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Concepts and motivation

(What and why?)

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW

ARC CoECSS Winter School, 17–21 June 2013: Coupled climate system modelling



Concepts and motivation Building a coupled model The development of coupled models Future opportunities Conclusions

Definition

A coupled climate system model is one that:

describes multiple components of the climate system

describes the interactions between them

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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The Earth is a coupled system
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Why do we need coupled climate system models?

We want to predict possible future climate states – for reasons of
forecasting, adaption or mitigation.

We want to understand past climatic changes.

We want to detect and attribute human influences.

We want to explore properties of the climate system.

We want to answer questions – ranging from scientific questions to
policy questions.

There is only one Earth, and we can’t (or at least shouldn’t!)
perform experiments on that.

The Earth is too large and complex to be simulated in a laboratory,
so numerical models are the only way of accomplishing this.

Most of the things we care about are coupled phenomena.
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Example: future climate projections
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Example: global carbon cycle
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Example: El Niño–Southern Oscillation

Ashok and Yamagata (2009)
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Example: past climatic changes

Fernández-Donado et al. (2013)
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Building a coupled climate
system model

(How?)
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Different types of models

Claussen et al. (2002)
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Designing your coupled climate system model

A model is a tool – the type that you use depends upon the
question that you want to answer.

Which components of the climate system do you need to model?

Which processes do you need to model?

Which quantities do you need to model?

Do you need a regional or a global model?

How much spatial resolution do you need?

How long do you need to run the model for?

These questions are inter-related – for example, it isn’t feasible to
run a high-resolution global model for 10,000 years!

No model is a perfect representation of the real world.

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Building your coupled climate system model

Traditional approach:

Develop a computer program from scratch.

Modern approach:

Take existing components and combine them.

Test and debug.

Determine the optimal parameter settings (“tuning”).

Evaluate, evaluate, evaluate...

This is a very specialised and time-consuming process.

A typical state-of-the-art coupled climate system model:

represents hundreds of person-years of work.
is an extremely large and complex piece of software.

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Case study: ACCESS

Australian Community Climate and Earth System Simulator

Atmosphere: Unified Model (UK)

Ocean: MOM4 (USA)

Sea ice: CICE (USA)

Land surface: CABLE (Australia)

Coupler: OASIS (France)

Around one million lines of source code

Can simulate around 2-3 years per day

Generates up to 50 GB of data for each year

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Case study: ACCESS
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Case study: ACCESS
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Coupled climate system modelling: Lego for adults?

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Challenges and solutions

Coupling:
Interfaces may need to be developed for each component

⇒ Modify each component as necessary

Components can use different spatial grids

⇒ Use regridding – but make sure that physical quantities are conserved

Components can use different timesteps

⇒ Use averaging or interpolation in time

Errors in the climatology:
No model is perfect, so all models will exhibit errors

⇒ Tuning can improve the agreement with observations

Drift:
Feedback loops can cause systematic errors to grow over time,
causing the model to drift away from its initial state

⇒ This is a tricky one to fix, but tuning can help

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Atmosphere–ocean coupling
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Coupling: spatial regridding within ACCESS

Bi and Marsland (2010)
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Coupling: time management within ACCESS

Bi and Marsland (2010)
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Evaluation: present-day precipitation

The figures on the
right show annual
rainfall

Which is observed
and which is
modelled?

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Evaluation: past climatic changes

Fernández-Donado et al. (2013)
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Evaluation: future climate?

Allen et al. (2013)
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Evaluation: El Niño–Southern Oscillation

Guilyardi et al. (2009)
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Model intercomparison: El Niño–Southern Oscillation

Collins et al. (2010)
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Model intercomparison: El Niño–Southern Oscillation

Guilyardi et al. (2009)
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The development of coupled
climate system models
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The development of coupled climate system models
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The first coupled atmosphere–ocean GCM
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The first coupled atmosphere–ocean GCM

Manabe and Bryan (1969)
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High-performance computing, 1969-style
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High-performance computing, 1969-style
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Later coupled atmosphere–ocean modelling

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Later coupled atmosphere–ocean modelling

Manabe et al. (1991)
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Later coupled atmosphere–ocean modelling

Manabe and Stouffer (1994)
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Later coupled atmosphere–ocean modelling

Manabe and Stouffer (1994)
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Rapid climate change?
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Today: interactive carbon cycle

Jungclaus et al. (2010)
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Today: increasing spatial resolution

Delworth et al. (2012)
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Future opportunities
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Next steps: us
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Coupling humans to the earth system

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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Dynamics of the coupled human–climate system
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Conclusions
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Conclusions

Coupled climate system models are able to reproduce the key
features of the global climate.

They are therefore incredibly powerful tools for exploring the past,
present and future of the climate system.

There is great potential to develop coupled climate system models
even further, particularly by incorporating descriptions of additional
components of the human–climate system.

Remember what a great privilege is to be a climate system modeller.

Think carefully when designing, building and using climate system
models; no model is perfect.

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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With great power, comes great responsibility

Steven J. Phipps, ARC Centre of Excellence for Climate System Science and Climate Change Research Centre, UNSW
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