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ECCO downscaling for Antarctic coastal regions

High and moderate Ice Shelf melting

Antarctic Bottom Water (AABW) formation
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ECCO downscaling for Antarctic coastal regions
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ECCO downscaling for Antarctic coastal regions

Domain Period Grid Output Where? BGC Model Evaluation Publication

Amundsen/
Bellingshausen 1992-2025 3-4 km Monthly 

5-daily
NASA Earth 
Data ⭐︎

Nakayama et al., 2018 (Nature Communications) 
Hyogo et al., 2024 (JGR Ocean) 
Park et al.,  2024 (Nature Communications 
Nakayama et al., in review (GMD) 

Amundsen High-res 2010 
Jan-Oct 200m Daily/hourly NASA Earth 

Data

Nakayama et al., 2019 (Scientific Report) 
Nakayama et al., 2021c (GRL) 
Shrestha et al., 2024 (GRL)  
Poinelli et al., 2025 (Nature Geoscience)

Ross Sea 2010-2020 2-5 km Monthly ⭐︎ Malyarenko et al., 2023 
Taewook in prep 

East Antarctic 1992-2025 4-5 km Monthly/
daily

NASA Earth 
Data 
Zenodo

⭐
Nakayama et al., 2021b (GRL) 
Hyogo et al., in review (GRL)

Cape Darnley 2008  
Jan-Dec

200m 
1,2,4,8 km Daily Zenodo ⭐

Mensah et al.,, 2021 (Ocean Modeling) 
Mensa et all,. In prep

Weddell Sea 1992-2025 2-5 km Monthly TBD Moriyoshi et al., in prep

Antarctic Peninsula 1992-2025 TBD Monthly TBD ⭐︎ Development just started

https://sites.google.com/view/umi-nakayama/⭐ ⭐︎: Project funded for BGC: Running with BGC

ECCO evalutaion (Nakayama et al., 2024 GMD) 
Evaluation of ECCOv4r5, ECCO-LLC270, SOSE, and GECCO 

ECCO downscaling 
Extensive model evaluation 
Optimize model parameters to achieve good model-obs agreement 
New mechanisms or process understanding  
Accessible ssimulated outputs and analysis scripts 
Development towards BGC coupling 
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1. Amundsen Sea 
    - Model data agreement 
    - Submesoscale permitting downscaling 
    - Ice-ocean coupling 
2. Cape Darnley  
   - Model data agreement 
   - Coupling with BGC 
3. East Antarctica  
   - Model data agreement 
   - Why deep thermocline?

Some recent updates
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1. Amundsen Sea
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Comparsion with mooring observations

• Our simulated TD variability is similar to observations. 

Park, Nakayama, et al., 2024 (Nature Communications)
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Webber et al., (2017)

• Our simulated TD variability is similar to observations. 

Park, Nakayama, et al., 2024 (Nature Communications)
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Vertical velocity by Ocean current-bathymetry interaction 

 20 

 505 

Figure 1. Thermocline depth changes, and comparisons of temperature and vertical 506 

velocities in high- and low-melt years. a Depth-averaged ocean currents (arrows) and zonal 507 

velocity (color shading; m s-1). A yellow color-coded contour indicates the bathymetry of 700 508 

m depth. The red line (X–X') and the blue line (A–A') denote the vertical sections 509 

corresponding to the plots in b, c and d, respectively. The thick black represents the section 510 

defined to calculate the Antarctic Coastal Current. b Depth-time plot of monthly-averaged 511 

temperature (oC) averaged south of X-X' in a. Magenta and cyan color bars at the top of the 512 

graph indicate high-melt years (1992, 1993, 1994, 2008, 2011, 2012, 2020) and low-melt years 513 

