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A\ Y The Earth System be considered as belng made of
I}& four subsystems interacting with each other through |

very complex mechanisms:

= i Emerged lands

| i Oceans
l i Cryyosphere
!a a Atmosphere
X Role of cryosphere in the Earth system : quite
Important and specific.
X Strong & often uneasy scientific efforts => much
better knowledge & understanding.
x Climate change research, integrated programmes

such as ESSP & such events as the recent IPY take

great advantage of these efforts.
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CRYOSPHERE : BACK TO BASICS

CRYOSPHERE ELEMENTS (10° km?)
Nortihern Hem. Soutthern Hem.

Ice caps 1.5 (Greenland) 15 (Antarctic)
Seaice 7-15 1-18
Continental snow 1-50

D~

Gl aci ers, permafrost




CRYOSPHERE : BACK TO BASICS
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CRYOSPHERE : BACK TO BASICS

Interactions between cryosphere and climate: polar warming

SGO : Temperature CLS

2070/99 — 1961/90

ARPEGE model forecast

U The most severe warming is by
far in the Northern polar region

U This is mainly the result of
albedo change & positive feedback

From 1972 to 2002, arctic sea ice
decrease is about 0.9 106 km?2
(acceleration after 1990, esp. in summer)

Note: Permafrost thawing cause huge
emissions of CH, i avery powerful GHG
quickly scattered in the atmosphere. It
contributes to global rather than regional
warming => another feedback mechanism




CRYOSPHERE :BACK TO BASICS

Interactions between cryosphere and climate: sea level rise

Sea level trends from Topex-Poseidon

IPCC 1 About half of

SLR could be due to
thermal expansion, the
other half to continental
Ice melting.
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Greenland : 3 millions km® A 6-7 m ocean level increase
Antarctic : 30 millions km3 A 60 m ocean level increase

Glaciers : 0.3 millions km3 A 60 cm ocean level increase
Seaice ; A O (Archimedes !!!)




CRYOSPHERE : BACK TO BASICS

Interactions between cryosphere and climate: Thermohaline

zone de
cozvergence

Eau de surface .’
Antarctique “

zone de
divergence

circulation

Only cold and non salty
water melting from polar
regions (and to a much
less extent from
Mediterranean / Black
sea) can generate the
conveyor belt and keep it
active.

Key variables are
temperature and density
differences between polar
and ocean waters which
cause complex surface
and deep patterns.



CRYOSPHERE : BACK TO BASICS

1i Seaice: A few meter thick. Important contribution to climate change.
High and quick variability and sensitivity.

2i_Continental snow : Important contribution to climate change. High and
quick variability and sensitivity. Seasonal impact on water resources

31 _Continental ice : Important contribution to sea level rise. High inertia.
Long term impact on water resources.




CRYOSPHERE : BACK TO BASICS

Glacier volume change

Annual Velume Change, km” - Cumulative Volume Change, km™

Global Glacier
Volume Change

(196071 1998) P g
The line with closed circles | e s
represents the total change | EJe $
in glacial mass worldwide = 500 S
Over a 28_year tlme perIOd' -6025166- . 1.976A5‘ A 199‘76' '1'9‘7;5§ : 1‘9-86‘ ‘1-9:8;‘3‘ . 1‘9-9;)‘ 1995 2000
The scale on the right side

of the graph shows change ACCELERATION!

