Constraining
Sea—air CO, Fluxes

Av& Surface-Ocean Carbon Data MPI-BGC
Christian Rodenbeck

A Max Planck Institute for Biogeochemistry, Jena

D. C. E. Bakker, P. Landschutzer,

R. Keeling, and M. Heimann

In collaboration with
N. Gruber, Y. lida, A.R. Jacobson, S. Jones, T
N. Metzl, S. Nakaoka, A. Olsen, G.-H. Park, SOC M
w P. Peylin, K.B. Rodgers, T.P. Sasse,
U. Schuster, J.D. Shutler, V. Valsala, m

SURFACE OCEAN CO, ATLAS - R. Wann | n kh Of, J. Zen g SURFACE OCEAN pCO, MAPPING INTERCOMPARISON

Many thanks to:
Data contributors, DKRZ, CarboChange, IMBER /SOLAS



Motivation

O | | | | | |
® QOcean Inversion ——- UEA —- LSC -— BEC
— Median -— UEBEAcywe CSl —— ETH_ .

CO, flux (Pg C yr'1)

'4 | | | ! ! |
1992 1995 1998 2001 2004 2007

Year

Ocean process models [Wanninkhof et al., RECCAP (2013)]



Motivation

a) Global fossil

FLUX (PgC/yr)

FLUX (PgC/yr)

1994 1998 2002

Atmospheric inversions

JENA
LSCEv
LSCEq
CT2011

2006

—— CTE2008

2010

TrC

L ¢) Global land {fossil adjusted)

d) Global ocean (fossil adjusted)

1594

1998 2002 2008 2010

= = . EDGARv4.2 Fozail Fuel

[Peylin et al., RECCAP (2013)]



t D

Sea-air gas exdMange

!

Carbon




t

Sea-air gas exchange

Mixed
layer

Carbon




Ocean carbon data collections:

-~ SOCAT v3 pCO;, [www.socat.info/]
—LDEO v2014 »CO, [cdiac.ornl.gov/oceans/LDEO_Underway_Database/]
— GLODAP v2 [DIC], [Alk] [cdiac.ornl.gov/oceans/glodap/]
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Data density / distribution
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Mapping methods

Direct data signals

Statistical Non-linear
Interpolation Regression

Linear
Regression

Model-based
Regr./Tuning

Bridging data gaps
T —\

— Interesting complementarity SO @M

— Extracting robust features
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First resultS  [rédenbeck et al., BG (2015)]

90°N ! ! ! !
OceanFlux-SI L. =
Jena-MLS

CU-SCSE

AOML-EMP

UEX-MLR

JMA-MLR 0°
UNSW-SOMLO

ETH-SOMFFN

CARBONES-NN

NIES-SOM

NIES-NN -
PU-MCMC 90°s \ \ \ \ \ \ \
NIES-OTTM —-270 —-180 —-90 6]

Monthly pCO2 (uatm)

420 :
Seasonality:

400 -

Most methods roughly agree
380 : :

on phasing and amplitude
360 D ~
340} \’f' (also to Takahashi et al., 2009)
320 . .

2003 2004 2005 2006

— Seasonality well constrained from data



First resultS  [rédenbeck et al., BG (2015)]

Interannual Variations (IAV):
— secular rise
— Tropical Pacific:
* Biome with largest IAV
* Link to ENSO
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First results

Interannual Variations (IAV):
— secular rise
— Tropical Pacific:
* Biome with largest IAV
* Link to ENSO

[ROdenbeck et al., BG (2015)]
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First resultS  [rédenbeck et al., BG (2015)]

Interannual Variations (IAV):
— secular rise
— Tropical Pacific:
* Biome with largest IAV
* Link to ENSO

Data-covered pixels only: (SOCAT v2)
— Smaller ensemble spread
— Altered time variations
— sampling bias (seasonally, spatially)
— challenge for mapping
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First results: Sea—air

CO, fluxes
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First results: Sea—air CO, fluxes  [redenbeck et al., BG (2015)]
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First results: Sea—air CO, fluxes  [redenbeck et al., BG (2015)]
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First results: Sea—air
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First results: Sea—air
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Mapping methods

Direct data signals
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Interpolation Regression
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Regression
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Mapping methods

Direct data signals

Statistical Non-linear

Jena-MLS Interpolation Regression ETH-SOMFFN
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Cross Validation
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Cross Validation

—(18.%) Jena oc_v1.4S
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Cross Validation

—(18.%) Jena oc_v1.4S
—(28.%) ETH-SOMFFN2016

“Benchmark”:
Yearly CO2 flux (PgClyr) Keep seasonality+trend, but no 1AV
' ' ' ' — Mismatch = signal size
— “100% error”
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Cross Validation

—(18.%) Jena oc_v1.4S
—(28.%) ETH-SOMFFN2016

Yearly CO2 flux (PgClyr) Interpolation: Regression:
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Cross Validation

— (18.%) Jena oc v1.4S

Yearly CO2 flux (PgClyr)
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Cross Validation

—(18.%) Jena oc_v1.4S
—~(121.%) Jena oc_v1.4S (CrossVal5yr0)
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Cross Validation

— (28.%) ETH-SOMFFN2016
— (48.%) ETH-SOMFFN2016 (CrossVal5yr0)
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Cross Validation

— (28.%) ETH-SOMFFN2016
— (48.%) ETH-SOMFFN2016 (CrossVal5yr0)
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Cross Validation

— (28.%) ETH-SOMFFN2016 |
— (62.%) ETH-SOMFFN2016 (Unconstrained periods) -
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Cross Validation

— (28.%) ETH-SOMFFN2016
— (35.%) ETH-SOMFFN2016, regr. SST & SSS
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Cross Validation
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Cross Validation

— (47.%) ETH-SOMFFN2016

Yearly CO2 flux (PgClyr)
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Cross Validation

— (47.%) ETH-SOMFFN2016 . ‘ £,
~ 7 (106.%) ETH-SOMFFN2016 (Unconstrained periods)
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Cross Validation

— (47.%) ETH-SOMFFN2016

~-- (106.%) ETH-SOMFFN2016 (Unconstrained periods) I )
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Cross Validation

—(37.%) Jena oc_v1.4S
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Cross Validation

—(25.%) ETH-SOMFFNZ2016
—(18.%) Jena-MLS14SSS
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— Complementary mapping methods
(interpolation, regression)
help to assess robustness
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Yearly CO2 flux (PgClyr)
0.8 j

pCQO, constraint & mapping methods: o
Well-constrained seasonality e ,|
AV constrained e.g. in Eq. Pac. e 00

1990 1995 2000 2005 2010

Interpolation: Can fit any IAV signals in the data
Regression: Can bridge temporal data gaps

L=l Robustness check through complementary methods

Multiple constraints:
surface-ocean pCO, e

atmospheric CO, e
Jena

combined through mixed-layer scheme ;Ai CarboScope

atmospheric O,/N, e




