anomalie de la temp. globale (°C)

Niveau des mers (m)
N A O

Point de non-retour atteint avant 2100 ?
oui c'est trés probable si on ne fait rien (scénario SSP585).
Point de non-retour atteint en 2050 ??

oui c'est possible si changements de circulation et si les modéles
surestiment la capacité de rétention et I'albédo de la glace vive.
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Ou va aller I'eau de fonte du Groenland?

-180°
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-0.15 -0.10 -0.05 0.00 005 0.0 0.5 0.20
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a)
-0.20
La Flandre sous eau si le seuil est atteint ? A priori pas a cause du Groenland ...
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La fonte (partielle) de la calotte du Groenland est .in-é'vit'ablgﬂét
risque de s'emballer!

Un seuil de non-retour pourrait étre atteint avant 2100 dans le
_ pire des cas! Mais tout OK si on se limite a < +2°C.

.~ Mais quid de - la capacité de rétention de la calotte?

- des nuages?

- des'changementsi;de circulation?

- de la durée du réchauffement climatique?
- de la variabilitée du climat?

g Bref, beaucoup reste encore a découvrir
& pour diminuer toutes.ces incertitudes et
&= préparer notre future.

NS

S en_faveur du climat!)
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