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Table S1: Atmospheric CO2 observations used for this study  from the NOAA ESRL GLOBALVIEWplus Observation Package v4.2 (ObsPack, Cooperative Global Atmospheric Data Integration Project, 2018)*.
	Site Code
	Latitude (°)
	Longitude (°)
	Altitude (m)
	Site Name
	Observational Uncertainty
Ua (ppm)

	ABP
	−12.76
	−38.16
	6
	Arembepe, Bahia
	1.04

	ALT
	82.45
	−62.51
	195
	Alert, Nunavut
	1.34

	AMY
	36.54
	126.33
	125
	Anmyeondo
	8.88

	ASC
	−7.97
	−14.40
	90
	Ascension Island
	0.66

	ASK
	23.26
	5.63
	2715
	Assekrem
	0.80

	AZR
	38.75
	−27.08
	24
	Terceira Island, Azores
	2.26

	BAL
	55.50
	16.67
	28
	Baltic Sea
	5.50

	BCS
	23.30
	−110.20
	14
	Baja California Sur
	3.42

	BGU
	41.97
	3.23
	13
	Begur
	3.93

	BHD
	−41.41
	174.87
	90
	Baring Head Station
	1.12

	BKT
	−0.20
	100.32
	875
	Bukit Kototabang
	3.49

	BME
	32.37
	−64.65
	17
	St. David’s Head, Bermuda
	2.57

	BMW
	32.27
	−64.88
	60
	Tudor Hill, Bermuda
	2.12

	BRW
	71.32
	−156.60
	28
	Barrow Atmospheric Baseline Observatory
	1.88

	BSC
	44.18
	28.67
	5
	Black Sea, Constanta
	9.88

	CBA
	55.20
	−162.72
	25
	Cold Bay, Alaska
	2.41

	CFA
	−19.28
	147.06
	5
	Cape Ferguson, Queensland
	1.04

	CGO
	−40.68
	144.68
	164
	Cape Grim, Tasmania
	0.40

	CHR
	1.70
	−157.15
	5
	Christmas Island
	0.60

	CIB
	41.81
	−4.93
	850
	Centro de Investigacion de la Baja Atmósfera (CIBA)
	3.97

