Impacts of
Climate Change
on Hydrological
Processes in the
Norwegian Arctic

Arctic-HYDRA

The Arctic-HYDRA project is
a network for the observation
and studies of the Arctic
Hydrological Cycle.
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Introduction
Hydrological processes in the Arctic have a
large impact on the water and energy balances at a range of spatial scales. Interactions between hydrological processes and
the atmosphere in Arctic environments are
critical components in the global climate
system; large amounts of heat are associated with the phase transitions between
liquid water, ice and water vapour. Glaciers
and snow at high latitudes have significant influences on the climate because of
their low thermal conductivity and their
capacity to reflect incident solar radiation. Furthermore, snow and ice represent
a large water reservoir which may store
precipitation for several months or years,
before it melts and continues through the
hydrological cycle. In addition to seasonal
variations, changes occur in the cryosphere over much longer periods of time.
The annual cycle of thermal conditions in
the ground is influenced by the amount
of sub-surface water, while frozen ground
on the other hand may inhibit infiltration
leading to higher snowmelt floods and
reduced percolation to the groundwater
table. Changes in the proportion of water
from different sources; glacial melt water,
snowmelt, precipitation and groundwater affect the temperature, water quality
and faunal composition of terrestrial and
river systems. Runoff, groundwater, soil
moisture, snow cover, glacier mass balance
and permafrost in this region influence
the natural environment at the local scale
through their impacts on biological activity
and water chemistry. Furthermore, water
is a primary weathering agent for rocks
and soils, breaking them down, dissolving
them, and transporting the resulting sediments and dissolved solids to the sea.
Due to the sparse station network in the
Arctic, hydrological models that describe
the water balance of the land surface are
necessary for determining the impacts
of climate on land surface hydrological
processes. The Arctic landscape is characterised by mountains, glaciers, boreal
forests, alpine and tundra vegetation
species, a large number of lakes and bogs,
and a shallow layer of surface deposits
consisting of glacial tills. This mosaic of
terrain elements creates a heterogeneous
lower boundary to the atmosphere with
highly differing thermal, roughness and
radiative properties. Small scale phenomena influence the exchanges of water and
energy between the land surface and the
atmosphere and the lateral redistribution
of water through subsurface and surface
flows. A physically realistic framework for
regional modelling of land surface hydrology in Arctic environments is therefore
provided by models which integrate the
contributions from several small scale elements.

Objectives
Knowledge about hydrological processes
constitutes an important link between
global change scenarios and their impacts
on Arctic ecosystems. Furthermore, water
resources can easily become a limiting
factor for development of population and
commercial activity in Arctic regions. The
purpose of this project is therefore to
increase our knowledge about hydrological processes in Arctic environments, with
emphasis on the interactions between land
surface characteristics, climate signals, and
the water cycles. The focus of the project
will be on:
1. Development of a water balance model
appropriate for describing hydrological
processes at a range of temporal and
spatial scales and solving the problems
relevant for impact studies. The model
must be able to describe processes
related to mass balance of glaciers and
changes in glacier covered areas.
2. Characterise the present state of hydrological conditions and the impacts
of climate change scenarios on hydrological processes in the Arctic environments of Norway and the Svalbard
Archipelago. In these environments,
water balance studies must focus on
the spatial distribution of landscape elements which are significant for glacier
mass balance, snow cover, subsurface
moisture conditions, runoff and evapotranspiration fluxes. This approach is
based on results from several studies
which have shown that land-surfaceatmosphere-interactions are dominated
by patch scale variations in surface and
subsurface storage of water.

Preliminary results
A spatially distributed hydrological model
has been tailored to water balance simulations in Arctic environments. The model
performs water balance calculations for 1
by 1 km2 grid cell computational elements
characterised by their altitude and land
use. Each grid cell may be divided into a
maximum of four land surface classes; two
land use zones with different vegetations,
a lake area and a glacier area. Results
from the Max Planck Institute atmosphereocean general circulation model ECHAM4/
OPYC3, and from the general circulation
model HadAM3H developed from the atmospheric component of the Hadley Centre AOGCM HadCM3 have been used for
assessment of climate change impacts on
water resources in the Norwegian Arctic.
Assumptions about future greenhouse gas
emissions are based on the IPCC Special
Report on Emission Scenarios (SRES) A2
and B2 scenarios. Up to 2100, scenario
B2 gives approximately 2.5 °C increase
in global temperature, while A2 gives an
increase of approximately 3.5 °C. The
general circulation model simulations were
used as boundary conditions for dynamical downscaling with the regional climate
model HIRHAM provided by the Regional
Climate Development Under Global Warming (RegClim) project (http://regclim.met.
no). The hydrological simulations used
the time slice approach whereby model
simulations representing a slice of time in
present climate (control) and in a future
climate (scenarios) were performed. The
time slice for the control climate was 19611990 and for the future climate 2071-2100.
The hydrological impact studies were done
with off-line simulations with the hydrological models.
The results show that annual runoff for the
Norwegian Arctic will increase. Seasonal
runoff changes vary, with increase in winter
and decrease during spring and summer.
Autumn runoff will generally increase. Runoff changes are strongly linked to changes
in snow regime and glacier mass balance.
Snow cover will be more unstable and all
scenarios indicate increase in winter and
autumn runoff in areas where the snow
cover has a major impact on runoff in the
control climate. Glacier mass balance will
be negative in the future, resulting in a
large melt water contribution during the
period of melt down of glaciers.
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