
International	Center	for	Research
on	Climate	and	Development

October	13th,	2016

Integrated	Assessment	of	Climate	Change-
Past,	Present,	and	Future:
a	Back	to	Basics	Perspective

John	P.	Weyant
Stanford	University



Outline

• Objectives of integrated assessment
• State of the art in IAM circa 1995
• State of the art in IAM circa 2015
• Current/future directions in IAM in 2016+

– Equity & sustainable development
– Integrated CC impacts
– Uncertainty about uncertainty

• Concluding thoughts



Background
• Objectives of  Integrated Assessment?

– Understand complex geophysical-socioeconomic systems
– To set research priorities and analyze policy interventions

• Why integrate?
– To develop understanding, insights and information not 

available through disciplinary research 
• Why model?

– To keep track of what is going on
– Some parts of a modeling system may be more formal 

than others
• Why first principles?

– To insure the framework has solid foundations
– The more complex the model the easier it is to mess up



Basic Concepts of Integrated Assessment
• Ocean/Atmosphere/Atmospheric Chemistry

– Conservation of momentum
– Conservation of mass
– Conservation of energy
– Chemical Reactions

• Eco-systems
– Photo-synthesis
– Conservation of mass
– Conservation of energy
– Bio-Geo-Physical-Chemical Processes

• Socio-economic System
– Birth and Death
– Resource allocation, optimization and market equilibrium
– Technology change and choice
– Investment and Growth

• Plus a lot of uncertainty stuff discussed later



Central	Question(s)

Question
What is a good model? scenario? way to deal with 

uncertainty? Approach to model assessment?
Answer
It depends on the question being asked.



A	Few	Modeler	Perspectives
We	Would	Like	to	Avoid	Here

• Its not in my model, so it is not important
• It is in my model, but it is not important in my model, so 
it is not important in the real world

• The real world has produced different outcomes than my 
model has projected, so the real world must be seriously 
incorrect

• How dare you question my(our) intellectual dominance



State	of	the	Art	in	1995

• Early C/B and integrated impacts models
• Cost effectiveness analyses with both types
• Targets (emissions, concentration, temps.) and 

time tables
• Tolerable windows (of climate and impacts) ideas
• Early uncertainty analyses



IPCC	SAR:	WG3	- Chapter	10
<Spin-off	from	Chapter	8	(Hourcade)>
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Two Kinds of 
Integrated Assessment Models

• Policy Optimization Models
– Focused on Finding Optimal Level of Emissions
– Usually Include Impacts at the Aggregate Level

• Policy Evaluation Models
– Focused on Simulating Effects of Policies
– Usually More Detailed Impacts
– Can be Run Backwards - Tolerable Windows Approach



Includes 22 “IAMs” about 
half of each type of model



DICE/RICE
Cost/Benefit	Modeling	Approach

Balancing	the	Costs	of	Controlling	Carbon	Emissions	Against	
the	Costs	of	the	Climate	impacts	They	Cause

Value/Cost																																																
of	Emissions	
Reductions

Carbon	Emissions

Marginal	Cost	
of	Climate	Impacts

Marginal	Cost	
of	Emissions	Control



Source:	Model	developed	in	Nordhaus,	A	Question	of	Balance,	Yale	University	Press,	2007,	with	some	runs	omitted.0
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Process Analysis – Part of Core of MERGE and GCAM
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GCAM-Circa?

• Energy-Agriculture-
Economy	Market	
Equilibrium

• 14	Global	Regions	–
Fully	Integrated

• Explicit	Energy	
Technologies	– All	
Regions

Fully	Integrated	Agriculture	and	Land	Use	Model
15	Greenhouse	Gases	and	Short-lived	Species
Typically	Runs	to	2100	in	15-year	time	steps



IMAGE-Circa 1995



MIT IGSM Framework-Circa 1995

Prinn, R., Jacoby, H., Sokolov, A. R. Prinn, H. Jacoby, A. Sokolov, C. Wang, X. Xiao, Z. Yang, R. Eckhaus, P. Stone, D. Ellerman, 
J. Melillo, J. Fitzmaurice, D. Kicklighter, G. Holian, Y. Liu (1999). Climatic Change, 41(3), pp 469-546.



