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Interface with the land
Eutrophication and pollution

30% primary production
Focal point for biogases 

and nutrient cycling
60% of commercial fisheries

Sensitive to ocean 
acidification

Challenges: The Coastal Zone

Projected Increase in 
Human Population



Marine Ecosystem Change, a multiple driver problem



Future Directions: North Atlantic Ocean Ecosystem Goods and Services
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Complex regional modelling of Ocean Acidification

Coupled model system

Predict future states & heterogeneity
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Calcification
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Why downscale?

• Coupled OGCM’s just don’t do the job…

See talk by Jason Holt later today

North Sea station CS

Global NEMO Thermistor Chain

T to low, mixed later 
depth to shallow 



• GCOMS (Global Coastal Ocean Modelling System). 
• Model components:

– POL-Coastal Ocean Modelling System
– ERSEM (European Regional Seas Ecosystem Model)

GCOMS GCOMS Global Coastal Ocean Modelling SystemGlobal Coastal Ocean Modelling System • 1/10°resolution 
• Includes important shelf processes: 

Tides, upwelling, Benthic/pelagic 
recycling

• Geographically linked to LME : 
ocean governance scale

• Although global, the models are 
regional

Development of Regional Shelf Seas Modelling



ERSEM
•Resolves functional groups
•Inclusion of benthic system
•Explicit decoupled cycling of C, N, 
P, Si and Chl.
•Consequently flexible and adaptable 
to a wide range of global 
ecosystems.
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Coupling Low Trophic Levels and High Trophic levels models

Predation
Functional Response?

Combined effects of 
fishing and climate

Fishing

Climate
LTL

HTL



Generic Model Coupler 



Projections for future ecosystem states

Net Primary Production

• general increase
• Is there an impact?
• Is the change 
significant?

Early industrial age - 1864-1873

Far Future Scenario - 2085-2094



T-test of statistical significance of change in  net primary- 
production

High - probability of significant change

Projections for future ecosystem states



Model Skill Assessment 
Comparison with World Ocean atlas

Nitrate

Phosphate

See Rob Holmes talks for other methods 



Hawkins and Sutton 2009 – link to EQUIP

internal variability of the system: 
the natural fluctuations

Model uncertainty: in 
response to the same 
forcing, different models 
simulate different changes

Scenario uncertainty: 
uncertainty in future 
climate forcing

What are the major sources of Uncertainty



Natural Climate Variability

Climate signals - NAO

Relation of the NAO signal to model winter nutrients

• Model transmits the 
signal from atmospheric 
forcing over ocean 
dynamics to the 
ecosystem.

=> Indication of 
capability to model 
observed NAO-nutrient 
correlations



Parameter Uncertainty

PhytoplanktonConcentration

Difference

Prob. of
Significance

Zooplankton shows a 
similar response



Model complexity

Biogeochemical models treat the ecosystem as a set of chemical 
processes

Fine for physiological processes not so good for populations processes 

The cell as a chemical factory

Currency – elemental concentrations C, N, P ,Si etc…

Physiological
Processes

AN

BC YCN

XCN

Environment Challenge to scale from the cell to
the globe and seconds to eons. 

What is the correct level of detail
Required to capture this in a model?

The cell as a chemical factory

Currency – elemental concentrations C, N, P ,Si etc…

Physiological
Processes

AN

BC YCN

XCN

Environment Challenge to scale from the cell to
the globe and seconds to eons. 

What is the correct level of detail
Required to capture this in a model?



Intra-Cellular
Physiology

Stress Responses

Inter-cellular
Grazing

Competition

Community 
Structure & 
Function

Abiotic
Environment

Currently most models
are constructed here

Levels of Organisation

Next Generation Ecosystem Models



Structural uncertainty

• The great unknown…
• Same biology (PLANKTOM) different physics 

Occam OPA

Sinha et al 2009 Prog Oceangr. 

But what about same physics different biology?

Requires 

• a common physical framework 
• Skill assessment metrics + data

This will allow us to build up a multi-model multi- 
scenario ‘super-ensemble’ using plankton models 
of different complexity 



Scenario Uncertainty in Climate Forcing



Marine Ecosystem Change: The Modelling challenge

Ecosystem Model 

Climate Forcing
Global
Regional Downscale

Anthropogenic Forcing
Nutrient Loads
Fishing pressure
Pollution

Scenarios

Quantification
of Uncertainty 

Observations

Ensembles 

http://web.mit.edu/12.000/www/m2011/finalwebsite/graphics/intro/OVERFISHINGfromPEW.gif

	Shelf Seas Ecosystems:�Modelling Challenges for �Past Present & Future States
	Slide Number 2
	Marine Ecosystem Change, a multiple driver problem
	Future Directions: North Atlantic Ocean Ecosystem Goods and Services
	Slide Number 5
	Why downscale?
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Projections for future ecosystem states
	Slide Number 12
	Model Skill Assessment 
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Structural uncertainty
	Slide Number 20
	Marine Ecosystem Change: The Modelling challenge

