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Supplement 1: Core NEMUROgcp equations

Equations for small phytoplankton (SP): The rate of change of small (i.e., non-diatom) phytoplankton is equal to the gross production of small phytoplankton on
nitrate plus the gross production of small phytoplankton on ammonium minus the sum of small phytoplankton respiration, small phytoplankton excretion, grazing
on small phytoplankton by all five zooplankton groups, and non-grazer mediated mortality.
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Equations for large phytoplankton (LP): The rate of change of large phytoplankton (i.e., diatoms) is equal to the gross production of large phytoplankton on nitrate
plus the gross production of large phytoplankton on ammonium minus the sum of large phytoplankton respiration, large phytoplankton excretion, grazing on large
phytoplankton by all five zooplankton groups, and non-grazer mediated mortality.
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Equations for small zooplankton (SZ): The rate of change of small zooplankton (i.e., heterotrophic protists) is equal to the grazing of small zooplankton on small
and large phytoplankton, minus a linear mortality term, minus an excretion term that is proportional to ingestion, minus an egestion term that is proportional to
ingestion, minus mortality to the four classes of metazoan grazers.
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Equations for epipelagic-resident large zooplankton (LZres): The rate of change of epipelagic-resident large zooplankton (i.e., non-vertically migrating small
mesozooplankton that are <1-mm) is equal to the grazing of epipelagic-resident large zooplankton on small and large phytoplankton and small zooplankton, minus
a quadratic mortality term (that depends on time of day to account for day-night differences in abundances of vertically-migrating predators and activity of visual
predators), minus an excretion term that is proportional to ingestion, minus a basal excretion term, minus an egestion term that is proportional to ingestion, minus
mortality to the two classes of predatory zooplankton.
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Equations for vertically-migrating large zooplankton (LZpvwm): The rate of change of vertically-migrating large zooplankton (i.e., diel vertically migrating small
mesozooplankton that are <1-mm) is equal to the grazing of vertically-migrating large zooplankton on small and large phytoplankton and small zooplankton,
minus a quadratic mortality term (that depends on time of day to account for day-night differences in abundances of vertically-migrating predators and activity of
visual predators), minus an excretion term that is proportional to ingestion, minus a basal excretion term, minus an egestion term that is proportional to ingestion,
minus mortality to the two classes of predatory zooplankton.
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EXCpasarizovm = Tkyz X €027 X OxyLIMyee X LZpyy
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Equations for epipelagic-resident predatory zooplankton (PZgrgs): The rate of change of epipelagic-resident predatory zooplankton (i.e., non-vertically migrating
large mesozooplankton that are >1-mm, please note that the term “predatory” zooplankton is used to be consistent with prior versions of NEMURO but these taxa
are functionally omnivorous) is equal to the grazing of epipelagic-resident predatory zooplankton on small and large phytoplankton and small and large
zooplankton, minus a quadratic mortality term (that depends on time of day to account for day-night differences in abundances of vertically-migrating predators
and activity of visual predators), minus an excretion term that is proportional to ingestion, minus a basal excretion term, minus an egestion term that is proportional
to ingestion, minus mortality to the two classes of predatory zooplankton.
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Equations for vertically migrating predatory zooplankton (PZpvm): The rate of change of vertically migrating predatory zooplankton (i.e., diel-vertically migrating
large mesozooplankton that are >1-mm, please note that the term “predatory” zooplankton is used to be consistent with prior versions of NEMURO but these taxa
are functionally omnivorous) is equal to the grazing of epipelagic-resident predatory zooplankton on small and large phytoplankton and small and large
zooplankton, minus a quadratic mortality term (that depends on time of day to account for day-night differences in abundances of vertically-migrating predators
and activity of visual predators), minus an excretion term that is proportional to ingestion, minus a basal excretion term, minus an egestion term that is proportional
to ingestion, minus mortality to the two classes of predatory zooplankton.

