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• EXport Processes in the Ocean from RemoTe Sensing (EXPORTS) is a NASA-led field campaign to quantify the export and
fate of upper-ocean net primary productivity through two cruises in the North Pacific (August 2018) and North Atlantic (May
2021).

• A dominant mechanism is the biological carbon pump, or the biologically-mediated transfer of organic carbon from the
upper, sunlit euphotic zone to the deep ocean, where it is sequestered from the atmosphere for centuries to millennia.

• This maintains an atmospheric pCO2 ~200 ppmv lower than with an abiotic ocean. Current global estimates range from 5-
12 Pg C yr-1, approximately the magnitude of human perturbations.

• In a steady-state ocean, the carbon available for export is equal to the annual Net Community Production (NCP), or the
balance between gross primary production and all respiratory losses of carbon.

• NCP can be estimated in situ using a mass balance approach with tracers of productivity (e.g. O2, NO-
3) or from remote

sensing as a function of sea surface temperature and modeled NPP.

Background

• Float data from Global Ocean Biogeochemistry Array (GO-BGC) Project
• All data (e.g. NO3, CHL, and Bbp,700) underwent BGC-ARGO program QA/QC. O2 values further calibrated against

discrete Winkler samples.
• Net Primary Productivity from the CAFE, CbPM, and VGPM models using MODIS-A data (Oregon State

University Ocean Productivity Group)
• Sea Surface Temperature (GHRSST Level 4 MUR, 8-day, 4 km resolution)
• Meteorological data from Station Papa (NOAA PMEL) and NCEP Reanalysis
• Euphotic zone depth, photosynthetically active radiation (PAR), and chlorophyll-a (MODIS-A)
• Wind stress fields (6-hr, NOAA FNMOC)
• Monthly climatology of diapycnal diffusivity in North Pacific (Cronin et al., 2015)
• Summertime diapycnal diffusivity in North Atlantic (Van Haren et al., 2021)
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Hybrid satellite-float NCP: 
• NPP from CbPM using float data
• NCP calculated as above
• NCP algorithm derived from O2/Ar method

• In the context of the NASA EXPORTS field campaigns, both
NPP and NCP during the North Atlantic spring bloom were
roughly 2x higher than during the late summer North Pacific

• The magnitude of the productivity cycle in the North Pacific
was less than the North Atlantic

• Higher backscatter, potentially indicative of particle export
below the mixed layer, accompanied the North Atlantic
boost in NCP

• Both satellites and floats offer autonomous measures of
productivity in the ocean with varying strengths and
weaknesses

• Floats offer opportunity for depth-resolved analyses and
can observe when satellites cannot (e.g. bad weather)

• Comparisons between float-based NCP from O2 and NO3
show good agreement with satellite-based NCP

• Calibration of biogeochemical sensors is especially critical
for chlorophyll - without discrete sample calibration, float-
based estimates tend to be biased high

Conclusions
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• Gas flux broken into 
diffusive, partially 
collapsing, and fully 
collapsing bubble 
fluxes 

• Physical fluxes 
broken into Ekman 
pumping, diapycnal 
diffusion, and 
entrainment
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• NPP from CAFE, 
CbPM, VGPM 
models run with 
MODIS-A data
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Evidence of Particle Export

North Pacific

Weak horizontal advection at study site 
(e.g., Pelland et al., 2018)


