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The Pisces model

* Based on the Aumont et al. (2015) paper (no updated documentation yet)
* Coupled with NEMO ocean model and ROMS-AGRIF/CROCO model
* Not all the model is detailed, only the «most important » processes (subjective choice)
* Different versions of PISCES are available depending on the CROCO version :
PISCESVO in old ROMS-agrif/earlier CROCO versions
PISCESv2 (in newest CROCO version)
=> detailed description of the common parameterizations of PISCESvO and PISCESv2
+ brief overview of the new potentialities of PISCESv2

=> there may be small differences with parameterizations in

FRANCE

Aumont et al. (2015) but the philosophy is the same m st s Recherch



The Pisces model
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air/sea flux

Pisces model structure (0,atm=cst)
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air/sea flux

Pisces model structure CO atm
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Equation for Nanophytoplankton (small phytoplankton)
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Equation for Nanophytoplankton (small phytoplankton)
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Calculation of PAR (Photosynthetically Available Radiation)
to compute photosynthesis
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Photosynthesis : transformation of mineral/inorganic matter

into living organic matter

Optical model required to compute the penetration of light in the water column ,

= 3 wavelengths in PISCES optical model: red, green, blue

= PAR= PAR +PARg+ PAR,, Qsol = solar radiation at the surface of the ocean
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Equation for Nanophytoplankton (small phyto cells)
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Equation for Nanophytoplankton (small phyto cells)

oP

_:(1

ot

PO4
Fe

NO3

NH4

o g-m.-ichO(P)Z

. g?n.ic-r'o ( P ) :l[

PAR= photosynthetically

. (5??-{1-??-0)‘(L'?ILT-'??,OP | _?_??_'?1(1-??-0 ~ P P . EU;-(‘I-H-OPQ
f& nano —|_ P
Production
; ; TLLL L
”rm.rw = |ip 1 —e MpLhm @
1171
pHp = a.bCT =temperature dependent
ano PO Half-saturation constants
Pt @ PO
Tl o 1
ff ’ﬂmm FE-_"
ﬁﬂﬂﬂ
Lrene ﬂh-l N (}3
nos W+ KORNOs + Kigs°NHy | preference
" for NH
ano ;tgétﬂ}r H4 4
e Ko Koie + Ko NOs + KN Hy
TUR T _ ﬂﬂﬂlf-‘ 'i"l:ﬂ'i"tli'l TLATLO FLATLO S
limm _L L r ol a8 nhd )

available radiation

Michaelis-Menten parameterization

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

X= nutrient

min=>limiting nutrient



Equation for Diatoms (big phyto cells)
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Equation for Diatoms (big phyto cells)
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Equation for Diatoms (big phyto cells)

JdD |
=1 - 6dmt a’mtD B a’mt
o = K

D |
dlﬂt E" TTLCTro ¢ k TTLEED T
D —wi*D? - (DV7 — (DM
Ko 2D g D) g (D)

7

Two terms : « linear » and quadratic mortality (= aggregation of cells)

Aggregation increases when nutrient stress increases,
cells become more sticky, and merge into big sinking particles:
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Equation for micro-zooplankton (small cells)

Grazing of phyto (P and D) and small POC
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Equation for micro-zooplankton (small cells)

Grazing of phyto (P and D) and small POC
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- p=preferential grazing of zoo for species (N) over all species | (= P,D,POCs):
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Proc<Ppia<Pnrane = 200 prefers to graze nanophyto (P), then big phyto (Diatoms), then POC

- grazing coefficient increases with temperature: same dependence as phytoplankton : b’



Equation for meso-zooplankton (big cells)
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Equation for meso-zooplankton (big cells)
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= parameterized as a quadratic mortality

- Meso zooplankton grazes on two phyto and two detritus size classes (POCs and POCb)

- pme° =preferential grazing of M for species (N) over all species | (P,D,POCs,POCb):
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=> Meso zoo easts preferentially the most abundant prey



