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4.0 International License (http://creativecommons.org/licenses/by/4.0/legalcode)

1 Parametrisation

The tables below specify the parametrisation used for all simulations described in
the “Implementations” section of the paper and in the test harness example. Each
parameter appears under the namelist file and namelist identifier that contain it,
stating its name in the code, the mathematical symbol used for it in the paper, a
description, its unit and its value.

1.1 bacteria.nml: bacteriaParameters

Code ID Symbol | Description Unit Value
B
chB1nX hy Michaelis-Menten constant for | mmol x m—3 0.5
nitrogen limitationof bacteria
B
chB1pX hp Michaelis-Menten constant for | mmol * m—3 0.1
phosphorus limitationof bacte-
ria
B
chdB1oX ho Michaelis-Menten constant for 1 0.31

oxygen limitation of bacteria
relative to saturation state

chN3o0X ho Cubic Michaelis-Menten con- | mmolP«m=°| 2700.
stant for oxygenic control of ni-
trification
nitr
chN4nX hy Cubic Michaelis-Menten con- | mmol® x m—° .5

stant for ammonium limitation
of nitrification

frB1R3 Qsrefr Bacteria uptake converted to 1 0.3
semi-refractory DOC in propor-
tion to activity respiration

fsinkX fescav | Specific scavenging rate for iron d-! 0.00007
B
puB1oX hiowo | Bacterial efficiency at low oxy- 1 0.2
gen lelvels
B
puB1X hnigno | Bacterial efficiency at high oxy- 1 0.6
gen levels
puR4_B1X Sl}absma,, Turn-over of small POM relative d-! 1.E-2
to DOM
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Table 1 - continued from previous page

Code ID Symbol | Description Unit Value
puR6_B1X S/?bmed Turn-over of medium size POM d-! 1.E-2
relative to DOM
puR8_B1X Slﬁb,a,ge Turn-over of large POM relative d-! 1.E-2
to DOM
q10B1X 5010 Regulating temperature factor 1 2.
Q10 for bacterial metabolic pro-
cesses
gnB1cX cBymaXN:C Maximum N to C quota of bac- | mol g™’ 1.67E-2
teria
qpB1cX 5maxpm Maximum P to C quota Phos-| molxg™’ 1.9E-3
phate/Carbon of bacteria
redfieldX | Qrer., C to N ratio (Redfield) 1 6.63
rR2B1X Qsiab Turn-over of semi-labile OM rel- 1 7.5E-3
M| ative to DOM
rR2R1X Slﬁbdecomp Specific rate for breakdown of d-! 1.E-2
semi-labile to labile DOC
rR3B1X Qsrerr Turn-over of semi-refractory 1 2.5E-3
M1 OM relative to DOM
sdB1X ?mort Specific mortality of bacteria at d-! 5.E-2
reference temperature
sN4N3X ?n,'t, Maximum specific nitrification d-! .5
rate at reference temperature
SR1N1X Iremp Specific remineralisation of d-! 0.EO
DOM to phosphate
SR1N4X Fremy Specific remineralisation of d-! 0.EO
DOM to ammonium
SR4R1 Qsman Turn-over of small POM relative 1 1.E-2
" | toDOM
SR6R1 Qrmed Turn-over of medium size POM 1 2.5E-3
. relative to DOM
SR8R1 Qlarge Turn-over of large POM relative 1 1.E-3
M | toDOM
srsB1X ?mort Specific rest respiration of bac- d-! 0.1
teria at reference temperature
sumB1X Smax Max. specific uptake of bacteria d-! 2.2

at reference temperature




1.2 benthicOldenburg.nml: BenthicOldenburgParameters

CodeID | Symbol | Description Unit Value
EDZ_1X Doxy Basal diffusivity of inorganicsin | m? «d~’ 5.00E-05
aerobic layer
EDZ_2X Yaenit | Basal diffusivity of inorganicsin | m?s«d~' | 5.00E-05
anaerobic layer
EDZ_3X Vgenie | Basal diffusivity of inorganics in m® s« d~" 5.00E-05
anoxic layer
EDZ_mixX | pymix | Equilibrium diffusive speed be- msxd" 20.
tween sediment surface water
nitr
hM3G4X d?rNt Michaelis-Menten constant for | mmol «* m—3 1.
benthic nitrate limitiation of ni-
trification
bnitr
hM4M3X hy Inhibition constant for oxidised | mmol « m—3 10.
nitrogen content at which deni-
trifacation is halfed
M11adsX pfds Phosphorus adsorption factor 1 2.
in anoxic layer
M1adsX pfds Phosphorus adsorption factor 1 100.
in oxygenated and oxidsed layer
M4adsX Er:crfrs] Ammonium adsorption factor 1
pammonX g,ed Maximum fraction of anaerobic 1 0.5
bacteria respiration resulting in
oxidised nitrogen reduction
pdenitX E’;den,.t Fraction of reduction subject to 1 0.05
denitrification as opposed to
ammonification
g10nitX B'Za'fﬁ Regulating temperature factor 1 2.
Q10 for nitrification
relax_mX Tdenit Oxidised nitrogen relaxation d-’ 5.
time scale
relax_oX Tox Oxygen relaxation time scale -1 5.
sM4M3X 7,,,-tr Specific nitrification rate d-! 4,
sQ6M5X fsremin | Specific silicate regeneration d-’ 7.00E-03

rate




1.3 benthos.nml: benthosParameters

Code ID Symbol | Description Unit Value
d_totX 0ot Total depth of benthic layer sys- m 0.3
tem
oxy
ddH1X Oref Aerobic half saturation depth of m~! .00E-03
bacterial uptake regulation
denit
ddH2X Oref Anerobic half saturation depth m-! .00E-02
of bacterial uptake regulation
DEPO
dQ6Y2X dy Lower depth limit of deposit m 0.3
feeders
SUSP
dQ6Y3X dy Lower depth limit of suspension m .50E-03
feeders
MEIO
dQ6Y4x dy Lower depth limit of meioben- m .00E-02
thos
dturX Obturb Bioturbation length scale m .00E-02
dwatY3X dsysp | Range of suspension feeders m-’ 1.
into the water column
EturX Upart Basal diffusivity of particulate m?«d-! .00E-06
matter
hirrX hpirr Half-saturation rate for bioirri- [ mg+*m==2 xd~" 101.
gation enhancement
DEPO
h02Y2X ho Half-saturation content for oxy- | mmol x» m—3 .00E+00
gen limitation of deposit feed-
ers
SUSP
h02Y3X ho Half-saturation content for oxy- mmol x m~3 .00E+00
gen limitation of suspension
feeders
MEIO
h02Y4X ho Half-saturation content for oxy- mmol x m—3 .00E+00
gen limitation of meiobenthos
hturX Nbturb Half-saturation rate for biotur- | mg*m=2 «d~' 116.
bation enhancement
DEPO
huY2X Fmin Food half-saturation content of mg * m—2 3000
the chance of encountering
prey for deposit feeders
SuUsP
huY3X frnin Food half-saturation content of mg * m—2 300.

