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Introduction

Dominant paradigm in climate modelling:
“the higher the model realism ...
... the higher its reliability in future projections”

3 pathways to improve model realism :

Climate Model
of generation #N

Climate Model
of generation #N+1



Introduction

Dominant paradigm in climate modelling:
“the higher the model realism ...
... the higher its reliability in future projections”

3 pathways to improve model realism :

Rising complexity

Climate Model ‘

of generation #N

Rising resolution

U4 Climate Moc!el
of generation #N+1

How much a given pathway can influence model performance and
projections ?



Part 1:
Does simulated marine biogeochemistry has been
improved in CMIP6 wrt CMIP5 ?



CMIP6 ESMs

Top pink cells = CMIP5 predecessors

Review of key model properties

Top red cells
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Darker colors means ‘increase in resolution’



" |
g 0] j=
£ O
5 0
a <
EE S v
4 ©
— = —_
O < © _ol.v
n a c
8 2 5 2
© m— e (=) m S e o m—
€ N~ + 235 -+ ~
+ O ey =D 28 cC
= o BB ¢ 58 S
Q O d
Q2 g o "
o0=< Hs s 3 ge o
- O . © 5 T Q
Q i 4 E 7 ge S
o 0 O 5 =
TLS - %
(o) 2« £ 2w
m M C N %.m -] -
Oy @8 o 2
> - = 5
oo . : ¢ IR 2
3 =
= ) m o s 5 ,..w = m wfd N m =
oM = hed o m—
- O O 973 E ¢ 5 X = iy
O v £ & = o Q =
Y g -+ X
2 B .S is g o 0
N 52 [ >~ T —_
o £ QO %s5,.%5 & 2 E 07
'S R BE 5 g O © -¥X
> 0 0 :t8s5ce w38 & 3 — o » E
[0} s=, 85 £2&2 2 2 O ®
O O g:£88 828 w» = o]
== 88288 £558 & 2 m o QO O
SHDID-INOTY| *DOO0NVHY + A ‘ne xn[q
YeHIN-TINSHION FADID-INODIN| "'SODO0NVH] + A 18D "UdD
YINODIIIN| 'dZdN| A e xnjj ON
CINSH-TIN EINODIIN| 'AzdN| R J1B) "UaD) ON
d NO-TdIN] _ _ 9DD0NVH] + A "PE X0[]
0y T-NSH-IdN WOTdN _ _ 'SOOONVH + | 18D WD
d 0200 b702d0| + A ‘PexXn[] | POW-eRA
SUANSH-D0YUIN 000D 410D40| A "Pe xn[J ON
d d EINI'T-9'EAOINEN JASHOSId + AS 18D 9ZIS | POW-BRIN
T VSIND-1SdIL TINI'T-T EAONEN *1ASHOSId| + AS 18D AZIS ON
ADID-9°€A OINAN] w0'Z-VSNAAN]| + A 1)) 0zIg
YISH-CTINIOPEH NN 1DD0PeH-1eIq| + A 18D "USD ON
A-7d-SSID) WXINFON] . J ON
UDDY-¢H-SSID 4-73-SSID| NEON] d ON
d TSIS-9NOIN] TALTVE0D| + AS
TSIS-9NOIN| YZADNITE| ++ | ++ | + AS | 18D ueD
6TINSH-1AdD SINOW| stazvdol] + [ ++ |+ A
9AQLVTAD-9 CAOININ 15€3-7ASHADSId] + AS 18D 9zIS | POW-BId9N
LINSH-ININD | SAOLVTAD-T EAONAN] *IASHOSI| + AS 8D ozZIS ON
mmo_o-ﬁoml POAG-T9aVIN] + T A Ne X[ ON
sOD4g-1INSH H Podd  + + AS e xnq ON
0D SHO ¥HD1D-2d0d I
TAI'T-I'Y" €AOINEN| HOoue)) A 18D 9ZIS doueeg
TAI'T-T'7 EAOWEN 9DOND d EERNED) ON
SCNSHUBD FINOUED)| ID0ND)| R Je) "UdD) ON
d g SIS-YINOI| *Z-dINDO) ON
TA-T TINSD-009 SIS-YINOIA| *Z-dINDO) ON
K
s10fe| Ud | 00Z| B | MD| WOIS| g0 D|IN|d|Is|wO0]|d
[eIUOZLIOH | [BOIIIA ‘qom orydoa], o1sAyd uy | BN 810 | syuowIpag Su104Ad Juowayg/ NN
uonnjosay oﬁhﬁwﬂmmwwwﬁ Aixardwo)
[9POWL 20T BIS-UBIIQ) so1sAyd uead " ueoog Ansruaypoagorq uead)




CMIP6 ESMs

Top pink cells = CMIP5 predecessors

Review of key model properties

Top red cells
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Overview of the model
performance in simulating

modern Ocean
fluxes

Obs: Landschutzer et al.

