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Equations of BFM Model

The translation of the computer routines of BFM v2.0 software into
analytical expressions, is based on the following notation:

° is the rate of change in time for the functional group A and C

0Ap ‘D
ot B
(the flux is directed from C to A), due to the process D, with respect
the chemical component B. A and C are elements of a set of 51 concen-
trations vector and the correspondent functional groups abbreviations

are:

1. O20 oxygen;

2. Nl1p nutrient phosphate, N3n nutrient nitrate, N4n nutrient am-
monia, N5s Silicate;

3. P diatoms, P flagellates, P(®) picophytoplankton, P®* di-
noflagellates;

4. BM pelagic bacteria;

5. Z®) carnivorous mesozooplankton, Z® omnivorous mesozooplank-
ton;

6. Z®) microzooplankton, Z(© heterotrophyc nanoflagellates;

7. R Dissolved labile matter, R®) Dissolved semilabile carbon

(sugars), R refractory dissolved carbon.

8. R particulate organic matter;

If an abbreviation is followed by a letter (¢ p n s i) the term rep-
resents the chemical concententration (respectively c-arbon p-hosphorus
n-itrogen s-ilica and ¢ for chlorophyll) of the specific functional group.
Carbon and chlorophyll-a components are in mgCm =3 and mgchlam ™3



units, the other components are in mmolm ™3, i.e. N1lp is expressed
in mmolPm~—3. The generic phytoplanker P(") is described by four
components Pc(?), ng?), PA?), PZ-(?) , diatoms have an additional compo-

(1)

nent for silica Ps(l). Bacteria are described by three components Be ™,
B](;l), B,gl), zooplankters Z(?) are described also by three component

Zé?), Z}(,?), 7(1?). Labile dissolved organic matter is described by four
components R((;l), 1(,1), RS), Rgl), semi labile and refractory dissolved

organic matter are described by carbon component RgQ) and Rg) re-

spectively. Particulate organic matter is described by four components
Rgﬁ) (6) p(6) p(6)

p » Lttn 4 Lls

Qab(C) is the ratio between intracellular chemical concentration a and

b of functional group C. For example Qpc(P(M)) = ﬁi;’c’ :

each term preceded by p_is a parameter described in the tables floating
through-out the text.



1 Phytoplankton

1.1 Carbon component of Phytoplankton functional Group
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Terms in curly parentheses are described respectively in Microzooplankton
and Mesozooplankton sections.

1.1.1 Gross primary production (

e sum (carbon uptake maximum)

e Photoma, (maximum synthesis)

e ciPi (limiting factor due to light)

oP.

ot

gpp
@]

(3) )

e iN5s (nutrient limitation due to intra-extracellular silicate only di-

atoms)

e ct (temperature limitation factor ¢, = 10° C)

e ¢ (temperature expressed in Celsius degrees)

e Irr (irradiance expressed in pEm ™ 2day~!)

e sung (photoperiod expressed in hours, currently 24)

e L, i(x) is the function min(1, max(p,,))



e p, (minimum limitation costant, currently 10~12)

oP, | 9P un
—_ = p_sum(P) et x iNbHs * s eiPi P, (6)
ot | o®)
sum = Photomgs * et Pt (7)
SUN
Photopes = p-sum(P)*etxiNbHs * 24(] (8)
_alpha_chl(P
eiPi = 1—exp (—Qchlc(P) * p-alphachl(P) * Irr) 9)
Photoy,az
se(PM) — p_gsle(PM)
tINbs min | 1, max | po, @sc(P) — p-gsle( )
p_qsRc(PM) — p_gslc(PM)
(10)
t=to
et p-ql0 % (11)
Phytoplankton parameters Details
P P@ P® PW
agpl pql0 2.0 2.0 2.0 2.0 parameter temperature limitation
ap2 p_sum 2.5 3.0 3.5 1.5 uptake parameter
alo p_gslc 0.007 0.0 0.0 0.0 minimum s quota
a13 p_qsRc 0.01 0.0 0.0 0.0 s uptake factor based on C as. quota
a27 | p-alpha_chl | 1.38e-05 | 4.6e-06 | 1.52e-05 | 6.8e-06 initial slope PI curve

P = diatoms, P® = flagellates, pP® = picophytoplankton, pPW = dinoflagellates

1.1.2 Rate apporting over dissolved labile carbon (Rg)) and par-

ticulate organic matter carbon POM (Rgﬁ)) ( %

sdo (nutrient stress lysis)

iN (nutrient limitation (Liebig Rule))

lys aP, lys )
Rg)’ ot REG)

iN1p (nutrient intracellular limitation Phosphate Droop formulation)

iNIn (nutrient intracellular limitation Nitrate Droop formulation)

sdopy (extra lysis only for P(4))

Ly, 1(x) is the function min(1, max(p,, z))

Po (minimum limitation costant, currently 10712)

A; ; is (Kronecker Delta A; ; =1if i =5, A;; =0 if i # j)
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aPC lys
—_— = (1 —pegg) * sdo * P. + sdopyr (12)
ot R!
op. |
= = peprg * sdo * P, (13)
ot RS
p-thdo(P)
sdo = * p_sdmo( P 14
iN + p_thdo(P) " © (P) (14)
iN min(iN1p,iNIn) (15)
, Qpc(P) — p-gple(P)
tN1p Ly, 1 (16)
p-gpRe(P) — p-gple(P)
. nc(P) — p_gnlc(P
ZNIn mel ( Q ( ) p q ( ) ) (17)
p-qnRc(P) — p-qnic(P)
sdo _5€0 ¥ ———— 18
pa = P. + 100 (18)
Phytoplankton parameters Details
PMm P® P® PW
agp4 | p-sdmo 0.0 0.0 0.0 0.0 max. specific nutrient-stress lysis rate
ags | p_seo 0.0 0.0 0.0 0.0 extra lysis rate for P*
aps | p-gnlc 0.00687 0.00687 0.00687 0.00687 minimum n quota
apg | p-gplc | 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
a1l | p-gnRc 0.0126 0.0126 0.0126 0.0126 n uptake factor based on C as. quota
a12 | p-gpRc | 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 | p uptake factor based on C as. quota
a21 | p-thdo 0.0 0.0 0.0 0.0 half value for nutrient stress lysis
a29 p-res 5.0 0.0 0.0 2.5 sinking velocity
a23 | pchPs 1.0 0.0 0.0 0.0 half value of SIO4_lim
P = diatoms, P® = flagellates, P® = picophytoplankton, P¥ = dinoflagellates
exc
1.1.3 excretion (2L-

ot

R£2))

e sea (activity excretion)

e set (total excretion)

e sum (carbon uptake maximum)

OP,
ot

exrc
= (seo+ sea) * P,
R
set = seo+ sea
seo = 0
sea = sum x p_pu_ea(P)




Phytoplankton parameters Details
Pc(l) Pc(2) PC(3) PC(4)
ape | p-pu-ea | 0.05 0.1 0.1 0.15 activity excretion

Pc<1) = diatoms, PC(Q) = flagellates, PC(3> = picophytoplankton, Pé4) = dinoflagellates

1.1.4 Total respiration (%;

e srt (total respiration)

sra (activity)

srs (rest)

oP.