dPZpyum
dt = (GRAZSPZPZDVM + GRAZLPZPZDVM + GRAZSZZPZDVM + GRAZLZRESZPZDVM + GRAZLZDVMZPZDVM) X GGEPZDVM - MORTPZDVM - EXCactiv,PZDVM - EXCbasal,PZDVM - EGEPZD]
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Equations for nitrate (NO3): The rate of change of nitrate is equal to nitrification rates minus uptake by large and small phytoplankton plus the respiration of small
and large phytoplankton multiplied by the effective f-ratio of these taxa (note that this latter term simulates the fact that respiration actually means that they take up
less nutrients than their net growth rate would require; it is not meant to simulate the phytoplankton taking up nutrients and then regenerating those nutrients).
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NITRIFICATION = refy % etnitr*T x OxyLIM, % NH4

Equations for ammonium (NH4): The rate of change of ammonium is equal to the sum of all excretion terms for protists and metazoan zooplankton plus
remineralization of particulate organic nitrogen (detritus) plus remineralization of dissolved organic nitrogen to ammonium minus uptake to small and large
phytoplankton plus the respiration of small and large phytoplankton multiplied by one minus the effective f-ratio of these taxa minus nitrification.

dNH4
dt

GRAZizy X (AE; = GGE) + ) (EXCagtivg + EXCoasars) + REMINpon s + REMINypon s + REMINpow wiss X (1= foon ponrer) + REMINoonres i
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Equations for particulate organic nitrogen (PON): The rate of change of particulate organic nitrogen (i.e., slowly sinking detritus) is equal to linear mortality of
small and large phytoplankton, plus egestion of all small zooplankton minus aggregation to large particulate organic nitrogen minus remineralization to ammonium
and dissolved organic nitrogen.
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REMINpon,pon = T€faec,pon,pon X etCdecpondonT x PON

Equations for large particulate organic nitrogen (LPON): The rate of change of large particulate organic nitrogen (i.e., rapidly sinking detritus) is equal to non-
predation mortality of all zooplankton groups, plus egestion of all four metazoan zooplankton groups plus aggregation of small particulate organic nitrogen minus
remineralization to ammonium and dissolved organic nitrogen.

dLPON
dt
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Equations for dissolved organic nitrogen (DON): The rate of change of dissolved organic nitrogen (i.e., labile DON) is equal to excretion of large and small
phytoplankton plus remineralization of detritus to DON minus remineralization of DON to ammonium and conversion of labile DON to refractory DON.

dDON
dt

= EXCsp + EXCrp + REMINpoy pon + REMIN, poy pon — REMINpoy npa — REMINpoN ponres

— tc XT
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Equations for refractory dissolved organic nitrogen (DONf): The rate of change of refractory DON is equal to excretion of large and small phytoplankton plus
remineralization of detritus to DON minus remineralization of DON to ammonium and conversion of labile DON to refractory DON.

dDON,.¢ _
—dt REMINpon nHa X fpon,ponrer — REMINpoNres nHa

REMINponres,nia = T€faec ponres nia X €C4ecPONTefNHEXT X DONTef
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Equations for silicic acid (Si): The rate of change of silicic acid is equal to excretion of large phytoplankton times the silicon:nitrogen ratio of large phytoplankton
(RsixN) plus dissolution of small opal to silicic acid plus dissolution of large opal to silicic acid minus growth of large phytoplankton times Rgi:n

dsi
— = Roiw X EXCyp + DISSOLUTIONopq, s + DISSOLUTION gparsi = Rsin X (GPPyoase + GPPyyase — RES,p)

DISSOLUTIONppaysi = Tefaec,opat,si X etcaecopalsi*T x Qp

DISSOLUTION pparsi = T€fuccioparsi X € dectopalsixT x LOP

Equations for opal (OP): The rate of change of opal (i.e., small detrital silicon particles) is equal to mortality of large phytoplankton times the silicon:nitrogen
ratio of large phytoplankton (Rs;n) plus grazing of small zooplankton (protists) on large phytoplankton times Rs;n minus dissolution of opal to silicic acid.

