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The Arctic Ocean is very stratified

T (℃)

(cold) Fresh = low density

(warm) Salty = high density (salty to the bottom)

Amerasian Basin Eurasian Basin

Carmack et al. (JGR, 2015)
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Carmack et al. (JGR, 2015)

Amerasian Basin Eurasian Basin
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Freshwater Content (FWC)

Sref =  Save =  34.8 psu
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Carmack et al. (JGR, 2015)

Amerasian Basin Eurasian Basin

𝐹𝐹𝐹𝐹𝐹𝐹 = �
𝑧𝑧 𝑆𝑆=𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

𝑧𝑧0 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑆𝑆
𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

⋅ 𝑑𝑑𝑑𝑑

Freshwater Content (FWC)

Sref =  Save =  34.8 psu

FWC = function of upper layer:
• salinity

• thickness
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Carmack et al. (JGR, 2015)

Amerasian Basin Eurasian Basin

𝐹𝐹𝐹𝐹𝐹𝐹 = �
𝑧𝑧 𝑆𝑆=𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

𝑧𝑧0 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑆𝑆
𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

⋅ 𝑑𝑑𝑑𝑑

Freshwater Content (FWC)

Sref =  Save =  34.8 psu

Units = ”meters of freshwater”
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Arctic Freshwater Content (m)

Johnson et al. (GRL, 2018): model analysis

lots
less
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Arctic Freshwater Content (m)

Johnson et al. (GRL, 2018): model analysis

lots
less

Aagaard & Carmack (JGR, 1989): in situ obs

45,800 km3

17,300

Arctic Freshwater Volume (km3)
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So many papers…

In situ obs, models, & satellites
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in situ obs

Pnyushkov et al. (JMarSciEng, 2022): in situ obs

FWC (1990s) FWC (2000s) FWC (2010s)

Beaufort Gyre
FWC increase Eurasian Basin

FWC decrease
(“Atlantification”)
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in situ obs

FWC (1990s) FWC (2000s) FWC (2010s)

But…where’s the Russian shelf?!
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in situ obs

But…where’s the Russian shelf?!Answer: Lack of in situ obs

in situ obs in EN.4.2.1 (2015–2016)

Argo XBT/MBT CTD  buoy
Bao et al. (JGR, 2019)
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☞ What are we missing when we neglect the Russian Shelves?

Johnson et al. (GRL, 2018): model analysis
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Hall et al. (Rem. Sens., 2021)

(1)
Satellite

Sea Surface Salinity

(2)

“Reanalysis”  =
Model + obs blend

in situ obs

Chukchi & Beaufort
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Hall et al. (Rem. Sens., 2021)

in situ obs

Conclusion:

ORAS5 best

(1)
Satellite

Sea Surface Salinity

Chukchi & Beaufort

ORAS5

(2)

“Reanalysis”  =
Model + obs blend
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ORAS5 not bad

in the Laptev

NABOS (Sept, 2018)

Hall et al. (in review, JGR, 2022)
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FWC (m)
(1979-2018)

ORAS5 Reanalysis FWC

lots

less

Hall et al. (in review, JGR, 2022)
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FWC (m)
(1979-2018)

ORAS5 Reanalysis FWC

lots

less☞ some!

Hall et al. (in review, JGR, 2022)
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FWC (m)
(1979-2018)

FWC trend (m/year)
(1979-2018)

ORAS5 Reanalysis FWC

increase

decrease

Hall et al. (in review, JGR, 2022)
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FWC (m)
(1979-2018)

FWC trend (m/year)
(1979-2018)

ORAS5 Reanalysis FWC

increase

decrease

☞ signal…

Hall et al. (in review, JGR, 2022)
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Beaufort Gyre
increase

Hall et al. (in review, JGR, 2022)
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Beaufort Gyre
increase

Step increase

Zhong, W., Zhang, J., Steele, M., Zhao, J., & Wang, T.
“Episodic extrema of surface stress energy input to the western Arctic Ocean 

contributed to step changes of freshwater content in the Beaufort Gyre”
GRL (2019)

see also: Moore, Steele, et al. (Nature Comm. E&E, 2022)

Hall et al. (in review, JGR, 2022)

ORAS5 Reanalysis FWV (deseasoned)
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Beaufort Gyre

Russian Shelves

Step decrease …mostly from ESS & Laptev

Hall et al. (in review, JGR, 2022)

ORAS5 Reanalysis FWV (deseasoned)
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Beaufort Gyre

Russian Shelves

Step decrease …mostly from ESS & Laptev

Why?

Hall et al. (in review, JGR, 2022)

ORAS5 Reanalysis FWV (deseasoned)
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Hall et al. (in review, JGR, 2022)

2007 freshwater flux:
Eurasian Basin ➜ Amerasian Basin   

2008-2018 minus 1997-2007



Michael Steele
Polar Science Center / APL
University of Washington

PAG Dec 2022
Victoria, Canada

Hall et al. (in review, JGR, 2022)

2007 freshwater flux:
Eurasian Basin + Russian Shelves ➜ Amerasian Basin   

2008-2018 minus 1997-2007
EB ➜ AB flux has a “root”

on the Russian Shelf
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Hall et al. (in review, JGR, 2022)

2007 freshwater flux:
Eurasian Basin + Russian Shelves ➜ Amerasian Basin   

2008-2018 minus 1997-2007

Neglect of Russian Shelf:

Unrealistic 2007 Arctic Ocean
FWC increase by ~ 25% 

EB ➜ AB flux has a “root”
on the Russian Shelf
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Hall et al. (in review, JGR, 2022)

2007 freshwater flux:
Eurasian Basin + Russian Shelves ➜ Amerasian Basin   

2008-2018 minus 1997-2007

Neglect of Russian Shelf:

Unrealistic 2007 Arctic Ocean
FWC increase by ~ 25% 

EB ➜ AB flux has a “root”
on the Russian Shelf

Thank You
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Arctic Freshwater Volume

Aagaard & Carmack (JGR, 1989)

𝐹𝐹𝐹𝐹𝐹𝐹 = ���
𝑧𝑧 𝑆𝑆=𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

𝑧𝑧0 𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑆𝑆
𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟

⋅ 𝑑𝑑𝑑𝑑 ⋅ 𝑑𝑑𝑑𝑑 ⋅ 𝑑𝑑𝑑𝑑

45,800 km3

17,300

FWC x area = FWV
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Arctic Freshwater Content: So many papers…
Aagaard & Carmack (JGR, 1989)
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in situ obs

FWC (1990s) FWC (2000s) FWC (2010s)

But…where’s the Russian shelf?!Answer: Lack of in situ obs
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East Siberian Sea

Laptev Sea

Kara Sea

Barents + White Seas
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The Arctic Ocean is ~ a “2-layer fluid”

Carmack et al. (JGR, 2015)

Amerasian Basin Eurasian Basin

S = 34.8

Upper fresh layer

lower salty layer
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