TSP

o)

sum (carbon uptake maximum)

et (Temperature limitation factor ¢, = 10° C)

0P,

ot

rsp

o03)
srt
sra

STrs

et

= srt*x P,

= sra-+ srs

= (sum — set) * p_pu_ra(P)

= etx*p-srs(P)

t—to
= pql0

e N N
[N V]
(ST

— N N N N

Phytoplankton parameters Details
P | p@ | p®) pc<4)
aps p-STs 0.1 0.05 | 0.1 0.1 respiration rate 10 degrees C
aop7 | p-pura | 0.1 0.1 0.2 0.1 activity respiration rate

P = diatoms, P® = flagellates, P®® = picophytoplankton, P¥ = dinoflagellates

1.1.5

Net primary production (

e slc (specific carbon loss term)

OP, | PP
ot | gp®
sle

OP.
ot

npp
o 1)

= max(0, (sum — slc) * P,)

= set + srt + sdo



1.1.6

Excretion of sugars (netgrowth)

e runn (actual uptake of Nitrate)

e rumn3 (max. pot. uptake of N(®))

e rumnd (max. pot. uptake of N®)

e rupn (nitrate uptake based on net assimilation)

e misn (intracellular missing amount of Nitrate)

e sadap (adaption rate with existing quota in cell)

e runp (actual phosphate uptake)

e rupp (phosphate uptake based on ¢ uptake)

e misp (intracellular missing amount of P)

e rump (max potential uptake)

e sum (carbon uptake maximum)

e slc (specific carbon loss term)

netgrowth

runn
rUmn
rumnd

rumnsd

cqun3

rupn

misn
rUnp

rump

rUpp
misp

sadap

npp rUnn runp

. [ OF:
max | mwn ot

min (rumn, rupn + misn)

rumn3d + rumné

p-qun(P)« NW x P,

p_qun(P) x NG % P, % cqun3
p-In4(P)

pAnd(P)+ N®

npp

OP,
ot | o) r®
sadap * (p-xqn(P) * p_gnRc(P) x P, — Py,)
min (rump, rupp + misp)

p-qup(P) ND P,

p_xqn(P) x p_gnRec(P)

AP, | PP
ot o p®
sadap * (p-xqp(P) * p_gpRc(P) x P, — Pp)

maz (0.05, sum — slc)

p-qpRc(P) * p_rqp(P) *

o® r®  pgnlc(P)’ p_gplc(P

7))



Phytoplankton parameters Details
P pP® P® P&

apg | p-gnlc 0.00687 0.00687 0.00687 0.00687 minimum n quota
apg | p-gplc | 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
a1l | p-gnRc 0.0126 0.0126 0.0126 0.0126 n uptake factor based on C as. quota
a12 | p-gpRc | 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 p uptake factor based on C as. quota
a14 | p-qun 0.025 0.025 0.025 0.025 max. potential uptake of N N®
als p_qup 0.0025 0.0025 0.0025 0.0025 max. potential uptake of p
aiy | p-xqn 2.0 2.0 2.0 2.0 n uptake factor based on C as. quota
alg | p-xrqp 2.0 2.0 2.0 2.0 p uptake factor based on C as. quota
al9 p-_xqs 1.5 0.0 0.0 0.0 s uptake factor based on C as. quota
a24 pind 1.0 0.5 0.1 1.0 specific affinity for nitrates vs ammonia

P = diatoms, P® = flagellates, PG = picophytoplankton, pP® = dinoflagellates




1.2 Nitrate component of Phytoplankton functional Group
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Terms in curly parentheses are described respectively in Microzooplankton
and Mesozooplankton sections.

1.2.1 Actual uptake of Nitrate and Ammonia (%

e runn (actual uptake of nitrate)

e rumn3 (max. pot. uptake of nitrate)

e rumnd (max. pot. uptake of ammonium)

e rupn (nitrate uptake based on net assimilation)

e misn (intracellular missing amount of nitrate)

e sadap (adaption rate with existing quota in cell)

e sum (carbon maximum uptake)

e slc (specific carbon loss term)

runn > 0
runn > 0
runn <0

runn <0

then
then
then
then

OPy
ot
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ot
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ot
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runn = min(rumn, rupn + misn) (48)
rumn = rumn3d+ rumnd (49)
rumnd = p_qun(P)* NW « P, (50)
rumn3 = p_qun(P)x N® « P, cqun3 (51)
_In4(P
cqund = P (P) 1 (52)
pind(P) + N®
OP, | PP
rupn = p-xqn(P) * p.qgnRc(P) * (53)
ot 0(3),R‘(32)
misn = sadap x (p_xqn(P) *x p_gnRc(P) *x P. — Py) (54)
sadap = maz(0.05, sum — slc) (55)
Phytoplankton parameters Details
P P@ P® P@
aps | p-gqnlc 0.00687 0.00687 0.00687 0.00687 minimum n quota
apg | p-gplc | 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
a11 | p-gnRc 0.0126 0.0126 0.0126 0.0126 n uptake factor based on C as. quota
a12 | p_gpRc | 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 p uptake factor based on C as. quota
a14 | p-qun 0.025 0.025 0.025 0.025 max. potential uptake of N®, N®
als pP_qup 0.0025 0.0025 0.0025 0.0025 max. potential uptake of p
alg | p-qus 0.0025 0.0 0.0 0.0 max. potential uptake of s
air | p-xqn 2.0 2.0 2.0 2.0 n uptake factor based on C as. quota
aig | p-rqp 2.0 2.0 2.0 2.0 p uptake factor based on C as. quota
aig | p-xzgqs 1.5 0.0 0.0 0.0 s uptake factor based on C as. quota
a4 p_ind 1.0 0.5 0.1 1.0 specific affinity for nitrates vs ammonia

P® = diatoms, P® = flagellates, P® = picophytoplankton, P¥ = dinoflagellates

1.2.2 Excretion of Nitrate (%

e sdo (nutrient stress lysis)
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1.3 Phosphorus component of phytoplankton functional group
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Terms in curly parentheses are described respectively in Microzooplankton
and Mesozooplankton sections.

op, | upt

1.3.1 Uptake of phosphorus (

)

e rupp (phosphate uptake based on ¢ uptake)

N@)

e misp (intracellular missing amount of phosphate)
e rump (max potential uptake)

e sadap (adaption rate with existing quota in cell)
e sum (carbon maximum uptake)

e slc (specific carbon loss term)

8 Pp upt

—= = man(rump, rupp + misp) (62)
ot |y
AP, | PP

rupp = p-qpRc(P) * p-zqp(P) * (63)

ot | o) r®
misp = sadap * (p-xqp(P) * p_gpRe(P) x P, — Pp) (64)
sadap = max(0.05, sum — slc) (65)
rump = p-qup(P)x NV« P, (66)
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Phytoplankton parameters Details
P P2 P® P@
apg | p-gplc | 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
a12 | p-gpRc | 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 p uptake factor based on C as. quota
als | p-qup 0.0025 0.0025 0.0025 0.0025 max. potential uptake of p
aig | p-zqp 2.0 2.0 2.0 2.0 p uptake factor based on C as. quota
a24 | p-lnd 1.0 0.5 0.1 1.0 specific affinity for nitrates vs ammonia

