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Box Model Schematic
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Box Models

One Dimensional (Vertical) Models

Three Dimensional Models




Box Model
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Original Fasham et al., 1990 Mean Nitrogen Budget/Flow

Annual nitrogen cycle (mol N m™? yr')

0,305

Nitrate
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Configuring an ecosystem model using data from the Bermuda Atlantic Time Series (BATS)
Y.H. Spitz, J.R. Moisan, M.R. Abbott, Deep-Sea Research Il, 48, 1733-1768, (2001)

Original Fasham et al., 1990
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New model with data assimilation
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Chlorophyll a time series
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Biogeochemical Model Configuration
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Food Web Diagrams
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] ALL OF THE R.H.S5. TERMS ARE LISTED HERE

! the terms below are listed in order of flow from a specific component
! the inflow fluxes will be established by a matrix sweep at the end
1
I

! Note: The terms [cff] are in [d-1] units specific to the source material/pool
rrrrrroeprrrenrrrRRbbPRRLEEERCCEELCLCCLCRERCPPRECPERELEY PR RERY P PR TPIPI PR T PIFPT BT LTI RPITTRT T PR R T T et Rt rrnrned

! Deep Water Source/Sink Pool

bioflo(isrc, iNO3)=Cam+hplus)*NO3_deep/(MLD*tbio(B)) ! NO3 injection from ML entrainment [d-1]
1
! [NO3] nitrate
bioflo(iN03,isnk)=Cam+hplus)*tbic(iN03)/(MLD*tbio(iNO3)) ! NO3 dilutien from ML entrainment [d-1]
bioflo(iN03, iPhyt)=al*Q1*tbic(iPhyt)/tbio(iN0O3) ! NO3 uptake by Phyto [d-1]
!
! [NH4] ammonium
bioflo(iNH4,isnk)=Cam+hplus)*tbio(iNH4)/(MLD*tbio(iNH4)) ! NH4 dilution from ML entrainment [d-1]
bioflo{iNH4,1Bact)=U2/thio(iNH4) ! NH4 uptake by Bact [d-1]
bioflo(iNH4, iPhyt)=aJ*(2*tbio(iPhyt)/tbio(iNH4) ! NH4 uptake by Phyto [d-1]
I
! [DON] Dissolved Organic Nitrogen
bioflo(iDON, isnk)=Cam+hplus)*tbio{iDON)/(MLD*tbio(1DON)) ! DON dilution from ML entrainment [d-1]
bioflo(iD0ON, iBact)=U1l/tbic(iDON) ! DON uptake by Bact [d-1]
1
! [DET] Detritus
bioflo(iDet,isnk)=Cam+hplus)*tbio(iDet)/(MLD*tbio(iDet)) ! Det dilution from ML entrainment [d-1]
bioflo(iDet,isnk)=bioflo(iDet,isnk)+(V*tbio(iDet)/
& (MLD*tbio(iDet))) ! Det sinking [d-1]
bioflo(iDet, iDON)=mud*tbio(iDet) thia(iDet) ! Det breakdown to DON [d-1]
bioflo(iDet, 1Zoo)=03/tbio(iDet) ! Det ingestion by Zoo [d-1]

! [bact] bacteria
bioflo{iBact, isnk)=Cam+hplus)*Thio(iBact)/(MLD*tbio(iBact)) ! Bact dilution from ML entrainment [d-1]
bioflo(iBact, iNH4)=mu3*tbio(iBact)/tbio(iBact) ! Bact excretion to NH4 [d-1]
bioflo(iBact,iZoo)=G2/tbio(iBact) Zoo egestion of Bact [d-1]

