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Fig. 1 The production system of the sarface ocean, illusiratng the
concepts of new and regenerated prodecimn. Phytoplankion
grovwth s deiven by nlirogen mpus of two gualivatively distimel
sarts: regenerated and ‘mew’ production. Thess two pathweys
leading to phytoplankton production are messwred as the shyio-
plankion assimilation of the various forms of nitrogen wing
UM.labelled substrates. This is not possible with ather nutrient
clements because with carbon or phosphorus, for example, 11 b not
sany to distinguwish betwoon autachihonous and allochthonoss
inputs. To relate new produciion 1o expont requires that
nitrification in ihe cuphotic Tone be negligible,

for total production <200 g Cm™ yr™", is described by
New,/Total =0.0025 (Total) (1)
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Fig- 2 w, Mew production as % of the olal primasy prodeciion
versus botal production for variouws ocean areas: (1) Central Morth
pactfic, (1) sastern Mediterranesn Sea, (3) Southern California
Dight, (4) eastern Tropleal Packfie, (5) Ceata Rica Dome, -ﬂi&]
Peru upwelling. Total production was measured by the 'C
method. Mew : total prnd?cﬁm ratio measurements are based

the ossimilstion of "“M.lsbelled nitrate snd ammonium,
Aassimilation of urea and other organic-N was assumed to be either
30% of the total M assimilation® or one-kall of the ammondsm
assimilation rate®’. Resalis were similar with aither corrsction. Mo
cormection was applied for new production s molecular aitrogen
fixation as this is assomed to be small™™, Values sre regional
averages from Dugdade™ (poinis 2. 4. 5, &) snd from this
laboratory™ (points 1, 3). The totsl production rates, from "'C
meagurements of photosynihesls, sre nd annsal iverages bul ane
daily rates % 365 for particular sets of measurements. For example,
ithe annsal production of the Peru upwelling area i probably less
than the 1,9000Cm™ yr~" shown here. b, New: total production
ratio versus fotal primary production sl individual stations in the
Southern California Bight. Mearshore stations in water depth
= 300 m are omitted. New :total production ratio was calculated as
nitrale incorposation rate: (mitrate + 1,5 ammonium incorporation
rates). For details s2e ref, 26. Symbols represent different cruises,
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Figure 1. Feeding and excretion relationships in a mi
food web in which photosynthetic production is
between small and large phytoplankton cells.

o7FF a J
FRoss Sea #
L=2-] o N
Greenland polynya
.5 MNorth Attantic Bloom N
o
= Station P % #,/ Peru-normal
= 0.4 o
2
e
g 0.3 #  Peru-El Nino N
o.2
Arablan
Sea HOT
EgPac-normal
o - TS
= EqPac-El Nino
a

0.00
SeaWiFs:

0.50 0.75
f-ratio Eppley 10/97-09/98

0.6 b
#* Greenland polynya

0.5 *  North Atlantic Bloom

# Station P Paru-normal *

0.3fr Peru-El Nina

o2
HOT

* % Arabian Sea
#* EqgPac-normal
01 = BA

Ts
% EgPac-El Nino

cO 200 400 S00 800 1000

Total primary production {mg N mZ g}

Figure 3. (a) Model ef ratio versus observed ef ratios at locations in Table 3. The straight line is the 1:1 line. (b)
Total primary production versus observed ef ratios at the locations in Table 3.
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Plate 1. Annual average ef ratios calculated from the EP model. Net photosynthesis was estimated on a monthly Plate 2. Annual average ef ratios calculated using the TE model Sea surface temperature (SST) fields were
basis as described in the text using data collected by the SeaWiFS satellite from October 1997 to September 1998. denved from monthly AVHRR global data as described 1n the text
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Methods include: 1>N-new production, Sediment Traps, 120,
02 change, 234Th, DIC change, biomass change, etc.
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Dunne et al., 2007: A synthesis of global particle export
from the surface ocean and cycling through the ocean
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Figure 3. Zonal integrals of primary production (a) and particle export (b) in units of Pg C a~
Lines represent the three primary productivity algorithms of Behrenfeld and Falkowski [1997] (solid
line), Carr [2002] (dashed line), and Marra et al. [2003] (dotted line).
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Figure 5. The logl0 of the particulate organic carbon flux (mmol m™? d™') to the seafloor based on
sediment derived estimates of benthic oxygen consumption rates from Jahnke [1996] converted to
organic carbon using a factor of 0.6 plus the sediment POC accumulation rates described in the text
(a) used for comparison with satellite-derived estimates in Figures 5b—5f. In each case, the value shown
is the log10 ratio of seafloor organic carbon fluxes derived from SeaWiFS satellite over those derived
from sediment data syntheses contrasting algorithms for the penetration of POC from the surface to the
seafloor (water depths >1000 m; 60°S to 60°N). In all cases, the denominator is the sediment-derived
value in Figure 5a. Flux penetration was given by the Martin et al. [1987] curve in Figure 5b and variants
of the Klaas and Archer [2002] parametenization in all the others: (¢) Only Si0; and CaCOs5; (d) as in
Figure Sc except with doubling the CaCO4; (e) as in Figure 5S¢ except including lithogenic flux from
aeolian dust input of Ginowx et al. [2001]; (f) as in Figure 5c except including lithogenic flux derived
from the accumulation of lithogenic material in sediments.