P = diatoms, pP® = flagellates, P = picophytoplankton, PW = dinoflagellates

. app exc aPp exrc
1.3.2 Excretion of phosphorus (75 Rt O R<6>)
e apporting over POM
t | p® (app g )
e sdo (nutrient stress lysis)
apP. | exc P lys
2 - * sdo x P, (67)
ot | g® ot | p®
8P exrc aP exc
il = sdoxP,— =2 (68)
ot | g ot | gv
Phytoplankton parameters Details
P pP® pP® P&

aps | p-gnlc 0.00687 0.00687 0.00687 0.00687 minimum n quota
agg | p-gplc | 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
aig | p-gslc 0.007 0.0 0.0 0.0 minimum s quota
a1l | p-gnRc 0.0126 0.0126 0.0126 0.0126 n uptake factor based on C as. quota
a12 | p_gpRc | 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 p uptake factor based on C as. quota
G14 | p-qun 0.025 0.025 0.025 0.025 max. potential uptake of N, N®
als pP_qup 0.0025 0.0025 0.0025 0.0025 max. potential uptake of p
aiy | p-xzqn 2.0 2.0 2.0 2.0 n uptake factor based on C as. quota
aig | p-xqp 2.0 2.0 2.0 2.0 p uptake factor based on C as. quota
alg | p-zrgs 1.5 0.0 0.0 0.0 s uptake factor based on C as. quota
a24 p-lnd 1.0 0.5 0.1 1.0 specific affinity for nitrates vs ammonia

P = diatoms, pP® = flagellates, PG = picophytoplankton, pPW = dinoflagellates
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1.4 Chlorophyll component of phytoplankton functional group

prd

syn (k)
OZc |, Qehle(P) (69)

_Zat

k=4,6

OF;
ot

_ aB

=+
bio ot

Pe

Terms in curly parentheses are described respectively in microzooplankton

and mesozooplankton sections.
oP; syn

ot

total chlorophyll synthesis (

)

® 1rhocn

e iN (nutrient intracellular limitation Liebig rule)
e sdo (nutrient stress lysis)

e sum (carbon maximum uptake)

e slc (specific carbon loss term)

e Irr (irradiance expressed in uEm ™ 2day~!)

op; |°v" . .
8; = iN % rhoey * netgrowth — max(p-sdchl(P) x (1 —iN), sdo) * P; +
+min(0, sum — slc + sdo) x max(0, P; — p_qchl(P) x P.) (70)
sum
rho, = p_qgchle(P) % 71
chl p-qehle(P) p_alpha_chl(P) * Qchle(P) x Irr (71)
Phytoplankton parameters Details
P pP® pP® P@
a2¢ p-qchlc 0.02 0.02 0.02 0.02 Maximum quotum Chla c
ao7 | p-alpha_chl | 1.38e-05 | 4.6e-06 | 1.52e-05 | 6.8e-06 initial slope PI curve
a28 p_sdchl 0.2 0.2 0.2 0.2 specific turnover rate for chla

P® = diatoms, P® = flagellates, P® = picophytoplankton, P¥> = dinoflagellates
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1.5 Silicate component of phytoplankton functional group

(only diatoms)
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Terms in curly parentheses are described respectively in microzooplankton

and mesozooplankton sections.

upt

)

N(5)

re BP(I)
1.5.1 Actual silicate uptake (%5;

e rups (silicate uptake based on C uptake)
e miss (intracellular missing silicate)
e rums (max silicate potential uptake)

e sadap (adaptation rate with existing quota in cell)

opM |
5t = man(rums, rups + miss)
NG)
apM |
rups = c *p,quc(P(l))
ot Rg)

miss = sadap * (p_gsRe(PM) « P — pA))
rums = p_qus(PM)x N®) 4 p)

lys

)

(1)
1.5.2 Losses of Si (8%,5
R(6)

e sdo (nutrient stress lysis)
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Phytoplankton parameters Details

P P@ | p® | p@&)
a13 | p-qgsRc 0.01 0.0 0.0 0.0 s uptake factor based on C as. quota
aig | p-qus | 0.0025 | 0.0 0.0 0.0 max. potential uptake of s
aig | p-xqs 1.5 0.0 0.0 0.0 s uptake factor based on C as. quota
a23 | p-chPs 1.0 0.0 0.0 0.0 half value of SIO4_lim
a24 | p-Ind 1.0 0.5 0.1 1.0 | specific affinity for nitrates vs ammonia

P = diatoms, pP® = flagellates, PG = picophytoplankton, pPW = dinoflagellates

(1) lys
8];; = sdox PV (79)
R(6)

1.6 Sinking velocity (SediPI)
e tn (nutrient limitation)
e N (nutrient limitation (Liebig Rule))

e iNb5s (nutrient limitation due to intra-extracellular silicate only di-

atoms)
sediPI = p.res(P)+max(0,p.esNI(P)—tn) (80)
tn = Aj1xmin(iNb5s,iN) + (1 — A1) *iN (81)
Phytoplankton parameters Details

pPL | p@ | pB) | p@)
asg | p-esNI | 0.7 | 0.75 | 0.75 | 0.75 nutrient stress threshold for Sinking
a9 p-res 5.0 0.0 0.0 2.5 sinking velocity

PW = diatoms, P = flagellates, P® = picophytoplankton, pPW = dinoflagellates
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Phytoplankton parameters

Details

P pP® pP® P@
ap1 pql0 2.0 2.0 2.0 2.0 parameter temperature limitation
ap2 p-sum 2.5 3.0 3.5 1.5 uptake parameter
aos D_ST'S 0.1 0.05 0.1 0.1 respiration rate 10 degrees C
aop4 p-sdmo 0.0 0.0 0.0 0.0 max. specific nutrient-stress lysis rate
aos p_seo 0.0 0.0 0.0 0.0 extra lysis rate for P
ape p-pu_-ea 0.05 0.1 0.1 0.15 activity excretion
ap7 p-pu_ra 0.1 0.1 0.2 0.1 activity respiration rate
aps p_gnlc 0.00687 0.00687 0.00687 0.00687 minimum n quota
ang p_gplc 0.0004288 | 0.0004288 | 0.0004288 | 0.0004288 minimum p quota
aig p_gslc 0.007 0.0 0.0 0.0 minimum s quota
ai p-gnRc 0.0126 0.0126 0.0126 0.0126 n uptake factor based on C as. quota
a2 p-gpRc 0.0007862 | 0.0007862 | 0.0007862 | 0.0007862 p uptake factor based on C as. quota
a3 p-qsRc 0.01 0.0 0.0 0.0 s uptake factor based on C as. quota
a14 p_qun 0.025 0.025 0.025 0.025 max. potential uptake of N®, N®
als p-qup 0.0025 0.0025 0.0025 0.0025 max. potential uptake of p
aig p_qus 0.0025 0.0 0.0 0.0 max. potential uptake of s
aiy p_xqn 2.0 2.0 2.0 2.0 n uptake factor based on C as. quota
a8 p_xqp 2.0 2.0 2.0 2.0 p uptake factor based on C as. quota
aig p_rqs 1.5 0.0 0.0 0.0 s uptake factor based on C as. quota
asg p_esNI 0.7 0.75 0.75 0.75 nutrient stress threshold for Sinking
a1 p_thdo 0.0 0.0 0.0 0.0 half value for nutrient stress lysis
a9 p_res 5.0 0.0 0.0 2.5 sinking velocity
a23 p-chPs 1.0 0.0 0.0 0.0 half value of SIO4_lim
a24 p-ind 1.0 0.5 0.1 1.0 specific affinity for nitrates vs ammonia
ass | p-limnut 1 1 1 1 liebig nutrient limitation (switch)
a26 p-qchlc 0.02 0.02 0.02 0.02 Maximum quotum Chla ¢
a27 | p-alpha_chl 1.38e-05 4.6e-06 1.52e-05 6.8e-06 initial slope PI curve
a28 p_sdchl 0.2 0.2 0.2 0.2 specific turnover rate for chla

