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1500-2100 A.D. forcing impacts on the water balance in polar regions
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Despite the scientifically consistent picture of climate change, a comprehensive understanding of the hydrological
cycle, which is of fundamental importance for the climate system, is still missing — especially in polar regions
(White et al., 2007). Within this cycle, river freshwater discharge into the ocean is a crucial element for ocean
currents. Peterson et al. (2002) observed an increase of Arctic river runoff throughout the 20th century, while
Wu et al. (2005) projected this trend to continue in the first half of the 21th century. Furthermore, the freshwater
transport to high latitudes increases stronger on the Northern Hemisphere than on the Southern Hemisphere
indicating a possible change in the distribution of major water masses (Stocker and Raible, 2005).

To assess changes of the hydrological cycle in polar regions we use a series of simulations with the Community
Climate System Model version 3 (CCSM3) from NCAR. Starting from different initial conditions an ensemble of
four transient simulations from 1500 to 2100 (with natural forcing and the SRES scenario A2 from 2000 to 2100)
is generated. Comparisons of trends and rates of river runoff, precipitation, sea ice and other variables show that
the model data is in reasonably good agreement with observational data. We found that the simulated freshwater
flux to the ocean north of 60° N varies with +10% around a mean of about 5’100 ton/m2 yr for the period of
1500-1900, showing a weak signal of the natural forcing. From 1900-2100 this flux rises by over 60% to about
8’400 ton/m2 yr related to CO2 increase. River runoff contributes with about 60% to this freshwater flux increase.
The trend is stongest in the winter season (DJF), where the freshwater flux in the Arctic area increases by nearly
240%. The trend in freshwater flux south of 60° S (mainly related to precipitation changes) is less pronounced
compared with the Northern Hemisphere, which confirms the hypothesis of Stocker and Raible (2005). To further
understand these changes the atmospheric moisture transport to polar regions will be investigated, as well as its
contribution to the decrease of the AMOC, found in the ensemble simulations for the 21th century.
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