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4 ]UN L#o
��X 4���� ��L�orvVPw{ orq;NtDFI�� G^ZSuSN�Zzqk]UN�b9Gyq�DF|QXQPz� gHN�b���ZSE � q�Z\�aPQ��gaN�b DFIwe � N��aZScUEkq;Nt�H� b9ZzezN�|
]wD\�MiKN�N�I ezN�O\N�|^ZS[jN�e G^I�L�orv��`{ ��G^Iwq;N ����� ����LBN�OQPSR ������� R�LBN�OhP N�g9DS|.2^R ����� AUR�LBN�OhP N�g5DF| 2JR}�S�S� � R
C�N�b9N�EHP5N;gdDF| 2^Rz�S�S�h�zR��wDFcwuSN�EkDS�}N;gdDS|.2^Rw�F�\� BURQC
DS]wDSezN�OlDFI N�gdDF| 2JRU�F�\�F�KRQL�N�OQP~N;gdDS|.2^RU�F�S�S�wRQ_�EaN�b9N�cUEtR
�S�S�F�Q� 2
� g,q�ZSIw�aGy� gk�5Z�� �aG ? [UEHZSu\IUZ\��gaGyq�O DSEaGyDFiw|JNt�~N�?z[UEHN��H��Nte'GJI IUGJgaEHZSu\N�I cUIUGJgH� ��b9b9ZS|^N�6�� b B\��� IwG gHEHDFgaN

�.6ro>B\�;R#DSb9bMZ\IUG^cUb=�.6! d�Q� R�[U]QPhgaZ\[U|^DSI3GhgaZ\I'���}� R�"�ZQZS[U|yDFIFG\gHZSI � 9n�;RfezN�gaEHG gHcw� � vr�;RfDSIwe ��N�bMGJW |^DSiUGJ|^N
ezGy�H��Z\|JO\N�e ZSEHu\DSIUGyq4b~DFg�gaN�E,� v�orC@��2 4 ]UN�G^E3Gy�3DSI ZS[zgHGJZ\I#��ZSE gH]UEHN�N D\eUezGJgaG^ZSIwDS| OlDFEHG^DSiU|^N��$�4v
G^�H��Z\|JO\N�e
G^IUZSEHu\DSIUGyq q�DSEaijZSI � vV�a{��;R TV| GlDS|JG^IUGJg P ��TVLf_ �dDSIwe�Z@?zPQuSN�IwN5� o&%d����2 4 ]UN�G^E
Gy�rDF|y��Z D b9ZQeUN�|���ZSEV|^G^uS]hg
DSiw��Z\Ea[UgaG^ZSI�2
L�o
��X 4���� ezNt�aq�EaG^ijN���ga]UN�iUG^ZSu\N�Zzqk]UN�b9Gyq�DS|\�aZScUEkq;N DFIwe �aG^I3G�gaN�Eab~�#Z��UgH]UN��aN O DSEaGyDFiw|JNt� 2�L�o
��X 4����

Gy�`G^bM[w|JN�bMN�IhgaN�e G^I ga]UN,o
�nT �aPz� gHN�b%��C
D\ezN�qMN;gMDF| 2JR �$��� A\��2 4 EkDSq;N�E�gaEkDFIw�a[jZSEag�Gy�`DSqk]wGJN�OSN�e iQP
gH]UN
[wD\�a�aG^OSNMgaEkDSq�N�E�gaEkDFIK��[jZSEag`bMZzezcw|JN5Z��do
�nT 2�o
czgH[UczgH�3DFEHN~GJI IUN�gHq�e'�(��Z\Eab~DFg�RfDSIwe GJIw[UczgH�4DFEHN9N�GJga]UN�E
DSIwDF|^PhgaGyq4Z\E�GJI IUN;gkq�e��)��ZSEHb~Dlg�2 4 ]UN9b9ZQeUN�|�q�DSI ijN9EacwI Z\IU|JG^IUN9ZSE�Z�*9G^IUN 2 4 ]UGy��IUZFgHN~ezN��Hq;EHGJijN��
gH]UN
b9ZzezN�|}N�xhcwDFgaG^ZSIw� DSIwe ga]wN�G^E3G^bM[w|JN�bMN�IhgHDlgHGJZ\I GJI gH]UN�o
�nT �aPz� gHN�b72 4 ]UN~EaNtDSezN�E Gy� EHN���N�EHEHN�e@gaZ�gH]UN
DSiKZlO\Nrb9N�I\gHGJZ\IUN�e,EHN���N�EHN�IKq;N��)��Z\E,+ cw� gHG.-jq�DlgHGJZ\I ZSI,ga]UN`b9ZzezN�|�[wDFEkDFb9N;gHN�EHG/"tDlgHGJZ\Iw� 2
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G�� N�EHN�Ihgdb9ZzezN�|y��DFEHN�cw�aN�e ��ZSE�ga]wN`N�cU[U]wZFgaGyq�|yD PSN�E`��Z���q;ZSIK� gkDFIhg�eUN�[zgH]K��DFIKe ijN�|^Z
	<2
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�#G^uScUEHN � ��]UZ
	d��D��Hqk]UN�b~DFgaGyq4EHN�[wEaNt��N�I\gkDlgHGJZ\I@Z�� ga]wN~bMZzezN�|�G^I gH]UN~N�cw[U]UZFgHG^q9|yD PSN�E�2 4 ]UN~b9ZzezN�|
[wDSEHDSb9N;gaN�EH��DSEaN`ezN -wIUN�e�G^I 4 DFiw|JN � 2

