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SUPPLEMENT

Biogeochemical Model Equation and Parameters
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Variables:
NH,4: Ammonium

NOs;: Nitrate

PS: Phytoplankton small (nanophytoplankton)

PL: Phytoplankton large (diatom)

ZS: Zooplankton small (microzooplankton)
ZL: Zooplankton large (mesozooplankton)
DS: Small detritus (slow sinking detritus)
DL: Fast detritus (fast sinking detritus)
DON: Dissolved organic nitrogen

SiOHy: Silicate

Opal: Particulate silica

0O,: Dissolved oxygen

CHLs: Chlorophyll PS

CHL,: Chlorophyll PL

I: Photosynthetic Available Radiation

T: Temperature

Processes:

Unos: phytoplankton growth fueled by NO;
unma: phytoplankton growth fueled by NH,4
exud: phytoplankton exudation

graz,: zooplankton grazing upon PS
graz,: zooplankton grazing upon PL

pred: ZL predation upon ZS

excr: zooplankton excretion

egest: zooplankton egestion

mort: mortality

decomp: decomposition of organic nitrogen and opal

nitr: nitrification

uptakeg;: PL uptake of SIOH4
Prodo,: O, production
Consgy: O, consumption

ucpr: chlorophyll production
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grazcyy: chlorophyll loss due to zooplankton grazing

mortcyr: chlorophyll loss due to phytoplankton mortality

Dynamic equations

8PS
T tnos(PS) + uypa(PS) — graz,s(ZS) — graz,;(ZL) — mort(PS) — exud (PS)
6PL 6PL
T tnos(PL) + uypa(PL) — graz, (ZS) — graz, (ZL) — mort(PL) — exud(PL) — w, 3,
8ZS
T grazys(ZS) + graz, (ZS) — pred(ZL) — mort(ZS) — excr(ZS) — eges(ZS)
6ZL
S Ta grazys(ZL) + graz, (ZL) + pred(ZL) — mort(ZL) — excr(ZL) — eges(ZL)
8DS 8DS
TR mort(PS) + mort(ZS) + egest(ZS) — decompyy,(DS) — decomppon (DS) — Wps ——
6DL 6DL
e mort(PL) + mort(ZL) + egest(ZL) — decompyya(DL) — decomppon(DL) — wp,, ¥
SNO, )
¢ Hwos (PS) — pnos (PL) + nitr
SNH,

T —inua(PS) — piyya(PL) + decompy s (DS) + decompyys(DL) + decompyyy4(DON)
6DON

T exud(PS) + exud(PL) + decomppoy(DS) — decomppoy(DL) — decomp,,,,, (DON)

8Si(0OH),
5 - —uptakeg;(PL) + exudg;(PL) + decompg;(Opal )
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Sdopal
ot

50,
5t
SCHLg
S5t

= Prod,, — Consy,

= Ucnrg — 9TaZcy(ZS, ZL) — mortey

SCHL, SCHL,

st Heni grazcyy, (ZS,ZL) —mortey,, —w, 57

Processes equations

1. Growth Phytoplankton Small
. NO3 1 .
11 HNOS (PS) - Vs (KNO3S+N03) (1+NH4,/KNH45) PS
— . —NH4 .
12 pyna(PS) = Vs (KNH45+NH4) PS
1.3 Vs = Vps - fos(D)
1.4 VPS = Vinaxs * ekerpT
_ NO3 1 NH,
15 NLPS - (KN035+N03) (1+NH4/KNH4S) + (KNH45+NH4)
L6 fas() = =2

/(apsl)2+szs

2. Growth Phytoplankton Large
_ NO3 ) 1 o Lsi
21 Hnos (PL) - VL (KNOSL'HVOS) (1+NH4-/KNH4L) mln{l’ (LN
— _NHs ). Lsi)l.
22 uwma(PL) =V, (KNH4L+NH4) min {1, (LN)} PL
2.3 Vor = Vinaxt, - ekeppT

24 VL=V “fr (D)

_ NO3 . 1 NHy
2.5 NLF = (KNO3L+N03) <1+ NHy > + (KNH4-L+NH4)

