Linking phytoplankton ecology with ocean carbon: subpolar lessons from satellite data and CMIP5 models
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A. Introduction/Background C. Compare subpolar OSP and NABE biology seasonality D. Seasonal cycle of surface pCO, — links with ocean biology
across CMIP5 models

Marine phytoplankton photosynthesis is a critical part of the biological carbon

_ . . _ We define 2 components of surface pCO, from the annual mean values (Takahashi et al. ’93, analysis inspired by Fay and McKinley '07):
pump, which transfers to depth part of the resulting organic carbon (C), leading
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to further oceanic CO, uptake at the surface and sub-surface ocean C :Zitf?cnggf)or:ncg 'C“/r':;’”h We analyze Phytoplankton seasonality across CMIP5 Seasonal cycle of surface emperature-driven pLO,
sequestration. Seasonal and interannual physical variability alter nutrients, models. Spread in plankton Biomass larger across pCO, and its two Non temperature pCO,
light, temperature, affecting ocean plankton and in turn air-sea CO, fluxes. CMIP5 models compared to satellite datasets Fig 2. components: influenced by biology

* We focus on biology in the highly seasonal subarctic Pacific (OSP) and subpolar In agreement with satellite observations, we find Fig 4 (left): Observed in the

North Atlantic (NABE) regions of high interest to the EXPORTS project. that the more complex ecological models (Group 1, SOCAT data, at OSP and NABE.

—_— black circle in Fig 3) show weaker Phytoplankton
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S AL I L AL £ oY Chp - S L S A S e S L L Biomass and Chl-a seasonal cycles and spring Fig 5 (right): across CMIPS

T e e L - LR i ifi i models at OSP. The degree of
- ecology and links with air-sea CO, fluxes comparatively in SeaWIFS satellite - Jan Dec blooms in tlzll:nlz?cc:;|;;)ESP\;fI:3§|ve to North seasonal compensation

between the 2 components
varies widely across models !

Proposed Mechanisms:
Less deep (Iron/Nitrate) supply at OSP + less wintertime vertical
mixing at OSP = more surface Iron limitation in the North Pacific

Can we understand surface pCO, based on Chl or biomass?

Fig. 6 below: Correlations between observed pCO,, temperature and non-temp pCO,

Larger (Zoo/Phyto) at OSP - components and Chl (Column 1), Behrenfeld BO5 biomass (Column 2), TK16 biomass (Column 3).
Tighter Zooplankton control on phytoplankton at NP

B. Plankton Seasonality in Satellite Biomass products

In subpolar regimes: Total pCO, represents a

- Weaker seasonal CVCIe Of Biomass and Chl at OSP. close compensation between Temperature
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| | | MAIN FINDINGS *g - more CO, uptake =2 less pCO, —.nonT. - olankton-pCO,
Ocean Station PAPA in the Subarctic Northeast - Negative (Chl, pCO,-nonT) correlation. inks
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compared to the North
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North Atlantic (NABE) products (but not BO5)
North Atlantic (NABE . . g . : :
orth Atlantic (NASE) WHY? » Phytoplankton Spring bloom much weaker in the North Pacific (OSP) compared to North Atlantic (NABE) in some satellite
observations (TK16 and SO8 biomass, Chl but not in BO5 biomass), and in the complex (Group 1) CMIP5 climate models.
o North Pacific (OSP) » Theory: Less Iron supply and tighter zooplankton control on phytoplankton = weaker seasonal cycles of biomass at
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drivers at OSP and NABE depth. Annually averaged ratio of Iron to Nitrate at 200m, ratio of surface zooplankton to phyto » Subpolar regimes: Biology very important for setting surface pCO, and hence atmospheric pCO, fluxes.
biomass.
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