PHYZOO

DET DOM NH4 NO3
breakdown

new production

regenerated production

grazing

excretion

exsudation

excretion and

mortality

mortality

grazing

sedimentation

nitrificationremineralization

mortality

�fG^uScwEaN � ��L�o
��X 4���� 	�G gH]UGJI�gH]UN`N�cU[w]UZFgHG^q�|yD PSN�E

•

6dGJgaEkDlgHN��	6ro>B

S(NO3) = −µpLILNO3
P + µnNH4 (1)

4 ]UN�-wEk� g�gHN�EHb G^�dIUN;	 [UEaZzezcKq gaG^ZSI�Rzga]UN �aN�q�ZSIwe gaN�Eab G^��IUGJgaEHG/-Kq�DFgaG^ZSI�2
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•

Tdb9b9ZSIUG^cUb 6! d�

S(NH4) = γµpLI(LNO3
+ LNH4

)P + αzµzZ + αdµdD + µdomDOM

+(1 −Rdphy/Rddom)((1 − αp)µpP + (1 − αz)µzZ + (1 − αd)µdD) − µpLILNH4
P − µnNH4 (2)

4 ]UN4�aZScwEHq�N`gaN�Eab~�rDFEHN3[U]QPhgaZ\[U|^DSI3GhgaZ\I�N�?U��cKeUDlgHGJZ\IBR "�ZQZS[U|yDFI3GhgHZSI�N�?Uq�EaN�gaG^ZSIBRjEaN�b9GJIUN�EHDS|JGy�HDlgaG^ZSI
Z��Kv �)4 DFIwe4v�orC RlDSIwe3D\e + cw��gaN�b9N�I\g#gaN�Eab � ezcUN gaZ
ga]wN}N ?zq�N��H��Z��wIUGJgaEHZSu\N�I EHN�q�N�G^OSN�e ihP v`orC@��2
XQG^I3Gz��DFEHN�eUcUN�gaZ9EHN�uSN�IUN�EkDlgHN�e [UEaZzezcKq gaG^ZSI DFIKe,IwG gHEaG/-Kq�DFgaG^ZSI�2

•

��]QPhgaZS[w|^DSI3GhgaZSI��

S(P ) = (1 − γ)µpLI(LNO3
+ LNH4

)P −mpP −Gp (3)

XQZScwEHq�N���DSEaN�IUN 	 DFIweMEHN�uSN�IUN�EkDlgHN�e4[UEHZQeUcwq gHGJZ\I�2�XQGJIFGQ�}DFEHN�N�?U�acweUDlgHGJZ\IBRFb9ZSEagHDS|JGJg P4DSIwe9uSEkD�"�GJIwuF2
LBG^uS]hg�|JG^b9G gkDlgHGJZ\I�Gy���

LI = 1 − e
−

P AR
Kpar

RChl:N

R
ref
Chl:N (4)

Chl = RChl:NPwithRChl:N =
12Redf

RC:Chl

(5)

RChl:N = max(RminChl:N , R
max
Chl:N − (RmaxChl:N −RminChl:N))

PAR

PARmax
(6)

LBG^uS]hg}|^G^bMGJgHDFgaG^ZSI�ezN�[jN�Iwew� Z\I5ga]wN�{ �p{}]U| R�	�]wG^qk] eUN�[jN�IweU� Z\I
PAR

����]wZFgaZh��PQIhga]wN;gaGyqrT�OlDFG^|yDFiU|^N
� DSeUG^DFgaG^ZSIK��2��YIw� gkDFIhgHDSIUN�Z\cw���nT � G^�Vcw�aN�e+2 4 ]UGy�rqk]UZSGyq;N`Gy�
q�ZSIw�aGy� gHN�Ihg�	�G gH]@eUDSGJ|^P ��Z\EHq�GJIwu\�diwczg
IUZFg 	�G gH]���ZSEkq;G^IUuh��EaNt��Z\|JOQG^IUu�ga]wNrezG^cUEHIwDF|jq;Pzq;|^N 2#�YI �acwqk] D q�DS�aNSRh�nT � �a]UZScw|^e~EHN�[wEaNt��N�I\g D4eUDFG^|^P
D OSN�EHDSuSN 2

6dczgHEaG^N�Ihgd|^GJb9GJgHDFgaG^ZSI G^��D\��GJI �KDS�a]wDFb N�gVDF| 2�� �$� � �h� �

LNO3
=

NO3

NO3 +Kno3

e−ψNH4 (7)

LNH4
=

NH4

NH4 +Knh4

(8)

�



•

9jZQZS[U|yDFIFG\gHZSI;9

S(Z) = az(Gp +Gd) −mzZ
2
− µzZ (9)

9jZQZS[U|yDFIFG\gHZSI�u\EHD�"�N��V[U]QPhgaZS[w|^DSI3GhgaZSI����r[K�rDFIKe
ezN;gHEaGJgacK�M����ew� 2 4 ]UN4IwZSIzWYDS�H��G^b9GJ|yDlgHN�e [wDSE�grZ��
ga]UGy�9uSEkD�"�GJIwu@Gy�9|JZh� g5DS�9ezN�gaEHG gHcw��2 9jZQZ\[U|^DSI3GhgaZ\I b9ZSEagHDF|^GJg P G^�~xhcwD\ezEHDFgaGyq�2���DSE�g9Z��
ga]UGy�MgaN�Eab
� � W �

z

��Gy�`GJIK� gkDFIhgaN�ZScw�a|JP N�?z[jZSEagaN�e�2 4 ]UN~|yDS��g`gaN�Eab q;Z\EaEHN��a[KZ\IweU�
gaZ@N�?Uq;EHN;gHGJZ\IBR�G^I ga]UN���Z\Eab Z��
DFb9b9ZSIUG^cUb �

αz
� R}DFIwe�Z��
v`orC � � W

αz
� 2 [ Gy�Mga]UN�[UEHN���N�EHN�IKq;N	��ZSEM[U]QP\gHZS[U|yDFIFG\gHZSI � �wD\��]KDFb R

�$� � �\��2

Gp = gz
pP

Kz + pP + (1 − p)D
Z (10)

Gd = gz
(1 − p)D

Kz + pP + (1 − p)D
Z (11)

p =
p̃P

(p̃P + (1 − p̃)D
(12)

•

vVN�gaEHG gHcw�dv

S(D) = (1 − az)(Gp +Gd) +mpP + fzmzZ
2
−Gd − µdD − Vd∂zD (13)

vVN�gaEHG gHcw�3DSEaN~[wEaZzezcwq�N�e iQP "�ZhZ\[U|yDFI3GhgaZ\I ��Ntq�DS| [jN�|^|JN�gH�3DSIwe [U]QPhgaZS[w|^DSI3GhgaZSI DSIwe#"�ZQZS[w|^DSI3GhgaZSI
b9ZSEagHDF|^GJg P 2 4 ]UN�P�DFEHN�uSEkD�"�Nte5iQP "�ZQZS[U|yDFI3GhgHZSIBRzDFIKe,EHN�b9G^IUN�EkDF|^Gy��Nte~gaZ 6  d�~Z\E�eUG^�H��Zzq�G^DFgaN�e�G^IhgaZ
v�orC 2 4 ]UN�P ��DF|^|�Dlg�ga]wN ��[jN�Nte���e � ��NtezGJb9N�I\gkDlgHGJZ\IK� 2

•

vVGy�H��Z\|JO\N�e,ZSEHu\DFIwG^qVb9DFg�gHN�EVv`orC

S(DOM) = γ(1 − µp)LI(LNO3
+ LNH4

)P + (1 − αz)µzZ + (1 − αd)µdD − µdomDOM

−(1 −Rdphy/Rddom)((1 − αp)µpP + (1 − αz)µzZ + (1 − αd)µdD) (14)

4 ]UN`|yDS��g gHN�EHb Gy��ga]UN D\e + cw��gaN�bMN�Ihg��wc-?,ezc�gHZ9ga]UN�N�?Uq�N��H����Z\cUEHq�N
Z��#IwG gHEaZ\uSN�I%2

�



4 DFiU|^N � �n��DFEkDFb9N;gHN�Ek� ��ZSE�ga]UN}N�cU[U]wZFgaGyq�|yD PSN�EBb9ZQeUN�| 2 ��DF|^cUNt�B]wD O\N�iKN�N�I3�aN;g���ZSEBgH]UN IwZSEaga]UNtDS��g�T ga|yDFIhgaGyq
� LBN�OQP,N;gVDF| 2^Rw�F�S�S�h��2

[wDFEkDFb9N;gHN�E�IwDSbMN �aPQb3ijZS| O DS|JcwN cwIUG g IwDFb9N�|^Gy� gdIwDSb9N
6dGJgaEkDlgHN`|JG^b9G gkDlgaG^ZSI�]wDS|.� WY�aDFgacUEkDlgHGJZ\I OlDF|^cUN

Kno3 0.7 mmole m−3
D�GQIUZ B

TVbMb9Z\IUGJcwb |^GJb9GJgHDlgHGJZ\I ]wDF|/� W �HDlgHcUEkDlgaG^ZSI,OlDF|^cUN
Knh4

0.001 mmole m−3
D GQIU]U�

�YIU]wGJiUGJgaG^ZSI Z��#IUGJgaEkDlgHN�cU[zgHD GSN�iQP DFb9b9ZSIwGJcUb
ψ 3

[w��G^IQczg
LBG^uS]hg�|JG^b9G gkDlgaG^ZSI ]wDS|.� WY�HDlgacwEHDFgaG^ZSI OlDS|JcUN