the chance of encountering
prey for supension feeders
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Table 3 - continued from previous page

Code ID Symbol | Description Unit Value
MEIO
huY4X Fmin Food half-saturation content of mg * m—2 1000.
the chance of encountering
prey for meiobenthos
irr_minX | Ppimin : | Minimum diffusion enhance- 1 2.
ment through bio irrigation
DEPO
luY2X Rmin Food half-saturation content for mg * m—2 250
detection of individual prey
types by deposit feeders
SUSP
1uY3X Rmin Food half-saturation content for mg * m—2 10.
detection of individual prey
types of supension feeders
MEIO
luY4X Rmin Food half-saturation content for mg * m—2 50.
detection of individual prey
types of meiobenthos
mirrX Pbienh Maximal bioirrigation enhance- 1 10
ment
mturX Dbtenh Maximal bioturbation enhance- 1 10.
ment
pdH1Q1X af}rdmort Dissolved fraction of benthic 1 0.1
aerobic bacteria mortality
—
pe_R1P1X c’fddepo Fraction of deposited diatoms 1 0.2
decomposing into DOM
pe_R1P2X ”"’é"’ddepo Fraction of deposited nanophy- 1 0.5
toplankton decomposing into
DOM
pe_R1P3X psoddepo Fraction of deposited picophy- 1 0.5
toplankton decomposing into
DOM
pe_R1P4X m'ccymddepo Fraction of deposited microphy- 1 0.5
toplankton decomposing into
DOM
di
pe_R7P1X qardepo Fraction of deposited diatoms 1 5.00E-03
decomposing into refractory
matter
pe_R7P2X ”"’é”,depo Fraction of deposited nanophy- 1 5.00E-02

toplankton decomposing into
refractory matter
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ode ymbo escription ni alue
Code ID Symbol | Descripti Unit Val
pe_R7P3X psordepo Fraction of deposited nanophy- 1 5.00E-02
toplankton decomposing into
refractory matter
pe_R7P4X m’ccymrdepo Fraction of deposited nanophy- 1 5.00E-02
toplankton decomposing into
refractory matter
t
pe_R7R6X pglr,depo Fraction of deposited POM turn- 1 0.1
ing into refractory POM
. DEPO . .
pirrY2X Qbirr Fraction of deposit feeder up- 1 1.
take contributing to bioirriga-
tion
. 0 . .
pirrY4Xx gﬁ,ﬂr Fraction of meiobenthos uptake 1 0.2
contributing to bioirrigation
poroxXr Pporo Porosity volume correction fac- 1 0.4
tor
PQIN3X %)y(,em,,, Fraction of remineralisation of 1 0.9
benthic matter going to nitrate
(benthic remineralisation sub-
model only)
d
pturyY2X ‘?.‘,"’bw,b Fraction of deposit feeder up- 1 1.
take contributing to bioturba-
tion
. DEPO . . .
pudilY2X Qail Relative nutrient content in the 1 0.8
fecal pellets excreted by deposit
feeders
. SUS . . .
pudilY3X clyjd,-I/J Relative nutrient content in the 1 0.8
fecal pellets excreted by sus-
pension feeders
. 0 . . .
pudilY4X AZIZI;/ Relative nutrient content in 1 0.8
the fecal pellets excreted by
meiobenthos
pueb6H1Q1X afyrdexcr Excreted fraction of uptake of 1 0.1
POM by benthic aerobic bacte-
ria
pue7H1Q1X afyr,excr Excreted fraction of uptake of 1 0.1

refractory matter by benthic
aerobic bacteria

Continued on next page
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Code ID Symbol | Description Unit Value
DEPO .
pueQ6Y2X Q pexcr | Excreted fraction of uptake of 1 0.8
particulate matter by deposit
feeders
SUSP .
pueQ6Y3X Q pexcr | Excreted fraction of uptake of 1 0.85
particulate matter by suspen-
sion feeders
MEIO ]
pueQ6Y4X Q pexcr | Excreted fraction of uptake of 1 0.4
particulate matter by suspen-
sion feeders
DEPO . .
pueY2X Qexcr Excreted fraction of fixed up- 1 0.35
take by deposit feeders
SUSP . .
pueY3X Qexcr Excreted fraction of fixed up- 1 0.35
take by suspension feeders
MEIO . .
pueY4X Qexcr Excreted fraction of fixed up- 1 0.25
take by meiobenthos
DEPO
puH1Y2X for aer Food preference of deposit 1 1
feeders for aerobic bacteria
SusP
puH1Y3X for aer Food preference of suspension 1 1
feeders for aerobic bacteria
MEIO
puH1Y4X for aer Food preference of meioben- 1 1
thos for aerobic bacteria
DEPO
puH2Y2X for anger Food preference of deposit 1 1
feeders for anaerobic bacteria
MEIO
puH2Y4X for anger Food preference of meioben- 1 1
thos for anaerobic bacteria
puincH1X 5,,er Preference factor for nutrient 1 2.
upatke by aerobic bacteria
R anaer R
puincH2X Pnup Preference factor of nutrient 1 2.
uptake by anaerobic bacteria
SUSP
puP1Y3X for o Food preference of suspension 1 1
P feeders for diatoms
5[{;%’
puP2Y3X for nano Food preference of suspension 1 1
feeders for medium size phyto-
plnkton

