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Satellite altimetry Space gravimetry







Satellite altimetry: how does it work?
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Permanent undulations of the sea surface

Oceanic crust
Seamount
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GRACE space gravity mission

V4 . N W L= ; Lo
(launched in March 2002): Spatio-temporal chan
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Time resolution < 1 month
Spatial resolution <400 km

ravity field




Gravity Field




Permanent component Temporal variations

i |

atmosphere, oceans, land
waters, ice sheets




High-resolution Earth’s gravity
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Mapping the sea surface by satellite altimetry



_ Evolution of errors of altimetry systems
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Seafloor topography (South West Pacific)

155"E

L5FE 155"E

[l
6000 5500 5000 1500 4000 <1500 9000 <2500 <1000 LS00 -1000
Profondeur (metres)

-500

108

L5"8

Irs

(B}

1%°%

E wE I W W W

== I x| — ]
000 AREN 00D SO0 <E00 350D JWAOD . S1EOD GHO00 <500 SpD03 50D
Profon d=ur | mefoes)



Topex/Poseidon
(1992-2006)



Important achievements in oceanography
with high-precision satellite altimetry

Turbulent




20 000 years ago.... Today



Sea level variations over the last 140 000 years
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Mean sea level variation during the
past 6000 years
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Global mean sea level rise during the 20 century
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Mean Sea Level (mm)
T

M
=
I

Global mean sea level between 1993 and 2008
(Topex/Poseidon and Jason-1 satellites)
22.12.2008 : cycle 599

Trend = 3.35 mm/yr \ 2

60— uncertainty ~0.4 mm/yr
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of sea level trends
1993-2008
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Observed by satellite altimetry
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Ocean temperature data
collected during the past 50 years
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Sea Level (mm)

Observed sea level minus thermal expansion
(= ocean mass) m 1.4 mm/yr

¢ S AT . Mean trend : ~0.4 mm/yr




Global mean sea level rise during the 20 century
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Observed sea level and thermal expansion
since 1993

Observed sea level

Residual sea level
Trend : ~2.3 mm/yr

Thermal expansion
Trend : ~ 1 mm/yr



Comparison between spatial patterns in sea level trends
observed by satellite altimetry and
estimated by the ORCAO25 ocean circulation model (no assimilation)
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Land ice




Rate of mass loss (Gt/year)

- =[l} - - Dyurgerov and Meier (2005)

100 ¢ — @ - Kaser et al. (20086) “

0.8 +/-0.4 mm/yr

IPCC AR4 (Lemke et al., 2007)
Contribution to sea level :
0.77 +/- 0.1 mm/yr (1993-2003) Meier et al.(2007)




Ice sheets Contribution (recent years)

Greenland

Rignot & Thomas, 2002
Thomas et al., 2004

Krabill et al., 2004

Zwally et al., 2005
Johanessen et al., 2005

Davis et al., 2005

Rignot & Kanagaratnam, 2006
Rignot et al., 2006

Velicogna & Wahr (2005, 2006)
Ramillien et al. (2006)

Chen et al. (2006)

Lutchke et al. (2006)

Rignot et al. (2008)

Cazenave et al. (2008)
Wouters et al. (2008)
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Role of ice shelves

\l'r'

Ice stream

O

Ice shelf




Change in ice thickness
measured hv laser and radar nl'l'lmp‘l'r'y
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IPCC, 2007



Space gravimetry : GRACE mission (2002-
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Greenland and Antarctica mass balance

Ice mass loss (G61/year)
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Greenland contribution

to sea level rise
(1993-2003) :

0.21 +/-0.04 mm/yr
(IPCC AR4)

Antarctica contribution
to sea level rise
(1993-2003) :

0.21 +/-0.18 mm/yr
(IPCC AR4)
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Ice mass loss (G1/year)
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Ice mass loss measured by remote sensing technigues







Sea Legel Budget| 1993-2003
Sea Level IPCC AR4

Rate | and ice and steric contributions
Observed rate of rise

3 mm/yr 7 Total
cIimate

Glaciers

\

Ice sheets
Waters?
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Observed sea level and thermal expansion
since 1993

Observed sea level

Residual sea level

C D

Thermal expansion






Sea Level Change since 2003

mm
20
Observed sea level
i o
15 (c.xlhmefr'y) " 5 000 N
Rate: 2.5 mm/yr o®Total ice + water.
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Sea Level Budget 2003 2008

Sea level Lan d |ce water and
rate

3 mm/yr

Total climate observed

N /

Glaciers

\ Ice sheets

¥

Waters steric







Sea

Global mean sea level from 1800 to 2100

:,uul_ Accelerated ice mass loss in Greenland
and West Antarctica
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Climate models
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IPCC AR4, 2007






WATER CYCLE

* |
! :l Precipitation
|
Glaciers

Transpiration

Wetlands

Soil wetness

Ground waters

Water Balance Equation dW/dt = P -E -R

Total land water storage  Precipitation Evapotranspiration Runoff




Causes of spatio-temporal change
of the continental water cycle

- Climate variability (natural and anthropogenic)

‘Direct human effects:

- groundwater mining
- irrigation

- dam building

- urbanization

- deforestation

- change in land use




| Applications




Status (in March 2007) of monthly discharge and stage data
in the Global Runoff Data Center (GRDC)
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7289 Stations, monthly discharge data including data derived from daily discharge data (Status: 30 March 2007)

Global Runoff Data Center



Distribution of GRDC station data over time (1900-2007)



Remo're sensing

Snow pack

Surface waters
(extent, level,

echnique moisture waters
volume, discharge)
Visible Imagery Extent Extent Extent
A Extent
microwaves
Extent Extent
(Radar imagery) Volume
Passive
microwaves Extent c
' gend Extent
(Radiometry) Volume Thickness
B evel
.Dischar'ge (indirect)
Byolume (if combined
with imagery)
Space
gravimetry Mass Mass Mass Mass
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Lacs d'Afrigue de [Est

Lac Victoria

1992 2008




Example of altimetric coverage over rivers




Gange river TP 90: lon=83.26 lal=2392

:
g
x
E







Satellite Altimetry Coverage
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Wetlands in Quebec
«— (Canada)

Delta of Lena River (Siberia)




New space mission for land hydrology
SWOT (Surfacg Waters; Ocean Topography)

Interferometer
Antenna 1
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I ' Under study
| at
NASA (USA)
and
CNES (France)
AltiKa Inner Swath Duter Swath

Madir Resalution Resalution
Swath SmxT0m Smx10m



‘Land waters
‘contribution




GRACE GFZ apres invorsion (lofal eau liquide + neiga) 11 2003
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Total land water storage

= e e g November 2003

Water Gap Hydrological Model
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Equivalent-water height (mm)
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Amazone Gange

Estimation des hauteurs d'eau continentales (mm)

Volume d’eau total du bassin de I’Amazone (km3) Volume d’eau total du bassin du Gange (km3)



Land water storage change (trend map)
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Vertically-integrated water volume change from GRACE
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Ground waters (GRACE minus surface water volume)




Future developments

Space observations
(+ in situ)

Soil Water level Water

Other data: sData processing
DEM, *Primary and

Land use deri_ved_hydrological products
Vegetation type *Validation

]

Modelling

Data base of hydrological products
L> Dedicated future space missions

ater budget

. . Hydrodynamical
river basin scale y y

Functioning
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A service to monitor lakes reservoirs, rivers and wet lands

http: //www.legos.obs-mip.fr/soa/hydrologie/hydroweb