	CPT
	−34.35
	18.49
	260
	Cape Point
	0.74

	CRI
	15.08
	73.83
	66
	Cape Rama
	3.47

	CRZ
	−46.43
	51.85
	202
	Crozet Island
	0.49

	CYA
	−66.28
	110.52
	55
	Casey Station, Antarctica
	0.29

	DRP
	−55.00
	−64.91
	10
	Drake Passage
	0.41

	DSI
	20.70
	116.73
	8
	Dongsha Island
	3.46

	EIC
	−27.15
	−109.45
	55
	Easter Island
	1.80

	ELL
	42.58
	0.96
	2005
	Estany Llong
	2.41

	ESP
	49.38
	−126.53
	47
	Estevan Point, British Columbia
	1.49

	FKL
	35.34
	25.67
	150
	Finokalia, Crete
	3.34

	GMI
	13.39
	144.66
	6
	Mariana Islands
	2.22

	GPA
	−12.25
	131.05
	37
	Gunn Point
	2.02

	HBA
	−75.61
	−26.21
	35
	Halley Research Station, Antarctica
	0.16

	HPB
	47.80
	11.02
	990
	Hohenpeissenberg
	6.71

	HSU
	41.05
	−124.73
	8
	Humboldt State University
	5.78

	HUN
	46.95
	16.65
	344
	Hegyhátsál
	6.00

	ICE
	63.40
	−20.29
	127
	Stórhöfði, Vestmannaeyjar
	2.03

	IZO
	28.30
	−16.48
	2378
	Izana, Tenerife, Canary Islands
	1.21

	KEY
	25.67
	−80.20
	6
	Key Biscayne, Florida
	4.14

	KUM
	19.52
	−154.82
	8
	Cape Kumukahi, Hawaii
	1.77

	KZD
	44.45
	75.57
	412
	Sary Taukum
	3.19

	KZM
	43.25
	77.88
	2524
	Plateau d’Assy
	3.00

	LJO
	32.87
	−117.26
	20
	La Jolla, California
	2.72

	LLB
	54.95
	−112.45
	546
	Lac La Biche, Alberta
	8.91

	LLN
	23.46
	120.86
	2867
	Lulin
	5.27

	LMP
	35.51
	12.61
	50
	Lampedusa
	2.08

	MAA
	−67.62
	62.87
	42
	Mawson Station, Antarctica
	0.32

	MEX
	18.98
	−97.31
	4469
	High Altitude Global Climate Observation Center
	1.33

	MHD
	53.33
	−9.90
	26
	Mace Head, County Galway
	3.23

	MID
	28.22
	−177.37
	8
	Sand Island, Midway
	1.39

	MKN
	−0.06
	37.30
	3649
	Mt. Kenya
	1.98

	MLO
	19.53
	−155.58
	3402
	Mauna Loa, Hawaii
	0.63

	MQA
	−54.48
	158.97
	13
	Macquarie Island
	0.33

	NAT
	−5.52
	−35.26
	20
	Farol de Mãe Luiza Lighthouse
	1.44

	NMB
	−23.58
	15.03
	461
	Gobabeb
	1.13

	NWR
	40.05
	−105.58
	3526
	Niwot Ridge, Colorado
	1.88

	OBN
	55.12
	36.60
	484
	Obninsk
	6.49

	OTA
	−38.52
	142.82
	50
	Otway, Victoria
	17.45

	OXK
	50.03
	11.81
	1185
	Ochsenkopf
	8.18

	PAL
	67.97
	24.12
	570
	Pallas-Sammaltunturi, GAW station
	3.72

	PDM
	42.94
	0.14
	2877
	Pic Du Midi
	2.71

	POC
	14.97
	−145.13
	20
	Pacific Ocean
	1.47

	PSA
	−64.92
	−64.00
	15
	Palmer Station, Antarctica
	0.23

	PTA
	38.95
	−123.73
	22
	Point Arena, California
	5.50

	RK1
	−29.20
	−177.90
	12
	Kermadec Island
	2.23

	RPB
	13.17
	−59.43
	20
	Ragged Point
	0.83

	SDZ
	40.65
	117.12
	298
	Shangdianzi
	9.57

	SEY
	−4.68
	55.53
	7
	Mahé Island, Seychelles
	0.98

	SGP
	36.62
	−97.48
	374
	Southern Great Plains, Oklahoma
	4.91

	SHM
	52.72
	174.10
	28
	Shemya Island, Alaska
	2.91

	SIS
	60.09
	−1.26
	33
	Shetland Islands
	2.87

	SMO
	−14.25
	−170.57
	47
	Tutuila, American Samoa
	1.19

	STM
	66.00
	2.00
	7
	Ocean Station M
	2.03

	SUM
	72.60
	−38.42
	3215
	Summit, Greenland
	1.32

	SYO
	−69.00
	39.58
	16
	Syowa Station, Antarctica
	0.23

	TAC
	52.52
	1.14
	236
	Tacolneston
	6.78

	TAP
	36.73
	126.13
	21
	Tae-ahn Peninsula
	6.90

	THD
	41.05
	−124.15
	112
	Trinidad Head, California
	4.54

	TIK
	71.60
	128.89
	29
	Hydrometeorological Observatory of Tiksi
	2.64

	USH
	−54.85
	−68.31
	32
	Ushuaia
	1.41

	UTA
	39.90
	−113.72
	1332
	Wendover, Utah
	2.65

	UUM
	44.45
	111.10
	1012
	Ulaan-Uul
	2.78

	WIS
	30.86
	34.78
	482
	Weizmann Institute of Science at the Arava Institute, Ketura
	2.39

