
HiLAT-RASM: High-Latitude 
Application and Testing of Earth 

System Models - Phase II

October 14, 2020



HiLAT-RASM

• Collaboration between
– HiLAT SFA: High-Latitude Application and Testing of Earth System Models

• hilat.org
– RASM project: Regional Arctic System Model

• my.nps.edu/web/rasm
• Project partners

– LANL: Los Alamos National Laboratory
– PNNL: Pacific Northwest National Laboratory
– NPS: Naval Postgraduate School
– UW: University of Washington
– CU Boulder: University of Colorado, Boulder

• Plus many collaborators

PNNL lead:
Hailong Wang 
Hailong.Wang@pnnl.gov

LANL lead:
Wilbert Weijer 
wilbert@lanl.gov

NPS lead:
Wieslaw Maslowski 
maslowsk@nps.edu



HiLAT-RASM

• The high-latitude Earth systems are changing fast, with global implications.
• Our ability to predict the evolution of the high-latitude Earth systems is limited by 

incomplete knowledge of the processes that govern the systems’ variability, and 
response to continued anthropogenic forcing.
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HiLAT-RASM: Goal

• Reduce uncertainties and enhance predictive understanding of 
high-latitude environmental change and its global 
consequences

• Use a hierarchy of global and regional models to understand:
– the transport and exchange processes between high and low latitudes 
– the regional feedbacks that modulate the high-latitude response to 

these exchanges
• High-latitude Earth system components are tightly coupled

– Studying high-latitude processes and feedbacks requires integrative 
approach



The Team



Theme 4 – Decadal predictability of high-
latitude environmental change

Topic 4.1: Reduced modeling of high-latitude 
predictability

Topic 4.2: Dynamical downscaling of Arctic 
predictability

Theme 3 – Extra-polar impacts of Arctic change

Topic 3.1: Arctic impacts on mid-latitude 
weather and climate

Topic 3.2: Regimes, variability, and impacts of the 
Arctic Ocean and sea ice circulation

Theme 2 – Role of fine-scale and transboundary 
transport processes in Arctic change

Topic 2.1: Impact of fine-scale processes on 
Arctic Amplification

Topic 2.2: The  impact of changes in riverine 
fluxes on Arctic warming

Theme 1 – Role of sea ice in mediating 
meridional heat transports in the ocean and 

atmosphere

Topic 1.1: Partitioning of meridional heat 
transport: The Arctic

Topic 1.2: Partitioning of meridional heat 
transport: The Southern Ocean 

Our Themes and Topics



Accomplishments

• HiLAT-RASM Publications
– 2019: 17 first author (25 total)
– 2020: 14 first author (31 total) 
– In review: 7 first author (12 total) 

• Community integration
– We organized RGMA high-latitude webinar series

• Leadership
– Polar CORDEX
– IARPC
– US CLIVAR
– AGU
– CICE Consortium
– MOSAiC
– WMO Study Group on Cryosphere (SG-Cryo)



E3SM-Arctic

• Our team is working on Arctic-refined configurations of 
E3SM: E3SM-Arctic
– Ocean-sea ice configuration (JRA55-forced)
– Two grids: 60-to-10 and 60-to-6
– Key metrics are well represented

• Veneziani et al. (in review)
– Currently working on a fully-coupled configuration

Veneziani et al. (in review)

Presentation: 
Milena Veneziani 
High-Latitudes breakout
Today 15:09-15:16



Presentation: 
Wilbert Weijer 
Plenary
Tomorrow 13:30-13:50

RGMA CMIP6 Analysis Activity

• We co-organized the RGMA CMIP6 Analysis Activity



CMIP6 Analyses

• We published several CMIP6 analyses



Involvement in Other MIPs

• ISMIP6
– Alice Barthel

• SIMIP6
– Elizabeth Hunke

• FAFMIP
– Yemi Garuba

• Polar CORDEX
– John Cassano, Wieslaw Maslowski



Theme 1 – Role of sea ice in mediating meridional 
heat transports in the ocean and atmosphere

We are exploring:
• Polynyas and high-latitude air/sea exchange

– Kaufman et al. (2020)
– Kurtakoti et al. (2018; in review)
– Lee et al. (in prep)
– Veneziani et al. (in prep)

• Atlantic Meridional Overturning Circulation
– Weijer et al. (2019, 2020)
– Hu et al. (2020)
– Hirschi et al. (2020)
– Cheng et al. (2018)

• Feedbacks between ocean, atmosphere, and sea ice through 
Partial-Coupling experiments 
– Garuba and Rasch (2020)
– Garuba et al. (in review; in prep)