Continued on next page
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Code ID Symbol | Description Unit Value
SusP
puP3Y3X for o | Food preference of suspension 1 1.
i feeders for small size phyto-
plankton
Dli;/DO
puQe6Y2X for|sow | Food preference of deposit 1 0.1
@ feeders for POM
SL{;P
puQ6Y3X for|sow | FoOd preference of suspension 1 0.1
@ | feeders for benthic POM
Mf/IO
puQ6Y4Xx for|sow | FOOd preference of meioben- 1 0.3
@ | thos for POM
SU\fP
PUR6Y3X for|mes | Food preference of suspension 1 1.
A | feeders for medium size POM
purH1X af]raresp Fraction of carbon uptake 1 0.3
respired by benthic aerobic
bacetria
anaer R
purH2X Q aresp | Fraction of carbon uptake 1 0.3
respired by benthic anaerobic
bacetria
DEPO . .
pury2X Qaresp | Respired fraction of uptake by 1 0.35
deposit feeders
SuUspP . .
pury3X Qaresp | Respired fraction of uptake by 1 0.4
suspension feeders
MEIO . .
purY4x Qaresp Respired fraction of uptake by 1 0.45
meiobenthos
DE;O
puY4Y2X for|ueo | Food preference of deposit 1 1.
Y| feeders for meiobenthos
Mf/IO
puY4Y4Xx for|uso | Food preference of meioben- 1 1.
Y| thos for meiobenthos
g10H1x 55:0 Regulating temperature factor 1 2.
Q10 for benthic aerobic bacte-
ria
anaer R
q10H2X Pay, Regulating temperature factor 1 2.
Q10 for benthic anaerobic bac-
teria
DEPO .
q10Y2X Pay, Regulating temperature factor 1 2.
Q10 for deposit feeders
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Code ID Symbol | Description Unit Value
q10Y3X ISDLCJ;I: Regulating temperature factor 1 2.
Q10 for suspension feeders
q10Y4X géf Regulating temperature factor 1 2.
Q10 for meiobenthos
gnHIcX SrefN:C Nitrogen to carbon ratio of ben- mol x g~ 1.67E-02
thic bacteria
gnYIcX 5refN:C Nitrogen to carbon ratio of ben- mol x g~ 1.19E-02
thic fauna
H .
gpHIcX Qrer,.. | Phosphorus to carbon ratio of mol x g~ 1.25E-03
benthic bacteria
gpYIcX 5,6,:?:@ Phosphorus to carbon ratio of mol x g~ 7.92E-04
benthic fauna
reminQ1X drlsrem;,, Remineralisation rate of DOM d-! 0.1
(benthic remineralisation
model only)
reminQ6X SI?W,emm Remineralisation rate of slowly d-! 5.00E-02
degradable matter (benthic
remineralisation model only)
reminQ7X rerfr,em,',, Remineralistion rate of refrac- d-! 1.00E-02
tory matter (benthic remineral-
isation model only)
DEPO ..
r1o2Y2x Pomin Minimum oxygen treshold of mmol « m—3 0.00E+00
deposit feeders
SUSP o
r102Y3X Pomin Minimum oxygen treshold of mmol « m~3 0.00E+00
suspension feeders
MEIO .
r102Y4x Pomin | Minimum oxygen treshold of mmol x m—3 0.00E+00
meiobenthos
DEPO . . .
sdcY2X rmorer | Specific mortality of deposit d-! 2.20E-02
feeders induced at cold temper-
ature
SUSP . . .
sdcY3X rmortr | Specific mortality of suspension d-! 2.20E-02
feeders induced at cold temper-
ature
MEIO . . .
sdcY4X rmorer | Specific mortality of meioben- d-! 2.00E-02
thos induced at cold tempera-
ture
sdH1X oo | Specific maximal mortality of d-! 5.00E-02

benthic aerobic bacteria
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Code ID Symbol | Description Unit Value
sdH2X ?,':ﬂ Specific maximal mortality of d-! 5.00E-02
benthic anaerobic bacteria
sdm02Y2X DErPOmort@ Specific maximal additional d-! 1.
mortality of deposit feeders
due to oxygen stress
sdm02Y3X SUrSPmort@ Specific maximal additional d-! 1.
mortality of suspension feeders
due to oxygen stress
sdm02Y4X M?Omort@ Specific maximal additional d-! 1.
mortality of meiobenthos due
to oxygen stress
DEPO . . .
sdY2X rmort | Specific mortality of deposit d-! 1.00E-03
feeders at reference tempera-
ture
DEPO . . .
sdY3X Imort Specific mortality of suspension d-! 1.00E-03
feeders at reference tempera-
ture
DEPO . . .
sdY4X Imort | Specific mortality of meioben- d-! 1.00E-02
thos at reference temperature
srH1X arer,esp Specific rest respiration of ben- d-! 2.00E-02
thic aerobic bacetria
anaer .. . .
srH2X r resp | Specific rest respiration of ben- d-! 2.00E-02
thic anaerobic bacetria
DEPO . . .
sry2x r resp | Specific rest respiration of de- d-! 2.70E-03
posit feeders at reference tem-
perature
SUSP . . .
sry3x r resp | Specific rest respiration of sus- d-! 2.70E-03
pension feeders at reference
temperature
MEIO . . .
sry4x r resp | Specific rest respiration of d-’ 1.00E-02
meiobenthos at reference
temperature
SUQTH1X rle | Specific DOC uptake by benthic | m® «+mg~'«d~' | 5.00E-04
Q@ | aerobic bacteria
SUQETHTX | rast|ioe | Specific fast nutrient limited de- | m3 «mg—" «d~' | 2.00E-04
Q

tritus uptake by benthic aerobic
bacteria
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Code ID Symbol | Description Unit Value
SUQ6TH2X | rustleon | Specific fast nutrient limited | m®xmg="+d~" | 2.00E-04
Q@ | POM uptake by benthic anaero-
bic bacteria
suQ6sH1X rup|sﬁw Specific not nutrient limited de- | m® xmg='xd~" | 2.00E-05
@ | tritus uptake by benthic aerobic
bacteria
SUQ6SH2X | ryl.. | Specific not nutrient limited | m3sxmg~"+d-' | 2.00E-05
Q@ | POM uptake by benthic anaero-
bic bacteria
SuQ7H1X rup],eH,r Specific not nutrient limited re- | m® «mg='xd~' | 2.00E-06
Q@ | fractory matter uptake by ben-
thic aerobic bacteria
suQ7H2X Iplen | Specific not nutrient limited re- | m®«mg="xd~" | 2.00E-06
Q fractory matter uptake by ben-
thic anaerobic bacteria
suY2X 5553 Specific maximal uptake by de- d-! 0.11
posit feeders at reference tem-
perature
SuUspP . .
suY3X Omax | Specific maximal uptake by sus- d-! 9.00E-02
pension feeders at reference
temperature
MEIO . ]
suY4X Omax | Specific maximal uptake of d-! 0.4
meiobenthos at reference
temperature
DEPO
xchY2X heowa | Concentration determining mg * m—2 5000
asymptotic treshold of crowd-
ing limitation of deposit feeders
SUSP
xchY3X haowd | Concentration determining mg * m—2 5000.
asymptotic treshold of shad-
ing limitation of suspension
feeders
DEPO .
xcly2X pc Lower treshold for crowding ef- mg * m—2 2500
fect on food uptake by deposit
feeders
SuUspP .
xclY3X pc Lower treshold for shading ef- mg * m—2 2500.

fect on food uptake by suspen-
sion feeders
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Code ID Symbol | Description Unit Value
DEPO
xcsY2X hsat Michaelis-Menten constant for mg * m—2 3000

the impact of crowding on de-
posit feeders

SUSP
xcsY3X hsat Michaelis-Menten constant for mg * m—2 3000.

