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Actuality

Satellite altimeter measurements of Greenland | ce Sheet elevation changes

 method of direct mass balance deter mination

o orbitsof ERS-1 and 2 satellites allow to study the
whole area of Greenland ice sheet

Study of polar ice sheets mass balanceiscritical for:

 understanding of their response to climate change

e deter mination of their contribution to sea level rise

Greenland | ce Sheet is of particular interest because:

» Greenland being located on the path of cyclones,

iIsa good indicator of changesin the atmospheric
circulation system

» summer melting occursover 1/4to 1/3 of Greenland Ice
Sheet surface




Data processing and approach

Data sour ces and corrections Approach

ERS-1 (1992-1996) and ERS-2 (1995-2003)
satellite altimeter data are provided from
Goddard Space Flight Center (NASA)

Dataset includesaltime_ter WaVEfO_rm Dataset of all available crossover pointswas
product and the following corrections

areto beapplied:
L eading edge tracker Only crossoverswith ice-mode ranged were

(10% threshold retracking correction) used in calculations
Tides (solid, ocean, and load)
Atmospheric (wet, dry, ionospheric)

Crossover analysiswas used for ice sheet
elevation change estimation

created

M easur ements with noise wavefor ms and data
_ _ outliers of elevation differences
Satellite orbits (DGM-E04) in crossovers were discar ded

ESRIN corrections for

Ultra stable oscillator (USO) drift and the _ _
scanning point target response (SPTR) bias Elevation change was estimated

jumps for 1° longitude by 0.5° latitude cells




M ethods of elevation change calculation
(1st method)

-“““ dH/dt-method




M ethods of elevation change calculation

(2nd method)

i Time series method
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M ethods of ERS-1/ERS-2 bias deter mination
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For all ERS1 x ERS-2 crossover sthe 40.9 cm offset was subtracted
from ERS-1 elevationsto account for the different characterization parameter
used for ERS-2 (Femenias, P., ERTNRS-RA-0022, 1997.)




ERS-1/ERS-2 bias of altimeter measur ements
over Greenland | ce Sheet

Used dataset: ERS-1 x ERS-2 crossovers (ERS-1: 1992-1996, ERS-2: 1995-1999 )

(ERS-2 — ERS-1) — (desc. — asc.)

(effect of biason elevation
change estimation)

ERS-1/ERS-2 bias

e i

21.5+1.2cm -6,7 + 0,4 cm/year
Std. err. of biasestimation is6.3 cm
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Elevation changes from 1992 to 2003 derived from
merged ERS- 1 and ERS - 2 measurements
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cm/year

5.4+ 0.3 cm/year

| sostatic uplift of underlying
bedrock ~ 0.5 cm/year

| ce thickness change ~ 5 cm/year




Elevation changerate over different elevation bands

Elevation band,
km

20+09 0.4+ 0,04 155.1
56+05 0.3+ 0.03 228.2
70404 0.2+ 0.02 398.9

dh/dt, cm/year

55+ 0.3 0.1+ 0.01 140.3

Whole 5.4+03 0.2+ 001 1380.7
Greenland

6.4+0.3 0.2+ 0,01 4583




Seasonally averaged time series
of elevation change
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Seasonally averaged time series
of elevation change

5.2+ 0.5 cmlyear

——— Whole Greenland
South
North
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Annual changes of elevation and snow accumulation over
higher partsof southern Greenland
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Elevation change
M easur ed accumulation — ablation
M odelled accumulation — sublimation

Modelled precipitation




Seasonal changes of Greenland | ce Sheet elevation and thelr
relationship with atmospheric circulation

Elevation changes and NAO index during winter
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Conclusions

Spatially averaged rate of Greenland | ce Sheet elevation changes
over 1992-2003 is assessed at 5.4 + 0.2 cm/year
(ice thickness change ~5 cm/year if adjusted for isostatic uplift)

Elevation growth isindicated over most of interior regions, while
over margin areasice sheet thinningisrevealed.

South areas are characterized by rapid change of elevation change
ratein 1995, and over northern part growing with stable rate was
observed

| nterannual elevation changesarein accord with data on snow
accumulation in Greenland

L ocation of | celandic low pressureisan important factor of
Greenland | ce Sheet elevation change mostly pronounced in winter




