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Projected Increase of Phytoplankton Carbon 

Exudation and Particle Formation in the 

Arctic Ocean until the End of the Century

Key findings

• Regionally differing total phytoplankton carbon trends 
(Fig. 2A-D)

• Earlier onset of phytoplankton blooms (Fig. 3  1st row)
• Increase of organic carbon exudation rate from 220 to 

320 mg C m-2 d-1, mainly due to diatom carbon 
exudation (Fig. 3 2nd row)

• Arctic-wide increase of dissolved acidic polysaccharide 
(PCHO) concentration (Fig. 2E-H; Fig. 3 3rd row)

• Distinct regimes in Fram Strait: East Greenland Current 
with enhanced carbon exudation, PCHO, and TEP 
concentrations (Fig. 3 2nd column)

• In contrast, nutrient-limited West Spitsbergen Current 
characterized by diatom dominance and limited TEP 
accumulation; increased remineralization balances TEP 
production (Fig. 3 3rd column)

Fig. 2:  Maps of summer volume-weighted mean carbon concentration of phytoplankton (1st row, A-D), dissolved acidic polysaccharides 
(PCHO, 2nd row, E-H), and transparent exopolymer particles (TEP, 3rd row, I-L) for the simulated years 2015 to 2020 (1st column), 2095 to 
2100 (2nd column), their difference (3rd column), and slopes of the fitted linear regression of the period 2015 to 2100 (4th column), where 
areas of a significant linear regression are hatched. The mean sea ice edge in September is displayed as dark green contour line of 20% sea 
ice concentration for 2015 to 2020 and as light green line for 2095 to 2100.
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Fig. 3:  Climatology of mean total phytoplankton carbon (sum of diatom carbon and small phytoplankton 
carbon), carbon exudation rate, PCHO concentration, TEP production rate, and TEP concentration, 
comparing start (blue, 2015–2020) and end (red, 2095–2100) of the simulated period. The displayed 
concentrations are volume-weighted for the upper 30 m of the water column, the rates are integrated 
over the whole water column. The 1st column displays the average of the whole Arctic Ocean, whereas 
the 2nd column displays the East Greenland Current, and the 3rd column displays the West Spitsbergen 
Current.

Model
Ocean-sea ice-biogeochemistry model
FESOM2.1-REcoM3 (Gürses et al., 2023)1
with additional Corg state equations (Fig. 4)

Grid Unstructured grid, 
4.5 km resolution in Arctic Ocean 

Time 
horizon

Projection for 2015-2100

Forcing Based on AWI-CM following the high-emission 
scenario SSP3-7.0 following Oziel et al. (2025)2 

Background: Regulated Ecosystem Model (REcoM3)

Fig. 4: Conceptual model of organic carbon in REcoM3 with the implementation of dissolved 
acidic polysaccharides (PCHO) and transparent exopolymer particles (TEP). A - photosynthesis; 
B,C - carbon exudation; D - aggregation; E,F - remineralization; G - losses to detritus; H,I - 
grazing; J - sloppy feeding; K - grazing on detritus; L - carbon excretion; M - degradation to 
DOC; N - (passive) sinking.

• implementation of 
state equations for 
dissolved acidic 
polysaccharides 
(PCHO) and trans-
parent exopolymer 
particles (TEP)

• following Engel et al. 
(2004)3 and Schartau 
et al. (2007)4

• variable stoichiometry
• nutrients: nitrogen, 

silicic acid, iron
• Arctic-specific tuning2 
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• Continued Arctic Amplification in IPCC 
high-emission scenario SSP3-7.0

• Sea ice area in decline (Fig. 1A), “ice-free” 
Arctic Ocean predicted for 2070

• Higher light availability, increasing total 
phytoplankton carbon predicted (Fig. 1B)

• nutrient availability in future Arctic?
• carbon exudation of phytoplankton 

expected under nutrient depletion
Fig. 1:  Time series of sea ice area in September (panel A) and volume-weighted 
summer mean total phytoplankton carbon concentration of the upper 30 m in the 
Arctic Ocean. The share of diatoms is shown as red dots.
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