P = diatoms, pP@ = flagellates, pP® = picophytoplankton, pPW = dinoflagellates
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2 Bacteria

2.1 Carbon component of pelagic bacteria functional group

0B,
ot

oRW
ot

ORP
ot

R
ot

OR"
ot
0020
ot
ONG6r
ot

B o Bc sub 9 Bc upt o Bc upt o Bc upt
bo Ot g 9t [g Ot g " Ot g
d
0B, | _ 0B _ [ g 02" Y
ot lom 0t |g™ k=56 ot Be
C_ OB 0B
bio ot |g» Ot |g®
- 8BC Upt
bio ot R£2)
- 8Bc Upt
bio ot jo)
- _ ch cor
bio ot Rg)
B 1 B rSp
= —602* — % 8 E
bio 12 at | ope)
, 1 OB.|"™P
= 1-— 602 * ok *p-qro
bio ( ) 12 ot | o b

e definition of eO2, p_gro follows in this section

e terms in curly parentheses are described in microzooplankton section.

. . 9B sub
2.1.1  Substrate availability (¢ ‘ R(1>)

e et (temperature limitation factor t, = 10° C)

8Bc sub
ot | g = psdxetx B,
t—to
et = (pql0) 7
Bacteria parameters Details

2.95
0.0

pql0
p-sd

bo2
bo4

parameter temperature limitation

independent specific mortality(1/d)
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upt OB, ‘ upt

2.1.2 Rate uptake of carbon by bacteria ( % R B | g

e rug (actual uptake by bacteria)
e rut (total amount of substrate available)

e rum (potential uptake by bacteria)

ot

OB, ‘upt )
R

e iN,iN1lp,iNIn (nutrient limitation intracellular: phosphorus, nitro-

gen)

e et (temperature limitation factor t, = 10° C)

9B, |t p_suR1 * Rgl)
= rugk ——mM88 —— (91)
ot | g rut
OB, | Pt p_suR2 % REQ)
_ pug s PSUEZ BT (92)
ot | p® rut
. . Qpe(R®) . Qne(R©)) (6)
OB, |t  rugs p_suR6 x min (mm (1, e ) , AN (1, e )) * Re
ot | p® rut
(93)
rug = min (rut,rum) (94)
rut = p_sulll* Rgl) + p_sulR2 x RQ’ +
R(6) R(6)
+p-suR6 x min(min(1, M), min(1, M)) (95)
p-gpc p-qnc
rum = p.sum *1 * el x De¢
N x et x B 96
c(B nc(B
iIN = min (mm (l,max (0, Qp())) , Min (1,maw <O, QH)))
p-gpc p-gnc
(97)
t—to
et = (pg10)%° (98)
Bacteria parameters Details
boo pql0 2.95 parameter temperature limitation
bos | p_suR1l 0.5 specific potential DOM availability (1/d)
bog | p_suR2 0.25 specific potential DOM availability (1/d)
bo7 | p-suR6 0.1 availability of POM (1/d)
bog | p_sum 8.38 specific potential uptake (1/d)
bia | p_gpe 0.0019 | optimal P/C ratio (model units) P:C 1:45
bi4a | pgnc 0.017 | optimal N/C ratio (model units) N:C 9:45
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rSp

o0®)

2.1.3 Respiration ( 8£C

)

e 02 (oxygen dependence)

e et (temperature limitation factor t, = 10° C)

OB, |"P
ot | o)

= (1 —popu+ppuox (1l —e02))*rug+ p_srs* B * et

(99)
0203

02 = 100
c 0203 + p_chdo? (100)

t=to
(p-q10) 7o

et (101)

Bacteria parameters Details

boo pql0 2.95 parameter temperature limitation
bo3 | p-chdo 30.0 michaelis const for O2 dependence (mmol/m3)
bog D_pU 0.4 assimilation efficiency (ratio)

big | p-puo 0.2 decrease in ass. efficiency at low O2 conc.

bi1 | p-srs 0.01 specific rest respiration (1/day)

cor

R )

C

2.1.4 Carbon correction (6{;3;

e run (production)

e rug (actual uptake by bacteria)

OB, upt OB, upt OB, rel 9B, upt 9B, upt 9B, upt,rel
ot R;l)’ ot ’Rgfj)’ ot | y@)y» Ot ‘Rz()l)’ ot ’Rj(f)’ ot ’N(l)

(described in nitrates and phosphorus dynamics)

rel

OBy | "Pt | 9B, ‘“pt 9By
N(4) )

cor o at | g T ot | go T ot
= run — min(min(run, " "
R p_glne
dB, upt 9B, ‘ upt aB, ‘ upt,rel
ot (1) ot (6 — "ot
R} Ry N

p-qlpc

rSp

0B,
ot

(102)

0B,

— (103)

run = Tug —

o]
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2.2 Nitrate component of bacteria functional group

B, |- 0B ™
ot |y Ot g0
aBn upt
ot | g®

oNP | 8B, |-
(975 bio - 815 N3
ang‘l) - B aBn rel
ot bio N ot | vy
aRgll) - B +8BC’sub
o |, ot | g
ORY |© 0B, |
o |, ot | g

* Qne(B) +

upt

0B,
ot

0B,
ot

* Qnc(B) —

R®

N#)

Terms in curly parentheses are described in microzooplankton section.

2.2.1 Nitrogen dynamics (

upt

0B,
Rslﬁ))

ot

9B, upt

ot

8Bn upt aBn upt 6Bn rel
ot | N® ot | y@ ot | y@
d
azM |
- 5 * @nc(B)
k=5,6 B
(104)
(105)
(106)
OB, |
5t | o (107)
(108)
upt rel upt

OBy
NGB Ot | n@?’ Ot

e rumn3 (Max potential Uptake of N(®))

e rumnd (Max potential uptake of N(*)

0Bn 9By

N@?’ Ot RS)’

e H(x) is the function H(x) =1 if x > 0 and 0 otherwise

OB, | "t 9B, ™  rumn3 (109)
= *
ot | N® ot |nyw@w rumn
B, |t 0B, rel rumnd (110)
ot |yw Ot |nw Tumn
9B, upt 9B, upt
8Bn rel run ot R(l) ot ’R(G)
ot = —max * Be x n “— —p_gnc | ,—rumn | *
N@ c run
9B, ‘ upt 9B, upt
run ot (1) ot (6)
«H 7 * P - Bn oy gqne (111)
C
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OB, | ! OB, |t
- = Qne(RW)y s ==
ot | p® ot | g
6B upt OB upt
hall = an(R(6)) * —C
ot | r® ot | p®
rumn = rumnd 4+ rumnd
rumnd = p-qunx*x N (3) « B * cqun3
rumnd = p_qunx N (4) « B,
3 p_ind
cqun = —
? pind + N(®)
Bacteria parameters Details
b14 | pgnc 0.017 optimal N/C ratio (model units) N:C=9:45
big | pqun 0.05 maximum uptake quotum N
big | pIN4 0.05 specific affinity for nitrates vs ammonia
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2.3 Phosphate component of bacteria functional group

aBp _ 8Bc sub 9B upt,rel
P - _ Z=c B) — =P
ot bio ot Rgl) *QpC( ) ot N@®
rd
8Z£’ g
> + Qpc(B)
k=5,6 Be.
aN(l) - 8Bp upt,rel
o |, ot |y
oRW |~ OB, | b OB
= ¢ B -—p
ot bio ot Rﬁl) QPC( ) ot Rp(1)
OR®) |~ 0B, |
ot bio 8t Ry (6)

Terms in curly parentheses

section.