the impact of crowding on sus-
pension feeders

xdcY2X ! e-folding temperature factor of °C1 -0.7

DEPO

Teotd cold mortality response of de-
posit feeders

xdcY3X 1 e-folding temperature factor of °C-! -0.7

SUSP

Teotd cold mortality response of sus-
pension feeders

xdcY4X 1 e-folding temperature factor °C-! -0.7

MEIO

Teotd of cold mortality response of
meiobenthos

1.4 calc.nml: calcParameters

Code ID | Symbol | Description Unit | Value

bendiss C';lcrem,-n Dissolution rate in the sedi- d-1 0.05
ments

gutdiss | Qguuiss | Fraction of excreted zooplank- 1 0.5

ton uptake of nanophytoplank-
ton contributing to calcification
KcalomX Recalc Half-saturation constant for cal- 1 0.40
cification limitation from satu-
ration state

ncalc Necalc Power of the calcification law 1 0.81
ndiss Nyis Power of the dissolution law 1 2.22
Rain0 Qraino | Max rain ratio 1 0.6
sedL?2 p Sedimentation velocity of free | mxd=' | 10.0
liths
sL203X I dis Maximum specific dissolution d-’ 0.03
rate
1.5 d3morf.nml: d3morfParameters
Code ID | Symbol | Description Unit Value
EPSOXr Nsea Light extinction of (pure) sea- m-! 4.00E-02
water
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Table 5 - continued from previous page

Code ID | Symbol | Description Unit Value

EPSESSX | g, | Specific light extinction of silt m?mg~—2 | 4.00E-05

(O}

EPSP1X Naia Specific light extinction of di- | m®mg=—2 | 5.00E-04
P~ | atoms

EPSP2X Ao | Specific  light extinction of | m®mg=2 | 4.00E-04
P medium size phytoplanton

EPSP3X Mo | Specific light extinction of pico- | m®mg=—2 | 4.00E-04
P phytoplankton

EPSP4X Amwo | Specific light extinction of mi- | m®mg=—= | 4.00E-04
P~ | crophytoplankton

EPSR6X AR Specific light extinction of | m®mg=2 | 1.00E-04
medium size POM

1.6 fmatrix.nml: fmatrixParameters

CodeID | Symbol | Description Unit | Value
MESO
suB1_74X fp,|BZ Food preference of mesozoo- 1 0.EO
plankton for bacteria
MICRO
suB1_Z5X fpr|BZ Food preference of microzoo- | 1 .1EO0
plankton for bacteria
HET
suB1_Z6X fpr\BZ Food preference of heteroflag- | 1 .45E0
ellates for bacteria
MESO
SUP1_Z4X | fyr %az Food preference of mesozoo- 1 .15E0

plankton for diatoms

MICRO
SUP1_Z5X | fy %az Food preference of microzoo- 1 .15E0

plankton for diatoms

MESO
nago Food preference of mesozoo-| 1 | 0.05EO0

plankton for nanophytoplank-

SUP2_Z4X | fy

ton
MICRO
SUP2_7Z5X | fy n‘;ﬁa Food preference of microzoo- 1 .15E0
plankton for nanophytoplank-
ton
HET
SuP2_76X | fyr n%o Food preference of heteroflag- 1 .15E0
ellates for nanophytoplankton
MESO
SUP3_Z4X | fy plé Food preference of mesozoo- 1 0.EO

plankton for picophytoplankton

MICRO
SUP3_Z5X | f,r pif Food preference of microzoo- 1 .15E0
P plankton for picophytoplankton
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Code ID | Symbol | Description Unit | Value
HET
suP3_76X for ,io Food preference of heteroflag- 1 .25E0
P | ellates for picophytoplankton
MESO
SUP4_Z4X | fy wes | Food preference of mesozoo- 1 .15E0
P plankton for microphytoplank-
ton
MICRO
SUP4_Z5X | 1, mee | Food preference of microzoo- 1 .1EO
P plankton for microphytoplank-
ton
HET
SURG_Z4X | fy 2 | Food preference of mesozoo- 1 .1EO
A plankton for medium size POM
MESO
suZ4_74X fpr|Mfso Food preference of mesozoo- 1 .25E0
‘ plankton for mesozooplankton
MESO
suZ5_74X fpr|MIZCRo Food preference of mesozoo- 1 .25E0
‘ plankton for microzooplanton
MICRO
suZ5_75X fpr|MfRo Food preference of microzoo- 1 .15E0
‘ plankton for microzooplankton
MESO
suZ6_7Z4X fpr|H§ Food preference of mesozoo- 1 .05EO0
z plankton for heteroflagellates
MI%RO
suZ6_7Z5X fpr|HEr Food preference of microzoo- 1 .2EO
z plankton for heteroflagellates
HET
suzZ6_Z6X fp,]é Food preference of heteroflag- | 1 .15E0
ellates for heteroflagellates
1.7 heterotrophic_nanoflagellate.nmil: het-

erotrophic_nanoflagellate_parameters

Code ID Symbol | Description Unit Value
HET
chrze6oX ho Saturation constant for oxygen 1 7.81
limitation of heteroflagellates
HET
chuz6cX hyp Predation efficiency constant | mgm™3 28.
limiting the chances of encoun-
tering prey for heteroflagellates
HET
minfoodZ6X Rmin Michaelis-Menten constant to | mgm—3 12.
perceive food for heteroflagel-
lates

Continued on next page
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Code ID Symbol | Description Unit Value
pe_R1Z6X Hérd,oss DOM-Fraction of heteroflagel- 1 0.5
late excretion and mortality