EPPA CGE Structure



Hedging Against Bad Climate Outcomes
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State of the Art in 2015
• More refined CE analyses

– The four flexibilities: where, when, what, how,…
– The transition issue – where you go in short run 

conditions where you can go in the LR
• Impacts oriented 

– More sectoral stressors and refined tolerable windows
– Starting to appreciate mitigation/adaptation interactions
– More empirical evidence, especially on impacts side
– Introduction of regional integrated assessments



Four Kinds of 
Mitigation Policy Flexibilities

1. Where Flexibility
2. When Flexibility
3. How Flexibility
4. What Flexibility



Year 2010 Carbon Tax Comparision for the  United States
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The VALUE OF DEVELOPING
NEW ENERGY TECHNOLOGY

(Present Discounted Costs to Stabilize the Atmosphere)
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Transition	Dynamics:	AMPERE	WP2	
Study	(Riahi	et	al.)

See	presentation by Nils	Johnson	in	session on	informing near term international	policy discussion



MIT	IGSM
The	MIT	IGSM	included	uncertainty	in	both	physical	
and	social	science/economics	aspects,	captured	in	
formal	uncertainty	analysis	to	generate	probabilistic	
outcomes,	represented	here	as	Greenhouse	
Gamble	wheels.

Without	policy – emissions	and	
climate	response	uncertain

With	policy – fixed	emissions	(675	ppm	
CO2eq),	climate	response	uncertain

Example	5



PNNL MiniCAM Land/Biofuels
SCIENCE VOL 324 29 MAY 2009



MIT IGSM



Regional IA-PRIMA/RIAM

Kraucunas, et al. (201X)



Some Newer IA Horizons
– Search for decision relevant metrics (growing interest) 

• What to measure, how to measure it, how to deal with tradeoffs
• Income distribution and equity
• Sustainable development, energy poverty and energy access 

– Integrated impacts (more work, needs focus and strategy)
• Risk analysis framing of IAV
• Interactions between sectors & feedbacks to earth system
• Reconciliation of statistical & physical modeling

– Uncertainty characterization and modeling (still messy)
• Identification of many different types of uncertainties
• Disciplinary differences in definitions, framing and methods
• The question of means versus extremes as the focus 



Whither the Poor and Defenseless?
A Revealed Preference Study 

of Climate Change Policy Analyses
Class of
World Citizen
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2 Billion People
Without Markets

What 2 Billion
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European CD-LINKS Project



Recent Trend Towards Establishing Frameworks 
for Integrated Impacts Assessment

• Establishing innovative frameworks for developing 
multi-sector, multi-scale, multi-model approaches for 
IAV and the nexus of (IAMs, IAVs, and ESMs)

• This framework will provide:
1. The IAV community with methods and models for including 

both multi-sector impacts and full earth systems interactions 
and feedbacks in its work

2. The IAM community with enhanced capabilities to consider 
fully linked multi-sector climate change impacts in its work 

• Critical importance of linking, coupling, and emulation   
(DRI Macro example)

2
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Uncertainty	Categories/Concepts
• Climate models

– Initial condition uncertainty
– Annual to inter-annual variability uncertainty
– Input uncertainty
– Structural uncertainty
– Parametric uncertainty

• IAMs
– Some of the above (do we need more?)
– Some of the below (or not so much?)
– Foresight by decision makers?
– Contingent decisions by decision makers

• IAV models
– Some of the above (do we need more?)
– Tolerable windows/RPM thinking
– Risk assessment framing (need risk attitudes)

• In the aggregate this is a bit of a MESS



Approaches	to	Uncertainty	Analysis
• Sensitivity analysis
• Stochastic simulation (MC, MCMC, etc.)
• Probability distribution “tail analyses”
• Decision Making Under Uncertainty

– Sequential DMUU
– Decision Analysis
– Stochastic Control
– Robust Planning

• ANOVA type methods (Sobols/MoM)



Foci

IPCC AR5: WG 2-Chapter 19



Biggest Overall Challenges

• Data availability and quality, including “big data”
• More serious work on metrics
• Staying true to first principles
• Importance of linkages, emulators, translators
• Uncertainty- consistency, statistics, experts, 

structural, machine learning



Thank	You!
Questions



What is Integrated Assessment
of Climate Change Policy?

• Many definitions of IA for many purposes
• Here we call integrated assessment of climate 

change policy any attempt to bring together the 
costs and benefits of climate change policies in a 
systematic manner