! [phyto] phytoplankton
bioflo(iPhyt, isnk)=Cam+hplus)*tbio(iPhyt)/(MLD*tbio(iPhyt)) ! Phyto dilution from ML entrainment [d-1]

bioflo(iPhyt, iDON)=gammal*al*Q*tbio(iPhyt)/tbio(iPhyt) ! Phyto exudation to DON [d-1]
1
bioflo(iPhyt, iDet)=mul*tbio(iPhyt)/tbic(iPhyt} ! Phyto mortality to DET [d-1]
1
bioflo(iPhyt, iZoo)=G1l/tbio(iPhyt) ! Phyto ingestion by Zoo [d-1]
1
! [zoo] zooplankton
bioflo{iZoo,isnk)=hplus*tbio(iZoo)/(MLD*tbio(iZ00)) ! Zoo dilution from ML entrainment [d-1]
bioflo(iZoo,isnk)=bioflo(iZoo,isnk)+
& (omega*muS*tbio(ifoo)/thio(iZoo)) ! Zoo mortality to below MLD [d-1]
bioflo{ifZoo, iNH4)=epsilon*mu2*tbio(iZoo)/thio(iZoo) ! Zoo excretion to NH4 [d-1]
bioflo(iZoo, iNH4)=bioflo(iZoo, iNH4 )+
& ((1.-omega)*muS*tbio(iZoo)/tbio(iZoo)) ! Zoo mort to NH4 [d-1]
bioflo(iZoo,iDON)=(1.-epsilon)*mu2*tbioc(iZoo)}/tbio(iZoo) ! Zoo excretion to DON [d-1]
bioflo{ifZoo,iDet)=(1. -betal)*Gl/thio(iZoo) ! Zoo egestion of Phyto to Det [d-1]
bioflo(iZoo,iDet)=bioflo(iZoo,ibet)+
& ((1.-beta2)*G2/tbio(iZoo)) ! Zoo egest of Bact to Det [d-1]

bioflo(ifoo,iDet)=bioflo(iZoo,iDet)+
& ((1.-beta3)*G3/tbio(iZoa)) ! Zoo egest of Det to Det [d-1]
1
rrrerrrrentrreRrrrRRbbbERCPPRLCCECRCECRCRRNPEREREYPELLY PP ER T TP R T T PFR LT YRITRTI LTI YIITIR T T TI TIR T TIFPTRrrrrerrrrnrend



ALL OF THE R.H.S. TERMS ARE LISTED HERE

the terms below are listed in order of flow from a specific component
the inflow fluxes will be established by a matrix sweep at the end
Note: The terms [cff] are in [d-1] units specific to the source material/pool

Deep Water Source/Sink Pool
bioflofisrc, iNO3)=Cam+hplus)*NO3 _deep/(MLD*tbio(@))

[NO3] nitrate
bioflo(iN03,isnk)=Cam+hplus)*tbio(iN03)/(MLD*tbio(iNO3))
bioflofiN03,iPhyt)=a*Q1*tbio(iPhyt)/thia(iN03)

[NH4] ammonium

bioflo(iNH4, isnk)=Cam+hplus)*tbio(iNH4)/(MLD*tbio(iNH4))
bioflo(iNH4,iBact)=U2/tbic(iNH4)

bioflofiNH4, iPhyt)=aJ*Q2*tbio(iPhyt)/thio(iNH4)

[DON] Dissolved Organic Nitrogen
bioflo(iDON, isnk)=Cam+hplus)*tbio(iDON)/(MLD*tbio(iDON))
bioflo(ibON, iBact)=Ul/tbio(iDON)

[DET] Detritus

bioflo(iDet, isnk)=Cam+hplus)*tbio(iDet)/(MLD*tbio(iDet))

bioflo(iDet,isnk)=bioflo(iDet,isnk)+(V*tbio(iDet)/
(MLD*tbio(iDet)))

bioflo(iDet,iDON)=mu4*thio(iDet)/ tbio(iDet)

bioflo(iDet, 1Zoo)=03/tbio(iDet)

[bact] bacteria

bioflo{iBact, isnk)=Cam+hplus)*Thio(iBact)/(MLD*tbio(iBact))

bioflo(iBact, iNH4)=mu3*tbio(iBact)/tbio(iBact)
bioflo(iBact,iZoo)=G2/tbio(iBact)