Presentations: 
Oluwayemi Garuba
High Latitudes breakout
Today 14:41-14:48

Wilbert Weijer
High-Latitudes breakout
Today 14:48-14:55

Younjoo Lee
High Latitudes breakout
Today 14:55-15:02

Aixue Hu
Multi-year breakout
Today 14:06-14:12

Ariel Morrison
Clouds breakout
Today 14:30-14:35

Wei Cheng
Plenary
Tomorrow 17:30-17:40

https://doi.org/10.1175/JCLI-D-19-0525.1
https://doi.org/10.1175/JCLI-D-18-0392.s1
https://doi.org/10.1029/2019JC015083
https://doi.org/10.1029/2019GL086075
https://doi.org/10.1175/JCLI-D-19-1027.s1
https://doi.org/10.1029/2019JC015522
https://doi.org/10.1175/JCLI-D-17-0825.1
https://doi.org/10.1029/2019MS002016


Theme 1 – Role of sea ice in mediating meridional 
heat transports in the ocean and atmosphere

The Science
• Polynyas have a strong impact on the local heat 

budget of the ocean and atmosphere
• We use Granger Causality to explore the impact of 

Weddell Sea polynyas on meridional heat transport 
in E3SMv0-HR

Key findings
• OHT and AHT are anti-correlated south of 60°S

– But positively correlated north of ice edge
• OHT variability responds to polynya formation

– So does not cause polynyas

Kaufman et al. (2020)



Theme 2.1 – Impact of fine-scale processes on Arctic 
Amplification

We are exploring:
• Arctic local radiative feedbacks and impact on Arctic warming

– Zhang et al. (2018; 2020)
– Donohoe et al. (2020) 

• The representation and historical trends of Arctic moisture 
intrusions or atmospheric rivers in E3SM, ERA5 and CMIP6 models
– Wang et al. (in prep)

• The representation of sea ice in CMIP6 models 
– Watts et al. (in review)
– SIMIP Community (2020)

• The impact of model physics on initial conditions for improved 
seasonal predictions
– Roberts et al. (2019)
– Maslowski et al. (in prep)

Presentations: Rudong 
Zhang
High-Latitudes breakout
Today 13:45-13:52

Hailong Wang
Clouds breakout
Today 14:35-14:40

Wieslaw Maslowski
High Latitudes breakout
Today 14:20-14:27

Matthew Watts
High Latitudes breakout
Today 13:59-14:06

https://doi.org/10.1029/2018GL077852
https://doi.org/10.1029/2020GL088063
https://doi.org/10.1175/JCLI-D-19-0674.1
https://doi.org/10.1029/2019GL086749
https://doi.org/10.1029/2018MS001395


The Science
• What causes the -1% per decade declining trend of Arctic 

surface albedo since the 1980s?
• In Zhang et al. (2019, PNAS) we used CAM5 and reanalysis 

products to understand the driving forces behind it.

Key findings
• The decrease of snow cover over the Arctic land and sea ice 

explains 70% of the surface albedo reduction since the 
1980s.
– Sea ice fraction reduction accounts for 30%.

• Decreasing trend in Arctic snowfall had a significant explains 
31% of the decreasing trend in snow cover 
– although total precipitation has been increasing.

Decreasing 
surface albedo

Decreasing 
Arctic snowfall

Theme 2.1 – Impact of fine-scale processes on Arctic 
Amplification

https://www.pnas.org/content/116/48/23947


Theme 2.1 – Impact of fine-scale processes on Arctic 
Amplification

The Science
• Accurate initial conditions are critical for seasonal sea ice predictions.
• We study the importance of model physics (e.g. sea ice rheology) for 

improving initial conditions across all model components (without data 
assimilation); and their impacts on seasonal prediction

Key findings
• A single change in component model physics, e.g. parameterization of 

sea ice rheology, can significantly affect the simulated and predicted sea 
ice volume, without much change of sea ice area

RASM sea ice thickness in July 2019 from 1979-2019 hindcast
EAP EVP EAP-EVP

△Vi~1700km3

Maslowski et al. (in prep)



Theme 2.2 – The impact of changes in riverine fluxes 
on Arctic warming

We are exploring:
• Morphodynamics of Arctic deltas

– Piliouras & Rowland (2020)
– Schwenk et al. (2020)
– Vulis et al. (2020)
– Lauzon et al. (2019)

• Organic BGC in rivers and the coastal Arctic
– Jayasinghe et al. (2020)
– Elliott et al. (2019)
– Meskhidze et al. (2019)

• Arctic marine BGC in a changing climate
– Clement Kinney et al. (2020)
– Frants (in review)
– Gibson et al. (2020; in prep)
– Jeffery et al. (2020)