Kpar 33. W m−2
D GQG

��]QPhgaZ\[U|^DSI3GhgaZ\I,b~D�?zG^b~DF|nuSEHZ
	�ga],EHDFgaN
µp 1.21 10−5 s−1

gHb3cUb~D�?
��]QPhgaZ\[U|^DSI3GhgaZ\I,N ?z�acweUDFgaG^ZSI�EHDFgaN

γ 0.05
EHu\DSbMb~D

� ]hPhgHZS[U|yDFI3GhgHZSI�bMZ\E�gkDF|^G g P~EkDlgHN
mp 5.80 10−7 s−1

gab9b9GJIU[
�rEkD�"�GJIwuM]KDF|/� W �HDlgHcUEHDFgaG^ZSI,O DS|JcwN

Kz 1. mmole m−3
D Gz�

9jZQZS[w|^DSI3GhgaZSI,b~D�?zGJb~DS|nuSEkD�"�G^IUuMEHDFgaN
gz 9.26 10−6 s−1

gHDScw�
T
�a�aG^bMG^|yDlgaNte	��ZhZze	��EkDSq gHGJZ\I,iQP "�ZQZS[U|yDFI3GhgHZSI

az 0.7
� W EH[UIwD�"SR � W Ea[KDFIwe

��EaN ��N�EHN�Iwq�N���ZSE�[U]QPhgaZ\[U|yDFI3GhgaZ\I
p̃ 0.5

�F2 �

9jZQZ\[U|^DSI3GhgaZ\I N�?Uq�EaN�gaG^ZSI�EHDFgaN
µz 5.80 10−7 s−1

gHDSc "�I
6  d� ��EkDSq gHGJZ\I Z�� "�ZhZ\[U|yDFI3GhgaZ\I N ?zq�EaN�gaG^ZSI

αz 0.75
� "�ZhZ\|^DSi

9jZQZS[U|yDFI3GhgHZSI b9Z\E�gkDF|^G g P~EkDlgHN
mz 2.31 10−6 s−1 mmole−1 m3

gab9b9GJI "
�UEkDSq;gaG^ZSI�Z�����|^Z
	 �aGJIFGhG^IUu9b9ZSEagHDS|JGJg P

fz 1.
��ezijZze

6dGJgaEHG.-Kq�DlgHGJZ\I,EkDlgHN
µn 5.80 10−7 s−1

gHDScUIUI
v`orC iUEaNtD�GzezZ
	�I,EHDFgaN

µdom 3.86 10−7 s−1
gHDScwezZ\bMI

6  d� ��EkDSq;gaG^ZSI�Z��#eUN;gaEHGJgacw�deUG^�H��Z\|JcUgaG^ZSI
αd 0.2

��ezN;gH|^DSi
vVN�gaEHG gHcw�d�aN�ezG^b9N�IhgHDFgaG^ZSI ��[jN�Nte

Vd 3.47 10−5 m s−1
Oz�aN�e

v
N;gHEaGJgacK��EaN�b9GJIUN�EHDS|JG "�DFgaG^ZSI5EkDlgHN
µd 5.78 10−7 s−1

gHDScwezI
{ ��6 � Nte�-wN�|ye � DlgHGJZ ��Z\E�ga]UN`��]QPhgaZ\[U|yDFI3GhgaZ\I

Rdphy 6.56 molC mole N1
EHN�e��

{ ��6 � N�e�-KN�|ye � DlgaG^Z ��ZSEdv`orC
Rddom 12 molC mole N1

EHN�eUezZ\b
o ��6 � Nte�-wN�|ye � DlgHGJZ

Rdoxy 10.75
EaN ��Z@?QP

o ��6 ��Z\E�IUG gHEaG/-Kq�DlgaG^ZSI
O/Nnit 2 2C�G^IUGJb4cUb�{ �p{}]U|BEkDlgHGJZ
RminC:Chl 30. mgC/mgChl

Ekq�qk]w|Jb9G^I
C
D�?zGJb4cUb { �p{}]U|BEkDlgaG^Z

RmaxC:Chl 75. mgC/mgChl
EHq�qk]U|^b9D�?

� N ��N�EHN�Iwq�N { �p{}]U|BEkDlgHGJZ
RrefC:Chl:N 60. mgC/mgChl

EHq�qk]U|^EaN �
C
D�?,� T � ��ZSE
{}]U| � 6 EkDlgHGJZ

PARmax 5 Wm−2
DF[wDSEab~D�?