KNH4L

26  SLM = (&)

Kgi+SiOHy

2.7 NLp, = min{NLF,SLF}

= morts;(PL, ZL) + egestg;(ZS,ZL) — decomps;(Opal ) — Wypa

)} PL

Sdopal

0z



2.8 fPL(I) = 2pLl

/(aPLI)2+VﬁL

3. Phytoplankton Exudation

3.1 exud(PS) = @ps * (ixua(PS) + piyo3(PS))
3.2 exud(PL) = @p; - (ﬂNH4(PL) + Unos (PL))

4. Grazing Zooplankton Small

2
4.1 grazps(ZS) = GRypys - ekZMor.T( - ) 28

PS2+Kpszs

. pL?
4.2 grazPL(ZL) = GRmPLZS - ekzmor T (m) -ZS

5. Grazing-Predation Zooplankton Large

5.1 grazps(ZL) = GR,psy - ekzmor™ (ﬁim) 7L

52 grazp,(ZL) = GR,pyz, - €¥2MorT (ﬁ) 7L

53 predys(ZL) = GRyyysy, - €"zMorT (ﬁ) 7L

6. Zooplankton Egestion

6.1 egest(ZS) = (1 — ays) - (grazps(ZS) + grazp, (ZS))

6.2 egest(ZL) = (1 — ayy) - (grazps(ZL) + grazp, (ZL) + pred,5(ZL))

7. Zooplankton Excretion
7.1 excr(ZS) = (azs — Bzs) - (grazps(ZS) + grazp, (Z5))
7.2 excr(ZL) = (azs — Bzs) - (grazps(ZL) + grazp, (ZL) + pred,5(ZL))

8. Plankton Mortality

8.1 mort(PS) = PMor; - ekPMorT . pg
8.2 mort(PL) = PMor, - ekpmorT . p[,
8.3 mort(ZS) = ZMor - ekzmorT . 7],
8.4 mort(ZL) = ZMor, - e¥zmorT . 7],



10

15

20

25

9.1

9.2

9.3

9.4

9.5

9.6

10.
10.1

10.2

11.

11.2
11.3
11.4
11.5

12.1

12.2

12.3

12.4

13.
13.1

13.2

Decomposition/Remineralization

decompyy4(DS) = Typag - €07 - (%) DS
docompus(DL) = Tams, - €07 - ( M(i(;—% ) ‘DL
decomppon(DS) = Tpon, - X7 ( % ) -DS
decompon(DL) = Toox, - €07 - ( m(ﬁ;—% ) DL
decompys(DON) = Y - €97 - (ﬁ) - DON

nitr = Nit - e*nie'T . ( 02-0%th ) . (1 1=l

Oxygen

Ko, +(02—0x¢p)

Prodo, = unos * Ro,:nos + Mnwa* Ro,onm,

Dp+1_2'1th>

Cons,, = nitr - Ry, .yitr + (excr + decomp) - Ry, .yy,

Silica

uptakegs;(PL) = (ypa(PL) + uypa(PL)) - Si: N
exuds;(PL) = exudpon(PL) - Si: N

decomg;(opal) = tg; - e*siT - opal

mortg(PL, ZL) = (mort(PL) + mort(PL)) - Si: N

egests;(ZS,ZL) = ((1 — azs) - grazp, (ZS) + (1 — ay;) - grazp,(ZL)) - Si: N

Chlorophyll Phytoplankton Small

HeHrg = (HNH4(PS) + MN03(P5)) " PchLs " CHLg

PcHLs =

grazey,(ZS,ZL) = (grazps(ZS) + grazps(ZL))(

Omaxs'UsPS

aps'I'CHLg

mortey;,, = PMor, - ekpMor™ - CHL

Chlorophyll Phytoplankton Large

Herr, =

PcHL, =

(ﬂNH4(PL) + Unos (PL)) *Pcur, - CHLy,

OmaxL UL PL

apyI'CHL],

CHLg
PS

)
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13.3 grazey;, (ZS,ZL) = (grazp,(ZS) + grazPL(ZL))(
13.4 mortey,, = PMor, - e*PMorT . CHL,
14. Light attenuation

14.1 I, = I, e4tt?

142 Att = Atty, + Attps - CHLg + Attp, - CHL,

Sediment flux formulation

6NH, —4
b [(WPPL +wpsDS +wp DL) - 16AZ]Z=H

50, 115

akain [(WPPL +wpsDS +wp, DL) - 16AZ]Z=H

§Si0OH, _ [(wg; - opal) 0.9
5t Az '

z=H

CHLj,
PL

)



