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Motivation —Models or Obs?

« However, the limited observations of the ocean carbon cycle
necessitate some degree of interpolation and/or large-scale spatial
and temporal averaging.

« This has the potential either to bias or alias the results toward a
dynamically inconsistent ocean state thereby making understanding
the drivers of these changes challenging.
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Motivation — Models or Obs?

Inconsistent strategies to spin up models in CMIP5: implications for
ocean biogeochemical model performance assessment
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Models have issues also - often large biases and unphysical
states

To answer this question we better global state estimates that allow
us to really understanding the processes

This allows us to understand the processes and mechanisms

Can we the use the increasing observations?
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Physics drives changes?

LETTER

doi:10.1038/nature21068

Recent increase in oceanic carbon uptake driven by
weaker upper-ocean overturning

Tim DeVries'Z, Mark Holzer>* & Francois Primeau®

NEWS & VIEWS g Zu,]

Ocean circulation drove
increase in CO, uptake

The ocean’s uptake of carbon dioxide increased during the 2000s. Models reveal
that this was driven primarily by weak circulation in the upper ocean, solving a
mystery of ocean science. SEE LETTER P.215
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Physics drives changes?

LETTER

doi:10.1038/nature21068

Recent increase in oceanic carbon uptake driven by
weak |s getting getting a better representation of
" the physics or ocean state the key to bringing
models and observations together?

Ocean circulation drove
increase in CO, uptake

The ocean’s uptake of carbon dioxide increased during the 2000s. Models reveal
that this was driven primarily by weak circulation in the upper ocean, solving a
mystery of ocean science. SEE LETTER P.215
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Goal: CLIMATE ANALYSIS FORECAST ENSEMBLE —>)>

SYS/CH

Simulate the response of the ocean carbon cycle in a framework dynamically
consistent with the physical changes

Coupled Data Assimilation - > Forecasts

» Radiosonde
» Satellite
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» Argo, XBT, CTD
» Satellite SST, SSS

» Seaice, extent,
concentration
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SYS/CH

Simulate the response of the ocean carbon cycle in a framework dynamically
consistent with the physical changes

Coupled Data Assimilation - > Forecasts

GFDL’s CM2 Global Coupled Climate Models. Part I: Formulation and

» Radiosonde Simulation Characteristics
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The carbon cycle in the Australian Community Climate and Earth
System Simulator (ACCESS-ESM1) — Part 1: Model description
and pre-industrial simulation

» Argo, XBT, CTD
» Satellite SST, SSS

» Seaice, extent,
concentration
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Simulations

Physical Coupled Model spun up for 1000+ years
-> used to build covariance matrices

Physical assimilation to remove model biases 2002 -2016
-> why 2002 — data!!!
BGC initialized with GLODAP V2 in Lauvset et al 2016, ESD
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Driven with GCP atmospheric history
between 2002 and 2016
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Focus on 2006 onwards -> .
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Anthopogenic Carbon (2002)




Physically Assessment- Total Ocean
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Physically Assessment — Major Climate Modes

Nino 3.4 Indian Ocean Dipole
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Southern Annular Mode

Major Climate Modes Well Reproduced
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Global Responses Anomalies 2006-2014
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Air-sea flux anomaly (PgC yr)

Results: Southern Ocean

Southern Ocean 35S ->

Landschiitzer et al, 2016

B Neural network Atmospheric inversion < 35°5 7
0.4 .
0.2 2

0+ |
-0.2 - -

: Expected ocean uptak :
04 TS § IO e £ S0 based on atmospheric

R i CO, increase alone 7

1980 1985 1990 1995 2000 2005 2010

Similar variability and phase
over the period 2006-2013
-> argues for continuation
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Results — Global Trends
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Results — Global Trends

Landschiitzer et al, 2016

teleconnections
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Early Stages......

Improving the state estimation improves the carbon response and closes
the gap between models and observations

Hopefully this will a product for the Global Carbon Budget Update
More work to do : SOCAT, SOCCOM, atmospheric observations and others

Allows to probe mechanisms and improve our representation of processes
e.g. biological pump

Can’t go back much more than a decade and requires computer resources

RECCAP -2 ? Exciting — seasonality improved
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More information/future

GOAL -> Forecasts, in the land and ocean

jijp Decadal oy
EeiRo Forecastmg Home  CAFEsystem  Observations and Processes  Verification and Applications = More ~
Project

Welcome to the CSIRO Climate
Analysis Forecast Ensemble
System

Research and development to deliver multi-year climate forecasts for
Australia.

Dive in
https://research.csiro.au/dfp/
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Methodology

Random initial perturbations with prescribed
RMS whose amplitude defines the rescaling.
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Bred perturbations: i.e. the difference between the evolved
perturbed forecasts and the control, renormalised via the
norm defined by the RMS of the initial perturbations

and the length of the rescaling interval.




