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1 Supplementary Figures and Tables 

1.1 Supplementary Figure 

 

Supplementary Figure S1: Differences between simulated and observed seasonal phosphate (PO4) concentrations over 2000-2010. The 

total of 161,152 data points from the International Council for the Exploration of the Sea (ICES) are compared to respective model output, 

co-located by a horizontal and vertical nearest neighbor search, for all four configurations: Redfield Stoichiometry (RS), Extracellular 

Release (ER), Preferential Remineralization (PR), and the combined configuration (ER&PR). The data includes both bottle and pump data 

from the ocean hydrochemistry data collection. 
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Supplementary Figure S2: Differences between simulated and observed seasonal nitrate (NO3) concentrations over 2000-2010. The total 

of 135,469 data points from the International Council for the Exploration of the Sea (ICES) are compared to respective model output, co-

located by a horizontal and vertical nearest neighbor search, for all four configurations: Redfield Stoichiometry (RS), Extracellular Release 

(ER), Preferential Remineralization (PR), and the combined configuration (ER&PR). The data includes both bottle and pump data from the 

ocean hydrochemistry data collection. 
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Supplementary Figure S3: Differences between simulated and observed seasonal in-situ temperature (T) over 2000-2010. The total of 

2,153,726 data points from the International Council for the Exploration of the Sea (ICES) are compared to respective model output, co-

located by a horizontal and vertical nearest neighbor search for the Redfield Stoichiometry (RS) configuration. As the physical simulation 

is consistent between all four simulations, it is not shown for each of the configurations. The data includes the surface, bottle, and pump 

data from the ocean hydrochemistry data collection. 
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Supplementary Figure S4: Differences between simulated and observed seasonal salinity (S) over 2000-2010. The total of 1,913,297 data 

points from the International Council for the Exploration of the Sea (ICES) are compared to respective model output, co-located by a 

horizontal and vertical nearest neighbor search for the Redfield Stoichiometry (RS) configuration. As the physical simulation is consistent 

between all four simulations, it is not shown for each of the configurations. The data includes the bottle and pump data from the ocean 

hydrochemistry data collection. 
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Supplementary Figure S5: Taylor diagrams for phosphate (PO4) and nitrate (NO3), both limiting nutrients for primary production, 

showing correlation, root mean squared difference (RMSD), and normalized standard deviation of the model output with respect to 

observations. For each of the variables, the respective observations from Figures S1 and S2 are combined for all seasons and compared to 

the co-located model output using a horizontal and vertical nearest neighbor search. The model performance is differentiated by 

configuration, as indicated by color, and subregion, as indicated by shape. 
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Supplementary Figure S6: Taylor diagrams for the physical variables in-situ temperature (T) and salinity (S), showing correlation, root 

mean squared difference (RMSD), and normalized standard deviation of the model output with respect to observations. For each of the 

variables, the respective observations from Figures S3 and S4 are combined for all seasons and compared to the co-located model output. 

As all four physical model configurations are consistent, we here only show the results for the Redfield Stoichiometry (RS) configuration. 
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Supplementary Figure S7: Differences between simulated and observed seasonal dissolved inorganic carbon (DIC) concentrations over 

2000-2010. The total of 5,685 data points from the Global Ocean Data Analysis Project (GLODAP) are compared to respective model 

output, co-located by a horizontal and vertical nearest neighbor search, for all four configurations: Redfield Stoichiometry (RS), 

Extracellular Release (ER), Preferential Remineralization (PR), and the combined configuration (ER&PR). 
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Supplementary Figure S8: Differences between simulated and observed seasonal total alkalinity (TA) over 2000-2010. The total of 5,110 

data points from the Global Ocean Data Analysis Project (GLODAP) are compared to respective model output, co-located by a horizontal 

and vertical nearest neighbor search, for all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential 

Remineralization (PR), and the combined configuration (ER&PR). 
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Supplementary Figure S9: Differences between simulated and observed seasonal surface partial pressure of CO2 (pCO2) over 2000-2010. 