HET .
pu_eaz6X g o | Excreted fraction of uptake by 1 0.5
heteroflagellates
HET .
puzZ6X g .+ | Relative heteroflagellates as- 1 0.4
similation efficiency
q10Z6X 5512 Regulating temperature factor 1 2.
Q10 for heteroflagellates
gnZeécX Hc?refN:C Maximal nitrogen to carbon ra- | mol+g=" | 1.67E-02
tio of heteroflagellates
gpZ6cX Hc?,efﬂy:c Maximal phosphorus to carbon | mol+g=" | 1.00E-03
ratio of heteroflagellates
HET . .
sdZ6oX P morto | Specific mortality of heteroflag- d-1 0.3
ellates due to oxygen limitation
HET . .
sdzZ6X P mort | Specific basal mortality of het- d-! 5.00E-02
eroflagellates
HET . . .
SrsZ6X I resp | Specific rest respiration of het- d- 2.50E-02
eroflagellates at reference tem-
perature
stempZ6nX Hﬁrre,N Specific ammonium excretion d-1 0.5
rate of heteroflagellates
stempZ6pX HIL:-Tre[[{D Specific phosphate excretion d-! 0.5
rate of heteroflagellates
HET . . ps
sumZ6X 9 max | Maximal specific uptake of het- d-! 1.5
eroflagellates at reference tem-
perature
1.8 iop.nml: iopParameters
Code ID | Symbol | Description Unit Value
alw Asea Adsorption coefficient of clear m-" .03
water
adR4 a:., | Specific adsorption coefficient | m°mg=2| 1.e-5
A of small POC
adR6 a.., | Specific adsorption coefficient | m®mg=2 | 1.e-5
A of medium POC
adR8 a;. | Specific adsorption coefficient | m®mg==| 1.e-5
R of large POC
Continued on next page
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Code ID | Symbol | Description Unit Value
aphP1 as, Specific adsorption coefficient | m®mg== | .007
P of diatoms
aphP2 Qoo Specific adsorption coefficient | m®mg=—2 | .0041
of nanophytoplankton
aphP3 a,, | Specific adsorption coefficient | m*mg==| .023
P of picophytoplankton
aphP4 a:.. | Specific adsorption coefficient | m®mg=2| .008
P of microphytoplankton
bOw Dsea Backscattering coefficient of | m~’ .0015
clear water
bbR4 b: ., | Specific backscattering coeffi- | m°mg=—= | 1.6e-5
cient of small POC
bbR6 b, | Specific backscattering coeffi- | m°mg=—= | 1.6e-5
cient of medium POC
bbR8 b;. | Specific backscattering coeffi- | m*mg== [ 1.6e-5
cient of large POC
bphP1 b:, Specific backscattering coeffi- | m°mg= | .00048
P cient of diatoms
bphP2 b Specific backscattering coeffi- | m®mg== | .003
P | cient of nanophytoplankton
bphP3 b:.. Specific backscattering coeffi- | m®mg== | .003
cient of picophytoplankton
bphP4 b:.. | Specific backscattering coeffi- | m®mg== | .00048
cient of microphytoplankton
1.9 mesozoo.nml: mesozooParameters
Code ID Symbol | Description Unit Value
MESO
chrz4oX ho Saturation constant for oxygen 1 7.81
limitation of mesozooplankton
MESO
chuzZ4cX hyp Predation efficiency constant | mgm™3 36.
limiting the chances of encoun-
tering prey for heteroflagellates
MESO
minfoodZ4X Nmin Michaelis-Menten constant to | mg*m—3 12.
perceive food for mesozoo-
plankton
MESO :
pe_R1Z4X 9 40ss | DOM-fraction of mesozooplank- 1 0.5
ton excretion and mortality
MESO :
pu_eaRz4X g rexr | Excreted fraction of POM up- 1 0.9
take by mesozooplankton
Continued on next page
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Code ID Symbol | Description Unit Value
MESO .
pu_eaZ4Xx g exr | Excreted fraction of uptake by 1 0.5
mesozooplantkon
MESO . ..
puz4x g .+ | Relative mesoplankton assimi- 1 0.6
lation efficiency
MESO .
q10Z4X Pay, Regulating temperature factor 1 2.
Q10 for mesozooplankton
sdZ4oX prsomort@ Specific mortality of mesozoo- d-! 0.2
plantkon due to oxygen limita-
tion
MESO s :
sdz4X P more | Specific basal mortality of d-! 5.00E-02
mesozooplankton
MESO . . .
SrsZ4ax r resp | Specific rest respiration of d-1 1.50E-02
mesozooplankton at reference
temperature
MESO . . g
sumzZ4Xx g max | Maximal specific uptake of d-! 1.
mesozooplankton at reference
temperature
Z4mortX rowmort | Specific overwintering mortality d-1 2.50E-03
of mesozooplankton
Z4repwX fowresp | Specific overwintering respira- d-! 2.50E-03
tion of mesozooplankton

1.10 microzoo.nml: microzooParameters

Code ID Symbol | Description Unit Value
MICRO
chrz5oX ho Saturation constant for oxygen 1 7.81
limitation of microzooplankton
MICRO
chuz5cX hup Predation efficiency constant | mg*m—3 32.
limiting the chances of encoun-
tering prey for microzooplank-
ton
) MICRO ] ]
minfoodZ5X Rmin Michaelis-Menten constant to | mg*m™3 12.
perceive food for microzoo-
plankton
MICRO . .
pe_R1Z5X g 4i0ss | DOM-Fraction of microzoo- 1 0.5
plankton excretion and mortal-
ity

Continued on next page
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Code ID Symbol | Description Unit Value
MICRO .
pu_eaZ5X exer | EXxcreted fraction of uptake by 1 0.5
microzooplankton
MICRO . . ..
puz5Xx g .+ | Relative microplankton assimi- 1 0.5
lation efficiency
MICRO .
q10Z5X Pay, Regulating temperature factor 1 2.
Q10 for microzooplankton
gnZ5cX ’chyRorefN:C Maximal nitrogen to carbon ra- | molxg~' | 1.67E-02
tio of microzooplankton
MICRO .
qpZ5cX ref.. | Maximal phosphorus to carbon | mol«g~' | 1.00E-03
ratio of microzooplankton
MICRO . . .
sdZ50X P morto | Specific mortality of microzoo- d-1 0.25
plantkon due to oxygen limita-
tion
MICRO s . H
sdz5X P more | Specific basal mortality of mi- d-1 5.00E-02
crozooplankton
MICRO . . .
Ssrsz5X r resp | Specific rest respiration of d-1 2.00E-02
microzooplankton at reference
temperature
MICRO s . H
stempZ5nX r reny | Specific ammonium excretion d-1 0.5
rate of microozooplankton
MICRO . .
stempZ5pX r ree | Specific phosphate excretion d-! 0.5
rate of microozooplankton
MICRO . . pe
sumzZ5X J max | Maximal specific uptake of d-! 1.25
microzooplankton at reference
temperature
1.11 ox.nml: oxParameters
Code ID | Symbol | Description Unit | Value
pco2a3 ‘}’)rcoz Partial pressure of atmospheric | ppm | 385.
Co2
1.12 pel.nml: pelParameters
CodeID | Symbol | Description Unit Value
MinpreyX %’mm Food treshold for overwintering | mg+m=2| 300.
state of zoolplankton

Continued on next page
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CodeID | Symbol | Description Unit Value
MESO . . .
gnZIcX On:c Fixed nitrogen to carbon ratio of | mol+g=" | 1.26E-2
mesozooplankton
MESO . .
gpZIcX ge:c Fixed phosphate to carbon ratio | mol«g~' | 7.86E-4
of mesozooplankton
R1R2X Qlab Labile fraction of DOM produc- 1 1.
tion
uB1c_02X ,g(g Conversion of carbon into oxy- | mol x g~' 0.11
gen produced
urB1_02X }3;’3 Conversion of carbon into oxy- | mol g’ 0.1
gen respired
XR1nX /f)bcymN Nitrogen fraction in cytoplasm 1 1.
of DOM vs. structural compo-
nents
lab . .
XR1pX P g, | Phosphorus fraction in cyto- 1 1.2
plasm of DOM vs. structural
components
XR7nX p;)rtcymN Nitrogen fraction in cytoplasm 1 1.
of POM vs. structural compo-
nents
part
XR7pX gto, | Phosphorus fraction in cyto- 1 0.6
plasm of POM vs. structural
components

1.13 primary_producers.nml: primary_producer_parameters

Code ID Symbol | Description Unit Value

alphaP1X i Initial slope of PI-curve for di- | mg*m2xW-"xd-" 4.
atoms

alphaP2x | "&°; |Initial slope of Pl-curve for | mgsm2«W-1xd 5.
nanophytoplankton

alphaP3X o’ | Initial slope of PI-curve for pico- | mg « m2 « W1« d-1 6.
phytoplankton

alphaP4X | "&’p | Initial slope of PI-curve for mi- | mg«m2 W~ xd 3.
crophytoplankton

