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Table S1. Long-term annual mean sea-air CO2 flux from 1985 to 2018 in each region: Arctic Ocean (AO), Central Basin (CB), western Greenland Sea (WGS), Baffin Bay (BB), Canadian Archipelago (CA), Beaufort Shelf (BS), Chukchi Sea (CS), East Siberian Sea (ESS), Laptev Sea (LS), Kara Sea (KS), Barents Sea (BS) [TgC yr−1]. Negative values indicate a CO2 flux into the ocean. Bold numbers indicate that the value is included in the ensemble mean. Regular numbers indicate that the value is not included in the ensemble mean due to the insufficient data period. Blank indicates that the value was not calculated due to insufficient data coverage (< 80%). 

	
	AO
	CB
	WGS
	BB
	CA
	BS
	CS
	ESS
	LS
	KS
	BS

	pCO2 products
	
	
	
	
	
	
	
	
	
	
	

	AOML-EXTRAT
	
	
	–12.0
	–16.7
	
	–1.7
	–14.8
	–10.2
	–4.7
	–15.1
	–50.7

	CMEMS-FFNN
	
	
	–12.1
	–24.6
	
	–3.7
	–17.1
	–14.8
	
	–16.1
	–45.0

	Jena-MLS
	–111.9
	–18.9
	–9.5
	–16.6
	–3.8
	–1.5
	–3.4
	2.9
	–1.5
	–8.2
	–45.6

	NIES-ML3
	
	
	–19.6
	–27.3
	
	
	–9.6
	
	
	–29.5
	–62.5

	OceanSODAETHZ
	–120.5
	–7.8
	–12.2
	–25.3
	
	–1.4
	–8.5
	–2.9
	–2.3
	–13.0
	–44.7

	Takahashi-climatology
	
	
	
	
	
	
	–11.4
	
	
	
	

	Arctic-SOM
	–132.3
	–9.0
	–13.0
	–19.5
	
	
	–9.7
	–3.8
	–2.0
	–12.6
	–63.0

	SOM-FFN-extended
	
	–6.6
	
	
	
	
	
	
	
	
	

	Ocean Models
	
	
	
	
	
	
	
	
	
	
	

	CCSM-WHOI
	–86.5
	–6.2
	–10.6
	–12.9
	
	
	–6.1
	–2.8
	
	
	–36.1

	CESM-ETHZ
	–67.4
	–9.4
	–9.4
	–11.7
	
	
	–5.7
	–3.2
	–1.2
	–3.8
	–21.0

	CNRM-ESM2
	–110.6
	–5.2
	–17.3
	–15.4
	–0.3
	–0.7
	–4.7
	–1.3
	–1.3
	–6.5
	–58.0

	EC-Earth3
	–93.8
	–9.0
	–10.6
	–10.5
	–0.9
	–0.3
	–5.1
	–2.3
	–0.8
	–8.4
	–45.9

	ECCO-Darwin
	–99.0
	–1.8
	–7.8
	–16.6
	0.0
	–1.6
	–11.6
	–1.9
	–1.3
	–8.4
	–47.8

	FESOM_REcoM_HR
	–35.2
	3.4
	–10.8
	–10.3
	–0.1
	0.3
	–2.7
	6.2
	2.8
	5.4
	–29.5

	FESOM_REcoM_LR
	–52.7
	3.8
	–7.9
	–15.1
	–0.1
	0.4
	–3.3
	5.2
	1.2
	4.6
	–41.3

	MOM6-Princeton
	–139.2
	–12.9
	–16.4
	–31.2
	–3.0
	–3.5
	–7.4
	–3.7
	–4.0
	–11.0
	–46.1

	MPIOM-HAMOCC
	–110.6
	–13.4
	–9.9
	–14.6
	
	
	
	
	
	
	–51.4

	MRI-ESM2
	–102.6
	–12.5
	–10.8
	–16.4
	–2.7
	–2.8
	–4.9
	–5.4
	–3.5
	–8.7
	–34.9

	NorESM-OC1.2
	–152.8
	–28.6
	–15.1
	–20.7
	–2.6
	–2.0
	–8.8
	–7.3
	–2.8
	–9.1
	–55.9

