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Toward Reducing Uncertainties
in Arctic Climate Simulations

The coincidence of rapid change in Arctic
climate (the extreme 2007 decline in sea ice
and recent unprecedented warming) and
enhanced observational activities during the
International Polar Year (IPY; 2007-2008)
offers hope that these changes will be doc-
umented in great detail. However, in order
to explain changes in the Arctic and pre-
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dict its future dynamics, models of the Arc-
tic climatic system are needed to reproduce
past and present states and to predict future
transformations. Results from existing mod-
els are not always satisfactory [e.g., Stroeve
et al., 2007] because there are significant
uncertainties in model forcing, parameter-
ization of physical processes, and internal
model parameters.

How to reduce uncertainties in model
results and how to provide the best linkages
among model and observational needs were
the major themes of a SEARCH for DAMOCLES
(S4D) meeting held 29-31 October 2007
in Paris with representatives from Canada,
Denmark, Germany, Finland, France, Norway,
Poland, Russia, Sweden, United Kingdom,
and United States attending.

The goal of the international S4D proj-
ect is to coordinate major European and
U.S. Arctic research activities during the
[PY that are aimed at understanding the
nature, extent, and future development of
Arctic change. The European component of
the project is DAMOCLES (Developing Arc-
tic Modeling and Observing Capabilities
for Long-term Environmental Studies), and
the U.S. interagency component is SEARCH
(Study of Environmental Arctic Change).

Synchronization of these programs will
enhance the acquisition of Arctic data
and their distribution, storage, and analy-
sis by eliminating gaps and redundancies.
SEARCH for DAMOCLES (S4D) participants
aim to make the best use of modeling and
observations by reducing uncertainties in
model results and by providing the best
linkages between model and observational
needs across disciplines. S4D recommenda-
tions include the facilitation of information
exchange among Arctic model intercompar-
ison projects; the establishment of a com-

prehensive Arctic observational network;
thorough validation of atmospheric reanaly-
sis data; the extension of reanalysis efforts
to sea ice, ocean, hydrology, and perma-
frost data; the implementation of rapid data
exchange among data centers; the explora-
tion of model classification based on objec-
tive characteristics that demonstrate lev-
els of model error and uncertainty; and the
entrainment of young scientists in Arctic
research and modeling.

The major S4D project recommendations
are outlined below.

Model Intercomparison Projects

Three model intercomparison projects
(MIPs) are working to improve Arctic models:
the Arctic Climate MIP (ARCMIP), the Arctic
Ocean MIP (AOMIP), and the Coupled ARCMIP
(CARCMIP, which tests truly coupled atmos-
phere-ice-ocean-land models). The MIPs are
optimal tools for system integration, espe-
cially when they are carefully and diligently
validated against observations. MIPs provide
the community with an opportunity for test-
ing models against one another and against
observations in a coordinated manner that
accelerates model improvement and evolu-
tion. One outcome of MIPs activity is a bet-
ter understanding of the strengths and weak-
nesses of different models, information that
can then be used to assess future predictions
and to guide fully coupled climate model
development. The S4D program recommends
facilitating interactions among Arctic MIPs
and continuing their support and promotion
via deeper collaboration between SEARCH
and DAMOCLES.

Model-Observation Connections

It is difficult to construct, understand, and
explain a global picture based on observa-
tions without including modeling. It is also
problematic to use models for prediction of
climate without knowing and understand-
ing model errors and their uncertainties. For
example, small errors in ice parameters stem-
ming from errors in atmospheric forcing can
translate into serious errors in ocean vari-

ables. That is why the MIPs are in demand—
the major challenge for them is to improve
regional and global models based on results
of model validations against observations.
This work is expensive and requires signifi-
cant financial and labor resources.

In order to develop a comprehensive
Arctic model, it is necessary to involve the
entire community of modelers and observ-
ers representing atmospheric, terrestrial,
ice, and ocean disciplines. Discussions at
the S4D meeting concluded that there are
insufficient observational data available for
model initialization, forcing, validation, and
assimilation and that a comprehensive Arc-
tic observational network is urgently needed
to satisfy the needs of both observational
and modeling communities. Modeling must
play a substantial role in Arctic observa-
tional network design and provide a scientif-
ically effective system for the temporal and
spatial distribution of observational sites.
This is especially important during times of
rapid sea ice change when planning for tra-
ditional fieldwork is at risk.