—

betaP1X éap, Photo-inhibition paramter for | mg+m2+«+W-1xd="| 7.E-2
diatoms

betaP2X naém,,, Photo-inhibition paramter for | mg+m?+«+W='xd=" | 1.E-1

nanophytoplankton

Continued on next page
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Code ID Symbol | Description Unit Value
pico
betaP3X B p; | Photo-inhibition paramter for | mg+m2+«+W=1xd=" | 1.2E-1
picophytoplankton
micro
betaP4X B p; | Photo-inhibition paramter for | mg+m?«W-'xd=' | 6.E-2
microphytoplankton
dia
chP1sX hs Michaelis-Menten constant for mmol « m~3 .2
Silicate limitation
esNIP1X %asmk Level of nutrient limitation be- 1 0.7
low which diatoms subside
esNIP2X ”‘Z:S"’S,.,,k Level of nutrient limitation be- 1 0.7
low which nanophytoplankton
subsides
esNIP3X p,gos,nk Level of nutrient limitation be- 1 0.7
low which picophytoplankton
subsides
esNIP4X m,’zgmsmk Level of nutrient limitation be- 1 0.7
low which microphytoplankton
subsides
peir_eowX gprar photosynthetically available 1 0.5
fraction of irradiation
phimP1X (?ya@max Maximal effective chlorophyll to 1 6.E-2
carbon photosynthesis ratio of
diatoms
phimP2X ”"’é"’@max Maximal effective chlorophyll to 1 2.5E-2
carbon photosynthesis ratio of
nanophytoplankton
phimP3X plc;:max Maximal effective chlorophyll to 1 1.5E-2
carbon photosynthesis ratio of
picophytoplankton
phimP4X m’c;m@max Maximal effective chlorophyll to 1 4.5E-2
carbon photosynthesis ratio of
microphytoplankton
pu_eaP1X %’]aem Excreted fraction of primary 1 0.2
production by diatoms
pu_eaP2X nac;wexcr Excreted fraction of primary 1 0.2

production by nanophytoplank-
ton
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Code ID Symbol | Description Unit Value

pu_eaP3X p’c§°exc, Excreted fraction of primary 1 0.2
production by picophytoplank-
ton

pu_eaP4X m’ccymexcr Excreted fraction of primary 1 0.2
production by microphyto-
plankton

pu_raP1X ‘Zf’mp Respired fraction of primary 1 0.2
production by diatoms (activity
respiration)

pu_raP2X ”"’é"’aresp Respired fraction of primary 1 0.2
production by nanophytoplank-
ton (activity respiration)

pu_raP3X plcoaresp Respired fraction of primary 1 0.2
production by picophytoplank-
ton (activity respiration)

pu_raP4X m’émaresp Respired fraction of primary 1 0.2
production by microphyto-
plankton (activity respiration)

q10P1X p%?o Regulating temperature factor 1 2.
Q10 for diatoms

q10P2X 5’2;2 Regulating temperature factor 1 2.
Q10 for nanophytoplankton

q10P3X 52;"0 Regulating temperature factor 1 2.
Q10 for picophytoplankton

q10P4X ng Regulating temperature factor 1 2.
Q10 for microphytoplankton

gflP1cX ‘ﬁmmm Minimal iron to carbon ratio of pmol x mg~! 5.E-5
diatoms

qflP2cX ”"@iom,nm Minimal iron to carbon ratio of pmol x mg~! 1.E-4
nanophytoplankton

gflP3cX plc;Om,-,,F:C Minimal iron to carbon ratio of pmol x mg™! 1.5E-4
picophytoplankton

gflP4cX mlccymm,-,mC Minimal iron to carbon ratio of pmol x mg~! 5.E-5
microphytoplankton

gfRP1cX ‘Zfrefm Maximal/optimal iron to carbon pmol x mg~! 5.E-4
ratio of diatoms

gfRP2cX ”"o?"m,.,,m Maximal/optimal iron to carbon pmol x mg~! 3.E-4

ratio of nanophytoplankton
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Code ID Symbol | Description Unit Value

qfRP3cX ”Som,nm Maximal/optimal iron to carbon pmol x mg~! 5.E-4
ratio of picophytoplankton

qfRP4cX m’é“’mm Maximal/optimal iron to carbon pmol x mg~! 5.E-4
ratio of microphytoplankton

qnlP1cX C?fm,,,N:C Minimal nitrogen to carbon ra- mol x g~’ 4.2E-3
tio for diatoms

gnlP2cX nac?ommN:C Minimal nitrogen to carbon ra- mol x g~ 5.E-3
tio for nanophytoplankton

gnlP3cX plc;om,nN:C Minimal nitrogen to carbon ra- mol x g~ 6.E-3
tio for picophytoplankton

gnlP4cX m’é,"’,,,,.nm Minimal nitrogen to carbon ra- mol « g~' 4.2E-3
tio for microphytoplankton

gnRPIcX Inverse Redfield ratio of nitro- mol g’ 1.26E-2
gen to carbon

di

gplP1cX qammm Minimal phosphorus to carbon mol « g~' 1.E-4
ratio for diatoms

gplP2cX ”'27"mmm Minimal phosphorus to carbon mol x g~ 2.25E-4
ratio for nanophytoplankton

gplP3cX "’5",,,,.,,&):@ Minimal phosphorus to carbon mol x g~ 3.5E-4
ratio for picophytoplankton

gplP4cX ”’5"’,,1,.,,]?@ Minimal phosphorus to carbon mol x g~ 1.E-4
ratio for microphytoplankton