	WLG
	36.27
	100.92
	3815
	Mt. Waliguan
	2.26

	WPC
	−29.86
	167.50
	10
	Western Pacific cruise
	1.70

	ZEP
	78.91
	11.89
	479
	Ny-Ålesund, Svalbard
	1.82



*Source reference: Cooperative Global Atmospheric Data Integration Project, 2018. Version:obspack_co2_1_GLOBALVIEWplus_v4.2_2019.
aThe specification of observational uncertainty of the  atmospheric CO2 measurements (U) follows the methods used in the GCL study of Chen et al. [1] (and reported in their Table A1). It is calculated from the CO2 time series measurements at each observation site, and is the  standard deviation of the variability in the detrended and deseasonalized time series (calculation based on methods of Chevallier et al. [2]). 


Table S2: Comparison of estimates of air-sea CO2 flux for the Arctic Ocean and its regional seas from this study and from previous literature.
	Region
	Mean Air-Sea CO2 flux 
(TgC yr‑1)
	Method
	Time period
	Reference

	Arctic Ocean
	‑56.04 ± 7.8


‑65 to 199


-40



-58.2



-91.1


-153



‑180
	Atmospheric Inversion

Synthesis study


Atmospheric Inversion


Ocean Biogeochemistry Model

Atmospheric Inversion

Ocean Biogeochemistry Model

p(CO2) mapping (SOM technique)
	2000-2017


2009


1995-2009



1996-2007



1985-2018


2006-2013



1997-2014
	This study


Bates & Mathis et al. [3]


Schuster et al. [4]



Manizza et al. [5]



Yasunaka et al. [6]


Manizza et al. [7]



Yasunaka et al. [8]

	Central Arctic Ocean
	-9.8 ± 0.7


-0.5



‑10.8
	Atmospheric Inversion

Ocean Biogeochemistry Model

Atmospheric Inversion
	2000-2017


1996-2007



1985-2018
	This study


Manizza et al. [5]



Yasunaka et al. [6]


	West Greenland Sea
	‑14.8 ± 0.8


‑18.5


-36

	Atmospheric Inversion

Atmospheric Inversion

Earth Observation data and Integrated air-sea CO2 fluxes

	2000-2017


1985-2018


2008-2009
	This study


Yasunaka et al. [6]


Land et al. [9]

	Baffin Bay
	-15.5 ± 1.5


‑17.4
	Atmospheric Inversion

Atmospheric Inversion

	2000-2017


1985-2018

	This study


Yasunaka et al. [6]

	Canadian Archipelago
	-1.1 ± 0.19


‑7.7



‑1.9

	Atmospheric Inversion

Air–sea CO2 flux calculated from observations

Atmospheric Inversion


	2000-2017


2010-2016



1985-2018
	This study


Ahmed & Else et al.[10]



Yasunaka et al. [6]


	Beaufort Shelf
	-0.76 ± 1.4


-0.6

	Atmospheric Inversion

Atmospheric Inversion

	2000-2017


1985-2018

	This study


Yasunaka et al. [6]

	Chukchi Sea
	-1.6 ± 0.3


-38



-4.4

-1
	Atmospheric Inversion

Air-Sea CO2 flux calculated from observations

p(CO2) climatology

Atmospheric Inversion

	2000-2017


2002



2003-2014

1985-2018
	This study


Bates et al. [11]



Evans et al. [12]

Yasunaka et al. [6]


	East Siberian Sea
	-0.08 ± 0.1


-1.1


-1.2


+0.3


-5.9
	Atmospheric Inversion

Atmospheric Inversion

Air-Sea CO2 flux observations

Mass Balance Assessment

Mass balance Assessment
	2000-2017


1985-2018


1996-2005


1994


1991-1994
	This study


Yasunaka et al. [6] 


Semiletov et al. [13]*


Nitishinsky et al. [14]*


Anderson et al.[15],[16]*

	Laptev Sea
	-0.98 ± 0.14


‑1.2


-4.3


-0.6


	Atmospheric Inversion

Mass Balance Assessment

Mass balance Assessment

Atmospheric Inversion
	2000-2017


1994


1991-1994


1985-2018
	This study


Nitishinsky et al. [14]*
 

Anderson et al.[15],[16]*


Yasunaka et al. [6]