[phyto] phytoplankton

bioflo(iPhyt, isnk)=Cam+hplus)*tbio(iPhyt)/(MLD*tbio{iPhyt))

bioflo(iPhyt, iDON)=gammal*al*Q*tbio(iPhyt)/tbio(iPhyt)
bioflo(iPhyt,iDet)=mul*tbio(iPhyt)/tbio(iPhyt)
bioflo(iPhyt, iZoo)=G1l/tbio(iPhyt)

[zoo] zooplankton
bioflo{iZoo,isnk)=hplus*tbio(iZoo)/(MLD*tbio(iZ00))
bioflo(iZoo,isnk)=bioflo(iZoo,isnk)+
(omega*muS*tbio(ifoo)/thio(iZoo))
bioflo{ifZoo, iNH4)=epsilon*mu2*tbio(iZoo)/thio(iZoo)
bioflo(iZoo, iNH4)=bioflo(iZoo, iNH4 )+
((1.-omega)*muS*tbio(iZoo)/tbio(iZoo))
bioflo(ifoo,1DON)=(1. -epsilon)*mu2*tbio(iZoo)/tbio(iZoo)
bioflo{ifZoo,iDet)=(1. -betal)*Gl/thio(iZoo)
bioflo(iZoo,iDet)=bioflo(iZoo,ibet)+
((1.-beta2)*G2/tbio(iZon))
bioflo(ifoo,iDet)=bioflo(iZoo,iDet)+
((1.-beta3)*G3/thia(iZoo))

! NO3 injection from ML entrainment [d-1]

NO3
NO3

NH4
NH4
NH4

DON
DON

Det

Det

Det
Det

dilution from ML entrainment [d-1]
uptake by Phyto [d-1]

dilution from ML entrainment [d-1]
uptake by Bact [d-1]
uptake by Phyto [d-1]

dilution from ML entrainment [d-1]
uptake by Bact [d-1]

dilution from ML entrainment [d-1]
sinking [d-1]

breakdown to DON [d-1]
ingestion by Zoo [d-1]

Bact dilution from ML entrainment [d-1]
Bact excretion to NH4 [d-1]

Zoo

egestion of Bact [d-1]

Phyto dilution from ML entrainment [d-1]
Phyto exudation to DON [d-1]

Phyto mortality to DET [d-1]

Phyto ingestion by Zoo [d-1]

Zoo

Zoo
Zoo

Zoo
Zoo
Zoo

Zoo

Zoo

dilution from ML entrainment [d-1]

mortality to below MLD [d-1]
excretion to NH4 [d-1]

mort to NH4 [d-1]

excretion to DON [d-1]
egestion of Phyto to Det [d-1]
egest of Bact to Det [d-1]

egest of Det to Det [d-1]
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| ALL OF THE R.H.S. TERMS ARE LISTED HERE

! the terms below are listed in order of flow from a specific component

! the inflow fluxes will be established by a matrix sweep at the end

! Note: The terms [cff] are in [d-1] units specific to the source material/pool

I

! Deep Water Source/Sink Pool

bioflofisrc, iNO3)=Cam+hplus)*NO3 _deep/(MLD*tbio(@)) ! NO3 injection from ML entrainment [d-1]
!
! [NO3] nitrate
bioflo(iN03, isnk)=Cam+hplus)*tbio(iN03)/(MLD*tbio(iNO3)) I NO3 dilution from ML entrainment [d-1]
bioflo(iN03, iPhyt)=al*Q1*tbic(iPhyt)/tbio(iN0O3) ! NO3 uptake by Phyto [d-1]

! [NH4] ammonium

'NO3] nitrate
bioflo(iNO3, isnk)=Cam+hplus)*tbic(iN03)/(MLD*tbio(1NO3))
biofloCiNO3, iPhyt)=al*(Q1*tbio(1Phyt)/tbio(iN03)