gpRPIcX Inverse Redfield ratio of Phos- mol x g~ 7.86E-4
phorus to carbon

—

qsP1cX q,;g:c Maximal silicon to carbon ratio mol x g~ 1.18E-2
of diatoms

quP1n3X d;aaffn Nitrate affinity of diatoms m3xmg~" «d~’ 2.5E-3

quP1n4X dfaaffa Ammonium affinity of diatoms m3xmg~' xd~’ 2.5E-3

quP2n3X narnoaffn Nitrate affinity of nanophyto-| m3xmg~'xd’ 4.E-3
plankton

quP2n4X narnoaffa Ammonium affinity of nanophy- | m3xmg=" xd-" 4.E-3
toplankton

quP3n3X p’rcoaffn Nitrate affinity of picophyto- m3x«mg~" xd~’ 6.E-3
plankton

quP3n4X plrcoaffa Ammonium affinity of picophy- | m3sxmg=" xd’ 7.E-3

toplankton
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Code ID Symbol | Description Unit Value
quP4n3X mlrcmaffn Nitrate affinity of microphyto-| m3xmg="xd’ 2.E-3
plankton
quP4n4X m’rmaffa Ammonium affinity of micro- | m3xmg="xd-’ 2.E-3
phytoplankton
qurP1fX d;aaffF Iron affinity of diatoms m3xmg~" xd’ 3.E-4
qurP1pX dr'aaffp Phosphate affinity of diatoms m3+«mg~" xd~! 3.E-3
qurP2fX mrno‘-,,ﬁcIF Iron affinity of nanophytoplank- | m3+mg=" xd~" 4.E-4
ton
qurP2pX napoaffp Phosphate affinity of nanophy-| m3xmg=" xd™" 4.E-3
toplankton
qurP3fX Imrcoé,,cfIF Iron affinity of picophytoplank- m3+«mg~" xd~! 6.E-4
ton
qurP3pX plrcoafﬁp Phosphate affinity of picophyto- | m3xmg~" xd~" 6.E-3
plankton
qurP4fX m'rcmé,f,cIF Iron affinity of microphyto- | m3+mg="xd" 2.E-4
plankton
qurP4pX m'rcmaffp Phosphate affinity of microphy- | m3xmg=" xd™’ 2.E-3
toplankton
resP1imx W,,-m Maximal subsiding velocity of mxd-! 5.
diatoms
resP2mx ”WC’,,-m Maximal subsiding velocity of msxd-? 0.EO
nanophytoplankton
resP3mx p';cvo”m Maximal subsiding velocity of m s« d~! 0.EO
picophytoplankton
resP4mx mll/cvm,,m Maximal subsiding velocity of mxd~! 5.
microphytoplankton
sdoP1X dfamort 1.1 of minimal specific mortality d-! 5.E-2
rate of diatoms
sdoP2X na/wmort 1.1 of minimal specific mortality d-! 5.E-2
rate of nanophytoplankton
sdoP3X plrcomort 1.1 of minimal specific mortality d-! 5.5E-2
rate of picophytoplankton
sdoP4X mlrcmmort 1.1 of minimal specific mortality d-! 4 .5E-2
rate of microphytoplankton
srsP1X dfa,esp Specific rest respiration of di- d-! 4 .E-2

atoms at reference tempera-
ture
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Code ID Symbol | Description Unit Value
srsP2X narno,esp Specific rest respiration of d-! 4 .E-2
nanophytoplankton at refer-
ence temperature
srsP3X plrm,esp Specific rest respiration of pi- d-! 4 .5E-2
cophytoplankton at reference
temperature
srsP4x mlrm,esp Specific rest respiration of mi- d-! 3.5E-2
crophytoplankton at reference
temperature
—
sumP1X glamax Specific maximal productivity of d-’ 1.375
diatoms at reference tempera-
ture
sumP2X nagnomax Specific maximal productivity d-’ 1.625
of nanophytoplankton at refer-
ence temperature
sumP3X p&”max Specific maximal productivity of d-! 2
picophytoplankton at reference
temperature
sumP4X "’Er"max Specific maximal productivity d-’ 1.125
of microphytoplankton at refer-
ence temperature
dia
xqcP1nX q:;%igx Factor of qpRPIcX giving the 1 1
treshold for phosphorus limita-
tion of diatoms
dia
xqcP1pX qgéﬁfﬂfgx Factor of gqpRPIcX giving the 1 1
treshold for nitrogen limitation
of diatoms
xqcP2nX qu;e;Ngg( Factor of gqnRPIcX giving the 1 1
treshold for phosphorus limita-
tion of nanophytoplankton
xqcP2pX qu’% Factor of qpRPIcX giving the 1 1
treshold for nitrogen limitation
of nanophytoplankton
pico
xqcP3nX qur;fII“fX Factor of qnRPIcX giving the 1 1
treshold for phosphorus limita-
tion of picophytoplankton
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Code ID Symbol | Description Unit Value
pico
xqcP3pX qu’% Factor of qpRPIcX giving the 1 1.

treshold for nitrogen limitation
of picophytoplankton

micro

xqcP4nX qu;eIchgc( Factor of qnRPIcX giving the 1 1.
treshold for phosphorus limita-
tion of microphytoplankton

micro

xqcP4pX qqu% Factor of quPIcX gi.vir)g '_che 1 1.
treshold for nitrogen limitation
of microphytoplankton

dia
xgnP1X qi;’;?g( Factgr of anPIcX giving the 1 1.075

maximal nitrogen to carbon ra-
tio for diatoms

nano

xgnP2X % Factor of gqnRPIcX giving the 1 1.075
maximal nitrogen to carbon ra-
tio for nanophytoplankton

pico
xgnP3X qig;}ﬁgg Factgr of anPIcX giving the 1 1.05

maximal nitrogen to carbon ra-
tio for picophytoplankton

micro

xgnP4X % Factor of qnRPIcX giving the 1 1.1
maximal nitrogen to carbon ra-
tio for microphytoplankton

dia

xqpP1X q?)g’;?’fx Factgr of gpRPIcX giving the 1 2.
maximal phosporus to carbon
ratio for diatoms

xqpP2X % Factor of qpRPIcX giving the 1 2.
maximal phosporus to carbon
ratio for nanophytoplankton

pico

xqpP3X qzrf;;“’g( Factor of qpRPIcX giving the 1 1.5
maximal phosporus to carbon
ratio for picophytoplankton

xqpP4X I _mawc | Factor of gpRPIcX giving the 1 2.7

gpRPIcX .
maximal phosporus to carbon

ratio for microphytoplankton

1.14 sedimentation.nml: sedimentation_parameters



Code ID | Symbol | Description Unit Value

rP1mX Wo sinking velocity of diatoms mxd-' | 0.00E+00

rP2mX "Wo sinking velocity of nanophyto- | m+d=' | 0.00E+00
plankton

rP3mX plfvoo sinking velocity of picophyto- | mxd=' | 0.00E+00
plankton

rP4mx "W sinking velocity of microphyto- | mxd=' | 0.00E+00
plankton

rR4mX S'Wﬂo sinking velocity of small POM m s+ d-! 1.

rR6mX mvevdo sinking velocity of medium size | m xd™! 5.
POM

large L. .
rR8mX w o | sinking velocity of large POM m*d-! 10.

2 Complementary empirical relationships

Some empirical relations that complement the information in the article are given
here. These comprise:

* the chemical equilibrium ccoefficients used in the sub-model for the carbonate
system,

+ the different options of alkalinity regressions from temperature and salinity
from literature that are available in the model,

* saturation state equilibrium coefficients,

* resuspension cocoefficients.

2.1 Carbonate system equilibrium states

The solution of the carbonate system equations requires the chemical equilibrium
coefficients, which are approximated from the regressions given below using ocean
temperature, salinity and pressure.

The regression for constant ky used to compute p.,, taken from Weiss, 1974 is given
by:

4517 TIK
log, ko = % — 60.2409 + 23.3585 x log, %
100
TIK TIKT 2
+ S[psu] * (0.023517 — 0.023656 * % +0.0047036 * (—1 E)O]) ) )

The constants ki, k» used to compute Clcos] Crco; are at reference conditions given
by the formulation of Millero, 1995 using the Mehrbach et al.,, 1973 data on sea-



water scale:

—logy, ky = % — 62.008 + 9.7944 x log, T[K] — 0.0118 * S[psu] + 0.000116 = Slpsul?
—logy, ko = 1394.7 +4.777 — 0.0184 % S[psu] + 0.000118 % S[psu]® .

