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A melting Arctic–a future threat? 



Is the Arctic thawing up, and what are 

the possible consequences? 



The state-of-the-art from the 

SWIPA report published 2011 

By 

Arctic Monitoring and Assessment Programme (AMAP) 

www.AMAP.no/SWIPA 



A warmth record in surface air 

temperatures in the Arctic 2005-2010 

• Surface air temperatures 

(SAT) 2005 -2010 are higher 

than any other 5 yr period 

since SAT records began 

with IPY 1 in 1882 

• The increase in SAT in the 

Arctic is twice the global 

average increase in SAT 

• Powerful feedbacks 

mechanisms due to albedo 

effects with less sea ice 

cover and shorter periods 

with snow cover is a likely 

responsible agent 



Arctic warming is pronounced winter 

and fall 



Arctic temperatures may be the highest 

over the last 2 millenia 

 



The Holocene 

climate 

The proxy temperatures from the Arctic 

ice cores are based on the weight of 

water molecules.  

 

Relative abundance of the heavier 

isotope 18O as compared to the lighter 
16O suggests warmer climate.  

 

This gives that the less negative  δ18O 

is, the warmer the climate is. 

 

 

 

Figure 7.6. Holocene sections of ice cores from Greenland (GRIP, GISP2, Renland), Arctic Canada 
(Agassiz, Devon, Penny), and Severnaya Zemlya (Akademii Nauk) showing records of 18O 
(negative values) and summer melt (positive values), which are proxies for air temperature over 
the ice caps / ice sheet. Shaded sections suggest conditions warmer than those of today.  
Source: Koerner and Fisher (2002). 



Predictions for the future 



Effects on Permafrost 



Effects on Permafrost 



Change of ground temperatures 



Effects on Permafrost 

Threats: 

• Melting permafrost increases the carbon release to 

the atmosphere. 

• Methane (CH4) release is a positive feedback (marine 

permafrost),CO2 unclear mechanism. 

• Between 1970 and 2005 did the permafrost ”front” 

move northwards with 1 km / year in Siberia . 

• Thawing permafrost gives large challenges for 

infrastucture in areas with high retreat rates. 

 



Increased precipitation 



Increased discharge in Arctic rivers 



Predicted change in precipitation 

 



Change in snow 

• Snow depths are increasing due to 

higher precipitation 

• Duration of snow cover period 

decreases due to warmer 

temperatures 

• Threats: This suggests more powerful 

spring melt discharges under a shorter 

time period, and there are increased 

risks for floods downstream Arctic 

basins 



Predicted change in snow 

SWE = snow water equivalent SCD = snow cover duration 



Ecological effects due to change in 

snow cover 



Increased amount of ice layers in 

snow changes the grazing ability 

Multi-Decadal Changes in Snow Characteristics in Sub-Arctic Sweden.  
C. Johansson, V.A.Pohjola, C.Jonasson, T.V. Callaghan. 2011.  
AMBIO, 40:566–574, DOI 10.1007/s13280-011-0164-2 



Change in sea ice extent 



Change in sea ice thickness 



The minima in sea ice extent 2007 



Predicted loss of summer sea ice 



Sea Ice History 

 



Is the sea ice loss irreversible? 
How reversible is sea ice loss? 

J. K. Ridley, J. A. Lowe, and H. T. Hewitt. The Cryosphere, 6, 193–198, 2012, doi:10.5194/tc-6-193-2012 

Fig. 2. The sensitivity of Arctic sea 

ice area change to (a) global 

temperature change and (b) local 

temperature change. Colours refer 

to the CO2 trajectory markers 

specified in Fig. 1. 



What about the polar bears? 



Change of marine ecosystems 



Change of marine ecosystems 

Ecosystems will change;  
some species are losers,  
Some are winners,  
at least, temporarily. 
Cod and herring are two 
predicted winners, while  
pacific salomon, some 
species of seals and polar 
bears are losers. 



Ecological consequences of a 

warmer Arctic 

Post  et al. Science, 2 August 2013: 

DOI: 10.1126/science.1235225 



The rate of loss of Arctic glaciers 

and ice caps is increasing 



Mass loss from different regions 



Joughin, Nature 
2004 
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Increased retreat of Greenland 

outlet glaciers 

Multi-decadal retreat of Greenland’s 

marine-terminating glaciers 

Ian M. HOWAT &  Alex EDDY, Journal 

of Glaciology, Vol. 57, No. 203, 2011 

Zwally et al., science, 2002 



Retreating 

ice fronts 

Rapid changes in ice discharge 
from Greenland outlet glaciers.  
Howat et al., Science, 16 March, 2007 
 
 

Changes in the marine-terminating glaciers of central east 
Greenland, 2000-2010. Walsh, K.M., I.M.Howat, Y.Ahn and 
E.M.Enderlin. 2012. The Cryosphere,  6(1), 211-220. 



