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Coastal Air Temperatures!
North Greenland:!

!

0.9 ± 0.18  °C/decade!
!

Ice-Shelf Glaciers:!
!
Petermann, Steensby, Ryder,Hagen, 79N,!
Ostenfeld♯and Zachariæ♯ !

♯ prior 2001!



Petermann Gletscher,!
May 7, 2011:!

ATM !Airborne Topographic Mapper!
ISR ! !Ice Sounding Radar !

Münchow et al. (2014)!



White – ICESat!
!

Operation 
Icebridge repeat!
!

Red - ambient ice 
shelf!
!

Blue - central 
channel!

Petermann Gl.!
2010-12!
Calving Events:!
!

18 ± 2 Gt each!

Münchow et al. (2014)!



15 km!

AIR!

ICE!

OCEAN!

+0.09 ± 0.02 °C/year!

-5 m/year!

+0.06 ± 0.02 °C/year!

Petermann Gletscher 2012!



!700

!600

!500

!400

!300

D
e

p
th

 (
m

)

34.55

34.60

34.65

34.70

34.75

34.80

34.65

34.7

34.7

34.75

Salinity

!700

!600

!500

!400

!300

D
e

p
th

 (
m

)

!0.2

!0.1

0.0

0.1

0.2

0.3

0.2

0
.2

0.2

Along Petermann Fjord, Aug.!10/11, 2012

Pot. Temp.

!700

!600

!500

!400

!300

D
e

p
th

 (
m

)

0 10 20 30 40 50 60

Distance (km)

27.75

27.80

27.85

27.90

27.95

27.82

27.84

27.86

27.86

27.88

27.88

Pot. Density

Fig. 8. Sub-surface section along Petermann Fjord across
the sill into Hall Basin, Aug. 9/10, 2012 (Casts #20-25,
#36-40, and #30). Missing stations between km-23 and
km-33 were occupied by Petermann Ice Island.
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Along-Fjord Section!
August 2012!

2. Temperature:!
!

Enough Heat!
to melt ice shelf!
!

3. Salinity ~ Density!

Nares Strait! Sill! Fjord! Glacier!

1. Density:!
!

400-m plunge of!

deep isopycnals!

Sill!
!
Depth!
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Fig. 5. Potential temperature and salinity scatter over
contours of potential density for stations occupied in Pe-
termann Fjord in 2003 (#69), 2007(#68), 2009 (#79), and
2012 (#30) and Robeson Channel in 2012 (#19) as the po-
tential source water for Petermann Fjord renewal.
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"# = 27.88 kg/m3!Petermann Fjord CTD Casts!
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Temperature!
vs.!

Salinity!

!
over density contours!
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Section across!
East-Greenland!
Shelf, Trough, and 
Slope!

Atlantic Layer!
Tmax Intrusions!
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Future work!
(proposed)!



Conclusions!

North Greenland atmosphere warms 4-5 times global rate;!
!

Greenland’s glaciers melt and retreat (steady + non-steady);!
!

Excellent surface (remotely sensed) data on glaciers;!
!

Limited ocean data, often extrapolated and used incorrectly!
! ! ! ! ! ! !! ! ! !        (Nature Geoscience, 2014)!

Poor models and predictions/projections!

Need ocean data under and adjacent to ice shelves!
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Subsurface Ocean!
!

Temperature Anomaly!
!

at~300m depth!
!

1978-2012!

2007 has NO DATA !!!!


