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▸ Many applications : Fishery management …   

▸ Remove errors from the physical data assimilation 

▸ A good testbed for the coupled data assimilation

WHY COUPLED PHYSICAL-BIOGEOCHEMICAL DATA ASSIMILATION?

Physics

Biogeochemistry

Atmosphere

Ocean



EQUATIONS 7

J(�z0) =
1

2
�zT0 B

�1�z0 +
1

2

NoX

i=1

(di �OiHiMi,0X�z0)
T R�1

i (di �OiHiMi,0X�z0)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d

= BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d

Courtier et al., 1994 

Data

Forecast
Analysis

Assimilation cycle

Time
1 2 3 4 5 6 7 8

Edwards et al., 2015

�z0 = z0,a � z0,b

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

DATA ASSIMILATION IN EQUATIONS

Data assimilation : incremental 4-D variational method



EQUATIONS 7

J(�z0) =
1

2
�zT0 B

�1�z0 +
1

2

NoX

i=1

(di �OiHiMi,0X�z0)
T R�1

i (di �OiHiMi,0X�z0)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d

= BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d

Courtier et al., 1994 

Data

Forecast
Analysis

Assimilation cycle

Time
1 2 3 4 5 6 7 8

Edwards et al., 2015

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = ⌃C⌃
T

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

za = zb +Kd(32)

K = (D�1
+GTR�1G)

�1GTR�1
(33)

A�z = s(34)

�z = A�1s(35)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(36)

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

DATA ASSIMILATION IN EQUATIONS

Data assimilation : incremental 4-D variational method

minimizes J



EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

EQUATIONS 7

J(�z0) =
1

2
�zT0 B

�1�z0 +
1

2

NoX

i=1

(di �OiHiMi,0X�z0)
T R�1

i (di �OiHiMi,0X�z0)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d

= BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d

Courtier et al., 1994 

Data

Forecast
Analysis

Assimilation cycle

Time
1 2 3 4 5 6 7 8

Edwards et al., 2015

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = ⌃C⌃
T

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

za = zb +Kd(32)

K = (D�1
+GTR�1G)

�1GTR�1
(33)

A�z = s(34)

�z = A�1s(35)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(36)

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

DATA ASSIMILATION IN EQUATIONS

Data assimilation : incremental 4-D variational method



EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

COUPLED DATA ASSIMILATION IN EQUATIONS



EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

COUPLED DATA ASSIMILATION IN EQUATIONS

4 THE AUTHOR

A�z = s(36)

�z = A�1s(37)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(38)

B =


Bu 0
0 BC

�
(39)

B =


0 0
0 Bln(bio)

�
(40)

M =


Mphy 0
Mp,b Mbio

�
(41)

M =


Mphy Mb,p

Mp,b Mbio

�
(42)

M =


0
dC

�
(43)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
0

dbio

�

=


BphyMT

p,bdbio

Bln(bio)M
T
biodbio

�
(44)

(45)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

(46)


�xphy

� lnxbio

�

0

=

"
eBphy ↵Pp,b

↵Pb,p
eBln bio

# 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

↵Pb,pMT
phydphy

�

(47)


�xphy

� lnxbio

�

0

=


Pphy Pp,b

Pb,p Pln bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�



EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

COUPLED DATA ASSIMILATION IN EQUATIONS

4 THE AUTHOR

A�z = s(36)

�z = A�1s(37)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(38)

B =


Bu 0
0 BC

�
(39)

B =


0 0
0 Bln(bio)

�
(40)

M =


Mphy 0
Mp,b Mbio

�
(41)

M =


Mphy Mb,p

Mp,b Mbio

�
(42)

M =


0
dC

�
(43)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
0

dbio

�

=


BphyMT

p,bdbio

Bln(bio)M
T
biodbio

�
(44)

(45)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

(46)


�xphy

� lnxbio

�

0

=

"
eBphy ↵Pp,b

↵Pb,p
eBln bio

# 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

↵Pb,pMT
phydphy

�

(47)


�xphy

� lnxbio

�

0

=


Pphy Pp,b

Pb,p Pln bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�


�xphy

�xbio

�
=


B̂phy 0
0 B̂bio

� 
MT

phy MT
p,b

MT
b,p MT

bio

� 
d̂phy

d̂bio

�
Coupled data assimilation




�xphy

� lnxbio

�

0

=


B̂phy 0
0 B̂ln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
d̂phy

d̂bio

�

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

4 THE AUTHOR

A�z = s(36)

�z = A�1s(37)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(38)

B =


Bu 0
0 BC

�
(39)

B =


0 0
0 Bln(bio)

�
(40)

M =


Mphy 0
Mp,b Mbio

�
(41)

M =


Mphy Mb,p

Mp,b Mbio

�
(42)

M =


0
dC

�
(43)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
0

dbio

�

=


BphyMT

p,bdbio

Bln(bio)M
T
biodbio

�
(44)

(45)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

(46)


�xphy

� lnxbio

�

0

=

"
eBphy ↵Pp,b

↵Pb,p
eBln bio

# 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

↵Pb,pMT
phydphy

�

(47)