"NH4] ammonium

bioflo{iNH4, isnk)=Cam+hplus)*tbio{ 1NH4 )/ (MLD*tbio({1NH4))
bioflo{iNH4, iBact)=U2/tbio{iNH4)

bioflo(iNH4, 1Phyt)=al*(Q2*tbio(iPhyt)/tbio(iNH4)

bioflo(iPhyt, iDet)=mul*tbio(iPhyt)/tbic(iPhyt} ! Phyto mortality to DET [d-1]

bioflo(iPhyt, iZoo)=G1l/tbio(iPhyt)

Phyto ingestion by Zoo [d-1]

! [zoo] zooplankton
bioflo{iZoo,isnk)=hplus*tbio(iZoo)/(MLD*tbio(iZ00))
bioflo(iZoo,isnk)=bioflo(iZoo,isnk)+

Zoo dilution from ML entrainment [d-1]

& (omega*muS*tbio(ifoo)/thio(iZoo)) | Zoo mortality to below MLD [d-1]
bioflo{ifZoo, iNH4)=epsilon*mu2*tbio(iZoo)/thio(iZoo) | Zoo excretion to NH4 [d-1]
bioflo(iZoo, iNH4)=bioflo(iZoo, iNH4 )+

& ((1.-omega)*muS*tbio(iZoo)/tbio(iZoo)) ! Zoo mort to NH4 [d-1]
bioflo(ifoo,1DON)=(1. -epsilon)*mu2*tbio(iZoo)/tbio(iZoo) | Zoo excretion to DON [d-1]
bioflo{ifZoo,iDet)=(1. -betal)*Gl/thio(iZoo) ! Zoo egestion of Phyto to Det [d-1]
bioflo(iZoo,iDet)=bioflo(iZoo,ibet)+

& ((1.-beta2)*G2/tbio(iZoo)) ! Zoo egest of Bact to Det [d-1]

bioflo(ifoo,iDet)=bioflo(iZoo,iDet)+
& ((1.-beta3)*G3/tbio(iZoa)) ! Zoo egest of Det to Det [d-1]
1
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One Dimensional (Vertical) Model
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Three Dimensional Model

dB
dt

L+ (V+V,)*VB —V¢(KVB)=S

d(iN H(V+V,)eVB, —Ve(KVB,) =S,




PARENT GRID:
15km Resolution

42°N-H - - - --------------

CHILD GRID
5km Reso-
Jution

R T . S S

 d

30°NAH - - e o e e e

24N . ... . L. N .. .




_:-:-:-:-}}}:-:-:-:-:-}

EM

. il

|
= |

e
=
=
]
oy
iy
0
=
-
)
&
&
—
"H_
-
L =

SpNile]




74

1176 =117

LLirren
o -

-117.

2 and |

e

1
¥
A
R L
.H.L.;..\._ri..i...\..
.- '

atur

=11

e .....r._.L__:..:.._

rmper

: Te

[k}
=
o
=
_H.l_l.

ar

T

g and

ratur

Ermpe

Surface T

int Durne




Metabolism/Excretion
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MOORING
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10-km North Atlantic ROMS (NATL) Surface temperature
Output stations for NENA 1-way nesting open boundary conditions
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Citation: Fennel, K., J. Wilkin, J. Levin, J. Moisan, J. O’Reilly, and D. Haidvogel (2006), Nitrogen cycling in the
Middle Atlantic Bight: Results from a three-dimensional model and implications for the North Atlantic nitrogen
budget, Global Biogeochem. Cycles, 20, GB3007, doi:10.1029/2005GB002456.