� DSGJI�EkDlgaG^Z9ZSEHu\DSIUG^qrq�DSEaijZSI,Oz�
{ Dh{�o>B
ρcaco3 0.1

EH]UZzq�DSq�Z B

5 E�& : �%��&(' � &('.��� ��E�&H&(�!6 E��/���.� '., 8�& �
XQ|^Z
	 ezN�q�D P gaZ3IUG gHEHDFgaN\R\ezN�gaEHG gHcw� �aN�ezG^b9N�IhgHDFgaG^ZSIBRhDFIwe9EHN�b9G^IUN�EkDF|^G "�DlgHGJZ\I4Z�� "�ZQZS[U|yDFIFG\gHZSIMb9ZSEagHDF|^GJg P

DSEaN`q;Z\Iw�aG^ezN�EaNte+2�C�ZzezN�|n[KDFEkDFb9N;gHN�Ek� DSEaN�G^I 4 DFiw|JN3�32

S(NO3) = τr (NH4 + P + Z +D +DOM) + ∂zf (15)

S(NH4) = −τrNH4 (16)

S(P ) = −τrP (17)

S(Z) = −τrZ (18)

�



S(D) = −τrD − Vd∂zD (19)

S(DOM) = −τrDOM (20)

� N�b9GJIUN�EHDS|JG "�DFgaG^ZSI �wc-? �
(z)

DSIwe G^Iw��gHDSI\gkDFIUN�ZScw� N ?Q[jZSEag �
(zbio

��DSEaN`ezN -wIUN�e�iQP �

f (z) = f (zbio)

(

z

zbio

)

−r

(21)

f (zbio) =

∫ zbio

0

(1 − fz)mzZ
2dz (22)

{}Z\IwezGJgaG^ZSI�Z���IUZFWYezN�[jZ\�aGJgaG^ZSI �

f (zbottom) = 0. (23)

4 DSiU|JN � �#��DSEHDSbMN�gaN�EH�)��ZSE�gH]UN`b9ZzezN�|BijN�|^Z
	�gH]UN`N�cw[U]UZFgHG^q�|yD PSN�E
[wDSEHDSb9N;gaN�E�IwDFb9N �aPQb3ijZS| OlDS|JcUN cUIUGJg q�ZQeUN`IwDFb9N

vVN�[zga] Z���N�cw[U]UZFgHG^q�|yD PSN�E
zbio 150 m

+ [FGhi
�}ZSg�gHZSb gHZS[jZSuSEkDF[w]hP

zbottom variable m tmask� N�bMG^IUN�EHDS|JG "�DFgaG^ZSI�EHDFgaN�DlgVezN�[zga]
τr 5.80 10−7 s−1

gHb9GJIUE
N�?z[jZSIUN�IhgaGyDF|BezNtq�D P���Z\E�IUG gHEaZ\uSN�I

r 0.858
?z]UE

N ?Q[jZSIwN�IhgaGyDF|BezNtq�D P���Z\Edq�DSEaijZSI DFIwe,Z@?zPQuSN�I
rc 0.1

?z]UEkq

�
� � ��������� ���*� ��� ��3 ���
	�� �!����	
� 4����

4 ]UN9q�DSEaijZSI
DSIwe
Z@?zPQuSN�I
q;Pzq;|^N��rq�DSI
ijNMq�ZSb9[UczgHN�e 	�GJga] IUZ�EaN�gaEHZ\DSq;gaG^ZSI ZSI@ga]UNMIUGJgaEHZSu\N�I@q�PQq�|JN 2
� ]UN�I gH]UG^�MZ\[zgaG^ZSI Gy�MDSq gHGJOlDFgaN�eBR�ga]UEHN�N,O DSEaGyDFiw|JNt�3DFEHN,D\eUezNte �5vVGy�H��ZlO\N�e G^IUZSEHu\DSIUG^q q�DFEHijZSI���v
�a{�� R
DS| GQ|^GJIUGJg P ��TVLf_ �dDSIwe Z@?zPhu\N�I � o&%d�`� 2B{}ZScU[w|JG^IUu5ijN;g�	 N�N�I ga]UN4IUG gHEaZ\uSN�IBRKq�DFEHiKZ\I DSIwe Z@?zPQuSN�I�q�PQq�|JNt�
Gy�dezZ\IUN 	�G gH] q�ZSIw��gHDSIhg � N�e�-wN�|^e�EkDlgHGJZh�r� o � { � 6 W � � � � � �\� � ��� RFN ?zq�N�[zg ��Z\Edv�orC){ � 6�� � �S� 2

5 E�&H&(�76�E��F�����7'�,98/& ��: ����& '

•

vVGy�H��Z\|JO\N�e,GJIUZ\EauhDFIUGyqrq�DFEHijZSI,v
�a{

S(DIC) = −µpLI(LNO3
+ LNH4

)Rdphy(1 + ρcaco3
� ���

αzµzRdphyZ + αdµdRdphyD

+µdomRddomDOM + fluxairmer (24)

vV�a{ Gy�
[UEaZzezcKq;N�e
ihP�gH]UN4EHN�b9G^IUN�EkDF|^Gy�aDFgaG^ZSI Z���Z\EauhDFIUGyq�b~Dlg�gHN�E�2
v
�a{ Gy�VGy�VcK��Nte ��ZSE
[U]UZFgHZ\�aPQIzW
ga]UNt��Gy� Z��#ZSEHu\DFIwG^qVb9DFg�gHN�EtRQDSIwe ��ZSE ga]UN
��Z\Eab~DlgHGJZ\I5Z���q;Zzq�q�ZS|^G gH]UZS[w]UZSEHN
q�N�|^|^����G^Iwq�EaNtDS�aNVZ��#��� iQP
D ��DSq gHZSE�Z�� � �

ρcaco3
2�v
�a{ q�DFI�ijN`|JZh� g�gHZ4gH]UN DlgHb9Z\�a[U]UN�EHNrihP,u\D�"
N ?zqk]KDFIUu\N 2

A



•

Td| GlDF|^GJIUGJg P,T
L�_

S(ALK) = µpLILNO3
P − 2ρcaco3 µpLI(LNO3

+ LNH4
)RdphyP (25)

TV�H��G^b9GJ|yDlgHGJZ\I~Z��nZSIwNdb9ZS|^NdZ��%6�o>B�GJIwq�EaNtDS�aN���DS| GlDS|JG^IUGJg P4Z�� Z\IUNdb9ZS|^N 2 4 ]UNVN � N�q g Z��BDFb9b9ZSIwGJcUb
G^��IwN�uS|^N�q;gaNte+2}{ Dh{�o

3

[UEHN�q�GJ[UGJgHDFgaG^ZSI ezN�q�EaNtDS�aN���DF| GlDF|^GJIwG g P 2

•

o8?zPhu\N�I�o %V�

S(OXY ) = µpLI(LNO3
+ LNH4

)RdoxyP − (Rdoxy −O/Nnit)(αpµpP + αzµzZ + αdµdD)

−(O/Nnit)µnNH4 + fluxairmer (26)

o8?zPhu\N�I Gy�5[UEHZzezcwq;Nte ezcUEHGJIwu [U]UZSgaZ\�aPQIhga]UNt��Gy� 2 � g,Gy�5|^Z\��g,ezcwEaG^IUu EHN��a[UG^EHDFgaG^ZSIBR�EHN�b9GJIwN�EkDF|^G^�HDlW
gaG^ZSI DSIwe IUGJgaEHG/-Kq�DFgaG^ZSI�2 o8?zPQuSN�IUN5[UEHZzezcwq;gaG^ZSI iQP [U]UZFgHZ\�aPQI\gH]UN��aGy����ZS|^|JZ
	d� ga]UN�EHN�e �wG^N�|ye EkDlgaG^Z
� � e

oxy

� R 	�]UG^|JN
IUGJgaEHG.-Kq�DlgHGJZ\I5G^� 	�GJga],D3EHDFgaG^ZSI
� o ��6
nit

� ���32�Tdb9b9ZSIUG/-Kq�DFgaG^ZSI5Gy� ezZSIUN 	�G gH]5gH]UN
EHDFgaG^Z�� � e

oxy

W o ��6
nit

��2 o8?zPQuSN�IwN
Gy��DF|y��Z9N ?zqk]KDFIUu\N�e DFg�ga]UN �acUE ��DSq;N 2

•

��D�"�N�?Uqk]wDSIUuSNt�
�#|Jc-?zNt��RUGJI b9ZS| 2 b

−2.µ
DlgHb

−1
RwDSEaN �

F = k(Sc
R cK����Z\| � XUX 4 R XUXUXU����� atm

gaz − P oceangaz ) ) (27)

�
atm
gaz

DFIwe9�
ocean
gaz

DSEaN
{�o
2

N�g�o
2

[wDSE�gHG^DS|U[UEHN��H��cUEHN�GJI9gH]UNVDFgab9Z\�a[U]UN�EaNdDSIweMZQq�N�DSIBRSEHN��a[KNtq gHGJO\N�|^P
��G^I

µ
DFgab5� 2 G � X

c

R cj�5Gy�5gH]UN@uhD�"@gaEkDFIw� ��N�Eag OSN�|JZzq�G g P ��b72 �
−1
� R
[UEHZS[jZSEagaG^ZSIwDS|�gaZ ga]UN Xzqk]UG^b~eQg

IQcUb3ijN�E5X
c

DSIwe gHZ@gH]UN 	�GJIKe �a[KN�N�eB��cK� 2 � DSIUIUG^I3GQ]UZ��M� �$� � �\�`[wDSEHDSbMN�gaN�EaGy�aDFgaG^ZSI Gy�Mcw��Nte ��Z\E
Gn� X

c

R cK� 	�G gH]
ν
gH]UN<GQGJIwN�b~DlgHG^qrOQG^�Hq;Zh��GJg P DSIwe,v ga]UN`b9ZS|^N�q�cU|yDFE�ezG �jcw�aG^ZSI#�

k(Sc
R cK� �r�F2 B � c

2
� X
c

� � � �h�
−0.5

D O\N�q�X
c

�
ν
�Fv

XQZS|^cUiUG^|^G g P,G^�dq�ZSb9[UczgHN�e DSq�q;Z\EHezG^IUu4gaZ � N�Gy�a� � �$� � �h��2�� atm
CO2

