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Arctic Subpolar gyre sTate Estimate (ASTE)

• Equivalent of SOSE for the northern hemisphere

• Higher resolution than ECCOv4 (llc270 based) 
with focus on Arctic and subpolar North Atlantic

• 14km in Arctic, 17km in Nordic Seas

• Forcing: adjusted JRA55

• OBCs: ECCO 1º global state estimate 
(ECCOv4R*)

• Adjusted parameters:
- T/S initial conditions
- time-varying atmospheric forcings,
- 3-D ocean mixing parameters
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ASTE Release 1 2002–2017 [Nguyen et al., 2021] 

o Uses the same adjoint technology and data as 
ECCO central state estimate

o Technology developments made in the context 
of ASTE flow to the central estimate (more later)

o Data distributed at Arctic Data Portal 
(arcticdata.io) and UT ECCO-mirror site
https://web.corral.tacc.utexas.edu/OceanProjects/ASTE/Release1/

o ASTE Release 1 solution was named in NASA IDS 
2019 call and is used in NASA-funded polar 
research



Extensive analyses on misfits, bias, budgets
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ASTE Release 1 2002–2017 [Nguyen et al., 2021] 
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Grabon et al., 2021 : Atlantic Water

ASTE Release 1 2002–2017, science 

Zhong et al., 2023 (submitted): 
Western Arctic ML salinity budget

• Seasonal cycle: dominated by net surf FW forcing
• Interannual variability: entrainment or advection



o Bigdeli et al., GRL 2021: increase Tair→ increase Arctic ice volume!!
Importance of snow in sea ice–snow system heat budget

o Nguyen et al., 2020 JTECH: “OSSE” 
Arctic Argo data can contribute to improve ASTE even if 
positions of floats are unknown for extended time

o Nguyen et al., 2020, JGR: adjoint sensitivity study
Bering Strait transport mechanism : Arctic/Atlantic sector is 
as or more important than Pacific sector in controlling 
Bering Strait volume transp variability

o Pillar et al., in prep, “OSNAP obs network assessment”, based on Loose & 
Heimbach 2020, Loose et al., 2021
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ASTE – as a tool



o Extension to end of 2021, inc. resolution to llc1080-based

o parameterization of Greenland discharge
o Schulz et al., 2022: Improve parameterization of vertical distribution of 

submarine melt at glacier vertical fronts in fjord-resolving models
(side note: need help closing budget with “addmass”)

o Next: parameterization of fjord-modified submarine melt and subglacial 
discharge for coarse resolution models such as ASTE and ECCO
– Collaboration with Mike Wood in fjord-resolving models

o Watermass transformation:
– build on Ryan Abernathey pkg/layers, closing budgets, perform watermass analyses 
– means to understand mechanisms (surface forcing, adv, horz. diff, vert. diff) 

→ help to also understand control space

o Sea ice adjoint (bug fix of flooding, performing budgets)

o Multigrid 
– following ECCO efforts, also testing tape saving capability (Matt Mazloff’s code)3

ASTE – Developments



o Sea-ice data  & Sea-ice parameters as controls

o Multi-grid code and implementation 

o Improved physics , e.g., subglacial discharge / submarine melt 
representation / parameterization

o Code development relevant to ASTE/ECCO production
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ASTE – ECCO central production