NNET dataproduct

Model: all available CMIP5-

CMIP6 ESMs
Period:1995-2014

CRESCENDO ESMs
——

carbon

A WP
AR

— .
L-ESM2

Overview of the model

performance in
simulating surface
chlorophyll

Obs: ESA-CCI-OC
dataproduct

Model: all available
CMIP5-CMIP6 ESMs

Period:1998-2014



Correlation with Obs in CMIP5

Correlation with Obs in CMIP5
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Does simulated marine biogeochemistry has been
improved in CMIP6 wrt CMIP5 ?

Scatter plot of CMIP5 (y-axis) vs CMIP6 (x-axis) spatial correlation with observations
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Correlation with Obs Iin CMIP6

o BCC-CSM2-MR vs. BCC-CSM1.1-M
& CanESMS vs. CanESM2

+ CanESM5-CanOE vs. CanESM2

x CESM2 vs. CESM1-BGC

< CNRM-ESM2-1 vs. CNRM-ESM1

Correlation with Obs in CMIP&

v GFDL-ESM4 vs. GFDL-ESM2M

% GFDL-CM4 vs. GFDL-ESM2M

* GISS-E2-1-G-CC vs. GISS-E2-R-CC
4 UKESM1-0-LL vs. HadGEM2-ES

@ |PSL-CMBA-LR vs. IPSL-CM5A-LR

Correlation with Obs in CMIP&

0 MIROC-ES2L vs. MIROC-ESM

# MPI-ESM1-2-LR vs. MPI-ESM-LR
& MRI-ESM2-0 vs. MRI-ESM1

B NorESM2-LM vs. NorESM1-ME

All  CMIP6 models
have a better ocean
physics (mixed-layer
depth, oml)

Key biogeochemical
fields such as carbon

fluxes (fgco2) and
surface  chlorophyll
(chl) have been

improved in almost all
models

Other ocean tracers
such as oxygen (02)
and silicon (si) show

little improvement
(regional  epistemic
errors are not

resolved in CMIP6)



Does simulated marine biogeochemistry has been
improved in CMIP6 wrt CMIP5 ?

& 100

— 50

Skillscore matrix using Z-Score
Z-score= relative change in global

& weighted average RMSE in CMIPé6
wrt CMIP5 in %
- -50 = How to read it ?
Green = reduced model-data error ©
Red= increased model-data error ®
l ~100
In brief, no clear relationships between
model performance and Resolution
and/or Complexity

— 0

BCC-CSM2-MR —
CanESM5 —
CESM2 —
CNRM-ESM2-1
GFDL-ESM4 —

GISS-E2-1-G-CC
UKESM1-0-LL —
IPSL-CM6A-LR
MIROC-ES2L
MPI-ESM1-2-LR —
MRI-ESM2-0 —
NorESM2-LM —
CMIP6 —

=> Mostly ‘YES' but not clear improvment for all models.



Part 2:
Does the Earth system Interactions and feedbacks

involving marine bgc have progressed in CMIP6 wrt
CMIP5 ?



Review of represented/unrepresented Earth systems interactions and feedbacks

Top red cells = CMIP6 ESMs
Top pink cells = CMIP5 predecessors

Earth system interactions or couplings

Earth system interactions or couplings:

Ext. Nut. inputs

Gas Exchange

prescribed interactive -

Not

represented

Represented

Represented Gas Exchange External sources of nutrients
feedbacks
F4 | F3 | F2 | F1 [NHx |[N2O DMS | O2 |CO2 | Ice melt. | Geoth. | Sed. River inp. Atm. Dep.
BCC-CSM1.1-M
CanESM2
Fe R€) anO
Fe N CESM1-BGC
Fe Fe C,N,P, Si Fe N, P, Si, Fe
Fe C,N, P, Fe N, Fe CNRM-ESM1
Fe N, Fe
Fe C,N,P N, Fe GFDL-ESM2
Fe C,P, Fe N, P, Fe D
! Fe Fe C N, P Fe N, P, Fe D
Fe GISS-E2-R-CC
C, N, Si, Fe Ee
Fe Fe HadGEM2-ES
0
Fe C,N,P, Fe N, Fe IPSL-CM5A-LR
Fe C,N,P, Fe N, Fe 6A
MIROC-ESM
Fe Fe N, Fe RO
Fe MPI-ESM-LR
N, Fe
MRI-ESM 1
0
Fe NorESM1-ME
C, N, Si, Fe N, Fe

—CMIP6 ocean models are (in
general) more comprehensive:

1.

