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The instrumental period began in the Antarctic with the International Geophysical Year, 

about 50 years ago. The snapshot we have of the climate during this period is tiny in the 

long history of the continent. Determining how the environment of the Antarctic will 

evolve over the next century presents challenges. Climate models are the only means we 

have of providing synoptic views of future environmental behaviour, albeit crudely and at 

coarse resolution. However, the effects of increased greenhouse gases are already 

evident, and the effects of their expected increase over the next century, if they continue 

to rise at the current rate, will be remarkable because of their speed. 

 

Atmospheric temperatures 

 Surface temperature trends show significant warming across the Antarctic 

Peninsula and to a lesser extent West Antarctica since the early 1950s, with little 

change across the rest of the continent. Temperatures reconstructed from ice cores 

suggest that Antarctic temperatures increased on average by about 0.2
°
C since the 

late nineteenth century. Climate models project significant surface warming over 

Antarctica to 2100 AD, although the surface temperature will remain well below 

freezing over most of Antarctica and will not contribute to melting inland. 

 

Sea level changes 

 Data from tide gauges and satellite altimeters suggest that in the 1990s-2000s 

global sea level rose at a rate of 3 mm per year or more, which is higher than 

expected from IPCC projections. There is concern about possibly large 

contributions resulting from the dynamic instability of ice sheets during the 21
st
 

century.  

 

The Southern Ocean 

 The waters of the Antarctic Circumpolar Current have warmed more rapidly than 

the global ocean as a whole, increasing by up to 0.17°C at depths between 700 – 

1100 m over the 1950s to 1980s. The observed mid-depth warming of the 

Southern Ocean is projected to continue, reaching nearly all depths. 
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 Climate models suggest that the annual average total sea-ice area will decrease by 

33% by 2100. 

 From 1991 - 2007 the concentration of carbon dioxide in the ocean increased 

south of 20°S in the Southern Indian Ocean. An increase in the ocean’s CO2 

content makes the ocean more acidic. If surface ocean pH levels become more 

acid by 0.2 to 0.3 units by 2100 it seems likely that there will be some thinning of 

the aragonite skeletons of the pteropods that are an important part of the plankton 

at the base of the food chain. The Southern Ocean is at higher risk from this than 

other oceans because it has low saturation levels of calcium carbonate. 

 

Glaciers and ice shelves 

 Ice shelves in the Antarctic Peninsula have changed rapidly in recent decades. 

Warming has caused retreat of ice shelves on both sides of the Peninsula. 

Removal of ice shelves has led to the speeding up of glacier flow from inland. It 

has been suggested that there is a 30% probability that loss of ice from the West 

Antarctic ice sheet could cause sea level to rise at a rate of 2 mm per year, and a 

5% probability it could cause rates of 1 cm per year.  In addition there is a 

concern that the ice in the Amundsen Sea Embayment could be entering a phase 

of collapse that could lead to de-glaciation of parts of the West Antarctic Ice 

Sheet. Ultimately, this sector could contribute 1.5 meters to global sea level, so a 

contribution from this sector alone of some tens of centimetres by 2100 cannot be 

discounted.  

 

Ecosystems 

 If the sea-ice cover continues to decrease, marine ice algae will begin to disappear 

due to loss of habitat, which may cause a cascade through higher trophic levels in 

the food web. Although a complete removal of sea ice might lead to extinction of 

those species that presently depend on it for survival, including some fish, 

penguins, seals and whales, only a 33% reduction in sea ice is forecast this 

century. 

 Continued ocean warming and expanded tourism and scientific activity may lead 

to the wider establishment of non-indigenous species by 2100, and consequent 

possible reduction or extinction of some local species.  

 Species such as fur seals are likely to respond most to changes in extreme climate 

events. Emperor penguins and other ice-dependent species depend on the sea-ice 

habitat to complete their life cycle. A significant decline in sea ice is likely to 

affect their populations, and may lead to true Antarctic species being displaced by 

immigrating sub-Antarctic species. The absence of wide latitudinal and 

environmental gradients around the Antarctic continent minimises the advantage 

of migration for survival. 

 Model simulations suggest ocean temperatures around the coast will warm by no 

more than about 0.5ºC in most places, which should not push temperatures to 

levels harmful to most marine organisms. Many Antarctic species in any case do 

already thrive in the warmer waters around South Georgia. 

 