In cubic kilometers. Glaciers

worldwide have been © Institute of Arctic and Alpine Research, University of

shrinking. Colorado, Boulder 1
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CRYOSPHERE: OPTICAL EARLY BIRDS

| A AN e «ﬁ, X \\\\2\
\&\ ,A \\\1\\\\ (\\\\\}“\\\ k\\e\‘\\:\ \"h N %ﬁ\\\\\ S ;‘i?s | '
N X generally speaklng optlcal observatlons from R
\ Space are jeopardized by: =N
Alength of the polar night AR

Acloud cover
Mifficult to separate high cirrus and aice

N x Low resolution, nignh revisiting.frequency -SenAsors
MERIS/ENVISAT, MODIS/TERRA-AQUA, VEGETATION/SPOT)

allow monitoring seasonal extent dynamics and such
- phenomena as large polynies, as well as some
|mportant addltlonal mformatlon |n surroundlng areas.
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CRYOSPHERE: OPTICAL EARLY BIRDS
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r L X Cloud free high resolutron optrcal |mages => better
. understanding of the shape of ice caps and glaciers-,

i\\ | better insight of the mechanisms at stake.

‘§\
i‘\‘:‘\\“ x 3D mapping => possible (quasi-static conditions at i
t\ \\\ that scale). and complementary to high accuracy N
SOONGA )
2 r‘;» altimetry observations. N
\-.\‘-‘{\ N\

- C SPIRIT initiative = effort to get a coverage of

Antarctic with 2.5 m resolution 3-D SPOT-5 images
_withtin the international IPY/GIIPSY space project
I \‘ ‘\\!‘}‘é P\*\" '\\ k\\\\x\hta\\\\t \\ e \\\ - \\

A SPIRIT image 1. SPIRIT project: funded by Cnes i Data supplred by

Spotrmage &preprocessed by IGN Espace crentrfrc processrng by LEGOS
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CRYOSPHERE RADAR EARLY BIRDS

Radar antennas

ESA ERS-1 (1991-2000), ERS-2
(1995) and ENVISAT (2002) paved

the way to early altimetry
measurements of the various
components of cryosphere form
space.




HOW DO THESE EARLY BIRDS WORK??
BN WS

u Altlmeters (1D) and Synthetic Aperture Radars (SAR 2D) are based upon

emission of monochromatic coherent electromagnetic waves towards Earth
surface and reception of backscattered electromagnetic waves.

U The wavelengths used are typically in the centimeter to meter range.

U The return delay, amplitude (polarization) and phase gives access to various
parameters, which are intricately mixed up in the backscattered signal.

U Considering the order of magnitude of the wavelength, phase shift intrinsically
includes very accurate altimetry information.

U Extracting such an information from non dedicated SAR missions is a complex
and delicate story but can give access to 2Dinformation?

Uil showed successful in building up Digital Elevation Models and detecting
terrain moves such as earthquakes and volcanoes deformation.

U It also showed efficient in determining altimetry trends in cryosphere such as
ice altitudes variation and drainage patterns in Antarctica and Greenland.
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EARLY BIRDS: SOME-RESULTS
Height variations

from Envisat
(2002-2010)
in m/yr
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EARLY BIRDS: SOME RESULTS

Antarctica ice sheet height evolution (m/yr)
ERS (1995-2003) Envisat (2002-2008)

A Important variability in snow accumulation pattern
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EARLY BIRDS: SOME RESULTS

Pine Island Glacier- Twaites sector

ERS loss : 58 km3/yr Envisat loss: 53 km3/yr
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EARLY BIRDS: SOME RESULTS

3-D visualisation of the Antartcic drainage pattern

_“’ I..‘
Results from LEGOS
cryosphere scientific team
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FROM SPACE:
» SOME DEDICATED SYSTEMS E







CRYOSAT FRAMEWORK

CryosSat: EV: FROVLIGHUHG, DV D NeHV HOHP
([SORUHUY PLVVLRQYV

Earth, EXplorer- ;missions form the science andresearch
element of ESA'SLIVing:-Planet:; Programme and focus on
the atmosphere, biosphere, hydrosphere, cryosphere and
Earth's interior, interactions between these components
and the impact that human activity is having on natural
Earth processes.

The launch of the original CryoSat failed in October 2005.

The new CryoSat -2 (with a number of improvements)
was successfully launched on April 8, 2010. The first
data were collected on April 12 in the Kiruna station.
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