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WOMBAT: Whole Ocean Model of 
Biogeochemistry And Trophic-dynamics.

Applied as a (NPZD) tracer package in MOM5.
• ACCESS
• Ongoing progress on various fronts (PTO).
• CMIP6 submission: stable and realistic, figures from Mackallah et al. 2022, 

ACCESS CMIP6 Dataset paper. 

• Bluelink
• Work towards the capability to simulate BGC and water optical properties in 

an operational ocean model.  



WOMBAT in ACCESS

• WOMBAT was part of ACCESS-ESM1.5 submission to CMIP6; produced a 
realistic and stable ocean-BGC state, output used widely.
• Submissions to Global Carbon Project.  
• Working now in ACCESS-OM3: OMIP2 submission at 1-deg res., tested at 0.1 

deg res.
• Code harmonised with MOM5@github.
• Scope for ongoing development:

• eg. extra diagnostics, extra nutrients, extra phyto/zoo plankton classes, fix bias in 
oxygen flux, improve OBGC at regional scales, coastal processes.

• Run at 0.25 resolution in preparation for future climate simulations (CMIP7?).
• Ongoing analysis of CMIP6 output...



ACCESS Datasets paper
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ABSTRACT 

The Australian Community Climate and Earth System Simulator (ACCESS) has contributed to the 
World Climate Research Programme’s Coupled Model Intercomparison Project Phase 6 (CMIP6) 
using two fully coupled model versions (ACCESS-CM2 and ACCESS-ESM1.5) and two ocean–sea- 
ice model versions (1° and 0.25° resolution versions of ACCESS-OM2). The fully coupled models 
differ primarily in the con!guration and version of their atmosphere components (including the 
aerosol scheme), with smaller differences in their sea-ice and land model versions. Additionally, 
ACCESS-ESM1.5 includes biogeochemistry in the land and ocean components and can be run 
with an interactive carbon cycle. CMIP6 comprises core experiments and associated thematic 
Model Intercomparison Projects (MIPs). This paper provides an overview of the CMIP6 submis-
sion, including the methods used for the preparation of input forcing datasets and the post- 
processing of model output, along with a comprehensive list of experiments performed, detailing 
their initialisation, duration, ensemble number and computational cost. A small selection of model 
output is presented, focusing on idealised experiments and their variants at global scale. 
Differences in the climate simulation of the two coupled models are highlighted. ACCESS- 
CM2 produces a larger equilibrium climate sensitivity (4.7°C) than ACCESS-ESM1.5 (3.9°C), 
likely a result of updated atmospheric parameterisation in recent versions of the atmospheric 
component of ACCESS-CM2. The idealised experiments run with ACCESS-ESM1.5 show that 
land and ocean carbon "uxes respond to both changing atmospheric CO2 and to changing 
temperature. ACCESS data submitted to CMIP6 are available from the Earth System Grid 
Federation (https://doi.org/10.22033/ESGF/CMIP6.2281 and https://doi.org/10.22033/ESGF/ 
CMIP6.2288). The information provided in this paper should facilitate easier use of these 
signi!cant datasets by the broader climate community.  

Keywords: ACCESS, climate change, climate data, climate model evaluation, climate simulation, 
CMIP6, coupled climate model, Earth System Model. 

1. Introduction

The Coupled Model Intercomparison Project (CMIP), overseen by the World Climate 
Research Programme (WCRP), endeavours to collate the results of a standardised set of 
experiments from global climate models developed at climate research organisations 
across the globe. The coordinated experiment design and implementation, along with the 
consolidated results of many different global climate models, allows for robust analysis 
and a deep investigation of the physical processes of the climate system and the biases 
inherent in numerical climate models. The current phase, CMIP6, consists of a base set of 
idealised experiments (known as the DECK; Eyring et al. 2016) and historical simulations 
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ACCESS-ESM1.5 – ZECMIP follow up experiments.

• Use the ESM interactive carbon cycle to simulate the 
climate under zero-emission pathways after varying 
amounts of carbon emissions/warming.

• Here, the climate traverses to the right as part of the 
warming 1ptCO2 experiment, closely following the 
Transient Climate Response (black, dashed).

• On switching to zero-emission scenarios, climates turn 
to the left towards the Equilibrium Climate Sensitivity 
trend (red).

• Since ECS > TCR, global temperatures can rise while 
atmospheric CO2 is decreasing, driven by the slow 
response of the ocean to changes in the 'climate 
forcing,' the Southern Ocean in particular.



WOMBAT in Bluelink

• Aim to simulate BGC and water optical properties in an operational 
oceanographic platform (OFAM), i.e. including data assimilation.
• BGC in global model to produce boundary conditions for complex regional 

model.

• Experiments run with and without data assimilation to the model 
physics.



WOMBAT in Bluelink
Shown below are 8-day averages of observations and experiments with (BRAN) and without (Free) data 
assimilation into the physical ocean state; note metrics are in different units so comparisons are qualitative 
here. 
Extra nutrients in upper ocean drive higher productivity in BRAN in the tropics; like issues described in Park 
et al. 2018, doi:10.1002/2017MS001223, associated with the DA cycle and vertical processes.

https://doi.org/10.1002/2017MS001223


WOMBAT in Bluelink

Observations Free running BRAN

14 Feb

14 Jun

18 Sep
2019

Good qualitative agreement of BRAN-
BGC with observations in regions like 
the Tasman Sea with mesoscale eddies



WOMBAT in 
Bluelink

Observations Sea level Free running BRAN

14 Feb

14 Jun

18 Sep
2019

BRAN-BGC does a reasonable 
job simulating productivity in 
an observed eddy, though 
timing of the bloom is late in 
the model.

29 Nov

15 Dec

23 Dec
2019



Summary

• WOMBAT in ACCESS
• Ongoing progress on various fronts, e.g.  

-> Harmonised code and working in ACCESS-OM3
-> Fix to oxygen bias. 
-> Many ideas for new capabilities. 

• CMIP6 submission: output stable and realistic, used widely.  

• WOMBAT in Bluelink
• Work towards the capability to simulate BGC and water optical properties in 

operational ocean models.  
-> BGC in BRAN (with data assimilation of ocean physics) does a reasonable simulation of 
surface BGC in regions with mesoscale dynamics. 