Recent observed and ensemble mean projections 

of subsurface (200–500 m) ocean temperatures 

under the A1B scenario. 
From Different magnitudes of projected subsurface ocean warming around Greenland and Antarctica 

 

a,b, Observed annual mean temperature during 

1951–2000 (ref. 18) (shading) and the bias of the 

ensemble mean simulation by 19 AR4 models 

(contours). c,d, Projected anomalies by 19 AR4 

models during 2091–2100. e,f, Projected anomalies 

by 13 AR4 models during 2191–2200. Stippling in c–f 

indicates the ensemble mean divided by the ensemble 

standard deviation is less than one, identifying regions 

where the models show less agreement. 

Nature Geoscience, 2012, doi:10.1038/ngeo1189 
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Excessive melt on Greenland 

during the 30-40s 

 

NATURE GEOSCIENCE,  VOL 5,  JUNE 2012, DOI: 10.1038/NGEO1481 



Sea level rise 



Recent contributions of glaciers and ice caps to sea level rise. 
T Jacob et al. Nature, 1-5 (2012) doi:10.1038/nature10847 

Mass change during 2003–2010  

for all regions by gravimetry (GRACE) 

Total glacial 
contribution to SLR 

1.48 ± 0.26 mm yr−1 

SLR due to GICs excl. 
Greenland and 
Antarctica PGICs 

0.41 ± 0.08 mm yr−1 

SLR due to Antarctica 
+ Greenland ice sheet 
and PGICs 

1.06 ± 0.19 mm yr−1 

Contribution to sea level rise from 
glaciers, ice caps  and ice sheets 



Ice-sheet mass balance 







Glacial mass balance components 



Greenland ice-sheet contribution to sea-level rise buffered by 

meltwater storage in firn 

J. Harper, N. Humphrey, W. T. Pfeffer, J. Brown & X. Fettweis 

doi:10.1038/nature11566 

Pore space fill time 



Prognostics for the future  



Not only threats,  

but also possibilities 



Opening of Arctic ship routes 

Opening of the Northwest and the Northeast passages would cut transport lenghts with 10-40 %  

 





The SWIPA report key findings I 

1. 2005-2010 was the warmest years on the record in the Arctic. 

2. Decline in snow and sea ice cover extent and duration are powerful 

feedback mechanisms in Arctic warming. 

3. The southern limit of permafrost has moved northward in North 

America and Eurasia. 

4. Terrestrial and marine ice masses have declined faster since year 2000. 

5. IPCC 2007 underestimated the now observed rates in decrease in the 

Arctic sea ice. 

6. The Arctic Ocean is likely to become free of ice summer time within the 

next 30-40 years. 

7. Snow cover duration will decrease everywhere, but snow depth may 

increase at some regions. 

8. This will lead to fundamental change in the Arctic ecosystems, and 

bring change to societies receiving benefits from these systems. 

 

 

 



The SWIPA report key findings II 

9. Arctic societies will change, new opportunities will emerge, and 

traditional way of life will meet large challanges 

10.Changes in conditions for logistics and access to resources will affect 

daily life and commercial activities. 

11.Arctic infrastructure faces increased risk of damage, due to loss of 

permafrost and land-fast sea ice. 

12.Loss of Arctic snow and ice changes the planetary albedo (reflectivity) 

and is an important feedback for global warming. 

13.The increase in loss of glacier ice is predicted to 0.9-1.6 m of sea level 

rise within 90 years. 

14.Adaptation to this changes alerts for stewardship of governements in 

Arctic countries, as well as large investments in infrastructure. 

15.The way the different changes interact in feedbacks of the Arctic 

system is not fully understood, and we need more monitoring, and 

assessement using more powerful Earth System Models to better 

understand and predict these changes. 

 

 

 

 

 



Complexity in feedback effects  

for different forcings 



 

Complexity in feedback effects  

for different forcings 



What about Antarctica? 



Arctic vs Antarctic sea ice 



Circles denote mass loss (red) or gain (blue) of large basins in gigatonnes per year. Drainage basins are black lines extending 
from the grounding-line flux gates. Letters A–K' indicate large basins  

