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Chapter 2. Integrating Climate and Global Change ResearchClimate Change Science Program Strategic Plan

• Improved representation of processes (e.g., thermal expansion,
ice sheets, water storage, coastal subsidence) in climate models
that are required for simulating and projecting sea-level changes
(Chapter 4.2)

• Estimates of the spatial and temporal limits of predictability of
climate variability and change forced by human activities
(Chapter 4.2)

• Incorporation of water cycle and carbon cycle processes,
interactions, and feedbacks into an integrated Earth system
modeling framework (Chapters 5.2 and 7.5)

• New observationally tested parameterizations for clouds and
precipitation processes for use in climate models based on

cloud-resolving models developed in part through field process
studies (Chapter 5.2)

• National and global models with a coupled climate-land use
system (Chapter 6.4)

• Improved capability to include and accurately formulate
terrestrial and marine ecosystem dynamics within local and
regional climate models

Focus 3.5: Improve national capacity to develop
and apply climate models
• Continue support of the two high-end climate modeling

centers to respond to the need for scenario-driven
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Figure 2-5: Major components needed to understand the climate system and climate change. Source: Adapted from IPCC (2001a).

TOPICS FOR PRIORITY CCSP SYNTHESIS
PRODUCTS SIGNIFICANCE COMPLETION

Climate models and their uses and limitations, including
sensitivity, feedbacks, and uncertainty analysis.

Clarifying the uses and limitations of climate models at different
spatial and temporal scales will contribute to appropriate
application of these results.

within 2 years

Climate projections for research and assessment
based on emissions scenarios developed through
CCTP.

Production of these projections will help develop modeling
capacity and will provide important inputs to comparative
analysis of response options. 

2-4 years

Climate extremes including documentation of current
extremes. Prospects for improving projections.

Extreme events have important implications for natural
resources, property, infrastructure, and public safety. 2-4 years

Risks of abrupt changes in global climate.
Abrupt changes have occurred in the past and thus it is
important to evaluate what we know about the potential for
abrupt change in the future. 

2-4 years

Source:(Strategic(Plan(for(the(US(
Climate(Change(Science(Program,(
2003,(fig(2.5



Integrated
Assessment
Models
(IAMs)

Highly'simplified,'stylized,'numerical'models

Integrate'energy,'agriculture,'carbon'cycle'and'the'economy

Use'economics'as'a'basis'for'decision'making

IAMs'are'driven'by'exogenous'scenarios
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Energy
CO2x x xCO2 =

Population Affluence Technologyx xImpact =
(Ehrlich>&>Holdren)

• Identities>versus formulas
• Equation>versus>stylized>depiction
• Dependencies
• Descriptive>equations

Kaya>identity>
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• Kaya$is$a$mathematical$identity
• Does$not$describe$a$causal$relationship
• Right$hand$side$terms$are$not$independent
• These$issues$are$explicitly$identified$in$the$scenario$literature$(e.g

SRES$2000)
• Useful$decomposition$tool
• Best$understood$at$a$macro$level
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The8power8of8Kaya8is8that8it8supports8a8techo>optimist8framing8...

Wealth8is8
compatible8with8
abatement8.....

...8if8carbon8intensity8
asymptotes8towards8
zero
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...7leading7to7oversimplified7decarbonization7plans7...

Wealth7rises
spontaneously

Energy7efficiency

Renewable7energy
We7just7need7more7
technology7to7
lower7CO2
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Scenario)
drivers)of)
GDP)per)
capita)growth

• Demographics
• Labour participation

Labour utilization

• Labour quality7(human7capital,7
education)

• Capital7quality
• Pure%technical%progress

Multi>factor7productivity7(MFP)7
growth

• Developing+country+convergence

Political
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• Circular(versus(linear(system
• Closed(versus(open(system
• Equilibrium(versus(
disequilibrium
• Technical(progress(versus(
energy quality
• Economic(growth(is(an(
emergent(property
• Can(only(be(understood(at(a(
macro(scale
• Globally,($76(trillion(is(
sustained(by(18(TW(of(power(
flows



Proposed(conceptual(model

Integrated assessment
model

Detailed energy
system model

Modelled 
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Conclusions

Kaya,and,standard,economic,assumptions,in,IAMs,lead,to,a,biased,
framing,of,energy,transitions

The,BPE,perspective,is,that,productivity,and,economic,growth,are,
emergent,properties,of,the,energy@economic,system

The,standard,economic,modelling,approach,(adopted,in,IAMs),does,
not,capture,the,energy@economic,nexus

But,%BPE%needs%a%consistent%suite%of%tools%to%explain%the%energy8
economic%nexus
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