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HAMburg Ocean Carbon Cycle (HAMOCC) Model 
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Surface pCO2

in 1860

Surface pCO2

in 1980

1 prognostic tracer (TCO2), Alk const., no biology

• The modeler has to look for majority consensus
• Do not invent processes biologists are not aware of
• An OBGC-model is only as good as an underlying OGCM



Marine ecosystems: 
semi-empirical process parameterizations, 
extended NPZD approaches

Seawater and pore-water chemistry:
mass balance equations,
chemical fields integrated over time/space

Transport of tracers (prognostic variables):
advection and diffusion, computed by the Ocean 
General Circulation Model in the same manner as 
for temperature and salinity
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G – growth F – grazing M – mortality E - exudation

accurate representation in ESMs is challenging
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Components of an ocean biogeochemical model



HAMOCC (Ilyina et al. 2013; Maier-Reimer and Hasselmann 1987) 
– a tool to test our ideas

– as interactive component of
Earth system models

Marine ecosystems: 
semi-empirical process parameterizations, 
extended NPZD approaches

Seawater and pore-water chemistry:
mass balance equations,
chemical fields integrated over time/space

Transport of tracers (prognostic variables):
advection and diffusion computed by the Ocean General 
Circulation Model, same as for temperature and salinity

G – growth F – grazing M – mortality E - exudation
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Components of an ocean biogeochemical model



Kwiatkowski et al. 2020:

• Vastly different estimates of primary production!

• Larger uncertainty in projections of primary 
production in CMIP6 than in CMIP5

IPCC AR6:  High confidence that feedbacks to climate will arise from alterations to marine biology

But low confidence in the magnitude or even sign of these biological feedbacks
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Why do ESMs fail to accurately represent marine biological processes?

• ESMs do not embrace biological empirical evidence 
to date 

→ underrepresenting complexity of marine life

→ integration of tracers is computationally expensive



Advancing the representation of ocean biogeochemistry

1.  Resolving physical climate processes; higher resolution

2.  Introducing missing critical biological processes 

 ESMs with coarser resolutions

 Complexity of biological processes as is
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effects of submesoscales with a telescope

Simulation by Nuno Serra

Telescopic resolution

Spatial scales of algae bloom are more consistent with ocean colour
imagery; tendency for regionally higher NPP in submesoscale simulation

Phytoplankton

1. Resolving ocean physics:
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1. Resolving ocean physics:

Fatemeh Chegini et al.

Phytoplankton concentration pCO2

Higher Chlorophyll, lower pCO2 – „classical“ algae bloom in the Agulhas in HAMOCC

tuning for the coupled simulation with 1 km resolution



Configuration for CMIP7 (joint effort of DWD, 
MPI-M, MPI-BGC, UHH):

• Atmosphere: 80km, 130 levels
• Ocean: 20km, 72 levels
• CO2 concentration and emission driven
• Throughput: 24 SYPD on 200 CPU nodes
• Added biological processes in HAMOCC: 

e.g. new N-cycle scheme, 
representation of aggregates’ properties

• Ongoing tuning with the extended 
biological processes

Müller et al., Geosci. Model Dev., in review
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– a testbed to introduce biological complexity2. ICON-XPP:



New N-cycle 
scheme

→ Oceanic emissions of N2O (300 times more 
potent than CO2) controlled by microbes, 
contribute ~21-30% of global atm. N2O
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2. Including missing biological processes:

Jianjun Wu et al. ongoing tuning

Old: NO3, N2O, N2 

New: added NH4 and NO2
-

Stepwise reduction of biologically fixed 
nitrogen in low oxygen environments; 
oxidation of reduced N-species in well-
ventilated water masses

ICON-XPP

Obs (Yang et al 2020)



Advancing Transforming the representation of ocean biogeochemistryAdvancing the representation of ocean biogeochemistry

1.  Resolving physical climate processes; higher resolution

2.  Introducing missing critical biological processes 

 ESMs with coarser resolutions

 Complexity of biological processes as is
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3.    Blending complexity and resolution carries an incredible potential for discovery
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piControl
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Initialised 

prediction 

(20 25- 20 36)
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SSPX- SLCF

esm- piControl

esm- historicaland/ or

and

The CMIP approved this experiment  select ion, inc lud ing add it ions to 

the DECK, as the “AR7 Fast  Track”. This was presented to the WGCM 

members for their considerat ion and endorsement .

WCRP GRAND 
CHALLENGE CARBON 
FEEDBACKS IN THE 
CLIMATE SYSTEM
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