Model Validation

Model validation is the first step in model
improvement. Data coverage for model vali-
dation must be relatively dense in order to
reproduce four-dimensional system variability.
For the Arctic, where the observational net-
work is based on coastal stations and cen-
tral Arctic data are sparse, this condition
is difficult to satisfy. However, considering
model validation and model improvement as
an iterative process, it is possible to enhance
model accuracy via (1) data assimilation
that provides gridded data sets that are phys-
ically consistent and constrained to match
available observations and that can be used
as first-order data for model validation, and
(2) model improvement based on the analy-
sis of errors in these gridded data sets and
the introduction of better model physics and
parameterization.

The S4D program recommends (1) thor-
ough validation of atmospheric reanalysis
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data used to force coupled ice-ocean and
terrestrial models, (2) revealing terrestrial,
ice, and ocean model errors that are due to
forcing uncertainties, and (3) improving the
atmospheric reanalysis models. The program
also recommends the extension of reanaly-
sis efforts to sea ice, ocean, hydrology, per-
mafrost, and other disciplines; the continu-
ation of coupled-model data assimilation
technique development; and the facilitation
of immediate data exchange among data
holders.

Model Improvements

The largest biases in all global models
occur in the Arctic. Regional Arctic mod-
els exhibiting high spatial resolution and
improved physics are more accurate but
frequently show striking differences in MIP
studies. The S4D program has identified a
set of urgent improvements needed for Arc-
tic models. Some of these recommenda-
tions are common for all Arctic models and
may be termed trivial, but they neverthe-
less need serious attention, namely, increas-
ing model resolution, improving initial and
boundary conditions, establishing initializa-
tion techniques for seasonal and decadal
prediction systems, and enhancing forcing.
These recommendations—except for the
one to increase model resolution—could be
implemented by increasing the quantity and
quality of observations and improving data
assimilation methods.

The atmospheric models can be improved
by better description and parameterization
of cloud properties, surface turbulent fluxes,
and convective plumes associated with sea
ice openings.

Climate effects representing tropospheric
aerosols and clouds, stratospheric ozone,
and Arctic haze require more studies. Sig-
nificant improvements are needed in the
description of precipitation, humidity fluxes,
surface radiative fluxes, and spatial and tem-
poral variability of snow and ice albedo.
Thorough studies of inversions and the

stable boundary layer are also important for
model enhancement.

Coupled ice-ocean models have problems
with restoring and flux correction proce-
dures, and this limits the models’” “natural”
variability caused by forcing, the models’
physics, and the models’ errors due to the
problems with numerical representation
of model equations. It is important to over-
come these problems by improving model
forcing and internal model parameters
based on observations. Processes of verti-
cal and lateral mixing and the parameteriza-
tion of eddies, plumes, freshwater and heat
fluxes, the cold shallow halocline, and brine
formation also require refinement and vali-
dation. With the increase in model horizon-
tal resolution, sea ice dynamics and thermo-
dynamics must be improved toward (1) a
better description of small-scale processes
and deformations and (2) the introduction
of forcing at inertial and tidal frequencies.
Frazil ice (initial stage of sea ice) formation
and land-fast ice (which forms and remains
fast along the coast) development and decay
have to be taken into account as well.

The reduction of uncertainties in terres-
trial model results can be achieved via the
improvement in information about evapotrans-
piration, soil characteristics, precipitation and
moisture fluxes, permafrost characteristics,
and processes in wetlands and peatlands.

The use of a multiensemble approach
based on different model realizations with
standardized forcing can be valuable for the
analysis of model uncertainties.

S4D Coordination

A coordinated community approach to the
investigation of Arctic climate variability is
the only way to assess the degree of uncer-
tainty in the results and conclusions of differ-
ent modelers, scientific groups, or institutions.
Coordinated 54D activities will contribute to
this assessment by establishing a set of bench-
marks characterizing state-of-the-art Arctic cli-
mate modeling and the most up-to-date anal-

ysis of the Arctic climate and its variability.
The benchmarks will constitute basic charac-
teristics of polar processes that each model
should reproduce with a given accuracy. These
include, for example, patterns of atmosphere,
ice, and ocean circulation and other parame-
ters that characterize major climate states.
A model that cannot meet these benchmarks
will be recommended for improvement before
its application in Arctic studies.