�xphy

� lnxbio

�

0

=


Pphy Pp,b

Pb,p Pln bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

No feedback from BGC to physics

Coupled data assimilation

COUPLED DATA ASSIMILATION IN EQUATIONS




�xphy

� lnxbio

�

0

=


B̂phy 0
0 B̂ln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
d̂phy

d̂bio

�

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

4 THE AUTHOR

A�z = s(36)

�z = A�1s(37)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(38)

B =


Bu 0
0 BC

�
(39)

B =


0 0
0 Bln(bio)

�
(40)

M =


Mphy 0
Mp,b Mbio

�
(41)

M =


Mphy Mb,p

Mp,b Mbio

�
(42)

M =


0
dC

�
(43)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
0

dbio

�

=


BphyMT

p,bdbio

Bln(bio)M
T
biodbio

�
(44)

(45)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

(46)


�xphy

� lnxbio

�

0

=

"
eBphy ↵Pp,b

↵Pb,p
eBln bio

# 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

↵Pb,pMT
phydphy

�

(47)


�xphy

� lnxbio

�

0

=


Pphy Pp,b

Pb,p Pln bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

No feedback from BGC to physics


�xphy

� lnxbio

�

0

=

"
B̂phyMT

phyd̂phy + B̂phyMT
p,bd̂bio

B̂ln bioMT
biod̂bio

#

Coupled data assimilation

COUPLED DATA ASSIMILATION IN EQUATIONS




�xphy

� lnxbio

�

0

=


B̂phy 0
0 B̂ln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
d̂phy

d̂bio

�

EQUATIONS 3

kN : uptake half saturation

grazing = Rm
�
1� e�⇤P

�
(23)

�

B = Kb⌃C⌃
TKT

b

P = KbPuK
T
b

(24)

RMSE =

vuut 1

N

NX

i=1

(xi � xtrue)2(25)

(D�1
+GTR�1G)�z�GTR�1d = 0(26)

�z = (D�1
+GTR�1G)

�1GTR�1
(y �HM�z0)(27)

�z = (B�1
+MTHTR�1HM)

�1MTHTR�1
(y �HM�z0)(28)

�z0 = · · ·MTHTOTR�1
(y �HM�z0)(29)

�z0 = (B�1
+XTMTHTOTR�1OHMX)

�1MTHTOTR�1d(30)

�z0 = BXTMTHTOT
(OHMXBXTMTHTOT

+R�1
)
�1d(31)

�z0 = B̂MT d̂(32)

za = zb +Kd(33)

K = (D�1
+GTR�1G)

�1GTR�1
(34)

(35) eB = ↵P+ (1� ↵)B

4 THE AUTHOR

A�z = s(36)

�z = A�1s(37)

xphy lnxbio

B =


Bphy 0
0 Bln(bio)

�
(38)

B =


Bu 0
0 BC

�
(39)

B =


0 0
0 Bln(bio)

�
(40)

M =


Mphy 0
Mp,b Mbio

�
(41)

M =


Mphy Mb,p

Mp,b Mbio

�
(42)

M =


0
dC

�
(43)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
0

dbio

�

=


BphyMT

p,bdbio

Bln(bio)M
T
biodbio

�
(44)

(45)


�xphy

� lnxbio

�

0

=


Bphy 0
0 Bln bio

� 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

(46)


�xphy

� lnxbio

�

0

=

"
eBphy ↵Pp,b

↵Pb,p
eBln bio

# 
MT

phy MT
p,b

0 MT
bio

� 
dphy

0

�
=


BphyMT

phydphy

↵Pb,pMT
phydphy

�

(47)


�xphy

� lnxbio

�

0

=


Pphy Pp,b

Pb,p Pln bio

� 
dphy

0

�
=


BphyMT

phydphy

0

�

No feedback from BGC to physics


�xphy

� lnxbio

�

0

=

"
B̂phyMT

phyd̂phy + B̂phyMT
p,bd̂bio

B̂ln bioMT
biod̂bio

#

Coupled data assimilation

Chlorophyll observations can help improving  ocean current estimation!!!
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NPZD

NEMURO



COUPLED DATA ASSIMILATION OVER THE CCS

NPZD

NEMURO

9 km

‣ 1 year experiment. 
‣ Updating model states 

@ every 4 days 
‣ SSH, SST, in situ T/S and 

surface chlorophyll



RESULT: SURFACE CHLOROPHYLL BEFORE DATA ASSIMILATION
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RESULT: SURFACE CHLOROPHYLL AFTER DATA ASSIMILATION
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RESULT: HOW THE MODEL FITS THE DATA?: NPZD MODEL
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RESULT: HOW THE MODEL FITS THE DATA?: NEMURO MODEL



RESULT: FORECAST



SUMMARY

▸ Coupled physical-biogeochemical data assimilation 

▸ Both NPZD and NEMURO fit the satellite chlorophyll data. 

▸ The coupled DA system works! (but depends on B as always)

NPZD NEMURO

Simpler More complex

Adjusting P and  Z Adjusting N and P

Lower forecast skill Higher forecast skill

Longer memory from abs Shorter memory from abs