doP
~ = MORT,p X Ryyy + GRAZypasz X Ry — DISSOLUTION pas:

Equations for large opal (LOP): The rate of change of large opal (i.e., large detrital silicon particles) is equal to grazing by all four metazoan zooplankton groups
on large phytoplankton times the silicon:nitrogen ratio of large phytoplankton (Rsi.n) minus dissolution of large opal to silicic acid.

dLOP
T = Z GRAZLPZi X RSi:N - DISSOLUTIONLOpal,Si

i=mesozoo

Equations for chlorophyll a (Chlsp and Chlyp for chl associated with small and large phytoplankton, respectively): Chlorophyll a associated with small and large
phytoplankton are state variables calculated as a function of temperature, nutrients, and light availability for phytoplankton.

Chlgp = SP X Rey X 12 X Chl: Csp
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Equations for oxygen (Oxy): Organisms are assumed to use fixed oxygen:nitrogen stoichiometry, hence changes in O are diagnosed from changes in N.

AOxy = ANyrg X O: Nyygy — ANO3 X (0: Nyg3 — O: Nypa)

Norg =SSP+ LP + SZ + LZpes + LZpyy + PZpes + PZpyy + PON + LPON + DON + DON,f
Norg is the sum of organic nitrogen in a model layer.
O:Nno3z = 150/16
O:Nnnsa = 118/16
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Supplement 2: Optional Carbon system equations

NEMUROgcr has an optional carbon system module that can be toggled on or off. It includes alkalinity (Alk) and dissolved inorganic carbon (DIC) as state
variables. It uses the model of Follows et al. (2006) to diagnose pH and pCO, from Alk and DIC and to mediate air-sea gas exchange. The coupling of the carbon
system model with core NEMUROBCP assumes fixed C:N ratios and uses the equations below:

Norg = SP + LP + SZ + LZpos + LZpyy + PZges + PZpypy + PON + LPON + DON + DON,.

Norg is the sum of organic nitrogen in a model layer.

ADIC = —ANyyrg X C:N

C:N=106/16

ANO3 + ANH4

AAlk = —ANO3 X C: N + ANH4 —
C:N+ N:P

N:P=16
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Supplement 3: Thorium equations

NEMUROgcp has an optional 2**Th module that can be toggled on or off. It includes ten state variables. One is for dissolved **Th. The others are for 2**Th adsorbed
onto each of the particulate-nitrogen-containing state variables in core NEMUROBCP (SP, LP, SZ, LZres, LZpvm, PZres, PZpvm, PON, and LPON). 24Th is produced
from 2**U (which is assumed to be proportional to salinity) and adsorbs onto particulate matter with second-order sorption kinetics following Resplandy et al. (2012).
When particulate nitrogen pools are transformed from one state variable to another (e.g., phytoplankton dying and becoming detrital PON) the 2*%Th is transformed as
well. When particulate nitrogen pools are transformed into dissolved pools (e.g., DON or dissolved nutrients) the associated 2**Th is converted back into dissolved **Th.
All particulate **Th pools also undergo desorption and radioactive decay. Because substantial evidence shows that metazoan zooplankton have much higher C:***Th
ratios than seston (Rodriguez Y Baena et al., 2007; Stukel et al., 2019), we assign a lower adsorption factor to metazoans than is used for other particulate matter.
Equations governing the thorium submodule are:

Kior = 0.013 x C:N (m* / mmol C / day) thorium sorption coefficient (Stukel et al., 2019)
Kpack = 3 (yr!) thorium desorption coefficient (Resplandy et al., 2012)

Aa3a = 0.02876 (d!) thorium decay constant

fiz = 0.04 fraction that adsorption to LZ is decreased relative to seston

fpz = 0.01 fraction that adsorption to PZ is decreased relative to seston
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dTh
dt

dSP,
dt

dLPrp
dt

= kfor X SPXTh— GRAZpysz ? — GRAZpy1 z7rEs W — GRAZspy12pvm W — GRAZspypzrEs ? — GRAZspypzpym ? — MORTgp ? - SP