Gy�d�aN;g�gHZ B � � b9G^q�EaZhDlgHb DFIwe�� atm
O2gaZ9�32 �F� � � � Dlgab72��

CO2

ocean
Gy��q;Z\bM[wczgaNte���EHZSb v
�a{ N;gdezN�TVLf_9RQcw��G^IUu4ga]UN`q�DFEHiKZ\IwDlgHN�� eUG^�H��ZSW

q;GyDlgHGJZ\I�q�ZSIw��gHDSI\gk��Z���vVGyq Gz��Z\I,N�gVC�GJ|^|^N�EHZ � �$� A � ��2f�
O2

ocean
G^��[wEaZ\[KZ\E�gHGJZ\IUIwDF|jgHZ5o

2

2

5 E�& : �%��&(' � &('.��� ��E�&H&(�!6 E��/���.� '., 8�& �
4 ]UN`b~DSGJI�[UEHZQq�N��H� G^��gH]UN`EHN�b9GJIwN�EkDF|^G/"tDlgaG^ZSI,Z���vV�a{ ��EaZ\b ZSEHu\DSIUGyqVb~DlgagaN�E�2

S(DIC) = τr (P + Z +D)Rdphy + τrRddomDOM +Rdphy∂zf + ∂zfCaCO3
(28)

�



S(ALK) = τr (P + Z +D +DOM) − ∂zf + 2∂zfCaCO3
(29)

S(OXY ) = −τr (P + Z +D +DOM)Rdoxy − τr(O/N)nitNH4 −Rdoxy∂zf (30)

4 ]UNVEaN�bMG^IUN�EHDS|JG "�DFgaG^ZSI �wc-? �
CaCO3(z)

DFIKeMga]UN
N�?z[KZ\E�g}Z��f{ Dh{�o
3

�
CaCO3(zbio

��DSEaNdezN -wIUNte5DS�$�

fCaCO3
(z) = fCaCO3

� "
bio

� (

z
zbio

)

−rc

(31)

fCaCO3
(zbio) =

∫ zbio

0
ρcaco3

�
µpLI(LNO3

+ LNH4
)Rdphy

�}��e'"
(32)

� g�G^��D\�a�acUb9N�e�gH]wDlg�gH]UN�{ DQ{}Z B �wc-? Gy�fG^Iw��gHDSI\gkDFIUN�ZScw�a|^P
N ?Q[jZSEagaNte`gHZVgH]UN eUN�N�[4Zzq;N�DSI�2 4 ]wN}ijZFgagaZSb
q�ZSIwezGJgaG^ZSI Gy� �

fCaCO3
(zbottom

�
�r�F2
(33)

�
��� �����$������� ��� 4 1 ��3��!4

4 	}Z 	 D O\N�|^N�IUu\]\g�DSEaNVq�ZSIw�aGyezN�EHN�e+2�C�ZzezN�|w[wDSEHDSbMN�gaN�EH��DSEaNVGJI 4 DFiw|JN8BF2
Qsol

Gy� ga]UNr��Z\|^DSE�EHD\ezGyDlgaG^ZSI
DFg�ga]UN �aN�D9�acUE ��D\q;N 2

PAR = PARr + PARb

•

LBG^uS]hgdDFiw�aZSEH[zgHGJZ\I G^I�EHN�e �

PARr (z) = PARr (z − dz) e−krdz

PARr (0) =
0.43

2
Qsol

•

LBG^uS]hgdDFiw�aZSEH[zgHGJZ\I G^I�iw|JcUN �

PARb (z) = PARb (z − dz) e−kbdz

PARb (0) =
0.43

2
Qsol

•

Tdiw�aZSEH[zgHGJZ\I�q�ZhN��5q;G^N�Ihg�GJI EHN�e �

kr = kr0 + χrpPig
er

� �



•

Tdiw�aZSEH[zgHGJZ\I�q�ZhN��5q;G^N�Ihg�GJI iU|^cUN��

kb = kb0 + χbpPig
eb

•

Tdiw�aZSEHiUG^IUuM[UGJu\b9N�IhgH� �

Pig =
Chl

rpig

4 DFiU|^N�B � o
[zgHG^q�DF|n[wDSEHDSbMN�gaN�EH�
��PQb3ijZS| OlDF|^cUN cUIwG g IwDFb9N�|JGy� g
kr0 0.225 m−1

?-GQEH�
kb0 0.0232 m−1

?-GQu\�
χrp 0.037 m−1

(

mgChlm−3
)

−er ?-GhEH[
χbp 0.074 m−1

(

mgChlm−3
)