	OCIMv2021
	–84.5
	–5.3
	–12.7
	–11.1
	–1.8
	–1.8
	–8.1
	–5.1
	–2.6
	–4.5
	–31.5

	OCIMv2014
	24.6
	5.0
	–7.5
	1.8
	–2.3
	0.5
	2.1
	20.0
	7.7
	19.1
	–21.7

	ORCA1-LIM3-PISCES
	–89.1
	–6.8
	–10.9
	–11.0
	–0.7
	–0.1
	–4.9
	–1.8
	–1.0
	–6.8
	–45.1

	ORCA025-GEOMAR
	–89.7
	–1.5
	–8.8
	–15.8
	–0.7
	–1.3
	–5.8
	–1.7
	–1.8
	–6.8
	–45.5

	Planktom12
	–78.0
	–21.6
	–10.8
	–13.3
	
	
	–6.1
	–4.8
	0.5
	4.5
	–20.8

	Arctic_NEMURO-C
	–75.4
	–8.8
	–8.6
	–11.4
	–1.1
	–1.2
	–7.4
	–2.4
	–1.0
	–7.2
	–26.4

	ECCO2-Darwin
	–100.1
	–0.4
	–9.2
	–23.8
	–0.0
	–2.7
	–11.2
	–1.5
	–2.3
	–8.8
	–39.1

	Atmospheric inversions
	
	
	
	
	
	
	
	
	
	

	CAMS
	–28.7
	–3.5
	–10.4
	–6.9
	–0.0
	0.1
	0.5
	0.3
	0.1
	–0.2
	–8.6

	CTE
	–42.4
	–7.5
	–3.5
	–6.1
	–1.2
	–0.5
	–1.6
	–1.2
	–0.7
	–3.2
	–17.1

	Jena-CarboScope
	–56.3
	–8.8
	–3.6
	–15.1
	–2.2
	–0.4
	–1.9
	–1.0
	–2.2
	–5.8
	–15.8

	UoE-in-situ
	
	
	–5.8
	
	
	
	–4.0
	
	
	–2.8
	–16.4

	NISMON-CO2
	–55.4
	–6.3
	–6.9
	–11.1
	
	
	–2.8
	–1.4
	–1.3
	–5.1
	–18.0

	CMS-Flux
	–16.0
	–2.1
	–3.4
	–2.3
	–0.0
	–0.2
	–2.8
	–0.4
	–0.1
	–0.4
	–4.3




Table S2. Ensemble mean trend and the standard deviation for annual mean CO2 flux in each region [TgC yr−1 dec−1]. Negative number indicates increasing of uptake or decreasing of outgassing. Ensemble means are calculated by using the estimates whose period covers from 1985 to 2018.

	Region
	pCO2 product
	Ocean model
	Atmospheric inversion

	
	1985–
2018
	1985–
2000
	2000–
2018
	1985–
2018
	1985–
2000
	2000–
2018
	1985–
2018
	1985–
2000
	2000–
2018

	Arctic Ocean
	–30.9 ± 13.2
	–14.8 ± 5.5
	–30.7 ± 14.5
	–9.5 ± 4.2
	–9.2 ± 4.4
	–10.0 ± 6.8
	–5.3
	–6.9
	–4.4

	Central Basin
	–5.1 ± 3.8
	–2.7 ± 1.2
	–4.3 ± 3.5
	 –2.0 ± 1.5
	–1.9 ± 1.6 
	–3.5 ± 2.6
	1.1
	0.4
	–0.1

	W. Greenland Sea
	–1.3 ± 0.6
	–1.6 ± 1.1
	–2.1 ± 0.9
	 –1.0 ± 0.6 
	–1.1 ± 0.8
	–1.5 ± 0.9
	–2.9
	–3.3
	–2.0

	Baffin Bay
	–2.2 ± 1.0
	–0.8 ± 1.2
	0.7 ± 2.7
	 –1.1 ± 0.6 
	0.0 ± 0.9
	0.1 ± 1.0 
	–1.2
	–2.3
	0.8