- SPr LPp, SPp, SPp,
= Az34 X “7°U + GRAZgpy57 X (AEg; — GGEg7) ——— Sp "y GRAZ pys7 X (AEs; — GGE ) P + GRAZspyzrEs X ACt e LZRES ~gp + GRAZspy17pym X AClres1zpvM ~p_
SPry, SPry, LPry, LPTh
+ GRAZpypzrps X ACtres pzrES Sp + GRAZppzpym X AClyes pzpvm Sp + GRAZ pyzrEs X AClygs17RES 7 LP + GRAZ py1zpvm X ACtres 1 zpvm — 0 LP
LPr, LPy, SZrn SZon
+ GRAZ  pypzrEs X AClres pzRES P ——+ GRAZ  pypzpym X AClyesprpym P ——+ GRAZg)1 755 X ACles 1 7RES 57 —— + GRAZ 51 7pvm X AClieg 1 zpvm 7
SZT SZrn LZresty
+ GRAZs75pzrEs X AClres pzres —=— + GRAZgz3p7pym X AClegs pzpym ——— + GRAZ  zpps2p7RrEs X AClrespzrEs —
SZ SZ LZres
LZdvmypy, LZresty, LZdvmyy, SPrp,
+ GRAZ  zpvmzpzres X AClrespzrps ————— + GRAZ  zppsopzpvm X AClres pzpym ————— + GRAZ  zpymapzpvm X ACtres pzpym ———— + SP o
LZdvm LZres LZdvm
LPry LZresry, LZdvmyy, PZresry PZdvmpp,
+ RES,,—— + EXC ——+ EXC e — S
LP LP basal,LZRES LZT‘@S basal,LZDVM LZdvm basal,PZRES PZres basal,PZDVM PZdvm
LPONg,

+ (REMIN poy wys. + REMIN poy DON) PON "t (REMIN Loy s + REMIN ooy pon ) =5~ LPON + KpackSPrn + kpack LPrh + KpakSZrh + kparLZTesry

+ kbackLZdvah + kbaCkPZT'eSTh + kbackPZdvah + kbackPONTh + kbackLPONTh - kaT X SP X Th — kaT X LP X Th — kaT XSZXxTh
—kfor X LZres X fiz X Th — kgor X LZAvm X f1 7 X Th — Kgor X PZres X fpz X Th — kfor X PZdvm X fpz; X Th — kfor X PON X Th
— kfor X LPON X Th — 4334, X Th

SPrp, SPrp SPrp SPrp SPrp SPrp SPry,
SP
- kbackSPTh - 1234SPTh

LPry LPry, LPry LPry LPry, LPry, LPry,

= kfor X LP XTh— GRAZLPZSZF_ GRAZ py1zrESs LP — GRAZ py120vm LP — GRAZ pypzrES LP — GRAZ p2pzpvm LP — MORT p LP - LP

