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Abstract 
 

In the Arctic, even a slight shift in temperature, raising averages to above freezing, can bring about rapid 
and dramatic changes in an ecosystem that is defined by being frozen. Various threshold levels of global 
warming (e.g. 1.5, 2, 3, 4°C) have been used to examine what constitutes dangerous climate change. And 
based on the resulting impacts literature some governments and non-governmental organizations have 
stated their clear political support for keeping the global-mean temperature increase to less than 2°C above 
pre-industrial levels. In this paper we have examined the bio-physical changes in the Arctic associated with 
a global temperature increase of 2°C over pre-industrial levels in order to understand some of the regional 
implications of dangerous climate change. 
 

 
The UN Framework Convention on Climate Change, penned at the Rio Earth Summit in 1992 and 

signed by nearly 200 nations (including the United States), sets the policy framework for international 
efforts to tackle the climate problem. Its guiding principle is to avoid “dangerous anthropogenic interference 
with the climate system.” The scientific community has pursued this goal by examining “dangerous climate 
change” from the perspective of catastrophic events [1], national sovereignty [2], and changes to 
ecosystems [3]. It remains, however, a crucial task for policymakers to agree on the level of warming that 
can be called dangerous. 
 
Evidence and Implications of Dangerous Climate Change 
Climate models used to predict the consequences of increased greenhouse gas concentrations in the 
atmosphere all exhibit a warming over the Arctic that is larger than the global mean warming. Therefore, an 
inter-comparison of global climate models (GCMs) was made with two objectives; (1) to provide an 
estimate of the time-range within which global mean temperature might increase to 2°C above its pre-
industrial level, and (2) to describe the possible changes in arctic climate that will accompany such an 
increase. Results from six coupled ocean-atmosphere GCMs, each driven by four separate forcing 
scenarios, indicate that the earth will have warmed by 2°C relative to pre-industrial temperatures by 
between 2026 and 2060. The geography of the Arctic, with its land-sea distribution and snow/ice albedo 
feedbacks, along with more minor changes in cloud and heat transport, produce an amplified regional 
warming for latitudes greater than 60°N that ranges from between 3.2 and 6.6°C. In each of the GCMs that 
were evaluated the amplification is similar for fast and slow warming scenarios. In other words, changes in 
the Arctic will be similar regardless of when a global change of +2°C occurs. However, a faster global 
warming will necessarily produce more rapid warming in the Arctic. This amplification of arctic temperature 
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changes means that the rates of warming are likely to be between 0.45 to 0.75°C per decade, but possibly 
even as large as 1.55°C per decade. 

Results from the GCM study were then used to simulate future vegetation in the Arctic using the 
biogeochemistry-biogeography model BIOME4. The effect of a 2°C global warming suggests a potential for 
greater changes in terrestrial arctic ecosystems during the 21st century than have occurred since the end of 
the last major glacial epoch. Forest extent increases in the Arctic on the order of 3x106 km2 or 55% with a 
corresponding reduction of 42% in tundra area. Tundra types generally shift north with the largest 
reductions in the prostrate dwarf-shrub tundra where nearly 60% of habitat is lost. Modelled shifts in the 
northern limit of trees reach up to 400 km from the present tree line, but may be limited by dispersion rates.  

Surface temperature has been shown to be highly correlated with sea ice concentrations in the 
seasonal ice regions, so historical satellite records of surface temperatures from the late 1970s to 2003 
were analysed to assess the magnitude of recent warming. This record shows that the Arctic has been 
warming at a rate of 0.46°C per decade. Since this falls within the range of projected changes from our 
GCM exercise we took this as a reasonable conservative estimate of future warming in order to investigate 
associated changes in sea ice cover. 

Regression analysis of the satellite record indicates that for every 1°C increase in temperature, the 
perennial ice in the Arctic Ocean decreases by about 1.48x106 km2, with the correlation coefficient being 
significant but only -0.57. We used this trend to project how the perennial ice cover may look in the years 
2025, 2035 and 2060 when temperatures are expected to reach the 2°C global increase. Maps indicate 
considerable decline in the perennial ice cover with changes basically around the peripheral seas as the ice 
edge moves progressively to the north with time. While our assumption of a linear trend is likely invalid, a 
similar technique accurately predicted the perennial ice cover during the last three years.  

Retreat of the arctic ice cap will have deleterious effects on ice-living seals, polar bears, and walrus, 
thus leading to profound cultural and economic impacts for Inuit and other northern indigenous peoples. 
Observations by Inuit lend credence to the designation "dangerous climate change": environmental 
indicators for when and where to go hunting, and when and when not to travel are no longer reliable; 
melting permafrost has altered the physical the landscape, led to increased rates of erosion, and displaced 
coastal communities; and in some regions traditional ice cellars used to store country food have lost their 
preservative value. In short, climate change is already threatening traditional ways of life among arctic 
peoples, leaving very little time for Inuit and other northern indigenous people to adapt. 

Figure 1. Current distributions and potential habitat loss for (a) waders 
and (b) geese. The vulnerabilities occur in the light green areas, which 
illustrate the expansion of forests into taiga, and in the pink areas showing 
the disappearance of tundra. Analysis courtesy of Christoph Zöckler, 
UNEP/WCMC. 



- 3 - 

 
Local Dangers Have Global Consequences 
 

It is important to realize that changes in the Arctic will not only affect people and species locally; they 
have global consequences as well. For example, biodiversity on a global scale may be threatened as local 
habitats for migratory species disappear. Arctic tundra is the main breeding habitat for more than 20 million 
individual geese and waders that over-winter in the mid-latitudes of Europe, Asia, and North America. Many 
of these species will be severely impacted by the loss of tundra ecosystems projected for a rise in 
temperatures of 2°C. Figure 1 shows the current distributions and potential habitat loss for (a) waders and 
(b) geese.  Species like the dunlin (Calidris alpina) and spoon-billed sandpiper (Eurynorhynchus pygmeus) 
may loose up to 45% of their breeding habitat if global temperature increases by 2°C; red-breasted goose 
(Branta ruficollis) and white-fronted goose (Anser albifrons) could lose up to 50%. 

 Changes in the Arctic can also intensify the warming effect across the planet and will contribute 
significantly to global sea level rise. Sea ice keeps the planet relatively cool by reflecting solar radiation 
back into space. Since seawater absorbs more heat from the sun than ice does, once the permanent sea 
ice begins melting the warming effect increases globally. On land, warming over Greenland will lead to 
substantial melting of the Greenland Ice Sheet, contributing to increases in seal levels around the world. 
The tens of millions of people living in low-lying areas, such as Bangladesh, Bangkok, Calcutta, Dhaka, 
Manila, and the US states of Florida and Louisiana, are particularly susceptible to rising sea levels. Over 
the long term (on the scale of centuries) Greenland contains enough melt water to raise global sea level by 
about seven meters. 

In the autumn of 2004, the eight countries with arctic territories—Canada, Denmark, Finland, Iceland, 
Norway, the Russian Federation, Sweden, and the United States—released the most comprehensive study 
of regional climate to date: the Arctic Climate Impact Assessment. This four-year study conducted by more 
than 250 scientists and members of indigenous organizations from throughout the region, concluded that 
increased emissions of carbon dioxide and other greenhouse gases are causing temperatures in the Arctic 
to rise two to three times faster than the global average and are contributing to profound environmental 
changes [4]. The findings are additional proof that we are already moving into the era of dangerous climate 
change.   
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