(1997, 1999, 2003, 2004, 2013, 2014, 2015), respectively (see Methods). c, d Composite 514 

average temperature (oC) across section (A–A' in a) averaged in high- and low-melt years, 515 

respectively. The black contour line in each figure depicts 0.5°C isothermal line averaged in 516 

high- and low-melt years. The red color-coded arrow indicates the ridge between inner and 517 

outer cavity of Pine Island Ice Shelf. e, f Composite anomaly of vertical velocity (m d-1), 518 

indicating the deviation from the total mean of the model simulation, averaged zonally within 519 

the domain in a for high-melt and low-melt years, respectively. The black contour line 520 

represents 0.5°C isothermal line averaged for the total model simulation, while the red contour 521 

line shows 0.5°C isothermal line averaged in high- and low-melt years in each figure. 522 

High melt composite Low melt composite 

Shallow thermocline Deep thermocline

Bottom enhanced upwelling Bottom enhanced downwelling



1111

Extensive model-observation comparison for sea ice, ocean , ice shelf, etc.



Submesoscale permitting (200m) downscaling



Submesoscale permitting (200m) downscaling

海洋学では「再現」と「理解」が破壊的イノベーションにつながってきた。

Pot. Temp. at 27.75 isopycnal surface (ºC)

CDW (water mass warmer than 1 ºC) tracer released north of 74.24ºS
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Amundsen/Bellinghausen Sea configuration
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Thwaites ice shelf melt rate

Storm-like Submesoscale eddies enhances ice shelf melting
Poinelli, Sigelman,Nakayama, 2025 (Nature Geoscience)



Amundsen/Bellinghausen Sea configuration

15

Thwaites ice shelf melt rate
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Ice sheet ocean coupling for Amundsen and Bellingshausen Sea

Seroussi et al., 2017Seroussi et al., in prep

ISSM-MITgcm coupling 
• Amundsen Sea - Thwaite ice shelf (Seroussi et al., 2017) 
• East Antarctica - Totten ice shelf (Pelle et al., 2021)  
• Bellingshausen Sea ice ocean coupling (Caillet et al., in prep)

MISOMIP preliminary results
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Ice sheet ocean coupling for Amundsen and Bellingshausen Sea

Seroussi et al., in prep

ISSM-MITgcm coupling 
• Amundsen Sea - Thwaite ice shelf (Seroussi et al., 2017) 
• East Antarctica - Totten ice shelf (Pelle et al., 2021)  
• Bellingshausen Sea ice ocean coupling (Caillet et al., in prep)

MISOMIP preliminary results
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1. Amundsen Sea 
    - Model data agreement 
    - Submesoscale permitting downscaling 
    - Ice-ocean coupling 
2. Cape Darnley  
   - Model data agreement 
   - Coupling with BGC 
3. East Antarctica  
   - Model data agreement 
   - Why deep thermocline?

Some recent updates



19

Excellent model-data agreement for 
sea ice and ocean. 

Perfect test site for the development 
of BBL parameterization. 

Mensah et al., 2021
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2. Cape Darnley 
Bottom Water formation
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Surface restoring tracerPot. Density (kg m-3)
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Model-data agreement for BGC parameters
Surface Chl-a Surface pCO2CO2 Flux
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Model-data agreement for BGC parameters
Surface Chl-a Surface pCO2



Model data agreement (vertical sections)
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Transport of Carbon to deep ocean
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1. Amundsen Sea 
    - Model data agreement 
    - Submesoscale permitting downscaling 
    - Ice-ocean coupling 
2. Cape Darnley  
   - Model data agreement 
   - Coupling with BGC 
3. East Antarctica  
   - Model data agreement 
   - Why deep thermocline?

Some recent updates
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?
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Continental shelf

Totten Glacier
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Observations
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Observations

Rintoul et al., 2017
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552-m Pot. Temp. (ºC)

-2 -1 0 1 2 2.5

Totten ice shelf

White patches: ice shelf and fastice mask

Days since 1991/01/01

- Horizontal spacing of ~4-5 km and 50 layers vertically.  

- Model simulation for 28 years from 1992 -2025. 

