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Table S1. Macroalgae biomass annual productivity (t DW km−2 yr−1) in N-MACS regions.
N-MACS No_Temp

Mean of all N-MACS areas 97.02 155.10
Significant N-MACS areas 165.25 229.67
Northeast Asia 143.67 214.37
South America 413.46 610.10
Oceania 60.75 77.49
South Africa 196.54 205.14
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Figure S1. Global temporal evolution of atmospheric CO2 concentration and surface averaged

temperature (SAT)
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Figure S2. Annual macroalgae biomass yield (averaged from year 2020 to year 2100) of

sensitivity simulation without temperature limiting factor. Dashed red lines outline the initial

seeding locations in year 2020. Yellowish areas indicate relatively lower yield (≤100 tonnes DW

per km2 per year).

February 27, 2024, 4:12pm



X - 6 :

Figure S3. The most limiting growth factor for ordinary phytoplankton in N-MACS simulation

from 2020 to 2100.

February 27, 2024, 4:12pm



: X - 7

Figure S4. Globally averaged vertical profiles of dissolved inorganic carbon (DIC), dissolved

phosphate (PO4), dissolved nitrate (NO3), and dissolved oxygen (O2).
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Figure S5. Yearly averaged variations in global oceanic carbon flux between 2020 and 2100,

comparing (a) N-MACS and (b) No_Temp relative to RCP4.5 scenario. Positive values indicate

net oceanic carbon uptake from the atmosphere.
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Figure S6. Global profile of air-sea carbon fluxes, N-MACS harvested biomass and oceanic

carbon reservoir (GtC yr−1).
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Figure S7. Global profile of air-sea carbon fluxes, No_Temp harvested biomass and oceanic

carbon reservoir (GtC yr−1).
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Figure S8. Changes relative to RCP4.5 caused by the deployment of No_Temp (data averaged

from year 2020 to 2100, except for d which represents data in 2100): a: Nitrate distribution

in the ocean’s surface layer (top 50m); b: Alkalinity in the ocean’s surface layer; c: Phosphate

distribution in the surface layer; d: Phytoplankton net primary production (PNPP); e: Dissolved

oxygen concentrations and oxygen minimum zones (OMZs) at a depth of 300m; f: Oceanic

denitrification rates; Regions within red rectangles (between latitudes 20◦S to 0◦ and longitudes

80◦W to 120◦W) indicate latitudinal averaged data relative to the Ctrl_RCP4.5: g: Phosphate

concentrations, h: Nitrate concentrations, i: Annual denitrification rates.February 27, 2024, 4:12pm
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Figure S9. Globally integrated diazotroph biomass of N-MACS (bluish line) and No_Temp

(greenish line) relative to RCP4.5.
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Figure S10. Variation in global vertically integrated diazotrophs biomass (mmol N m−2):

N-MACS vs. RCP4.5 at year 2100 (a) and 2200 (b); No_Temp vs. RCP4.5 at year 2100 (c)

and 2200 (d).
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Figure S11. The globally assumed total occupied areas (solid lines) and significant production

areas (dashed lines) areas of N-MACS (green tones) and No_Temp (blue tones) simulations.
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Figure S12. Vertical profiles comparing global horizontal averages of (a) alkalinity, (b)

phosphate, (c) carbonate export, and (d) dissolved oxygen between N-MACS and RCP4.5 in

2100.
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