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DOE CCPP (A. Bamzai) 
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System Model (9/50km RASM) 
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RASM focuses on understanding and 
improving simulations and prediction of  
Arctic climate, with emphasis on the 
ocean-ice-atmosphere boundary layer
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How can an Arctic System Model be used to advance understanding and 
prediction of Arctic change? 

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

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

3.By exploring space-dependent sensitivities in the parameter space 
4.Through a hierarchical modeling approach using regional and global 

models to help quantify uncertainty for seasonal to decadal prediction. 

ACME-Arctic allows expanding this approach to global scales.
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RASM Rationale
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RASM advances relevant to ACME-Arctic 

1.Improvements in coupled model analysis

Example: Satellite emulator in readiness for ICESat-2 
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RASM advances relevant to ACME-Arctic 

2. Scale-aware dynamics and analysis

Ridge Spacing

Example: Variational sea ice morphology
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RASM advances relevant to ACME-Arctic 

3. Advances in model coupling

Atmosphere*

Sea*Ice*Ocean*

Lag*∆T*

Lags*Inherent*in*a*ring*of*coupled*
*oscillators*with*coupling*step*of*∆T>0**

Example: Reconfigured flux coupling
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RASM advances relevant to ACME-Arctic 

4. Advances in modeling Arctic processes

Roberts, A. et al. 2010. A Science Plan for Regional Arctic System Modeling, International Arctic Research Center, 
University of Alaska Fairbanks.

Graphic design by Russ Mitchell

CH4: 1-12 Tg CH4 yr-1 
source

Arctic Ocean Stocks
DIC: 310 Pg C
DOC: 9 Pg C

Sediment: 9 Pg C
CH4: 0-3 Tg CH4

Deep ocean flux to sediment:~2 Tg C yr-1 

CH4: 1-11 Gg CH4 yr-1 
DOC: ~33 Tg C yr-1 

DIC: ~43 Tg C yr-1 

CO2: 40-84 Tg C yr-1 
Source

CH4: 31-100 Tg CH4 yr-1 
Source CO2: 0.3-0.6 Pg C yr-1 

Sink

Atmosphere
CO2 : 0.4 ± 0.4 Pg C yr-1 surface sink

CH4 : 15-50 Tg CH4 yr-1 surface source

River POC: ~6 Tg C yr-1 

Erosion POC: ~8 Tg C yr-1 
River PIC: 0-4 Tg C yr-1 

CO2: 24-100 Tg C yr-1 
sink

Exchange between Arctic Ocean
 and adjacent seas
DIC: ~1.1 Pg C yr-1 

DOC: 21-30 Tg C yr-1 
CH4 : 20-80 Gg CH4 yr-1

Oceanic flux to sediment on
Continental Shelf: ~9 Tg C yr-1 

Subterranean 
Intra and Sub-permafrost

CH4 Hydrate: 3-130 Pg CH4

Arctic Land Stocks
Vegetation: 60-70 Pg C
Soil: 1400 - 1850 Pg C

Arctic Ocean Floor
CH4 Hydrate:

 30-170 Pg CH4

Arctic Continental 
Slope Permafrost

CH4 Hydrate: 2-65 Pg CH4

CO2 - carbon dioxide

CH4 - methane

DIC - Dissolved Inorganic carbon

DOC - Dissolved Organic carbon

PIC - Particulate Inorganic carbon

POC - Particulate Organic carbon

Figure 12: Current estimate of the arctic carbon budget.

Example: Marine biogeochemistry in RASM



RASM’s current RGCM project and relationship with HiLAT
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• Satellite sea ice emulator for an adaptive grid 
• Variational form drag for sea ice 
• Scale-aware sea ice dynamics 
• Evaluation and tuning of model components and their coupling 
• Additional DOD HPC resources for multi-decadal simulations

The RASM group is interested in contributing to 
advancements in ACME Arctic

Proposed RASM contributions
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Collaborative Agreement?