2.3.1 Phosphorus dynamics ( T ‘

e rump (max potential uptake)

e run (production)

if hulp>0 then

else

hulp

aBp upt
ot | r®

aBC upt
ot

RY

rump

9B,
ot

RV ot

upt,rel OB, upt
N 8t ROV O ’Rw))
9B, upt,rel _
ot | N = hulp x Bc
9B, upt,rel _ (hl « Be. )
o | N = max(hulp c, —rump
oB, | Pt %’“pt
— p_gpc 116
Bc run p-ap (116)
0B
(DY 4 Z2¢ 11
Qpe(RYV) + — A (117)
©) upt
&
11
Qpe(R™) * — ® (118)
p-qup+ N « B (119)

22

upt 8Bp upt

_|_

R

(112)

(113)

(114)

(115)

, for k = 4, are described in microzooplankton



Bacteria parameters

Details

bo1
bo2
bo3
boa
bos
bos
bor
bos
bog
b1o
b1
b12
b13
b14
b1s
bis
bi7
b1g

p-control R1
pql0
p_chdo
p_sd
p-suR1
p-suR2
p-suR6
p-sum
ppu
p-puo
p_srs
p-qpc
p-qlpc
p-qnc
p_glnc
p-qun
p-qup
pIN4

2
2.95
30.0

0.0
0.5
0.25
0.1
8.38
0.4
0.2
0.01
0.0019
0.00095
0.017
0.0085
0.05
0.005
0.05

parameter temperature limitation
parameter temperature limitation
michaelis const for O2 dependence (mmol/m3)
independent specific mortality(1/d)
specific potential DOM availability (1/d)
specific potential DOM availability (1/d)
availability of POM (1/d)
specific potential uptake (1/d)
assimilation efficiency (ratio)
decrease in ass. efficiency at low O2 conc.
specific rest respiration (1/day)
optimal P/C ratio (model units) P:C=1:45
minimum P/C ratio (model units) P:C = 1:87
optimal N/C ratio (model units) N:C=9:45
minimum N/C ratio (model units) N:C = 8.9:87
maximum uptake quotum N
maximum uptake quotum P

specific affinity for nitrates vs ammonia
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3 Microzooplankton

3.1 Carbon component of microzooplankton functional group

aZc _ _ Z % prd_ 8ZC rSp B 6ZC rel B 8ZC rel
ot lpio vz O Ix. Ot low Ot [gm Ot |po
6Zc prd
_{ o z<k>} (120)
k=456 c
_ - rel
R A%
ot = + it (121)
bio i=5,6 R(M
_ o rel
R YA
ot = + ot (122)
bio i=5,6 R(6)
9020 | - 1 az0 ™"
7 D R TR (123)
bio i=5,6 o®)

Terms in curly parentheses, for k = 4, are described in mesozooplankton
section.

prd

prd 7. )
Zéj)

p)? ot

prd 7.
B. ’ ot

0Z,

3.1.1 Carbon fluxes in microzooplankton ( %;

e put_u ( average uptake)

e rugc (rate uptake gross, carbon)
e cfood

e rumc (total food available)

e rumB,., rumP., rumZ,

e et (temperature limitation factor t, = 10° C)

prd

0z
< = putuxrumB (124)

ot
0Z.
ot
0Z,
ot

B.
prd

o = putuxrumP (125)
prd

= putuxrumZ; (126)

20
rugce

put-u = J (127)
rumc
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rugc = p_sum(Z) x et x Z. x efood (128)
rumc

d = 129

efoo rumc + p-chuc(Z) (129)

rumec = rumbB + Z rumP;) + Z rumd; (130)

j=1,4 j=5,6
rumB = p.suB(Z) * (Be)’ (131)
- B. + p-minfood(Z)
( Pc(j ) )2
rumPyy = psuPj(Z)* 7 (132)
P + p-minfood(Z)
Z(j )\2
: (Ze”)
rumZ;y = psuZj(Z)x 0 (133)
Ze + p-minfood(Z)
t—to
et = (pql0) % (134)
Microzooplankton parameters Details
7(5) 7(6)
Cco1 pql0 2.0 2.0 parameter temperature limitation
Co3 p_sum 2.0 5.0 maximal productivity at 10 degrees C
C10 p-chuc 30.0 100.0 food concentration where total uptake rate is 0.5
c11 | p-minfood | 50.0 50.0 conc below which feeding a particular foodsource depressed
C12 p-suP1 0.7 0.0 relative P uptake by zoo
C13 p_suP2 1.0 0.2 relative P uptake by zoo
Cl4 p_suP3 0.1 1.0 relative P uptake by zoo
C15 p_suP4 0.1 0.0 relative P uptake by zoo
Cl6 p_suzb 1.0 0.0 relative Z(® uptake by zoo
Cc17 p_suzb6 1.0 0.2 relative Z(® uptake by zoo
C18 p-suB1 0.1 1.0 relative B uptake by zoo

AR Microzooplankton, Z©) = Heterotrophyc nanoflagellates

rSp

o0®)

0Z,
ot

3.1.2 Total respiration (

)

e rrsc (rest respiration)

e rrac (activity respiration)

aZC rSp
= rrsc+rrac
ot | oG
rrsc = psrs(Z)xet* Z.

rrac = rugcex* (1 —ppu(Z))* (1 —ppu_ea(Z))

25



Microzooplankton parameters Details
7(5) 7(6)
Co1 pql10 2.0 2.0 parameter temperature limitation
Co2 p_sSrs 0.02 0.02 respiration rate 10 degrees C
Co6 pP_pU 0.5 0.3 assimilation efficiency (ratio)
co7 | p-pu-ea | 0.5 0.5 activity excretion
Z®) = Microzooplankton, Z(®) = Heterotrophyc nanoflagellates

rel rel
: 1 6 (0Zc 0Z,
3.1.3 rate apporting over R. and R (%f Ry OF R<6>)
e rric (excrection)
e rdc (mortality)
e cO2 (Oxygen limitation)
e cO2mO2 (Oxygen Saturation)
e cx002 (Oxygen Saturation see Chemical)
Z. rel
0 = rricxppe_R1(Z) (135)
ot | pm
aZC rel
= rricx (1 —ppe_R1(Z)) (136)
Ot | g
rric = rugcx (1 —ppu(Z)) * p_pu_ea(Z) + rdc (137)
rdc = ((1—e02)xp_sdo(Z)+psd(Z))«* Z, (138)
e02mO2
02 = in (1,(1 —p_chro(Z
c e ( (1= p-chro(Z)) x e02mO0?2 +pch7‘0(Z))
020
02m0O2 =
o cxo02

3.2 Chlorophyll fluxes to the sink

- oz [
= -2 5

bio j=5,6

oP;
ot

« Qchle(P) (139)