LP
— Kpack LPrn — A234LPrp
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dSZzn
= ks, X SZ X Th + GRAZ 2°Th Th SZrn SZ SZ
for X GGE + GRAZ _ Th
dt SZ SP2SZ SZ Sp LP2SZ X GGESZ LP GRAZSZZLZRES S7 - GRAZSZZLZDVM S7 - GRAZSZZPZRES S;h - GRAZSZZPZDVM
Th
— MORTg, 57 KpackSZrhn — A234SZh
dLZresry, L7
———— = kfor X LZres X f1; X Th — GRAZ ZETeSTh _ pa LZresr LZresrp LZres
— Z _ e i Th
dt L LZRES2PZRES ~ | 7 LZRESZPZDVM [ o MORT zges LZres EXChasa1zrES Zres kyackLZTeEsry
234 Th
dLZdvah LZd
_ = ke X LZ _ UMrp LZdvmyy, LZdvm
o = o X LT Xy Th = GRAZ s = = OBz T~ MORT g~ o L EX s~
- kbaCkLZdvah - 1234LZdvah vm ’ LZdUm
dPZresry, P7
GTETESTh ke X PZres X foy X Th — MORT pyppe oo _ PZresry
dt for frz PIRES " p EXChasarpzrEs Prres kpockPZTesyy, — AyzaPZresy,
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dbZdvimen _\  pzd fpz X Th — MORT P2dvimry, Pldvingn _\  pzg Ay34PZd
_— X vm X X Th — —_— _— vMopp, — vm
dt for PZ PZDVM PZdvm basal,PZDVM PZdvm back Th 234 Th
APONTh _ 1« PON x Th + GRAZ (1 - AE ) GRAZ (1 - AE ) MORT "2 4 moRT,, 2T Th
—— X X % "y X L Ty
dt for SP2SZ SZ LP2SZ SZ SP Sp LP LP PON
N
- (REMINPON vua T REMINpqy DON) PON — kpoek PONp, — A334PONTy
dLPONy, SPrp
N TEE = kfor X PON X Th + GRAZgpy17rEs X (1 — ACtygs LZRES) h L GRAZgpy17pvm X (1 Cres LZDVM) h g GRAZgpypzrEs X (1 Cres PZRES) Sp
LPTh
+ GRAZspypzpym % (1 — QClygg PZDVM) + GRAZ py;zrEs %X (1 Lres LZRES) + GRAZ py1zpvm X (1 bres LZDVM) P
SZrn
+ GRAZ  pypzres X (1 = AClygg PZRES) + GRAZ prpzpym X (1 bres PZDVM) + GRAZz317rEs X (1 res,LZRES) 7
SZh
+ GRAZ 751 7pvm %X (1 - aCtres,LZDVM Lres PZRES) + GRAZgz3p7pvm % (1 Lres PZDVM) 57
CRAZ (1 ) LZresry, CRAZ (1 ) LZdvmpp CRAZ (1 ) LZresyy,
+ X — act —_— X — act —_— X — act —
LZRES2PZRES res,PZRES LZTES LZDVM2PZRES res,PZRES LZdvm LZRES2PZDVM res,PZDVM LZT@S
LZdvmyy, SZrn LZresypy, LZdvmyy, PZresry,
+ GRAZ X (1—act ———— + MORT ¢, —— + MORT RT ——  + MORT _—
LZDVM2PZDVM ( ‘res,PZDVM) LZd'Um SZ LZRES LZDVM LZdUm PZRES P7Zres
MORT - 20VTh | 4G GREGATION oI (REMIN REMIN ) LPONt _ . LPONmp — AyssLPON
+ + - + —_ —
PZDVM PZdUm PON LPON,NH4 LPON,DON LPON back Th 234 Th
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Supplement 4: SNitrogen equations

NEMUROgcp has an optional >N module that can be toggled on or off. It includes thirteen state variables each of which represents the amount of '*N contained within
one of the nitrogen-containing state variables in core NEMUROBCP (NO3, NH4, SP, LP, SZ, L.Zrgs, LZpvm, PZres, PZpym, PON, LPON, DON, and DON). The 15N
submodule is based on the NEMURO+'°N model of Stukel et al. (2018). The 15N submodule is 15N-conserving and includes isotopic fractionation associated with
most biological processes. Fractionation parameters are given in Supp. Table 7. The equations governing the >N submodule are presented here:

Rsp = SPyis / SP

Rip = LPnys /LP

Rsz = SZn;s /87

Rizres = LZresnis / LZgEs
RLZde = LZdeAU 5 / LZDVM
Rpzres = PZresyis /PZRES
RPZde = PZdva15 /PZDVM
RN03 = N03N15 /NO3