Presentations: 
Georgina Gibson
Ecosystems breakout
Yesterday 14:48-14:54

Jaclyn Clement Kinney
Ecosystems breakout
Yesterday 15:00-15:06

Amadini Jayasinghe
Coastal breakout
Yesterday 14:25-14:30

Scott Elliott
Coastal breakout
Yesterday 14:30-14:35

Anastasia Piliouras
High Latitudes breakout
Today 15:09-15:16

https://doi.org/10.1029/2019JF005250
https://doi.org/10.5194/esurf-8-87-2020
https://doi.org/10.1029/2019GL086710
https://doi.org/10.1029/2019GL082792
https://doi.org/10.3390/atmos10050230
https://doi.org/10.3390/atmos10020098
https://doi.org/10.1029/2019JG005343
https://doi.org/10.1017/aog.2020.7


Theme 2.2 – The  impact of changes in riverine fluxes 
on Arctic warming

The Science
• How do deltas filter and buffer the riverine fluxes 

before they enter the Arctic Ocean?

Key findings
• First comprehensive comparison of Arctic delta 

morphologies
• Increased understanding of how delta channel 

networks convey riverine fluxes to the coast 
– and susceptibility of deltas to drowning by sea 

level rise

Map of the Lena delta showing lakes 
(yellow) connected to the channel 
network (white) that have a higher 
likelihood of filtering out nutrients and 
suspended sediment.
Piliouras & Rowland (2020)



Theme 2.2 – The  impact of changes in riverine fluxes 
on Arctic warming

The Science
• It is well known that plankton blooms can occur 

underneath sea ice. 
• But how much do under-ice plankton blooms 

contribute to primary production?
• We address this by performing simulations with 

the RASM model

Key findings
• under-ice blooms in waters covered by > 50% ice 

account for the majority of central Arctic primary 
production

• They exhibit increasing decadal trends in part 
due to increasing radiative flux

Mean June concentration (%; shading) 
and sea ice mean primary production 
(contours: 200; 400; 800 mg C/m2/d).
Clement Kinney et al. (2020)



Theme 3 – Extra-Polar Impacts of Arctic Change

We are exploring:
• Impact of Arctic changes on East Asian monsoon and haze; ENSO 

events; and US wildfires
– Lou et al. (2019a; 2019b)
– Zou et al. (2020; in review)

• The use of System Identification techniques to understand lower-
latitude impacts of high-latitude change
– Sutherland et al. (in review)

• Impacts of Beaufort Gyre freshwater on subpolar North Atlantic
– Zhang et al. (in review)

Presentations: 
Ben Kravitz
Synoptic breakout
Yesterday 16:14-16:21 

Yufei Zou
Clouds breakout
Today 14:55-15:00

Jiaxu Zhang
High Latitudes breakout
Today 15:02-15:09

https://doi.org/10.1029/2018GL080941
https://doi.org/10.1175/JCLI-D-19-0549.1
https://doi.org/10.5194/acp-20-4999-2020
https://gmd.copernicus.org/preprints/gmd-2020-228/


Theme 3 – Extra-Polar Impacts of Arctic Change

The Science
• The Beaufort Gyre has accumulated an anomalous 

amount of freshwater. 
• What are the impacts on the subpolar North 

Atlantic when this freshwater is released?
• We study the impact of BG freshwater release in 

E3SMv0-HiLAT using novel tracer approaches.

Key findings
• BG freshwater exits the Arctic mostly through the 

Canadian Arctic Archipelago, rather than Fram
Strait

• Salinities in the Labrador Sea can locally be 
reduced by 0.4 psu in response to rapid freshwater 
release
– with potential impacts on AMOC. Zhang et al. (in review)



Theme 4 – Decadal predictability of high-latitude 
environmental change

We are exploring:
• Reduced-order and Machine Learning approaches to explore 

predictability
– Comeau et al. (2019)
– Foster et al. (2020)

• Downscaling of CESM-DP-LE to RASM
– Maslowski et al. (in prep)

• New techniques for drift correction of initialized ensembles
– Nadiga et al. (2019)

Presentations: 
Wieslaw Maslowski
High Latitudes breakout
Today 14:27-14:34

Balu Nadiga
High Latitudes breakout
Today 15:16-15:23 

Haiyan Teng
Multi-year breakout
Today 13:30-13:36

Tarun Verma
Multi-year breakout
Today 15:24-15:30

https://doi.org/10.1007/s00382-018-4459-x
https://doi.org/10.1175/JCLI-D-19-0769.1
https://doi.org/10.1029/2019GL084223


Theme 4 – Decadal predictability of high-latitude 
environmental change

The Science
• Initialized predictions often have significant drift 

that limits their use.
• We develop a model to correct for this drift.

Key findings
• Drift of initialized trajectories can be modeled as 

exponential attraction towards the uninitialized
system

• Correcting for this drift improves predictive skill.Nadiga et al. (2019)



Thanks!
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