




Nature Climate Change

Article https://doi.org/10.1038/s41558-024-02233-6

B Arctic Ocean sub-regionsA Arctic Ocean studied area

Bar
en

ts 
Sea

Kar
a 

Sea

La
pt

ev
 S

ea

Sibe
ria

n 
Sea

Chu
kc

hi 
Sea

Bea
uf

or
t S

ea

Can
ad

ian
 A

rc
hip

ela
go

Baf
fin

 B
ay

Nor
dic

 S
ea

s

Eur
as

ian
 B

as
sin

Am
er

as
ian

 B
as

sin

Extended Data Fig. 1 | Studied area. The studied area of the Arctic Ocean 
represented in A by the colored area. The studied area is subdivided in B 11 
regions. The regionalization is not used in the main manuscript but serves in the 

assessment of the modeled versus satellite-derived NPP. Red lines are transects 
representing the boundary of the Arctic region used for volume and nutrient 
transport (Supplementary Table 3) in order to be consistent with observations.
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Extended Data Fig. 2 | Characteristics of the ‘New’ Arctic Ocean. Time-series 
of A stratification (potential density difference between 300 m and surface) in 
winter [kg m−3], B upper mesopelagic (100-600 m) oxygen concentration [mmol 
m−3] and C the stoichiometric carbon to nitrogen (C:N) ratio of the export flux 

at 100 m. Our model simulations allow flexible stoichiometry. The observed 
increasing C:N ratios, in line with a nutrient poorer environment, is limiting the 
decrease of the BCP efficiency. In fixed stoichiometry model, the dampening of 
the BCP would therefore be over-estimated.

http://www.nature.com/natureclimatechange
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Extended Data Fig. 3 | Estimation of the model drift. Timeseries from our 
control simulation (constant climate and atmospheric CO2 concentration) for A 
ocean CO2 uptake [TgC yr−1], B partial pressure of CO2 in the surface ocean [μatm 
yr−1], C Revelle factor [yr−1], D export flux at 100 m [TgC yr−1], and C DICREMIN [PgC 

yr−1]. The model drift is extremely small compare to climate change and evidence 
a quasi-equilibrium for surface (CO2 flux, pCO2 and Revelle factor), intermediate 
(export flux at 100 m) and deep ocean variables (DICREMIN).

http://www.nature.com/natureclimatechange
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Extended Data Fig. 4 | CMIP6 assessment of NPP and export flux. Timeseries 
of the CMIP6 ensemble mean (and ± 1 standard deviation) of Net primary 
Production (NPP) and export flux (EF) for the historical period plus 3 emission 
scenarios (A, B) SSP1-2.6; (C, D) SSP3-7.0; (E, F) SSP5-8.5. Historical periods and 
SSP1-2.6 and SSP3-7.0 (A, B, C, D) used 16 models [ACCESS-ESM1-5; CanESM5-1; 

CanESM5-CanOE; CanESM5; CESM2; CESM2-WACCM; CNRM-ESM2-1; GFDL-
ESM4; IPSL-CM5A2-INCA; IPSL-CM6A-LR; MIROC-ES2L; MPI-ESM1-2-HR; MPI-
ESM1-2-LR; NorESM2-LM; NorESM2-MM; UKESM1-0-LL] while the SSP5-8.5 (E, F) 
has 17, the additional model being [MRI-ESM2-0].

http://www.nature.com/natureclimatechange
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Extended Data Fig. 5 | CMIP6 assessment of remineralization and export 
efficiencies. Time series of the (carbon-based) A remineralization and  
B export efficiencies from the CMIP6 (Coupled Model Intercomparison Project) 
ensemble. Only 5 models from 3 different Earth System model providers 

delivered remineralization as an output. For consistency, we limited the analysis 
to those 5 models: CESM2, CESM2-WACCM, IPSL-CM6A-LR, MPI-ESM1-2-HR, 
MPI-ESM1-2-LR. The analysis shows that our results are consistent with those of 
CMIP6 models.
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Extended Data Fig. 6 | Temporal change (climate change) in the spatial 
distribution of the average DICREMIN below 100 m. This map shows a dipole 
structure between the Arctic Ocean and the North Atlantic Ocean. The Arctic 
Ocean is losing DICREMIN while the North Atlantic is gaining DICREMIN. The European 
Arctic Corridor is the major gateway where 80% of all water masses which enter 

or leave the Arctic Ocean take place. This analysis demonstrates that the negative 
DICREMIN anomaly in the Arctic Ocean is produced locally and not imported from 
adjacent Seas. By contrast, the Arctic Ocean is exporting southward negative 
DICREMIN anomalies to the North Atlantic.

http://www.nature.com/natureclimatechange
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Extended Data Fig. 7 | Spatio-temporal changes in air-sea CO2 fluxes due to 
terrigenous inputs. A Map showing the contribution of terrigenous inputs  
on air-sea CO2 fluxes [molC m−2 yr−1]. Positive anomalies (red colors) indicate 
regions where Terr is showing more outgassing (or less uptake) than NoTerr.  
The associated time series on the right-hand side show the B absolute [TgC yr−1], 
C relative [%] differences between Terr and NoTerr and D the total AO carbon 

sink of the baseline Terr simulation (a negative flux means uptake by the ocean). 
The total amount of CO2 released to the atmosphere due to terrigenous inputs 
fluctuated around 27-47 TgC yr−1 in the Terr simulation. Given the AO carbon sink 
increases with climate change, the relative reduction of the AO carbon sink due 
to terrigenous inputs decreased from about 23.2% in the 1970s to about 10.3% in 
the 2090s.
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