Ruwe = NH4y15 / NH4
RP()N = PONN15 / PON
Ripon = LPONy;s / LPON
Rpon = DONy;s / DON
Rponrer = DONrefyis / DONger

dc (GPPNoasp — RESgp X NPfrac,SP) X Ryoz X @yozup + (GPPNH4SP — RESgp X (1 - NPfrac,SP)) X Ryus X @npaup — EXCsp X Rgp X @y — MORTsp X Rgp
— GRAZgpys7 X Rgp — GRAZspy; zres X Rsp — GRAZgpy 7pym X Rsp — GRAZspypzpps X Rsp — GRAZspapzpym X Rsp
dLPyqs
dt = (GPPNOSLP — RES|p X NPfrac,LP) X Ryoz X Ayozup + (GPPNH4LP — RES|p X (1 - NPfrac,LP)) X Rypa X Qypayp — EXCrp X Ryp X Qpyyy — MORT [p X Rp

— GRAZ pys7 X Rip — GRAZ py7rps X Ryp — GRAZ py17pym X Rip — GRAZ pypzres X Ry p — GRAZ pypzpym X Ryp
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dSZyqs
———— = GRAZspy5; X Rsp + GRAZ py5, X Rip — (1 — AEs;) (GRAZspy5; + GRAZ pysz)Rsy 0575 — (AEg; — GGEsz)(GRAZpys; + GRAZ pysz)Rs7 05z e

dt

— GRAZz317res X Rsz — GRAZ 751 7pvm X Rsz — GRAZz5p7ps X Rsz — GRAZ75p7pym X Rsz — MORT 7 X Ry

dLZresys

T = GRAZgpy17pps X Rsp + GRAZ py17pps X Rip + GRAZ 75, 755 X Rsz — (1 - AELZRES) (GRAZSPZLZRES + GRAZ py1 75 + GRAZSZZLZRES)RLZRESaLZ,Eg
- aCtres,LZRES(GRAZSPZLZRES + GRAZ py1zrEs + GRAZSZZLZRES)RLZRESaLZ,Exc — GRAZ zrEs2pzrEs X Rizres — GRAZ zpps2pzpvm X Rizres — MORT 1zpes X Rizges
= EXCpusarzresRizrES X127, Exc

dLZdvmyqs

T = GRAZgpy12pym X Rsp + GRAZ py1zpym X Rip + GRAZz5,2pym X Rz — (1 - AELZDVM)(GRAZSPZLZDVM + GRAZ py1zpvm + GRAZSZZLZDVM)RLZDVMaLZ,Eg

- aCtres,LZDVM (GRAZSPZLZDVM + GRAZLPZLZDVM + GRAZSZZLZDVM)RLZDVMaLZ,Exc - GRAZLZDVMZPZRES X RLZDVM - GRAZLZDVMZPZDVM X RLZDVM
- MORTLZDVM X RLZDVM - EXCbasal,LZDVMRLZDVMaLZ,Exc
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dPZresy s
————— = GRAZgpypzpps X Rsp + GRAZ  pypzpps X Rip + GRAZs70pzpps X Rsz + GRAZ  zpp52p7rEs X Rizres + GRAZ zpvmopzres X Rizpvm

dt

— (1 = AEpzpes) (GRAZpypyrps + GRAZ pypsrps + GRAZszpspes + GRAZ pisopzres + GRAZLZDVMZPZRES)RPZRESaPZ,Eg
— acty o5 prrEs (GRAZgpopzres + GRAZ popzres + GRAZgzopzrEs + GRAZ zrgsopzres + GRAZ ) zpymopzrEs ) Rp2RES @z 5xe — MORT pzpps X Rpzpps
— EXChasaipzrEsRpzRESAPZ Exc

dPZdvmys

— dr = GRAZspypzpym X Rep + GRAZ 1 popzpym X Rip + GRAZs75p7pvm X Rsz + GRAZ  zpps0p70vm X Rizres + GRAZ zpymapzovm X Rizpvm
— (1 = AEpzpym) (GRAZspypzpym + GRAZ 1 popzpym + GRAZsz2pzpym + GRAZ zppsopzpym + GRAZLZDVMZPZDVM)RPZDVMaPZ,Eg
— actyes prpvm (GRAZspopzpym + GRAZ 1 popzpym + GRAZszpzpvm + GRAZ zpipsopzpvm + GRAZ L zpymzpzovm) Rezpvm@pz e — MORT pzpy X Rpzpyy
— EXChasapzovmRpzovm@pz Exc

dNO3p1s

dNH4y15

~dr = - (GPPNH4SP — RESgp X (1 - NPfrac,SP) + GPPyyarp — RES p X (1 - Nmec,LP)) X Rypa X Qypaup + (AEs; — GGEs;)(GRAZgpys; + GRAZ pysz)Rs7 057 e