One of the major impacts of S4D activ-
ity will be the engagement of young scien-
tists in Arctic studies. The program provides
guidelines for a new generation of Arctic
modelers on how to critically analyze and
improve Arctic modeling. S4D will pay spe-
cial attention to educational outreach to
young scientists through publications, Web
sites, and workshops, to encourage them
to learn about and participate in Arctic
research and modeling.

For more information about DAMOCLES
and SEARCH, visit the following Web sites:
http://www.damocles-eu.org/index.shtml
and http://www.arcus.org/search/index.php.

Reference

Stroeve, J., M. M. Holland, W. Meier, T. Scambos,
and M. Serreze (2007), Arctic sea ice decline:
Faster than forecast, Geophys. Res. Lett., 34,
L09501, doi:10.1029/2007GL029703.

—ANDREY PROSHUTINSKY,Woods Hole Oceano-
graphic Institution, Woods Hole, Mass.; E-mail:
aproshutinsky@whoi.edu; KLAUS DETHLOFF, Alfred
Wegener Institute, Potsdam, Germany; RALF DOE-
SCHER, Rossby Centre, Swedish Hydrological and
Meteorological Institute, Norrkdping, Sweden; JEAN
CLAUDE GASCARD, Université Pierre et Marie Curie,
Paris, France; and FRANK KAUKER, Ocean-Atmosphere-
Systems GbR, Hamburg, Germany

A N N O U N

W 16-18 July 2008 CUAHSI-HMF Hands-on
Workshop: Distributed Sensing—Taking It
to the Field, Boulder, Colorado, USA. Sponsors:
Consortium of Universities for the Advancement
of Hydrologic Science, Inc. (CUAHSI); Hydrologic
Measurement Facility; U.S. National Science
Foundation. (S. Dobbie, Oregon State University,
Room 116, Gilmore Hall, Corvallis, OR 97331,
USA; Tel.: +1-541-737-6292; Fax: +1-541-737-2082;
E-mail: Susan.Dobbie@Oregonstate.edu; Web
site: http://www.cuahsi.org/hmf/dsw/)

This workshop on wireless, autonomously
powered environmental sensing immediately
follows CUAHSI's national biennial science
meeting on 14-16 July. This hands-on workshop
will explore the current state of the art of distrib-
uted sensing for environmental observation.

W 20-24 July 2008 2008 Australian Earth Sci-
ences Convention (AESC 2008): New Genera-
tion Advances in Geoscience, Perth, Australia.
Sponsors: Geological Society of Australia; Aus-
tralian Institute of Geoscientists (AIG); Chevron.
(Conference Secretariat, AESC 2008 Convention,
C/- International Conferences and Events, Aust.
Pty. Ltd., Suite 4, 73 Hay Street, Subiaco, Australia
6008; Tel.: +61-8-9381-9281; Fax: +61-8-9381-9560;
E-mail: aesc2008@iceaustralia.com; Web site:
http://www.iceaustralia.com/aesc2008/)

C EMENT S

This joint meeting of the 19th Australian Geo-
logical Convention and the AIG will highlight
Australian geosciences in a global context.
Themes include geoscience in the service of
society; the evolution of life and the solar system;
Earth’s environments, past, present, and future;
and the dynamic Earth from crust to core.

M 6-10 October 2008 Ocean Optics Conference
2008, Castelvecchio Pascoli, Italy. Sponsor: The
Oceanography Society. (T. Lewis, Lewis Confer-
ences International US LLP, 1087 Belmont on the
Arm, Halifax, Nova Scotia, Canada B3H 1J2; Tel.:
+1-902-422-6069; Fax: +1-902- 425-3064; E-mail:
trudy.lewis@ns.sympatico.ca; Web site: http://
oceanopticsconference.org/)

The conference will address numerous
aspects of optical oceanography, including
basic research, technological development,
environmental management, and policy. Session
topics include ocean and coastal optical prop-
erties, experimental optics, radiative transfer
theory, optical remote sensing, and underwater
imaging and photography. There will also be
short courses offered on data visualization
and GIS, observational approaches in ocean
optics, and the use of artificial neural networks
for coastal water remote sensing. Abstract dead-
line is 31 August.
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