	Kara Sea
	-0.19 ± 1.2


‑1


-5.7


+2.2



-4.4

	Atmospheric Inversion

Mass Balance Assessment

Mass Balance Assessment

Earth Observation data and Integrated air-sea CO2 fluxes

Atmospheric Inversion

	2000-2017


1995-1997


1991-1994


2008-2009



1985-2018
	This study


Fransson et al. [17]*


Anderson et al.[15],[16]*


Land et al. [9]



Yasunaka et al. [6]

	Barents Sea





	‑11.16 ± 1.5


-44


-11



-67


-34.7
	Atmospheric Inversion

Mass balance Assessment

Earth Observation data and Integrated air-sea CO2 fluxes

Mass balance Assessment

Atmospheric Inversion
	2000-2017


1998-1999


2008-2009



1995-1997


1985-2018
	This study


Kaltin et al. [18]*


Land et al. [9]



Fransson et al. [17]*


Yasunaka et al. [6]



*The values are taken from Table 1 of Bates & Mathis et al. [3].
Table S3: Interannual Variability (IAV) of regional CO2 flux estimates for the period 2010 to 2017. Shown are the estimates from surface ocean pCO2-based prior fluxes (Prior) and corresponding posterior flux estimates from our atmospheric inverse analysis (GCL). (Unit is TgC yr-1).
	Region
	Prior
	GCL

	Central Arctic Ocean
	6.97 ± 4.08
	7.45 ± 3.38

	West Greenland Sea
	3.99 ± 2.99
	4.48 ± 1.91

	Baffin Bay
	6.67 ± 5.87
	8.26 ± 4.5

	Canadian Archipelago
	1.99 ± 0.78
	2.65 ± 0.70

	Beaufort Shelf
	5.22 ± 4.18
	6.23 ± 3.04

	Chukchi Sea
	3.96 ± 3.01
	4.93 ± 2.18

	East Siberian Sea
	0.94 ± 0.44
	0.99 ± 0.40

	Laptev Sea
	0.72 ± 0.48
	0.86 ± 0.45

	Kara Sea
	0.63 ± 0.37
	0.69 ± 0.27

	Barents Sea
	13.06 ± 7.52
	14.04 ± 6.01

	
	
	

	Arctic ocean (total)
	31.09 ± 29.72
	50.58 ± 22.84



Table S4: Decadal time trends calculated for the regional  Arctic Ocean CO2 flux estimates for the period 2010 to 2017. Shown are the calculated trends from surface ocean pCO2-based prior fluxes (Prior) and for the  corresponding posterior flux estimates from our analysis (GCL). The symbol (S) indicates that the trend is statistically significant (at a 95% confidence Interval) (Unit is TgC yr-1 per decade).
	Region
	Prior
	GCL

	Central Arctic Ocean
	-2.68 ± 2.64 (S)
	-5.30 ± 2.1 (S)

	West Greenland Sea
	-3.98 ± 2.63 (S)
	-14.47 ± 2.44(S)

	Baffin Bay
	-2.43 ± 2.15 (S)
	-5.06 ± 1.91(S)

	Canadian Archipelago
	-0.05± 0.020
	-2.64 ± 0.01(S)

	Beaufort Shelf
	-0.11±0.32
	-3.34±0.17(S)

	Chukchi Sea
	-0.8 ± 0.34(S)
	-2.62 ±0.13(S)

	East Siberian Sea
	-0.2± 0.21
	-0.71 ± 0.11(S)

	Laptev Sea
	-0.08±0.04(S)
	-0.70± 0.03(S)

	Kara Sea
	-0.001±0.002
	-0.04±0.01 (S)

	Barents Sea
	-0.91±0.25(S)
	-1.93±0.03(S)

	
	
	

	Arctic ocean (total)
	-11.21 ± 8.60
	-36.80 ± 6.94 (S)
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