+ aCtres,LZRES(GRAZSPZLZRES + GRAZ py1zrEs + GRAZSZZLZRES)RLZRES“LZ,Exc + acteszpvm (GRAZspy120vm + GRAZ 170y + GRAZSZZLZDVM)RLZDVMaLZ,Exc
+ actyes pzrps (GRAZspopzres + GRAZ popzres + GRAZszopzrps + GRAZ zrpsopzres + GRAZ zpymapzres)RpzrEs @z Exe

+ actyes pzovm (GRAZspopzpym + GRAZ 1popzpym + GRAZsz5p7pvm + GRAZ zrps2p70vm + GRAZ zpya2pzovim) Rezovm@pz pxe + EXChasaiizresRizres @1z pxe

+ EXCpasarrzovmRizovm@uzexe + EXChasarpzresRpzres@pzexe  EXCpasarpzpvmRpzovm@pzexe = NITRIFICATION X Rypa@nie + REMINpoy npa X Rpon@p2y
+ REMIN  ponnua X Ripon@pan + REMIN poy nua X Rpon@pan + REMIN ponvernHa X Rponref@pon
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dPON
———M15 = MORTqp X Rgp + MORT p X Ryp + (1 — AEy) (GRAZgpys; + GRAZ pys;)Rsz@s 5 — AGGREGATION X Rpoy — REMIN poy wins X Rpon@pan

dt

— REMINpgy pon X Rpon@®p2p

dLPONys

—ar (1 — AE 2pes) (GRAZpyy zrps + GRAZ pyy zpes + GRAZ 701 2r6s)R1zrEs @1z 8g + (1 — AE 1 7pyn) (GRAZspo17pym + GRAZ po1zpym + GRAZsz5120vm) Rizovm @iz g
+ (1 — AEpzpes) (GRAZpypyrps + GRAZ pypsres + GRAZszopzpes + GRAZ zpisopzres + GRAZ L zpymzpzres)Rpzres Xz ig
+ (1 = AEpzpym) (GRAZspypzpym + GRAZ 1 popzpym + GRAZsz2p7pym + GRAZ zppsopzpym + GRAZLZDVMZPZDVM)RPZDVMaPZ,Eg + MORT; X Rgy
+ MORT | zpps X Rizpps + MORT zpym X Rizpym + MORT pypps X Rpzpps + MORT pzpyy X Rpzpyy + AGGREGATION X Rpoy — REMIN poy nHa X Ripon@pan
— REMIN ponpon X Ripon@p2p

dDONy,s

—dt = EXCsp X Rgp X Qpyyy + EXCp X R;p X Qpyy, + REMINpoy pon X Rpon@pop + REMIN poy pon X Ripon@pap — REMIN poy ypa X Rpon@pon
— REMIN pon ponrer X Rpon

dDONrefy5

— d = REMINponponrer X Rpon — REMIN ponrernHa X Rponres@pon
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Supp. Fig. S1 — Heatmap showing the relationship between modeled gravitational flux and the remineralization length scale of fast-sinking detritus (RLS =
Lsink/(refaec,cron,pon+refaec,iron,nna) ) for a representative CCE upwelling-influenced experiment (a, 1604-3) and a representative Costa Rica Dome experiment (b,
CRD-1). Horizontal magenta lines show the sediment-trap measured gravitational flux. Probability density function for RLS determined by the OEPmcmc
procedure (black lines in c and d) and for only those solutions that predicted export flux within £1 standard deviation of the mean sediment trap measurement
for CCE 1604-3 and CRD-1 (red lines in c and d, respectively).
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