Nature Geoscience  
Published online: 13 January 2008 | doi:10.1038/ngeo102 
Recent Antarctic ice mass loss from radar interferometry and 
regional climate modelling 
Eric Rignot, Jonathan L. Bamber, Michiel R. van den Broeke, Curt 
Davis, Yonghong Li, Willem Jan van de Berg & Erik van Meijgaard 
Abstract 
Large uncertainties remain in the current and future contribution to sea level 
rise from Antarctica. Climate warming may increase snowfall in the 
continent's interior, but enhance glacier discharge at the coast where warmer 
air and ocean temperatures erode the buttressing ice shelves. Here, we use 
satellite interferometric synthetic-aperture radar observations from 1992 to 
2006 covering 85% of Antarctica's coastline to estimate the total mass flux 
into the ocean. We compare the mass fluxes from large drainage basin units 
with interior snow accumulation calculated from a regional atmospheric 
climate model for 1980 to 2004. In East Antarctica, small glacier losses in 
Wilkes Land and glacier gains at the mouths of the Filchner and Ross ice 
shelves combine to a near-zero loss of 4 61 Gt yr-1. In West Antarctica, 
widespread losses along the Bellingshausen and Amundsen seas increased the 
ice sheet loss by 59% in 10 years to reach 132 60 Gt yr-1 in 2006. In the 
Peninsula, losses increased by 140% to reach 60 46 Gt yr-1 in 2006. Losses are 
concentrated along narrow channels occupied by outlet glaciers and are 
caused by ongoing and past glacier acceleration. Changes in glacier flow 
therefore have a significant, if not dominant impact on ice sheet mass 
balance. 



HD Pritchard et al. Nature 000, 1-5 (2009) 

doi:10.1038/nature08471 

Rate of change of surface elevation for 

Antarctica and Greenland. 



Flament, T. and F.Remy. 2012. 

Dynamic thinning of Antarctic 

glaciers from along-track repeat 

radar altimetry. J.Glaciol., 

58(211), 830-840. 

 









De Angelis and Skvarca. 2003. Science, 299(7 march). 
Glacier surge after ice shelf collapse.  Larsen Ice Shelf (A) 

G12 



What about Antarctica? 

• Antarctic Ice Flows - A Complete 

Picture 

• First complete map of the speed and 

direction of ice flow in Antarctica, 

derived from radar interferometric data 

from the Japan Aerospace Exploration 

Agency's ALOS PALSAR, the European 

Space Agency's Envisat ASAR and 

ERS-1/2, and the Canadian Space 

Agency's RADARSAT-2 spacecraft. The 

color-coded satellite data are overlaid on 

a mosaic of Antarctica created with data 

from NASA's Moderate Resolution 

Imaging Spectroradiometer (MODIS) 

instrument on NASA's Terra spacecraft. 

Pixel spacing is 984 feet (300 meters). 

The thick black lines delineate major ice 

divides. Subglacial lakes in Antarctica's 

interior are also outlined in black. Thick 

black lines along the coast indicate ice 

sheet grounding lines.  

 

Image credit: NASA/JPL-Caltech/UCI 



“Can recent ice discharges following the Larsen-B ice-shelf 

collapse 

be used to infer the driving mechanisms of millennial-scale 

variations of the Laurentide ice sheet?” 

J. Alvarez-Solas1,2,3, A. Robinson1,3, and C. Ritz4 

The Cryosphere, 6, 687–693, 2012 

www.the-cryosphere.net/6/687/2012/ 

doi:10.5194/tc-6-687-2012 



Laid bare.A complex hydrological network of rivers and lakes is thought to exist beneath 

Antarctica's ice. 

CREDIT: ADAPTED FROM NATIONAL SCIENCE FOUNDATION 



• doi:10.1029/2012GL053387 



 



 



 





Mass loss from different methods 



Journal of Glaciology, Vol. 57, No. 204, 2011 

 

Greenland ice sheet surface melt extent and trends: 1960–2010 

Sebastian H. MERNILD,1 Thomas L. MOTE,2 Glen E. LISTON3 

 

ABSTRACT. Observed meteorological data and a high-

resolution (5 km) model were used to simulate Greenland ice 

sheet surface melt extent and trends before the satellite era 

(1960–79) and during the satellite era through 20108. The model 

output was compared with passive microwave satellite 

observations of melt extent. For 1960–2010 the average 

simulated melt extent was 155%. For the period 1960–72, 

simulated melt extent decreased by an average of 6%, whereas 

1973–2010 had an average increase of 13%, with record melt 

extent in 2010. The trend in simulated melt extent since 

1972 indicated that the melt extent in 2010 averaged twice that in 

the early 1970s. The maximum and mean melt extents for 2010 

were 52% (9.5105km2) and 28% (5.2105 km2), respectively, due 

to higher-than-average winter and summer temperatures and 

lower-than-average winter precipitation. For 2010, the southwest 

Greenland melt duration was 41–60 days longer than the 1960–

2010 average, while the northeast Greenland melt duration was 

up to 20 days shorter. From 1960 to 1972 the melting period 

(with a >10% melt extent) decreased by an average of 3 days a–

1. After 1972, the period increased by an average of 2 days a–1, 

indicating an extended melting period for the ice sheet of about 

70 days: 40 and 30 days in spring and autumn, respectively. 

Fig. 4. (a) Time series of maximum daily simulated GrIS melt extent 

from 1972, 2007, 2010 and average 1960–2010, including standard 

deviations. (b) Maximum daily simulated GrIS melt extent from January 

through December for 1960–2010. 