The total of 772,202 data points in the Northwest European shelf seas from the Surface Ocean CO2 Atlas (SOCAT) are compared to 

respective model output, co-located by a horizontal nearest neighbor search, for all four configurations: Redfield Stoichiometry (RS), 

Extracellular Release (ER), Preferential Remineralization (PR), and the combined configuration (ER&PR). Observations were converted 

from fCO2 to pCO2 using PyCO2SYS (Humphreys et al., 2022, 2024). Model CO2 concentrations in parts per million were converted to 

pCO2 using Eq. 15-16, based on the conversion suggested by PyCO2SYS (Humphreys et al., 2022, 2024) and an improved temperature-

dependent saturation vapor pressure equation (Huang, 2018). 
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Supplementary Figure S10: Time Series of annual vertically-integrated carbon fixation for the entire Northwest European shelf seas 

(NWES), the North Sea (NS),  the Norwegian Trench (NT), and the Northern, Central and Southern North Sea (NNS, CNS, SNS). These 

include all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization (PR), and the 

combined configuration (ER&PR). 
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Supplementary Figure S11: Time Series of annual vertically-integrated pelagic carbon remineralization for the entire Northwest 

European shelf seas (NWES), the North Sea (NS),  the Norwegian Trench (NT), and the Northern, Central and Southern North Sea (NNS, 

CNS, SNS). These include all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization 

(PR), and the combined configuration (ER&PR). 
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Supplementary Figure S12: Time Series of annual subarea-integrated benthic carbon remineralization for the entire Northwest European 

shelf seas (NWES), the North Sea (NS),  the Norwegian Trench (NT), and the Northern, Central and Southern North Sea (NNS, CNS, 

SNS). These include all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization (PR), 

and the combined configuration (ER&PR). 
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Supplementary Figure S13: Time Series of annual vertically-integrated net community production for the entire Northwest European 

shelf seas (NWES), the North Sea (NS),  the Norwegian Trench (NT), and the Northern, Central and Southern North Sea (NNS, CNS, 

SNS). These include all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization (PR), 

and the combined configuration (ER&PR). 
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Supplementary Figure S14: Time Series of subarea-integrated annual net air-sea CO2-flux for the entire Northwest European shelf seas 

(NWES), the North Sea (NS),  the Norwegian Trench (NT), and the Northern, Central and Southern North Sea (NNS, CNS, SNS). These 

include all four configurations: Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization (PR), and the 

combined configuration (ER&PR). 
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Supplementary Figure S15: Simulated spatial distribution of seasonal means of vertically-integrated carbon fixation for the Redfield 

Stoichiometry (RS) configuration and differences for the Extracellular Release (ER), Preferential Remineralization (PR), and the combined 

(ER&PR) configurations. In the ER and ER&PR configurations, the carbon fixation includes the extracellular release of DOC. 
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Supplementary Figure S16: Simulated spatial distribution of seasonal means of vertically-integrated carbon respiration for the Redfield 

Stoichiometry (RS) configuration and differences for the Extracellular Release (ER), Preferential Remineralization (PR), and the combined 

(ER&PR) configurations. Carbon respiration here includes both pelagic and benthic heterotrophic remineralization.  
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Supplementary Figure S17: Simulated spatial distribution of seasonal means of vertically-integrated net community production (NCP) 

for the Redfield Stoichiometry (RS) configuration and differences for the Extracellular Release (ER), Preferential Remineralization (PR), 

and the combined (ER&PR) configurations. Net community production is here defined as carbon fixation minus respiration, where carbon 

respiration includes both pelagic and benthic heterotrophic remineralization. 
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Supplementary Figure S18: Simulated spatial distribution of the respective seasonal means of the air-sea CO2-exchange for all four 

configurations: the Redfield Stoichiometry (RS), Extracellular Release (ER), Preferential Remineralization (PR), and the combined 

(ER&PR) configuration. 

 

 

 

 

 

 