Nakayama et al., 2021a
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ECCO East Antarctic Downscaling



Comparison previous model with observations 

・The common problem have been reported in other modeling studies 
(Gwyther et al., 2014, 2018; Kusahara et al., 2024)



Comparison previous model with observations 

Pot. Temp [°C]

Salinity

Pot. Dens. [kg m-3]

New model

・The common problem have been reported in other modeling studies 
(Gwyther et al., 2014, 2018; Kusahara et al., 2024)
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ECCO downscaling for Antarctic coastal regions

Domain Period Grid Output Where? BGC Model Evaluation Publication

Amundsen/
Bellingshausen 1992-2025 3-4 km Monthly 

5-daily
NASA Earth 
Data ⭐︎

Nakayama et al., 2018 (Nature Communications) 
Hyogo et al., 2024 (JGR Ocean) 
Park et al.,  2024 (Nature Communications 
Nakayama et al., in review (GMD) 

Amundsen High-res 2010 
Jan-Oct 200m Daily/hourly NASA Earth 

Data

Nakayama et al., 2019 (Scientific Report) 
Nakayama et al., 2021c (GRL) 
Shrestha et al., 2024 (GRL)  
Poinelli et al., 2025 (Nature Geoscience)

Ross Sea 2010-2020 2-5 km Monthly ⭐︎ Malyarenko et al., 2023 
Taewook in prep 

East Antarctic 1992-2025 4-5 km Monthly/
daily

NASA Earth 
Data 
Zenodo

⭐
Nakayama et al., 2021b (GRL) 
Hyogo et al., in review (GRL)

Cape Darnley 2008  
Jan-Dec

200m 
1,2,4,8 km Daily Zenodo ⭐

Mensah et al.,, 2021 (Ocean Modeling) 
Mensa et all,. In prep

Weddell Sea 1992-2025 2-5 km Monthly TBD Moriyoshi et al., in prep

Antarctic Peninsula 1992-2025 TBD Monthly TBD ⭐︎ Development just started

https://sites.google.com/view/umi-nakayama/⭐ ⭐︎: Project funded for BGC: Running with BGC

ECCO evalutaion (Nakayama et al., 2024 GMD) 
Evaluation of ECCOv4r5, ECCO-LLC270, SOSE, and GECCO 

ECCO downscaling 
Extensive model evaluation 
Optimize model parameters to achieve good model-obs agreement 
New mechanisms or process understanding  
Accessible ssimulated outputs and analysis scripts 
Development towards BGC coupling 



Other ongoing projects



D3

D2

D3

D2

Nakayama’s group

Bellingshausen Sea

Weddell Sea

West Greenland

• Established in April 2019 
• Diverse research topics 
• Model-data synthesisHyogo, Nakayama et al., submitted

International collaborations

University of Washington (USA) 
1940’s El Niño & Amundsen Sea

UC Irvine (USA) 
Ice-ocean coupled simulation 
Future projection of Totten Glacier

NIWA (New Zealand) 
Ross Sea simulation & Tide

University of Bremen (Germany) 
Weddell Sea ocean state estimate

UC Irvine (USA) 
Petermann Glacier & subglacial 
freshwater runoff

Cai et al., 2017

Pelle et al., 2021

Collaborating with 

Collaborating with 

Collaborating with 

Cape Darnley BGC
Collaborating with 

** graduated from our group 
Taketo Shimada (2024) 
Tsubasa Yasui (2023) 
Keito Iwata (2022) 
Toshiki Hirata (2022) 
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Amundsen-Bellingshausen Sea configuration

Nakayama et al., 2017, 2018, 2019, 2021, Hyogo et al., submitted



Modeling Bellingshausen Sea

～1.4℃

～1.6℃

～34.7psu

～34.7psu

Model：（March 2007, monthly mean）  data：（ March 2007, ship-based）

Pot.temp Obs Salinity Obs

Pot.temp Model Salinity Model

1. Simulated 
hydrographic 
structures are 
consistent with 
observations. 

2. Similar mCDW 
pathways toward ice 
shelf cavities.  Hyogo et al., in prep
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Modeling Bellingshausen Sea
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Modeling Cape Darnley 
Bottom Water formation

Excellent model-data agreement for 
sea ice and ocean. 