Laws et al., 2011: Simple equations to estimate ratios of

new or export production to total production from

satellite-derived estimates of sea surface temperature and

primary production. L&O: Methods
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Fig. 5. A: Annual export production (gC/m2) between September 1997 and October 1998 derived from equation. B: Rutgers mask showing different
oceanic basins used in deriving the export production




Henson et al., 2012: Global patterns in efficiency of
particulate organic carbon export and transfer to the deep
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Figure 1.
surements (data in Table SI in Text S| in the auxiliary material); squares are locations of POC flux mea-
sured using sediment traps [from Honjo et al., 2008].
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Figure 4. Global maps of satellite-derived (a) primary production estimated from [Carr, 2002], (b) POC
export at 100 m, (¢) POC flux at 2000 m, (d) particle export efficiency (PE.g). (¢) transfer efficiency (T4
and (f) Martin’s b [Martin et al., 1987).



Siegel et al., 2014: Global assessment of ocean carbon
export by combining satellite observations and food-web

models. GBC
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Figure 6. Global distributions of the annual mean (a) log;o(TotEZ) (mg C m 2d )b log;o-transormed export flux at 100 m calculated using the H11 e-ratio (mg Cm 2d "), (o) the ratio of
TotEZ to NPP, EZ-ratio (unitless), (d) the H11 e-ratio (unitless), (e) ratio of AlgEz to TotEZ (unitless), and (f) seasonal flux index (SFI; unitless).



DeVries and Weber, 2017: The export and fate of organic
matter in the ocean: New constraints from combining
satellite and nceanoeranhic tracer observations. GBC
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Figure 1. Schematic diagram summarizing the Satellite-driven IMPLicit Ecosystem and organic matter Transport and 60°s --: S —— J:_ peere o e
RemIneralization Model (SIMPLE-TRIM). Satellite observations of NPP and phytoplankton size distribution are used to — - - - = - . = - = -
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whose ocean circulation component is taken from an offline ocean circulation inverse model (OCIM). Oceanographic ‘ L L ‘ |
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Figure 3. Particle export ratio (ratio of sinking particle flux at the base of the euphotic zone to the NPP at each grid point) for the (top left) SIMPLE-TRIM

compared to the empirical models of (top right) Dunne et al. [2005] and (bottom left) Henson et al. [2011] and the satellite-driven euphotic zone food web
model of (bottom right) Siegel et al. [2014]. Printed on each map is the globally integrated particle export (Pg C yr™") for each model. Contour interval is 0.025,

For the Dunne et al. [2005], Henson et al. [2011], and Siegel et al. [2014] models, uncertainty in carbon export was estimated
by applying the export ratio from each model to the VGPM and ChPM NPP estimates,



DeVries and Weber, 2017: The export and fate of organic
matter in the ocean: New constraints from combining
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Figure 5. Optimal particle export flux at the base of the euphotic zone from our data-assimilated model. White ,‘E’ + I I ]
lines delineate distinct biogeochemical regions defined on the basis of temperature and nutrient concentration &
[Weber et al,, 2016]. AAZ = Antarctic Zone, SAZ = Sub-Antarctic Zone, STA = Subtropical Atlantic, STP = Subtropical g o1r
Pacific, ETA = Eastern Tropical Atlantic, ETP = Eastern Tropical Pacific, NA = North Atlantic, and NP = North Pacific. oL 1
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Figure 6. (a) Colors are the transfer efficiency of POC from the base of the euphotic zone to 1000 m from SIMPLE-TRIM.
Bold red lines are temperature contours at ~400 m depth (contour interval (Cl) 5*C). Thin black lines delineate the
surface region containing more than 80% small phytoplankton. (b) Comparison of regionally averaged mesopelagic
transfer efficiency from this study and previous studies. Regions as defined in Figure 5. For Henson et al. [2012] and
Marsay et al. [2015], transfer efficiency to 1000 m was mapped using global maps of flux profile exponent (the “Martin
parameter”) provided by each study. Flux-weighted regional-mean transfer efficiencies were computed, using six
different carbon export maps as weighting factors to estimate uncertainty. These combined NPP from VGPM and
CbPM with export ratios from Laws et al. [2000], Dunne et al. [2005], and Henson et al. [2011].



