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Adding regional system models to the mix

A SCIENCE PLAN FOR
REGIONAL ARCTIC SYSTEM MODELING

A REPORT BY THE ARCTIC RESEARCH COMMUNITY
FOR THE
NATIONAL SCIENCE FOUNDATION OFFICE OF POLAR PROGRAMS
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Roberts,A. and coauthors 2010

Outcomes from a three workshops
2007-2009 addressing two initial

questions:

[s there scope for regional models to

address:

- A shortfall in tools for downscaling
(upscaling) from (to) global climate
models for in situ arctic observations and
civil operations?

- The large spread in multi-model
ensembles and a divergence in climate
projections from observations?

Download this report, and additional information at:
http://www.iarc.uaf.edu/reports/IARCTP10-0001 contributor




What is the Arctic System?

.........................

I March mean
I September mea
[ 2007 Minimum
GIaC|ers & Ice Sheets
Arctic: Drainage '
_ Large Marine Ecosystems
Arctic System .

Roberts, A. and coauthors 2010




Uncertainty quantification and complexity = Hierarchical modeling approach

Embeddad ASM -The concurrent use of global and
- ”.;—.:::::.f“. = regional models, preferably in a
/ “structured hierarchy” or using an
| ”Q “embedded system model” will help
/ ‘ 5 ZARRRN quantify uncertainty.
PR o R
‘- .\ -This is not an arms race (resolution
WL W race) race between global and regional
"""" ook modeling groups.
' ;
v - To make this possible, multiple
s regional models with a different lineage

are essential.
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How can coupled regional system models be
used to understand uncertainty, complexity
and change!

|. By resolving unresolved or under represented
processes in individual system components.

2. By addressing inadequacies along coupling channels
between different system components

3. Through a hierarchical modeling approach using
both regional and global models to help quantify
uncertainty.

Roberts, A. and coauthors 2010




Uncertainty quantification and complexity

Use of multi-model ensembles
to quantify uncertainty with regional models

Contribution to simulation uncertainty (%)

0 25 50 75 100

B Scenarios of human response
I Response from different global models
Internal system variability

B Response from different regional models

[Example adapted from PRUDENCE e.g. Giorgi et al. (2008)]
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Canadian RCM:
LAM (UQAM +
Environment Canada)

Germany AWI:
HIRHAM/NAOSIM

Building regional multi-model ensembles: Current models
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Examples of inadequacies along coupling channels Biogeochemical coupling
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POP2X with lce-shelf Cavities

Modified version of POP ocean T
model: POP2X includes ocean cavities

under ice shelves

ice shelf

Ice boundary represented by “partial
top cells” (Losch 2008) staan

Like “partial bottom cells” for
bathymetry in POP and others

An idealized test for comparison:

melt rate (m/yr) barotropic streamfunction (Sv)

Ice Shelf-Ocean Model Intercom- 70, '1 70,
parison Project (ISOMIP; Hunter
2006)
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Arctic sea ice is a key indicator of the state of global climate because of

both its sensitivity to warming and its role in amplifying climate change. —

Accelerated melting of the perennial sea ice cover has occurred since the e

late 1990s, which is important to the pan-Arctic region, through effects on iy ol

atmospheric and oceanic circulations, the Greenland ice sheet, snow ArcHc dnape

Large Marire Ecosysiems
Ascilc sysbem

cover, permafrost, and vegetation. Such changes could have significant
ramifications for global sea level, the ocean thermohaline circulation, _
native coastal communities, and commercial activities, as well as effects | Maslowski W, etal. 2012.

on the global surface energy and moisture budgets, atmospheric and . R Bt Blemat. 3ci.-30:625-5%

oceanic circulations, and geosphere-biosphere feedbacks. However, a

system-level understanding of critical Arctic processes and feedbacks is

still lacking. To better understand the past and present states and \, Enlarge P PowerPoint
estimate future trajectories of Arctic sea ice and climate, we argue that it
is critical to advance hierarchical regional climate modeling and coordinate
it with the design of an integrated Arctic observing system to constrain
models.
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