P

3.3 Silicates fluxes to particulate (only diatoms)

opt)

o * Qsc(PW) (140)

bio j=5,6



Microzooplankton parameters

Details

7(5) 7(6)
Co1 pql0 2.0 2.0 parameter temperature limitation
Co4 p_sdo 0.05 0.05 mortality due Oxygen limitaiton
Co5 p-sd 0.0 0.0 independent specific mortality
Co6 p_pu 0.5 0.3 assimilation efficiency (ratio)
Co7 | p-pu-ea 0.5 0.5 activity excretion
cos | p-pe_R1 | 0.7 0.7 fraction of excretion going to PLOC
Co9 | p-chro 7.8 7.8 oxygen saturation where respiration is 0.5

zZ0) = Microzooplankton, Z ©) = Heterotrophyc nanoflagellates

R

ot

bio

:+Z

7=5,6

079
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prd

P

* Qsc(PW)
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3.4 Nitrate component of microzooplankton functional group

0Zy, | - 7, |Prd
5 = + Y ( 5 *an(X)) +
bio X=P,B,Z Xe
B 8Zn rel B 8Zn rel B aZn rel
ot | vy ot | pm dt | g
prd
Ly QT Gne(z®) (142)
k=4,5,6 ot |z
o rel
ON@ |- oz
= + ) (143)
L P Par S P
_ o rel
oRY) 8z
= + ) (144)
ot bio j=5,6 ot R
_ o rel
ORY) 02
= + ) (145)
ot |, j=5,6 ot R()

Terms in curly parentheses, for £ = 4, are described in mesozooplankton
section.

rel

0Zy
N<4>)

3.4.1 Nutrient regeneration, ammonia ( %

6Zn rel

v = max(0.0,Qnc(Z) — p.gn-mz(Z)) * Z. * p_stemp(Z)
N4

(146)

Microzooplankton parameters Details
7(5) 7(6)
Cco0 | p-gn-mz | 0.0167 0.0167 maximum quotum N
Cc21 | p-stemp 0.5 0.5

Z®) = Microzooplankton, Z(® = Heterotrophyc nanoflagellates

rel

R(6) )

rel 97,

3.4.2 Excretion of nitrate to PON p_xR1ln = 1.2 (88% Ry Ot

YA rel o7 rel
e = rrin — -
ot | e ot | rw

(147)
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87, rel
at | ro)
rrin = rricx Qnc(Z) (149)

= min (rrin,rrlcx Qne(Z) * p-xR1ln) (148)
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3.5 Phosphorus component of microzooplankton functional

group
0Z, |- o7, |rrd
S =t X <8t *Qpc(X))-l—
bio X=P,B,Z Xe
B % rel B % rel B % rel
at | nyo ot | g ot | g®
8Zc prd
k=4,5,6 ¢
N rel
N@ |- Z(])
0 5 = + 0 8p (151)
t bio j=5,6 t N@)
_ rel
OR}” 0zy)
LI PP j=5,6 ot RV
_ o rel
ORy 0zy)
-2 = 4 153
ot |,. 3:25:,6 Ot | po (153)

Terms in curly parentheses, for k = 4, are described in mesozooplankton
section.

QZI(,j) rel
ot

3.5.1 Nutrient regeneration, phosphorus (

)

N1

YA rel
a—tp W = max(0.0, Qpc(Z) — p-qgp-mz(Z)) * Z * p_stemp(Z)
N
(154)
Microzooplankton parameters Details
7(5) 7(6)
c19 | p-gp-mz | 0.00185 | 0.00185 maximum quotum P
C91 | p-stemp 0.5 0.5
Z0) = Microzooplankton, Z©) = Heterotrophyc nanoflagellates
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rel

3.5.2 Excretion of phosphate to PON p xRlp = 1.2 (% R
07, rel ) !
| p®

YA rel o7 rel
- rrip — —2 (155)
ot | p© ot | o
YA rel
—=£ = min (rrip,rrlcx Qpc(Z) * p_xRlp) (156)
ot | g

rrip = rric* Qpc(Z) (157)

Microzooplankton parameters Details
7(5) 7(6)

Cco1 pql0 2.0 2.0 parameter temperature limitation
Co2 p-Srs 0.02 0.02 respiration rate 10 degrees C
Co3 p_sum 2.0 5.0 maximal productivity at 10 degrees C
Co4 p-sdo 0.05 0.05 mortality due Oxygen limitaiton
Co5 p-sd 0.0 0.0 independent specific mortality
Co6 p_pu 0.5 0.3 assimilation efficiency (ratio)
cov p_pu_ea 0.5 0.5 activity excretion
Co8 p_pe_R1 0.7 0.7 fraction of excretion going to PLOC
C09 p-chro 7.8 7.8 oxygen saturation where respiration is 0.5
C10 p_chuc 30.0 100.0 food concentration where total uptake rate is 0.5
Cc11 | p-minfood 50.0 50.0 conc below which feeding a particular foodsource depressed
C12 p_suP1 0.7 0.0 relative P uptake by zoo
Cc13 p_suP2 1.0 0.2 relative P uptake by zoo
C14 p_suP3 0.1 1.0 relative P® uptake by zoo
C15 p-suP4 0.1 0.0 relative P uptake by zoo
C16 p_suZb 1.0 0.0 relative Z® uptake by zoo
c17 p_suz6 1.0 0.2 relative Z(® uptake by zoo
C18 p_suB1 0.1 1.0 relative B uptake by zoo
C19 p-qp-mz 0.00185 | 0.00185 maximum quotum P
C20 p_gn_mz 0.0167 0.0167 maximum quotum N
C21 p-stemp 0.5 0.5

Z0) = Microzooplankton, Z©) = Heterotrophyc nanoflagellates

31




4 Mesozooplankton

4.1 Carbon component of mesozooplankton functional group

0Z, ‘ Ly 0%, |7 0Z ™" 0%, | 0Ze|™
o oo 55, Ot lx, O lowm 9t |gv 9t |g®
(158)
_ rel
aRY azk
ot bio k=34 ot R
_ rel
R oz
™ = + > 5 (160)
bio k=34 R
8Z£k) rSp
0020 |- ot | e
_ 161
ot | pio g?; , 12 (161)

4.1.1 Total gross uptake carbon fluxes from omnivorous meso-

. 3) prd
plankton -Z(*)- to carnivorous mesozooplankton - Z®)- (8% W’
Ze¢
oz |
ot Z£3>

e rum (total carbon consumption)
e ZIm (total food available)

e et (temperature limitation factor t, = 10° C)

078 ™" 7
ot o -orume ZIm
078 ™" 7
ot 73 - orume ZIm
®3)
rum = et p_sum(Z®) « poum(Z77) « ZIm x Z(3)

poum(ZB®) x ZIm + p_sum(ZB)  ~°¢
ZIm = Z®) 4 zW
et = (pql0)""
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Mesozooplankton parameters Details

73) VAS)
do1 pql0 2.0 2.0 parameter temperature limitation
dog | p_sum 2.0 2.0 maximal productivity at 10 degrees C
do7 | p-vum | 0.008 0.02 specific search volume

Z®) = carnivorous mesozooplankton, Z &) = omnivorous mesozooplnkton

4.1.2 Total gross uptake Carbon fluxes from phytoplankton, mi-

prd (a) |Prd
crozooplankton and mesozooplankton (6aZtc b 8%2 L@
BZ§4) prd c
ot Z(5>
e rum (total carbon consumption)
e ZIm (total food available)
e et (temperature limitation factor t, = 10° C)
(a) | Prd ) @ |prd @
ag% (1) = TUum* zm 8%@ (2) = Trum:x pipu*Z];ifPC
Pe Pe
974 | Prd @ |prd @
Pe Pe
d prd
oz |7 z oz z&
ot (4) = rum* ZIm ot (5) = rum x ZIm
Ze¢ Ze
_vum(Z®) x« ZIm
rum = et xpsum(ZW)x L (Z7) « ZWW)
poum(ZW) x ZIm + p_sum(Z®)
(162)
ZIm = PW 4 ppu P2+« PP +ppuPas PY 4 zH 4 70)
t—to
et = (pgql0) %