TTK]

This formulation is amended considering the dependency on sea-water pressure fol-
lowing Millero, 1995. For k; the pressure dependency is derived from changes of
volume and compressibiliy and given by

A, = —25.5 +0.1271 * T[°C]
(—3.08 + 0.0877 % T[°C]
1000

ki _(_pa Bk _plbar]
IogekT—( 8.+ plbar]) el

Ay =

while for k» it reads

A, = —15.82 — 0.0219  T[°C]
A _ 11301475« T[°C]
= 1000

k A
Iogekf = (=B + S plbar)

p[bar]
Rgas T[K] .

The constant k, to detemetmine cgom), is taken from Millero, 1995 using data from
Dickson, 1990. At reference conditions it is given by

log Kb =
(—8966.9 — 2890.53 x \/S[psu] — 77.942 x S[psu] + 1.728 « S[psu]g — 0.0996 = S[psu]?)
TK]
+148.0248 + 137.1942  /S[psu] + 1.62142 x S[psu]
+(—24.4344 — 25.085 * \/ S[psu] — 0.2474 « S[psu]) = log, %

+0.053105 * /S[psu] * T[K] .

Like for the two previous constants, a pressure correction term for deviations from
reference conditions is applied following Millero, 1995.

A,.48 +0.1622 + T[°C] — 0.002608 * T[°C]?

2.84
“1000
Ko [ n Dk plbar]
09, 2 - ( a5 p[bar]) o

2.2 Total alkalinity

Four different regressions from temperature and salinity to determine total alkalinity
are available in the model. The choice which regression is used in the simulation is



given by the ISWtalk parameter in the file ersem_pelagic_switches.nml. Their
strenghts and limitations are discussed in Artioli et al., 2012, and Blackford et al.,
2010 and their respective original publications.

The first one, activated by setting ISWtalk= 1, originates from Bellerby et al., 2005
for salinity > 34.65

Ator = (66.96 * S[psu] — 36.803) « 10~°
and uses the formulation of [Borges1999] for smaller salinities
Ator = (3887. — 46.25 x S[psu]) » 1076 .

This description was developed mainly for the North Sea and is provided for legacy
configurations.

For ISWtalk= 2 the following regression of [Millero1998] is used:
Aor = (520.1 + 51.24 % S[psu]) x 107° .

This is the recommended formulation for the North Atlantic and adjacent shelf seas.

The third option (ISWtalk= 3) taken from [Millero1998] includes temperature de-
pendency for waters warmer than 20°C

Aor = (S[psu]/35. * (2291. — 2.69 * (T[°C] — 20) — 0.046 = (T[°C] — 20)?)) x 10°°.

and uses the regression for salinity dependence identical to the option ISWtalk= 2
for lower temperatures.

As a fourth, alternative option (ISWtalk= 3) a combination of regressions from
[Lee2006] is available , using one formulation for Atlantic waters colder than 20°C

Aor = (2305. +53.97 * (S[psu] — 35) + 2.74 x (S[psu] — 35)*
—1.16 % (T[°C] — 20) — 0.04 x (T[°C] — 20.)?) x 10°°

and one for subtropical, warmer waters:

Aor = (2305. + 58.66 * (S[psu] — 35) + 2.32(S[psu] — 35)?
—1.41(T[°C] — 20) — 0.04  (T[°C] — 20.)%) x 10°® .



2.3 Saturation states

The saturation state constans of aragonite and calcite at reference conditions are
computed following Zeebe, 2001 as

100 Karag = —171.945 — 0.077993 « T[K] + % +71.595 « log,, TIK]
88.135
+ ( —0.068393 + 0.0017276 * T[K] + ) /Slpsu]
— 0.10018 * S[psu] + 0.0059415  S[psul?
10910 Koo = —171.9065 — 0.077993 * T[K] + % +71.595 « log, , TIK]
178.34
+ [ —0.77712 + 0.0028426 * T[K] + ) /Slpsu]

—0.07711 * S[psu] + 0.0041249 = S[psul]?

Also these relationships are corrected for pressure dependency, which for aragonite
is given by
A, =—46 +0.5304 « T[°C]
Ay = —1 1.76 x 1072 + 0.3692 « 1073 « T[°C]

p[bar]

0g, & = (A + Stplbar) 22 e

while for calcite it is given by

A, = —48.76 + 0.5304 x T[°C]
Ax=—-11.76 %1072 + 0.3692 x 10723 x T[°C]
Ky p[bar]

log, — A = (-4, +—p[b Mo Ao TIKT

The oxygen saturation concentration can be computed using two different empirical
relationships. The first, activated by ISWO2X= 1 is inherited from older versions of
the model:

so[ml1-] = 31.25 « 475. — 2.65 x S[psu] .

33.5+ T[°C]
For the second option ISWO2X= 2 it is taken from Weiss, 1974
249. TIK
log, So[ml1~'] = —173.4292 + % + 143.3483 * log,, TIKT 21.8492 L

100 100

100

TIK] [ 2
+ S[psu] « | —0.033096 + 0.014259 x 100 + —0.0017 % T

This needs to be converted to the model units:

p[Pa]

Im=3] = sofmi~"]« — Pral
So[mmolm™] = so[m ]*Rgas*298.15



2.4 Air-sea flux
The gas transfer coefficients regulating the gas flux between sea and atmosphere are
taken from Weiss, 1970 and Nightingale et al., 2000

In the case of oxygen two distinct relations are used in relation to the wind speed at
sea surface. For wind speeds exceeding 11md~" the coefficient is given by

24
Kairo[md™"] = <5 (0.02383 x V)
\/1953.4 — 128 x T[°C] + 3.9918 * T[°CJ]? — 0.050091 % T[°C] * 3
’ 660
and for lower winds by
24
ka,-,@[m d71] = m (031 * stind)
\/1 953.4 — 128 * T[°C] + 3.9918 % T[°C]* — 0.050091 * T[°C] x %3
* 660 '
For carbon dioxide it is given by
—1 24 —112 —1
ka,',(c[md ] = mko (0222 * VW,-,,d[md ] + 0.333 % VW,-,,d[md ])
. \/ 2073.1 — 125.62 % T[°C] + 3.6276 * T[°C]*. — 0.043219 « T[°CJ’
600 '

2.5 Resuspension

The erosion parameter r,,[mgm—2d~'] in the resuspension formulation of the model
is computed as

relmgm=2d="] = 100 * 74;[Pa] * 1000 % 86400

where 7.+ = 0.0004Pa is the critical stress at sea-bed. The parameter regulating the

. . ., sed . .
organic proportion of the resuspended material pg[mgm—3] is determined from an
empirical relationship with the water depth z:

,f)eg[mg m~3] =10 % (—1069 x log, (z[m]/1m) + 10900)
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