Equation for dissolved organic matter (DOM)

(carbon only : DOM =DOC)
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Equation for dissolved organic matter (DOM)
(carbon only : DOM =DOC)
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Aggregation terms: effect of turbulence=> sh= 1/(time scale): 1sin mixed layer,

100s below mixed layer

CDi = parameters for probability of encounter of particules




Equation for (small) particulate organic matter (POCs)

Detritus production from grazing

Production of calcite shells

(RCaCO = proportion of

calcifying organisms)
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Equation for (small) particulate organic matter (POCs)
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Same equation as vertical advection of dissolved tracer C : - w .0C/0z

w = vertical velocity of the fluid

In present case : wPOCs = sinking velocity of particules (increases with depth)
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Differences between Nitrogen and Phosphate pools (1)

(ONOs , ONHy y_ 9PO; _ Nfiz — Denit

Ot ot ot 4 A
/ \
Nitrogen Fixation  penitrification: when O, reduces,

by Trichodesnium nitrate is consumed during OM
remineralization instead of O,

Denitrifcation ( Denit term in DOC equation) :

Denit = RNDS}[‘EDU[:]' — J_\h[(_)g]j.D(}(w

If Nfix=Denit=0 => (NO,+NH,) /PO =cst




Oxygen equation

air/sea flux
(Ozatm=cst)
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Oxygen equation :
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organic matter

by nitrification (NH,->NO,)

OZUt, 02”it = different O/C Redfield ratios for new and regenerated production
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Oxygen equation :
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Many parameters in PISCES....

