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Motivation:

It is well known that the geographical distribution of species and the structure of
ecosystems are highly linked to climatic perturbations. In this sense, the splitting
of Arctic areas into low and high Artic zones, imply large geographical differences.
An example is the Reindeer which today only exists in the low Arctic part of
Greenland confronted with food specimens quite different from those the Musk ox
in high Arctic feed upon. In addition, the Musk ox is occasional exposed to
predators, while this is not the case for the Reindeers. Similar geographical
variations have been observed for other Greenland animals, such as small
mammals and birds. Within the Arctic and the sub Arctic regions, lakes range
from typical temperate freshwater lakes to ultra-oligotrophic lakes in the High
Arctic that are almost permanently covered with ice. The typical temperate
lowland or coastal lake is often highly productive, and characterized by transient
ice cover, high summer temperatures, large species diversity and complex food
web structures. In contrast, a High Arctic lake ecosystem often has a low species
diversity, short nutrient pathways, and simple food webs.

The knowledge about distribution and composition of species in terrestrial and
freshwater ecosystems has greatly improved over the last decades, although it is
still far from complete. Options for comparative analysis in the changes over time
in terrestrial and freshwater ecosystems exists at special sites in the Arctic
regions (Greenland, Norway, Canada, Svalbard etc.). In addition, increased
knowledge about the dynamics of Arctic ecosystems has been obtained. In Arctic
areas particular the understanding of the link between climatic changes on the
one side and changes in the structure and composition of ecosystems on the
other has improved. However, in general terms, the climatically controlling
factors are only determined in a qualitative term. As recently documented for
both terrestrial and freshwater ecosystems it seems to be the length of the
growing season as well as the period with no snow cover, which are the most
controlling climatic factors in the Arctic. Biological productivity is limited to a
short period by snow cover which limits the penetration of sunlight through ice
into the water. With a longer ice- and snow-free season, the ground and water
will also get warmer. So far, however, such findings have not been studied in a
large scale intertrophic and climate modelling context. The necessary
climatological as well as biological information for such a comparative study only
exist at very few locations. Likewise, climatological information is only available
form very few locations in the Arctic in general. It is, however, possible to use
modelled information based on high resolution climate models to provide the
climatological information even, where no observations are present. The quality
of such model data is still not well documented for large parts of the Arctic.

It is the overall idea in this project to identify the climatically determining
parameters for distribution and composition of species in terrestrial and
freshwater ecosystems in order to analyse the ability of a high resolution climate
model to simulate and reproduce such determining variables. On larger scales, it



has been documented that the hydrological cycle is reasonably represented in the
model as is the annual temperature course. By a comparison of simulated
controlling climatic parameters with the known occurrence of specific species in
Arctic regions an entire new model validation approach can be obtained. In
return, the model will allow for a determination on a broader Arctic scale of
whether or not certain climatic parameters are controlling factors for the
occurrence of certain species. With an increased confidence in the ability of
climate models to simulate the controlling climatic factors, it also becomes within
the reach to make better simulations of possible impacts of climate change,
whether natural or anthropogenic in origin.

Research:

Previously the cause resolution of climate models has prohibited a coupling
between climate and ecological modelling. Hence, uncertain and very general
estimates have been the outcome of ecological predictions of the impacts of
climate change. In recent years the ability to simulate climate at very high
horizontal resolution, e.g. down to 10km. At such a resolution, it will be possible
to make analyses of the causal relation between climate and specific ecological
responses on species-, population-, and ecosystem level, and possibly even
model these relations in some detail. In such a study the boarder lines between
pure climatic and more biological factors will be much better determined than it is
the case at present. This way, better estimates of possible changes in ecological
systems, will become possible.In the event of significant climate changes in
regions under laid by permafrost, the terrestrial and freshwater ecosystems will
be particularly vulnerable. In connection with warming the higher level terrestrial
vegetation react due to changes induced by increase availability of nutrients.
Moreover, unfrozen ground around lakes and more microbial activity in the soil
would allow a higher input of nutrients to lakes. The detailed evolution is difficult
to assess with present day knowledge, but it is likely that changes in the
distribution between dry and wet land can be altered substantially for example.

Group of actors

The here proposed project will need expertise within institutions with knowledge
and experience within climate, climate and biological modelling, terrestrial
biology, freshwater biology. The propose project require a broad national as well
as international collaboration. The group of researchers behind this proposal
represents an extensive research experience within Arctic climate dynamics,
Arctic terrestrial ecology and freshwater biology. The groups are experienced in
field work as well as modelling. The group has a wide international network of
activities, which will enable them to collaborate on a project of this type on a Pan-
Arctic basis.