4.1.3 Total respiration activity + basal metabolism (22

e rra_c ( respiration)

e rrs_c (basal metabolism)

rSp

o®)

ot

e rut_c (rate uptake carbon for transpiration)

33

)



Mesozooplankton parameters Details
73) VA
do1 pql0 2.0 2.0 parameter temperature limitation
do3 | p-puP2 0.0 0.75 availability of P2 to Z4
do4 | p-puP4 1.0 1.0 availability of P
dog | p-sum 2.0 2.0 maximal productivity at 10 degrees C
do7 | p-vum | 0.008 0.02 specific search volume
Z®) = carnivorous mesozooplankton, Z ) = omnivorous mesozooplnkton

8Z rsp
- = rrac+rrs.c (163)
ot | o)
rra.c = pri_R6*rut_c (164)
rrs.c = psrs(Z)xetx* Z, (165)
pri_.R6 = 1—ppul u(Z)—ppel R6(Z) (166)
(3) | PT ) | Prd
rut.c = ag,z ag% for Z®
7 77 ;
(a) | PT (a) | P7 (@ | P7
_ 0Z 0Z 0Z (4)
rut.c = _ == v < or Z
23—17274 ot Pc(j) ot Z£4) ot ng)
Mesozooplankton parameters Details
7(3) 74)
do1 pql0 2.0 2.0 parameter temperature limitation
do2 P_STS 0.01 0.02 respiration rate 10 degrees C
dog | ppul_u 0.6 0.6 assimilation efficiency
dog | p-peI_R6 | 0.3 0.35 faeces production
Z®) = carnivorous mesozooplankton, Z ) = omnivorous mesozooplnkton

rel

4.1.4 Fluxes for eliminated excess nutrients (% R(6>)

e rd_c (natural mortality)

e ret_c (defecation)

e rdo_c (density dependent mortality)

e pu_en, pu_ep (P:C and N:C in assimilate Nitrogen and Phosphorus)

e ru_c, ru_n, ru_p (Assimilated material respectively carbon, nitrogen,
phosphorus)
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e n_l (Nutrient type of limitation, default n.l = 1)

GZC rel
5% | o = rd_c + ret_c + rdo_c + pe_R6c¢ * rut_c (167)
Re
rdc = psd(Z)*et*Z, (168)
ret.c = ppel R6(Z)*rut_c (169)
rdo.c = p_sdo(Z) % (Z.)P*¥%) « 7, (170)
(171)
pe_R6c = 0. if nl=1
pe-Rbe = e if nd=2
pe_R6c = (p—gne(Z)*ru_c)—(1—p_pel _R6(Z))*rut_p if nl=3

p_zero+p_qne(Z)*rut_c

if (temp_p < temp-n) or (abs(temp_p — temp_n)) < p_zero) then

if (pu-ep < Qpc(Z)) then nl=2
else
if (pu-e-n < Qnc(Z)) then nl=3
pu-en
t n = 172
emp-n Qne(Z) (172)
pu_e_p
tempp = 173
Qpc(Z) ()
rUu-n
en = —————— 174
pu-e-n p-zero+ ru-c (174)
TU-_p
ep = —— 175
pu-c-p p-zero+ ru-c (175)
ruc = ppul u(Z)*rutc (176)
run = [p_pul w(Z)+ pri_R6;] * rut_n (177)
ru-p = [p-pul_u(Z)+ pri_R6;] * rut_p (178)
(179)
for yAS)
oz |7 4 07 |7
rut-n = | x Qne(ZW) + 2% O x Qne(Z0))
0z |7 1y 02 |7 3
rutp = g | Qpe(Z™) + 5 | * Qpe(Z®))
for AS,
(a) | Prd . (a) | Prd )
rut-n >im1.2.4 8% o Qne(PY)) + Bgct o* Qne(ZW) + a%z
@ |Prd : W |prd )
rut-p Nimtaa S|, * Qpe(PO) + 951w Qpe(ZW) + 95
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Mesozooplankton parameters Details
7@3) 7(4)

do1 pql0 2.0 2.0 parameter temperature limitation
do2 p_srs 0.01 0.02 respiration rate 10 degrees C
dos p-sd 0.01 0.01 independent specific mortality
dog | ppul_u 0.6 0.6 assimilation efficiency
dog | p_pel_R6 0.3 0.35 faeces production
dip p-sdo 0.0004 0.0004 | fractional density-dependent mortality
di1 p_sds 2 2 density dependent mortality
dio p-qpc 0.00167 | 0.00167 maximum quotum P
di3 p_gnc 0.015 0.015 maximum quotum N

Z®) = carnivorous mesozooplankton, Z*) = omnivorous mesozooplnkton
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4.2 Chlorophyll fluxes to the sink

OP; |- oz "
: = — = * Qchlc(P) (180)
Dt | bio o |,
4.3 Silicates fluxes to particulate(only diatoms)
apW |~ o7W | "
° = - = P 181
En . ot o * Qsc( ) ( )
rd
ONG) |- oz" |”
= < P 182
En , En o * Qsc( ) ( )
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4.4 Nitrate component of mesozooplankton functional group

(3) _ (3) prd (3) rel (3) rel
9Zn = + 0Zc s« Qne(ZW) — 0Zn_ _ 0% (183)
ot bio ot Z£4) ot N@) ot Rgs)
) |- (3) prd (4) |prd
8?" = — agc #Qne(ZW) + Y 8? * Qne(X) +
E o t z® X=P,Z t X,
aZ,r(;l) rel aZ£4) rel
ot ot (184)
N@ R®
rd
oP, |- 8z 1"
o |y = " * Qnc(P) (185)
70 Pc
() |- (2) |Prd
8?; - 8?; « Qne(Z®) (186)
bio z®
rel
AN |- a7k
= 4 Z (187)
ot bio k=34 ot N
_ rel
AR AR
. (188)
ot bio k=34 ot R

4.4.1 Excretion: activity + basal metabolism 4+ excess nonlimit-

(2) | el
ing nutrients (E)ZT;L )
N#)

® rra-n

® 'rs_n

e rut_n

YA rel
8: = rran+rrsn—+ pe_Ndn x rut_n (189)
N#)
rran = 0 (190)
rrson = p.srs(Z) et Zy, (191)
pe_Nin = (1—p_pel _R6(Z))*rut_n—p_qnec(Z)xru_c if nl=1
- Pot+rut_n -
_ (1—p_pel _R6(Z))*rut_n—p_qgnec(Z)*(ru_c—pe_R6cxrut_c) . _

pe-Nin = p_zero+rut_n if nl=2
pe_Ndn = 0. if nl=3
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Mesozooplankton parameters Details
VA 7(2)

do1 pql0 2.0 2.0 parameter temperature limitation
do2 P_STS 0.01 0.02 respiration rate 10 degrees C
dos p-sd 0.01 0.01 independent specific mortality
dos | ppul_u 0.6 0.6 assimilation efficiency
dog | ppel_R6 0.3 0.35 faeces production
d1o p_sdo 0.0004 0.0004 | fractional density-dependent mortality
d12 p_gpc 0.00167 | 0.00167 maximum quotum P
dis p-gnc 0.015 0.015 maximum quotum N

