3-D PhEcoM (Physical-Ecosystem (biogeochemical) Model) in the polar and subpolar seas

We extend the 1-D plankton model of Eslinger et al. (2001) to the following 3-D PhEcoM, whose dynamics can be expressed by a set of controlling equations as follows:

(For details, please refer to Wang et al. 2003; the flowchart for the nine compartments is illustrated in Fig. 1)
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where
[image: image11.wmf]Ñ

 stands for three-dimensional derivation, and
[image: image12.wmf]h

Ñ

 stands for horizontal derivation. Other parameters are explained in the following table.

Table: Parameters and values.

	Parameter
	Definition
	Value

	T
	Water temperature
	variable, deg. C

	X
	Biomass of X=D, diatoms and X=F, flagellates
	variable, (MN

	ZY
	Biomass of Y=S, small copepods; Y=L, large copepods; and Y=P, other large zooplankton
	variable, (MN

	NO3, NH4
	Nitrate + nitrite, ammonium
	variable, (MN

	Si
	Silicon
	variable, (MSi

	Fec
	Fecal material pool, includes natural zooplankton morality, regeneration can occur from this pool.
	variable, (MN

	Deep
	Pool for biomass which has sunk out of the model domain.  Needed for conservation of mass.  No regeneration from this pool.
	variable, (MN

	GX
	Maximum temperature-dependent phytoplankton X growth rate:
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 is the growth rate at 0
[image: image15.wmf]o

C,

rx is the temperature coefficient, and Nfrac, Sifrac and Ifrac are unitless ratios expressing nutrient and 

light limitation.
	m0D=0.06h-1

rD=0.0633

deg-1
m0F=0.06h-1

rF=0.0633

deg-1

	RX
	Respiration rate of phytoplankton X,

Set to 5% of growth rate
	Rx=0.05m0X
exp(rXT)

	RgX
	Mortality and extracellular excretion of phytoplankton X
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(from data in Harrison 1980, see Eslinger and Iverson 2001)
	Rg0D=9.23e
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Rg0F=9.23e-4h-1
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XY
	Grazing rate of zooplankton Y on phytoplankton X
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(Ivlev, 1945; Magley, 1990)
	ΓDS=0.005

h-1
IDS=1.5μMN-1
D0S=0.25μMN

ΓDL=0.009

h-1
IDL=2.73μMN-1
D0L=0.5μMN

ΓDP=0.01h-1
IDP=2.73μMN-1
D0P=0.5μMN

ΓFS=0.013h-1
IFS=2.73μMN-1
F0S=0.25μMN

ΓFL=0.003h-1
IFL=2.73μMN-1
F0L=0.5μMN

ΓFP=0.01h-1
IFP=2.73μMN-1
F0P=0.5μMN

	SX , SZL
	Variable sinking rate for phytoplankton X or zooplankton Y
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(Eslinger and Iverson 2001)

S ZL varies with time as described in the text.
	SDmax=4m/day

SFmax=.5m/day

tanh(SKNO3(Ksno3)=5.0

	K
	Vertical mixing coefficient.  Only written this way for clarity.  Mixing actually performed using Froude number criteria (see Eslinger and Iverson, 2001, Eslinger, 1990; Thompson, 1976).
	Unused

	AY
	Assimilation ratio of grazed phytoplankton
	AS= AL= AP=0.3

	ExY
	Egestion ratio of grazed phytoplankton
	ExS= ExL= ExP=0.7

	MY
	Natural mortality rate of zooplankton Y
	MS= ML= MP=0.06d-1

	Nfrac
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(after Wroblewski, 1977)
	KSDNO3=2.5μMN 

KSDNH4=2.5μMN
ψD=1.462μMN-1
KSFNO3=0.6μMN 

KSFNH4=0.6μMN
ψF=1.462μMN-1

	Sifrac
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(after Dugdale, 1967)
	KSSi=3.0μMSi

	Ifrac
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(after Platt et al. 1980)
	AD/PSB=0.0536

bD/PSB=1.795e-3

AF/PSB=0.0536

BF/PSB=1.795e-3

(Wm-2)

	fNO3
	Fraction of phytoplankton growth due to nitrate uptake over that due to ammonium uptake:
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	No unit

	ksi
	Silicon to nitrogen mass ratio for diatom
	1.104 (moles Si)/(moles N)


The biochemical model for the DMS dynamics

The DMS (di-methyl sulfide), based on Jodwalis et al. (2000), can be further extended to the 3D advection-diffusion equation:
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where the DMS production is written by:

P1—Metabolic releaseb:

P1=DMS metabolically release (mol h-1) = 0.000417 h-1*

[ratiodiatoms x mg of diatom Chl.a)
+(ratioflagellates x mg of flagellate Chl.a)]

P2—Senescencec:



P2=DMS released at senescence = 0.00292*

   

(ratiodiatoms x mg of diatom Chl.a) + 0.0108 h-1 (ratioflagellates x mg of           

flagellate Chl.a)

P3—Grazingb:

  

P3=DMS released when grazed = 0.01375 h-1 

  

[ratiodiatoms x mg of diatom Chl.a) + (ratioflagellates x mg of flagellate Chl.a)]





ratiodiatomsa= 64 x 10-7 mol DMSP/mg Chl.a




ratioflagellatesa = 420 x 10-7 mol DMSP/mg Chl.a
and the DMS loss can be expressed by

L1—Sea-to-air fluxd:

L1 = kLM [DMS]sea
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     kLM is the transfer velocity in units of (cm h-1)

           u = windspeed in m s-1
           T = temperature in oC

           R = ScCO2(20oC)/ScDMS(T).  

R is the ratio of the Schmidt number of CO2 at 20oC (660) to the Schmidt number of DMS at the surface seawater temperature,

           ScDMS(T) = 2674.0 – 147.12T + 3.726T2 – 0.038T3 

L2—Photooxidatione:


   L2 = K[DMS]sea e-kz


K= 0.09 hr-1 



k= attenuation coefficient of light through seawater



z = depth

L
[image: image27.wmf]3

—Microbial consumptionf: 

     
L
[image: image28.wmf]3

 =0.000417 nM h-1 or 0.000417 umol m-3 h-1
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