Parameter  Units Value Description
Parameter  Units Value Description
0 1 oon
Fmax d 06 Growth rate at 0°C bz - 1LO79: 1079 Temperature sensitivity term
Href a-! Lo Growth rate reference for light limitation e - 0.3:035 Maximum growth efficiency of zooplankton
bm,,-p 4! 0.033 Basal respiration rate o! - 0.3:03 Non-assimilated fraction
bp - 1.066 Temperature sensitivity of growth ! - 0.6:06 Exeretion as DOM
ol Wm 2 la! 22 Initial slope of P—I curve 8 a! 3:075 Maximum grazing rate
5! _ 0‘05'0 0s Exudation of DOC g,?i': (mmolL~")~! 2x10% Flux feeding rate
P } L . K lcL! 20:20 Half-saturation constant f i
B! - 21: 16 Absorption in the blue part of light I Hme suturaion consunt [or grazing
!, L - P - 1:0.3 Preference for nanophytoplankton
H - 0.42:0.69 Absorption in the green part of light PF _ 051 Preference for diatoms
,{‘,I;r - 04:;0.7 Absorption in the red part of light pfac - 0.1,03 Preference for POC
K &'ﬂm nmol PL ! 08:2.4 Minimum half-saturation constant for phosphate P%J - . Lo Preference for microzooplankton
i F molCL 0.3:03 Food threshold for zooplankton
K [i;l'}:” umol NL™! 0.013;0.039  Minimum half-saturation constant for ammonium _',9""]‘ :::n:wl oL-! 0.001 G\Miﬁcmf;;i [h;:h‘:hﬁ ﬂ;r I;:m)lmpmmn
thyes N - '7 T b h N
K [i:(';"‘" umolNL ™! 0.13;0.39 Minimum half-saturation constant for nitrate J{E{.‘ pmolC L o o i F——
i . . . - ) amete 1its ‘alue escription
Ké?"m” umol SiL~! 1 Minimum half-saturation constant for silicate " L“"IMICL rameter e © scriptior
: -
Ksgi umol SiL~! 16.6 Parameter for the half-saturation constant Ko pmolCL Apoc d-! 0.025 Degradation rate of POC
m
Js{l umol SiL~! 2:20 Parameters for Si/C o - wWpOC md-! 2 Smking speed of POC
K J‘:'{_'m” nmol FeL ™! 1:3 Minimum half-saturation constant for iron uptake gfe 200 umolFen wite md~! 30 Minimum sinking speed of GOC),
Siat - 33 Size ratio of Phytoplankton Wyat ms~! 2 Sinking speed of dust
&‘,?,LD mol Si (molC) ! 0.159 Optimal Si / C uptake ratio of diatoms ag (umolCL~Hy~la-1 259 Aggregation rate (turbulence) of POC—-GOC
gred pmol Fe(molO) "1 77 Optimal iron quota az (umolCL™Hy~ld~! 4452 Aggregation rate (turbulence) of POC—GOC
“ 1,~1 1 . . “ “
gbed umol Fe (mol C) =1 40,40 Maximum iron guota ag (pmolCL I ) Id I i3 Aggregation rate (settling) of POC—GOC
m! d-! 0.01;0.01 phytoplankton mortality rate ag U“TI“)'CL )d 41.1 5 Aggregation rate (settling) of POC—GOC
w? d~TmolC! 001 Minimum quadratic mortality of phytoplankion A" d 3= 1077 Minimum scavenging rate of iron
wh d-'molc! 0.03 Maximum quadratic mortality of diatoms AR d~'pmol~ 'L 0.005 Slope of the scavenging rate of iron x1aml
HE,];: ! mg Chl (mg C)~! 0.033;0.05 Maximum Chl / C ratios of phytoplankton l‘-dﬁz.m d : mg~ 'L 150 Scavenging rate of iron by dust
ﬂ}]l mg Chl (mg C)~! 0.0033 Minimum Chl / C ratios of phytoplankton ACaCOy d 0.197 Dissolution rate of calcite
Imax umol CL~! ;1 Threshold concentration for size dependency nea - 1 Exponent in the dissolution rate of calcite
xnh = 0.5 Proportion of the most labile phase in PSi
P d-! 0.003 Slow dissolution rate of BSi
PSi
At d-! 0.025 Fast dissolution rate of BSi
Parameter  Units Value Description
. .. 1 . P N
Parameier  Units Value  Description Ay d 0.05 Maximum nitrification rate
0, ”'_‘”-' pmol 0, L1 1 Half-saturation constant for denitrification
Apoc d ! 03 Remineralization rate of DOC 05 min,2 pmol Oq :_ 1 6 Half-saturation constant for denitrification
Kpoc pmol CL~! 417 Half-saturation constant for DOC remin. Lr pmolL"7 - 0.6 Total conceniration of iron ligands
~Bact INL-! 0.03 NO- half-s . o for DOC remi N[B‘ pmolNL™'d 0.013 Maximum rate of nitrogen fixation
“'[\’(); Hmo e 3 half-gammtion congtant for renuin, Kgt nmol FeL ™! 0.1 Fe half-saturation constant of nitrogen fixation
E‘I‘[‘: pmol NL ! 0003  NHj half-samration constant for DOC remin. Efix Wm 2 S0 Photosynthetic parameter of nitrogen fixation
~Bact 1 o : I SR Fejza nmol FeL~! 15 iron concentration in sea ice
Kpa, pmol PL 0003 POy half-saturation constant for DOC remin. peed umolFem-2d-1 2 Maximum sediment flux of Fe
K E:d nmol Fe L1 0.01 Fe half-saturation constant for DOC remin. sgf,:'m - 0.02 Solubility of iron in dust
) (pumol CL h=lg=1  p37 Aggregation rate (turbulence) of DOC—POC oyt mol 05 (molC)~ 1 1337122 O /C for ammonium-based processes
a (umol CL~H)"!d=1 102 Aggregation rate (trbulence) of DOC—POC oy mol0; (molC)~ 30121 0/ C ratio of nitrificstion
- . . . . N mol N (molC)~! 3/5 C/N ratio of ammonification
as (umol CL hy=lg=1 3530 Aggregation rate (turbulence) of DOC— GOC "f”d mol N (me ‘) . : -/ TLO O L TMORHICALOn
; . Tl 1 . . . ! NOs mol N (molC) 105/16  C/N ratio of denitrfication
ay (umol CL™ %)~ 'd 5095 Aggregation rate {Brownian) of DOC—POC aN.g molN(molC)~! 16122 N/ C Redfield ratio o
s (umol CL h=lg=1 114 Ageregation rate (Brownian) of DOC—POC CaCo; - 0.3 Rain-ratio parameter Institut de Recherche