−eb ?-GQEau
er 0.629

?z|JE
eb 0.674

?z|^u
rpig 0.7

Ea[wGJu

�\�
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4 ]UN L#o
��X 4���� b9ZQeUN�|�G^��DSq;gaG^OlDlgaNte 	�GJga]�gH]UN q;[U[ GSN�P G\N�PhW gHEHq;W |^ZSiK� gHN�E � 2 4 ]UN GSN�P G\N�PhW gaEkq W

[wD\�a�aG^OSN;gHEHq
Gy��IUN�NtezN�e gaZ5D\q gHGJOlDlgHNrga]UN`G^IU[Uczgk��RwZSczgH[UczgH��RUG^IUGJgaGyDF|^G^�HDlgHGJZ\I�DSIwe5gHEHDSIw�a[KZ\E�g�2

TVI D\eUezGJgaG^ZSIwDS|�G\N�P7GSN�PhW gHEHq;W q�DFEHiKZ\I
DSq gHGJOlDFgaN��
gH]UN~q�DFEHijZSI@DSIwe
Z@?zPQuSN�I
b9ZQeUcU|JN 2 4 ]UGy��DFczgHZSb~DlgaW
Gyq�DS|J|^P@�aN;gH�`ga]UN~IQcUb4iKN�E`Z��}OlDSEaGyDFiU|^N��~� + [zgaEkD � � ZSE�+ [UgaEkD � � �rDSIwe
gH]UN~IwDSbMNt��Z�� ga]UN~OlDSEaGyDFiU|^N���2 4 ]UN
b9ZzezN�|�EaNtx\cwGJEHN���D9��[jN�q�G.-jq�IwDFb9N�|^Gy� g�2 iUG^Z9GJI 	�]UGyqk]�ga]UN`b9ZzezN�|n[wDFEkDFb9N;gHN�Ek��DFEHN��aN;g�2

XQ[jN�q�G.-jq eUG^DSuSIUZh� gHG^q
��G^I4[wDSE�gHG^q�cU|yDFE�iUG^ZS|^ZSuSGyq�DS|FgHEaN�IweU��q;cwb3cU|yDlgHN�e G^I4ga]UN�N�cw[U]UZFgHG^q}|yD PSN�E ��]wD OSN}iKN�N�I
q�ZQeUN�e@DSIwe@DSEaN4DSq gHGJOlDFgaN�e 	�G gH]
gH]UN�G\N�P7GSN�PhW gHEHq;W ezGyDSD\eUe+2�Td|^| BSv iUGJZ\|JZ\uSGyq�DS|�gHEaN�IweU�rDFEHN4�HD OSN�e 	�]wN�I
gH]UN<GSN�P GSN�P\W gaEkq WYezGyDFiUG^Z3Gy�dD\q gaG^OlDlgHN�e+2

�
� � � ������� �����
XQ[jN�q�G.-jq�GJIwG gHG^DS|JGy�aDFgaG^ZSI�Gy�nIUN�NtezN�e ��Z\Enga]UN bMZzezN�|.2�gaEkq�q;ga| 2 |^ZSiw��gaN�E � 2 ]�DFEHN���Z\b9N�q;ZSIhgHEaZ\|^��R;gHEHq�|^�ab72 |^ZSiw��gaN�E � 2 ]

EHN�D\eU�dgH]UN3IKDFb9N�|^G^��g�2 iUG^Z ��Z\ErL�o
��X 4����`� 2 4 ]UNt��N4[UGJNtq;Nt�VZ�� q;ZzezN4DSEaN3GJIwq�|JcKezN�e@GJI@ga]UN4EaZ\czgaG^IUN gHEHq�q gH|
DSIwe,gaEkq;|y��b 	�]wN�I�ga]UN L�o
��X 4���� GSN�P G^�dD\q gHGJOlDlgHN�e+2

4 ]UN@EaZ\czgaG^IUN ��Z\E L#o
��X 4��)� DFEHN
q�DS|J|^N�e iQP�gaEkq��ab~� 2 �YI Z\EHezN�E � gaEkq;Z\[zg ��ZS[zgHG^q�DF|Vb9ZzezN�|y�;R�gaEaW
q�iUGJZ/2 |^ZSiK� gHN�E � 2 ] ��iUG^ZS|^ZSuSGyq�DS|db9ZzezN�| � R�gHEHq���Nte ��ezN�gaEHG gHcw����NtezGJb9N�I\gkDlgHGJZ\IK� R�gHEHq�N�?z[ ��G^Iw��gHDFIhgkDFIUN�ZScw� N�?QW
[jZSEagk�;RdDFIwe 	�]UN�I ga]UN@q�DFEHiKZ\I�Gy� D\q gHGJOlDlgHN�enR gHEHq�q�DF|^N�?z[ ��G^Iw��gHDFIhgkDFIUN�ZScw�~N ?z[KZ\E�g5Z�� { D\q;Z Bh� R [U��"tqk]UN
� qk]UN�b9Gyq�DF|fq;ZSIK� gkDFIhgH�k� RQ[U� " �3? ��DFG^Ed�aN�D �wc-?zN��k� 2
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