(a) Model-simulated mean surface chlorophyll for July of 1994 and
(b) SeaWiFS mean chlorophyll for July of 2003 (same color scale)
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State-of-the-Art in GBC Modeling:

*Develop the ecosystem model equations
(a subjective effort)

*Fit the model solution to observations by using
data assimilation (DA) in a 1D-mode to tune the
model’s parameter set

*Run the model in 3D-mode with fit parameters
from 1D DA
[in practice, most models runin an Nx1D

configuration]



An example of the various ‘parameter sets’ obtained from fitting an
ecosystem model to observations using 12 different DA schemes
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Modelling the effect of temperature on the maximum
growth rates of phytoplankton populations
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Abstract

Functional relationships which parameterize growth based on the Eppley temperature relationship for phytoplank-
ton maximal growth rates are increasingly being used in marine and freshwater ecosystem models. In this paper, we
demonstrate the effect of using such generalized relationships in modelling studies. Two suites of numerical
experiments are carried out to investigate the sensitivity of models to generalized growth relationships. In each
experiment, 100 individual species or groups of phytoplankton are allowed to compete under a varety of growth
versus temperature relationships. One suite of experiments is carried out within a simple ‘chemostat’ type model that
is forced with seasonally varying temperature and photosynthetically available radiation (PAR) fields. A second suite
of experiments is carried out using a biogeochemical mixed-layer model to demonstrate the sensitivity of these models
to various temperature versus growth relationships. The key difference in the biogeochemical mixed-layer simulations
is in the timing of the ecosystem response to seasonal wvariability of the mixed-layer depth and temperature. The
Eppley growth versus temperature relationship overestimates phytoplankton growth by as much as 809 during the
spring when growth rates are crucial to the timing of the spring blooms. This decrease in growth rates causes a delay
in the spring phytoplankton bloom which in turn results in significant changes in all other model constituents. The
results from both suites of experiments show that it is important to resclve the intrinsic growth dynamics of a
population in order to properly resolve the maximum growth rates of phytoplankton populations. The results also
present a possible explanation for why phytoplankton are commonly found growing within water colder than their
optimal temperature for growth. A dynamic growth versus temperature model is introduced that is capable of
resolving the growth dynamics of a population of phytoplankton under a variety of temperature forcing scenarios.
This new growth wversus temperature model/relationship will be useful in global biogeochemical models and
demonstrates the importance of underlying population dynamics in controlling bulk community growth estimates.
£ 2002 Published by Elsevier Science B.V.

Keywords: Phytoplankton; Temperature; Maximum growth rate; Population
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Emergent Biogeography of Microbial
Communities in a Model Ocean

Michael ]. Follows,** Stephanie Dutkiewicz,* Scott Grant,™* Sallie W. Chisholm?

A marine ecosystem model seeded with many phytoplankton types, whose physiological traits were
randomly assigned from ranges defined by field and laboratory data, generated an emergent
community structure and biogeography consistent with observed global phytoplankton
distributions. The modeled organisms included types analogous to the marine cyanobacterium
Prochlorococcus. Their emergent global distributions and physiological properties simultaneously
correspond to observations. This flexible representation of community structure can be used to
explore relations between ecosystems, biogeochemical cycles, and climate change.



Fig. 1. Annual mean
biomass and biogeog-
raphy from single in-
tegration. (A) Total
phytoplankton biomass
(M P, 0 to 50 m aver-
age). (B) Emergent bio-
geography: Modeled
photo-autotrophs were
categorized into four
functional groups; color
coding is according to
group locally dominating
annual mean biomass.
Green, analogs of Prochlo-
rococcus; orange, other
small photo-autotrophs;
red, diatoms; and vyel-
low, other large phyto-
plankton. (C) Total
biomass of Prochlorococ-
cus analogs (uM P, 0 to
50 m average). Black line
indicates the track of
AMT13.




OBSERVATIONS MODEL
B no

C Total Prochlorococcus

Depth {m)
8

g

Depth {m)
8

2

G Prochl. ecotype eMED4

Depth (m)
8

8

Prochl. ecotype eNATL2A

Depth {m)
8

2

40°S  20°8 0 20°N 40°N

Depth {m)
8

g

40°S  20°S 0 20°N 40°N



Regional Earth Modeling System [REMS]
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