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Text S1. Ecosystem and biogeochemical model equations

The model equations are based on Dutkiewicz et al. (2015) and Dutkiewicz et al. (2020).
We consider the cycling of carbon, nitrogen, phosphorus, and iron. We also resolve explicit
dynamic Chl-a (Geider et al., 1998). We resolve tow types of phytoplankton, PC};, which
uptake several nutrients, N;, and are grazed by two types of zooplankton, ZC'}. Mortality
and exudation from plankton and sloppy feeding by zooplankton contribute to a dissolved
organic matter pool, DOM;, and a particulate organic matter pool, POM;. Subscript ¢
refers to a nutrient/element, j to a phytoplankton type, and & to a zooplankton type. All
tracers, X, are advected and diffused by three-dimensional flow fields. The complete set

of equations are provided below.

X

— =~V (uX)+ V- (KVX) + Sy (51)

Where u = (u,v,w), velocity in physical model, K is the mixing coefficient in physical

model, and Sy is the source and sink term of tracer X.

Nutrients

Sprc = — Z Pcj-cpj+rpoc-DOC + Fe (52)
J

SPO4 = — ZR;DC . BSCJ‘ -Ccpj + Tpop - DOP (83)
J

Sun, = — Z Unp,j- RYY-BSc;-cpj+rpon - DON — kyy, - NH, (S4)
J

Syo, = — Z Tnosj - RYC - BSc;-cpj+knm, - NHy— kno, - NOs (S5)
J

Syo, = — Z T'nosj - RYC - BSc;-cpj+ kno, - NOz = kno, - NO3 (S6)
J

Sper = — Z Rfe:c -BScj - cp;+ rpore - DOFe + Fupmos + Fsea — Cscav + F€’ (S7)

J
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Plankton
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Segp = > &k Gi - czp - (1+ ch) — Mz Czk
J

Particulate and dissolved organic matter

Spom; = Tpoum, - POM,; Z Omp, ;NP - CPj + Z Pz M7k CZk
J k

+3 ) ikl = &ik) - gik - €z — TpoM, - DOM,;
ik
Spom, = Z(l — Omp, ;)Mpj - Cpj + Z(l — Omz )Mz, " CZk
k

i
33 (1= iju)X = &) - G - Czs — TPOM, - POM;
7 k

0z
Nutrient limitations
- N = NH,, PO,, FeT
Yij = N, + Kn,, 1= 45 4, L€

NO

TNO2,j = 2 e VN
NOQ + KNOQ,j

NO

YNOs,j = - C
NO3 + Kno,,j

1—1 . fYNHAla]
NHy,j —
YNHy,j T YNOs,j T INOs,j
F O _ ")/NOQJ
NO2,5 —
YNHyj + YNOs,j T YNOs,j
YNO3,j
I'nosj =

VYNHy,j T VNOs,j T INOs,j
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Chl-a synthesis

max PC?J
=0 e, (520)
Q;n(ll'
Ooj = ——argmer (S21)
1+ —plar
C.j

Where P ; is the photosynthesis rate of phytoplankton j (function in main text),
ng;t is light saturated photosynthesis rate of phytoplankton j (function in main text),
BS¢ ; is the biosynthesis rate of phytoplankton j (function in main text),

E¢; is the exduation rate of phytoplankton j (function in main text),

rpoum; is remineralization rate of DOM for element ¢, here C, N, P, Fe,

rpou;, 1s remineralization rate of POM for element ¢, here C, N, P, Fe,

Rév“c is N; : C ratio in phytoplankton j, here N, P, Fe,

kn H, is oxidation rate of NHy to NO,

knOs is oxidation rate of NOy to NOs,

knOs is denitrification rate of NOs,

Csean 18 SCavenging rate for free iorn Fe’,

Flimos is atmospheric deposition of iron dust on ocean surface,

F,.q is the sedimentray source of iron,

F¢ is air-sea flux of carbon dioxide,

ch is the ratio of carbon reserve to functional carbon pool cp; in phytoplankton j,
Qjcm is the ratio of Chl-a to functional carbon pool cp; in phytoplankton j,

mp; is mortality rate for phytoplankton j,

my ; is mortality rate for zooplankton £,

gjr is grazing rate of zooplankton & on phytoplankton j,
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&, is grazing efficiency of zooplankton k on phytoplankton 7,

©Omp, ; 18 fraction of dead phytoplankton organic matter that goes to DOM;,
©mz; ; 1s fraction of dead zooplankton organic matter that goes to DOM;,
©m, ;. 18 fraction of sloppy grazing that goes to DOM;;,

wp,; is sinking rate of phytoplankton j,

wpon; s sinking rate of POM,;,

Ky, ; is the half-saturation constant of nutrient 7 for phytoplankton j, here i = NH,,
NQOs, NOs, POy, FeT,

1 is the fixed nitrogen uptake inhibition coefficient by ammonia,

07'** is the maximum Chl-a:C ratio in phytoplankton ja,

I is the flux of photosynthetically active radiation (PAR),

« is the initial slope of the photosynthesis-irradiance (PI) curve normalized to Chl-a.
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Figure S1. Simulated annual mean of nitrate, iron, and phosphate in decoupled model. (a)

modeled nitrate (mean 0-50 m, mmol N m=3), (b) modeled iron (mean 0-50 m, gmol Fe m™3),

(c) modeled phosphate (mean 0-50 m, mmol P m™3).
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Figure S2. Comparison of model simulations and satellite-derived products of Chl-a and
primary production. (a) to (d) are different satellite-derived products, namely VGPM (Vertically
Generalized Production Model), Eppley-VGPM, CbPM (Carbon-based Productivity Model), and
CAFE (Carbon, Absorption, and Fluorescence Euphotic-resolving model) (9C m™=2 yr=1), (e) to
(h) are differences between primary production in decoupled simulation and satellite-derived
products (¢C m~2 yr='), (i) to (1) are differences between primary production in standard

simulation and satellite-derived products (¢C m™2 yr=1).
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Figure S3. Simulated C:N and C:P ratios with different f, ;.
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(a) to (e) are C:N ratios with

fe.j =0.1t00.9, (g) to (k) are C:P ratios with f. ; = 0.1 to 0.9. (f) and (1) are C:N and C:P ratios

in coupled simulation. Opposite patterns of C:N and C:P ratios are observed between decoupled

simulations and coupled simulation. In the decoupled simulations, C:N and C:P ratios are also

sensitive to f ;.
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