Aumont et al., 2015
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More sophisticated PISCESv2 options : PISCES-quota

PISCES-QUOTA (39/40 tracers) 24/2sinpiscesstd

‘ GNP — | Fe, Si, Ch _
NO - 21aloms Variable C/N, C/P
DSi B - in phytoplancton cells
Pi N
NH;’ ¥ pod A2 S0 ~ “health of phyto”
‘x AN + Grazing = f( C/N, C/P in phyto)
- ‘\\\x)'f
DOM A /| Microzoo Mesoz00
‘_ - - X f
Variable C/N, C/P — -
in dissolved organic R 4 —
matter
sPOM bPOM
\) ‘ e 5 -More variables= more expensive than PISCES std
Variable C/N, C/P - allows to represent nutrient stocks in cells
in particulate organic - quality of organic matter for zoo and fish

matter - number of parameters ~ PISCES std



More sophisticated PISCESv2 options : Ligands for Fe

phytoplankton
e
zooplankton E
g (Dissolved
species)

(..

- Dissolved Fe assimilated by phyto mostly in its complexed for with ligands (L)

- ligand concentration is constant in previous version vO,v1
=> prognostic equation for1 ligand concentration in v2 if chosen (other version with more L)



More sophisticated PISCESv2 options : sediment module

nutrient & oxygen exchanges

Water Organic matter sedimentation rate
column @ = 350 umolC/cm?¥year
Ocean 02 (prmalfl)
Q 50 100 150 200
bottom ! . :
A 3
0+ - —=— - - === - - .
. L
Sediment 7
u‘ﬁ
R
z B
L~2cm % %
] .
¥
1 '.j F!-Eal,ldi;fzzf 2003
o 0O dep_12
v 5 A dep 13
2

* |In the default configuration, exchanges with the sediments are modeled based on
a simple metamodel proposed by Middelburg et al. (1996):

F_ =F(NO, 0,7 ..)

New process model : new chemical species : Sulfate, FeS,... dissolved and precipitate

=> long integration time (~100s of years) to reach equilibirum
=>very new in CROCO (not yet used), soon in West Africa (Senegal) (P-A. Auger, IRD/LOPS)



More sophisticated PISCESv2 options : diurnal
vertical migration of zooplankton (Gorgues et al., 2019)

* Not a prognostic parameterization !
« DVM parameterization is activated by Ln_dvm_meso = .true.

« Migration depth is parameterized according to Bianchi et al. (2013)
Z..,=F(O2 Chl,T)

Model DVM depth (m)
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More sophisticated PISCESv2 options : diurnal
vertical migration of zooplankton

» A constant fraction of mesozoo is prescribed to migrate (x fracmig). Microzoo is

not migrating

* Organisms are assumed to be at the surface at night and at the migration depth
during daytime

* Organisms are supposed to respire, excrete DOM and inorganic nutrients and
egest fecal pellets in both habitats (function of daylength and temperature)

-

, time

3.9

/ "o e
LA




Model structure and routine names

pdzopt
pdzsed
> PO,* | i T
I h C | Fe.Si, Chi
5 NO. Diatoms T
- b3l | paziim~ - = p4zmort
W4 NH, o pazprod
e Fré' _ __.- B | 3
pazfix 't mzfechem /- S
palzrem T T .~/ pdzmicro €
C DOM | -~ ' Microzoo Mesozog
- v pdzmeso
) ’ T
p EPDC ;| | f k1
p4zagQ sPOM BEOM \ CaCO3 | pdzlys
C Fe, Si ~—
p4zink
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End of part 2
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