;“ FEEEEEEEERSE

MILJOMINISTERI ET

M I IJ ast;rrelurn

PRAP]II:E
~ g e W 0 1itorig prig rdm 1 e
For 6&6 C{reezz]&zzo[ me sﬁeeé

Q"‘“
;

Andre gs Peéer/’rbls*érﬂm

C{ea]agma]fj‘arvey aFDeﬂm arﬁ azzo[ Cy’re ezzlaﬂd




Programme for Wonitoring o fthe

Greenlagnd Ice Sheet




 PRAZRAINE feRM SNTARNG AFBE SREENLAT ICE AREET
~ PRANICE

D'y by
. exchange

5

-

Assessment

0011{'1”1',5(151'011

Rese g rch
Co]]abar& élaﬂ




FESERENEERE

MILJOMINISTERIET

O I‘g‘ 8 ﬂ 1'5 & 61'0 ﬂ Miljestyrelsen

_ A T e T T T ' e TR
g --.H L] i .\-'
Ministry o Fthe Environment ; :
Nilestyrelsen DANCE A
Programme Manager: ] . :
Morten Skovgdrd Olen il e T e W'

State GeologistPelerGravesen

e Head ofProgramme Andreas P, Ahlstrom _ i .q_. '
e o
Asiaq e Danish NationalSpace
Greenlgnd Survey = Center

Director = D TU

£eld Hornbech Svendsen Head o fFSection

RBene Forsherg




PR AMIC

Result

Quantitative knowledge of the mass loss of the
Greenland ice sheet acquired on a reqular basis

Immediate goal

That the results of a systematic monitoring of the
mass balance of the Greenland ice sheet and
reaction to climate change enters into national and
international assessments of climate change

Long-term aim

That international negotiations on CO,-emissions

utilize the quantitative knowledge of the reaction of
the Greenland ice sheet to the climate change and
subsequently reduce emissions if deemed
necessary
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In ~5itu megsuremen ts

Miljestyrelsen

IT new mass-baglagnce

5tg tion s

on the Greenlagnd ice sheet
(egch red dot s twa)

Wind direction
Satellite transceiver
Humidity

Aspirated air temperature
Snow depth

Wind direction

Beacon

Compass

Shortwave radiation

Data logger @ Danish station transects

@ American stations/transect
@ Dutch station transect

Clinometer
Longwave radiation

Solar panel

Battery box MILJ@OMINISTERIET




© : MILJ@MINISTERIET
In "5 tu meadsuremenis T ——

GEUS

New station conceptto reduce costhy reducing frequency of visits

Ablation megsured with pressure- : j
sengorin 30 m deep haoles drilled w ith TV
new high-performance stegm dril
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GLINS work commenced
Diskto fsland, WestGreenlgnd:

Comparing existing comprehensive digitalmaps from gerigl

photogrammetry with GLIINS 5atellite derived maps huge potential

butglio magny challnges
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C Satellite & girborne surveying

GEUS

*Biannualairborne survey ofthe Greenland ice sheet m argin
*Ice sheetflow velocity from ENVISA'T

*MHass loss from GRACE
*Additionalelevation change from CryoSatlland ICESat
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Airborne survey in 2007

DRC airborne laser scanning

f}

Typical scanner setup: Riegl laser scanner
- 208 x 40= 8 kHz data

- Scan-angle: +/- 60 deg
- Swath width = altitude
- Footprint: 0.75 x 1 m
- Accuracy: 5 cm relative,
15-20 cm absolute (GPS limitation)

Additional equipment:
- GPS
- INS ‘e,

- Nadir video e R

- Radar (DTU/ESA)
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Ice thictness from ice-penetrating radar




ity derived from 5atellite dagta

Flow veloc
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can revedlsurface velocity and topography
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S4B interferometry and radar speckle~track

Storstrammen, NE Granland; ERS-1/2. J. Mohr, DTU



BGJZACE changes overthe Greenland ice
sheet
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GRACE changes overthe Greenland ice sheet

GRACE: Measured change in gravity Inversion solution - elevation change
(DRC, 2006)



1) Dynamic m
icebergs modelled from:

el

455 loss by calving of

“surfgce velocity (58 tellite, fie Id)
“elevaltion change (girborne, 54 tellite, fie ld)
~fce thickness (airborne)
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2) Mass loss by meltiﬂgmadeﬂed from:

“climyte 9nd mass balance (fleld)
“elevation change (3irbaorne, satellite, fie Id)
“gauging ofice sheetcatchments (fleld)
“glbedo (field, 5 a te llite )
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65°30N

Modelled ablation 1997
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- SUp PO ol adaptation, mitigation and susitanable development

GEUS ~GeolbgicalSurvey ofDenmark and Greenlgnd
TechnfcalUnfversfly of DenmarkDanish NgtlonglSpace Center
A51A9 ~Greenland Survey
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Table SPM-1. Observed rate of sea level rise and estimated contributions from different sources. {5.5. Table 5.3}

Rate of sea level rise (mm per year)

Source of sea level rise 1961 - 2003 1993 - 2003
Thermal expansion 042 +0.12 1.6+£05

Glaciers and ice caps 0.50+0.18 0.77 £0.22
Greenland ice sheet 0.05£0.12 ?
Antarctic ice sheet 0.14 £ 0.41 0.21+0.35 ’
gc:jl:?ri?nfuit?:rilvsi{:sﬂec:iﬁitj rise 11205 28207
Observed total sea level rise 1.8+05° 3.1+07°
Difference

(Observed minus sum of estimated climate 0.7+07 03+£10

contributions)

Table note:
? Data prior to 1993 are from tide gauges and after 1993 are from satellite altimetry.