Perfect test site for the development 
of BBL parameterization. 

Mensah, Nakayama et al., 2021
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Ross Sea coupled configuration Malyarenko et al., in prep

Baroni et al., 2023

1. Katabatic wind blowing from 
the Antarctic continent 
forms sea ice and Antarctic 
Bottom Water. 

2. Representation of both 
Atmosphere and ocean in 
the coupled setup. 
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East Antarctic model configuration
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552-m Pot. Temp. (ºC)

-2 -1 0 1 2 2.5

Totten

White patches: ice shelf and fastice mask

Days since 1991/01/01

Nakayama et al., 2023
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Comparison between GLODAP and model (January mean and summer time observations (North-south section))

NO3 (mmol C m-3)DIC (mmol C m-3)

PO4 (mmol C m-3) SiO2 (mmol C m-3)

ALK (mmol C m-3)

»Simulated distributions of DIC, NO3, PO4, SiO2, 
ALK, and O2 are consistent with observations. 

»The spatial pattern of these fields is consistent with 
water mass distributions (CDW & AABW), strongly 
controlled by ocean lateral boundary conditions. 

Oxygen (mmol C m-3)
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Comparison between GLODAP and model (January mean and summer time observations (North-south section))

NO3 (mmol C m-3)DIC (mmol C m-3)

PO4 (mmol C m-3) SiO2 (mmol C m-3)

ALK (mmol C m-3) Oxygen (mmol C m-3)

»Simulated distributions of DIC, NO3, PO4, SiO2, 
ALK, and O2 are consistent with observations. 

»The spatial pattern of these fields is consistent with 
water mass distributions (CDW & AABW), strongly 
controlled by ocean lateral boundary conditions. 
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NO3 (mmol m-3)DIC (mmol m-3)

PO4 (mmolm-3) SiO2 (mmol m-3)

ALK (mmol eq. m-3) Oxygen (mmol m-3)

Comparison between GLODAP and model (January mean and summer time observations (North-south section))

»Simulated distributions of DIC, NO3, PO4, SiO2, 
ALK, and O2 are consistent with observations. 

»The spatial pattern of these fields is consistent with 
water mass distributions (CDW & AABW), strongly 
controlled by ocean lateral boundary conditions. 
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CTRL

Qsg

10*Qsg

• Subglacial freshwater discharge enhances ice shelf melting locally in ocean simulations. 
• Buoyant plume could rise to the surface at the ice shelf front only if very high amounts of freshwater 
discharge, about 50 times larger than those estimated for the current conditions.

•

Modeling subglacial freshwater discharge beneath Pine Island ice shelf

Nakayama et al., 2021
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Ocean Ice shelf

1100m

60km

60km Ice enters from 
Southern boundary Development of ice-ocean coupled 

simulations. 
We aim at understanding what 
determines ice shelf shape. 

Nakayama, Hirata et al., 2022

Processes determining ice shelf shape (idealized model)
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Downscaling for ice-ocean-carbon for the Southern Ocean

Carroll et al., 2020

DIC (mmol C m-3)Pot. Temp. (ºC)

Regional ECCO-Darwin simulation for the 
Southern Ocean (110ºE)

Nakayama et al., in prep

Downscaling for paleo-Southern Ocean

66S

62S (a) Pot. Temp. @1100 m (ºC)

-2 2.5 0

Present Totten

66S

62S (b)

11.5ka

100E 120E 140E

Totten

100E 120E 140E

(c)

20.0ka Totten

• Close comparison with 
sediment core data in front of 
Totten ice shelf 

Nakayama et al., in prep

Greenland

75W 40W
55N

78N

75W 40W
199201 199209

Greenland

Greenland

• Development of ice-ocean-carbon 
simulation for Greenland.  

• Simulated seasonal variability of 
warm water intrusion towards 
Northwestern Greenland.  