Better treatment of the
nutrient and iron cycling
(dust and riverine inputs
interactive in some models:
GFDL-ESM4/CM4, MIROC-
ES2L, CNRM-ESM2-1)

Major/New Traces gases
(chemistry or GHGs) are
included in CMIP6 models



Does the Earth system Interactions involving marine
bgc have progressed in CMIP6 wrt CMIP5 ?

Ice sheets

Atmospheric deposition

Ice sheet metling (iron, nutrients)

(iron)

Riverine discharge

(carbon, nutrients)



Represented Earth system interactions in ESMs
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Ice sheets Atmospheric deposition

Ice sheet metling (iron, nutrients)

(iron)

CMIP6 #10/12

CMIP5 #10/12
CMIP5 #3/12

Riverine discharge

(carbon, nutrients)

CMIPS #0/12

CMIP5 #4/12 .




Does the Earth system feedbacks involving marine
bgc have progressed in CMIP6 wrt CMIP5 ?

[ e
i Atmosphere :
i P Clouds | !
I ) .
i 1
- :
l ] :
: Aerosols ) ,
. I
i [ CO; ] ) [ Chemistry ]—;—l l
R U O AU S
F3: non-CO,
: : i biogeochemical
F1: carbon cycle i F2: biogenic i cycle feedbacks :
feedbacks i aerosols-clouds Climate
: feedbacks

F4: plankton-light
feedbacks




Represented Climate feedbacks in ESMs

[ Clouds }

] [ Aerosols }

-
i Atmosphere
| co,

F1: carbon cycle

F3: non-CO,

feedbacks

CMIP6 #11/12

| CMIP6 #3/12 : biogeocherical
i  F2: biogenic i cycle feedbacks -
i aerosols-clouds i Climate

feedbacks CMIPé6 #0/12

F4: plankton-light
feedbacks

CMIPé6 #5/12




Review of represented/unrepresented Earth systems interactions and feedbacks
Top red cells = CMIP6 ESMs

Top pink cells = CMIP5 predecessors

Earth system interactions or couplings

Represented
feedbacks

Gas Exchange

External sources of nutrients

F4 | F3 | F2 | F1

NHx |N20

DMS

02

CO2

Ice melt.

Geoth.

Sed.

River inp.

Atm. Dep.

Fe

Fe

Fe

N

Fe

Fe

C N,P, SiFe

N, P, Si, Fe

Fe

Fe

C, N,P, Fe

N, Fe

CNRM-ESM2-1

_N, Fe MIROC-ES2L

Fe C,N,P N, Fe
Fe C,P, Fe N, P, Fe
! Fe Fe C,N,P, Fe N, P, Fe
Fe
C, N, Si, Fe Fe
Fe Fe
Fe C,N,P, Fe N, Fe
Fe C,N,P, Fe N, Fe
Fe Fe
Fe
N, Fe
Fe
C, N, Si, Fe N, Fe

Earth system interactions or couplings:

Ext. Nut. inputs

Gas Exchange

prescribed interactive -

Not

represented

Represented

BCC-CSM1.1-M
BCC-CSM2-MR

CanESM2

CanESM5

CanESM5-CanOE

CESM1-BGC

CESM2

CNRM-ESM 1

GFDL-ESM2

GFDL-CM4
GFDL-ESM4

GISS-E2-R-CC

GISSE-2-1-G-CC

HadGEM2-ES

UKESM1-0-LL

IPSL-CM5A-LR

IPSL-CM6A-LR

MIROC-ESM
MPI-ESM-LR

MPI-ESM1-2-LR

MRI-ESM 1

MRI-ESM2-0

NorESM1-ME

NorESM2-LM

—CMIP6 ocean models are (in

general) more comprehensive:

1. Better treatment of the
nutrient and iron cycling
(dust and riverine inputs
interactive in some models:
GFDL-ESM4/CM4, MIROC-
ES2L, CNRM-ESM2-1)

2. Major/New Traces gases
(chemistry or GHGs) are
included in CMIP6 models

Are we done ? Are the
couplings/feedbacks involving
marine bgc are  well
represented in ESMs ? (in
other word, does the increase
in model complexity align with
the represention of ES
feedbacks ?)

The answer is NO...
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Thanks !

Tracking improvement in simulated marine
biogeochemistry between CMIP5 and CMIP6

Full reference : Séférian, R., Berthet, S., Yool, A., Palmiéri, J., Bopp, L,
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Watanabe, M., Wu, T, Wu, F, Yamamoto, A. : Tracking improvement in
simulated marine biogeochemistry between CMIP5 and CMIP6, Current
Climate Change Reports, doi:10.1007/s40641-020-00160-0

roland.seferian@meteo.fr



mailto:roland.seferian@meteo.fr