	Canadian Archipelago
	–1.2
	–2.7
	0.4
	–0.3 ± 0.2
	–0.5 ± 0.6
	–0.3 ± 0.4
	0.0
	0.0
	0.0

	Beaufort Shelf
	–0.3 ± 0.1
	–0.3 ± 0.0
	–0.3 ± 0.1
	–0.1 ± 0.1
	–0.3 ± 0.2
	–0.2 ± 0.3
	0.0
	0.0
	0.1

	Chukchi Sea
	–3.3 ± 1.2
	–2.2 ± 0.0
	–2.1 ± 0.1
	–0.7 ± 0.5
	–1.0 ± 0.7
	–0.7 ± 0.5
	0.2
	–0.0
	0.3

	E. Siberian Sea
	–2.9 ± 1.7
	–0.4 ± 0.2
	–4.0 ± 2.2
	–0.3 ± 0.5
	–0.0 ± 0.5
	–0.3 ± 0.7
	0.1
	–0.1
	0.3

	Laptev Sea
	–1.2 ± 0.7
	–0.5 ± 0.1
	–1.6 ± 0.7
	–0.2 ± 0.2
	–0.3 ± 0.3
	–0.3 ± 0.4
	0.0
	–0.1
	0.1

	Kara Sea
	–4.1 ± 0.9
	–1.8 ± 0.5
	–5.8 ± 0.5
	–0.8 ± 0.8
	0.0 ± 0.6
	–1.2 ± 1.2
	–0.2
	–0.0
	–0.5

	Barents Sea
	–7.8 ± 4.1
	–5.7 ± 5.3
	–8.4 ± 3.3
	–2.9 ± 1.1
	–4.2 ± 1.8
	–1.8 ± 3.1
	–2.5
	–1.4
	–3.5
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Figure S1. CO2 flux of individual estimate averaged over the period 1985−2018 or the longest in the period (see Table 1). Negative values indicate the CO2 flux into the ocean.
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Figure S2. pCO2w of individual estimate averaged over the period 1985−2018 or the longest in the period (see Table 1). OCIMv2014 does not include pCO2w values.
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Figure S3. Ensemble standard deviation in long-term annual mean CO2 flux (a, b), pCO2w (c, d), and SIC (e, f) in the period of 1985−2018: pCO2 products (a, c, e), and ocean biogeochemical models (b, d, f). Standard deviations are calculated by using the estimates which cover the full period of 1985−2018. 
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Figure S4. Seasonal amplitude of CO2 flux and SIC relative to the annual mean in the pCO2 product and the ocean biogeochemical hindcast and assimilation models. Error bar denotes the standard deviation of the fluxes among the individual products and the models.








[image: ]

































Figure S5. Trend in 1985−2018 of CO2 flux (a, b) and SIC (c, d) relative to the long-term mean in the pCO2 products (a, c) and the ocean biogeochemical hindcast and assimilation models (b, d). Darker hatched areas represent values in grids where less than two third of the estimates show the same sign of the trend.  



[image: ]

































Figure S6. Time series of the decomposition of the net CO2 uptake (Sim A; black line) into the natural CO2 flux (Sim D; light green) and the anthropogenic CO2 flux (Sim A – Sim D; red). Negative values (or widths of the ribbons) indicate the CO2 flux into the ocean.
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Figure S7. Monthly climatology of SST averaged over the period of 1985−2018 (or the longest period available). Thick lines with marks indicate ensemble means, and thin lines indicate individual estimates (blue and circle, pCO2 products; green and square, ocean biogeochemical hindcast and data assimilation models; red and cross, atmospheric inversions). Values from individual estimates are eliminated if more than 20% of the area has no data. Ensemble means are calculated by using the estimates which cover the full period of 1985−2018.
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