Z™M = carnivorous mesozooplankton, Z®> = omnivorous mesozooplnkton

4.4.2 Fluxes for eliminated excess of nutrients

e rd_n (Natural mortality)

e ret_n (Defecation)

87, rel )
ot R%G)

e rdo_n (Density dependent mortality)

e rut_n (Total Gross Uptake)

oz rel
n
ot | g®

rd_n

ret_n

rdo_n

= rdn+retn+rdon (192)
= psd(Z) xetx* Zy, (193)

p-pel _R6(Z) * rut_n (194)
= psdo(Z) * (Z)P-*#2) x 7, (195)
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4.5 Phosphate component of mesozooplankton functional group

_ rd rel rel
VA% 0z |” o 078 VA%
= 1 « Qpe(ZW)y — =2 - (196)
ot bio ot 20 ot N ot RO
_ rd prd
07" 079 |” oz
o = = 5| ez + 3 | xQue(X) +
bio z® X=PZ X,
rel rel
07" 07"
ot ot (197)
N Ry
rd
ap, |- az2 |"
Sl = - ) (198)
20 Pc
_ rd
07y 072 |"
8;) = — 5; . « Qpe(Z©®) (199)
bio Ze
rel
N |- oz |
— ey % (200)
ot |y, k=34 | v
_ rel
oRY) oz
. (201)
ot |y k=34 ot R

4.5.1 Excretion: activity + basal metabolism 4+ excess non lim-

(4) | Tel
iting nutrients (ag’;
N@)
® rTap
® TSP
e rut_p
a7 rel
a—tp . = rra_p+rrs_p+pe_Nlpx*rut_p (202)
rrap = 0 (203)
rrs.p = p.srs(Z)xetx Z, (204)
B (1—p_pel _R6(Z))xrut _p—p_qpe(Z)xru_ : B
pe-Nlp = = p,zerr:i-rgt,g A = if nl=1
pe_Nlp = 0. if nl=2
pe_N1p (1—p_pel _R6(Z))*rut_p—p_qpc(Z)*(ru_c—pe_R6ekrut_p) if nl=3

p-zero+rut_p
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4.5.2 Fluxes for eliminated excess of nutrients

e rd_p (Natural mortality)

e ret_p (Defecation)

0Zy
ot

el
Ré6))

e rdo_p (Density dependent mortality)

e rut_p (Total Gross Uptake)

rel
% = rdp+ret_p—+rdop
ot | r®
rdp = psd(Z)xet*Z,
ret.p = ppel R6(Z)*rutp
rdop = p_sdo(Z) x (Ze)P-%4) « Zyp
Mesozooplankton parameters Details

7(1) 7(2)
do1 pql0 2.0 2.0 parameter temperature limitation
do2 P_STS 0.01 0.02 respiration rate 10 degrees C
do3 | p_puP?2 0.0 0.75 availability of P2 to Z4
dos | ppuP4 1.0 1.0 availability of P
dos p_sd 0.01 0.01 independent specific mortality
dog p_sum 2.0 2.0 maximal productivity at 10 degrees C
do7 p-vum 0.008 0.02 specific search volume
dos | ppul_u 0.6 0.6 assimilation efficiency
dog | p_pel _R6 0.3 0.35 faeces production
dio p_sdo 0.0004 0.0004 | fractional density-dependent mortality
di1 p_sds 2.0 2.0 density dependent mortality
di2 p_gpc 0.00167 | 0.00167 maximum quotum P
di3 p-_gnc 0.015 0.015 maximum quotum N

ZW = carnivorous mesozooplankton, Z () = omnivorous mesozooplnkton

41

(205)

(206)
(207)
(208)




5 Chemical reactions

5.1 Nitrate component of pelagic chemical compartment

nit

ONW |~ ONG)
3 = 3 (209)
t bio t N®)
NG |- NG | in |-
0 _ 0 _ 004n (210)
ot bio ot N ot | NG
A . . N () | it
5.1.1 Nitrification in the water (“; )
N@)
e co (regulating factor)
aN(3) nit ey
— psNAN3* N@ x (p_qlONAN3) =  co
ot
N4)
020
eo = —
020+ p_clO20
5.1.2 Denitrification in the water a(g;m ‘7 )
N@®)
e cr (regulating factor)
e p_gro (0252 conversion factor p_gro=0.5)
004n | - t—to rPAo
= p.sN304n * (p.qlON4N3) 7o N®
vl N p-sN304n  (p_q ) *er*ijAO*
(211)
N (6)
er = (212)
N©) + p cIN6r
9, N(©)
rPAo = = (213)
p_qro
5.1.3 Reoxidation of reduction equivalent (8(8)3’” )
N6
002r | -
T = prOS«N©® xeo (214)
ot |y
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5.2 Oxygen component of pelagic chemical compartment

e p_gon_nitri ( (mN/nO) proportion between O2 and N, p_gon_nitri =

2.0)
e p_gon_dentri ( proportion between O2 and N produced, p_gon_dentri =
1.25)
. 009 | -
0020 | - 8N(3) it L. at2r N(6)
= — * p_qon_nitri —
It o ot | v p-qro
ON© |- 904n | - , 020 - N©  902r |-
= —p_grox * p_gon_dentri x H(— ) —
ot bio ot | N® D_qro ot

5.3 Silicates component of pelagic chemical compartment

aR(G) - aR(ﬁ) rem
® = - =2 (217)
ot bio ot N
N(5) _ gG) rem
’ ot - a];t (218)
bio N(G)
8R5§5) rem

)

N(5)

5.3.1 Regeneration of dissolved silica ( “5;

rem
— p_sR6N5 * (p.glOR6N5) %" R
N ()

ORY
ot

5.4 Oxigen reareation

0020 |- 0020 |

ot wnd ot atm
. . 0020 | "4
5.4.1 Wind reareation factor (<%; )
atm

e reacon (wind dependency reareation factor)
e Wind (wind speed %)
e Schmidt (Schmidt oxygenation number)

e Temp (temperature in Celsius degrees)
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N(6)
(216)



abt (absolute temperature divided by 100)
Salt (salinity PSU)
cro02 (oxygen saturation)

depth (layer depth)

0020 |4 cro02 — 020
a |, = reacon x —Depth
2
reacon = 0.074* WindV *“6%
Schmidt = 1953.4 — t x (128.00 — t x (3.9918 — ¢ x 0.050091)))
0o _ l734202+ 249.6339 1 143.3483 « log(abt) — 21.8492 x abt
rovs = 2446653 *
Salt * (—0.033096 + 0.014259 * abt — 0.0017 * abt?)
* 24.4665—3
gy 12133

100.0
Chemical reaction parameters Details
€01 p_sN4N3 0.01 nitrification in the water factor
ep2 | p-ql10N4N3 2.367 nitrification in the water temperature limitation
€03 | p-q10R6N5 1.49 regeneration of dissolved silica temperature limitation
€04 prOS 0.05 reoxidation of reduction equivalents factor
€05 p-clO20 10.0 regulating factors Oxygen
€06 p_cING6r 1.0 regulating factors denitrification
eo7 | p-sN304n 0.35 denitrification in the water factor
€08 prPAo 1.0 denitrification in the water
€09 p-sR6N5 0.1 regeneration of dissolved silica
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