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Some Approaches to 
Uncertainty Analysis

• Quantitative
– Sensitivity Analysis
– Scenario Analysis (Strategic Scenarios)
– Stochastic Simulation
– Decision Analysis
– Stochastic Control
– “Robust Planning”
– More Sophisticated Computational Statistics

• Qualitative
– Story Lines
– Strategic Planning Approaches



EMF Uncertainty Experiment:
A Simple Example of Uncertainty

in Policy Optimization Models
Case Climate

Sensitivity
(Per CO2
Doubling)

Damage
 Function

             (Per 2 Degrees
     C Increase)

90% Prob. 2.5 Degrees C 2% of GDP

10% Prob. 4.8 Degrees C 15% of GDP

Adapted From A. Manne, 1998
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Taxonomy of of Quantitative Approaches



Overview of Quantitative 
Approaches to Uncertainty Analysis



Incorporating Uncertainty
Information, Foresight & Uncertainty:

Three Alternative Sets of Assumptions

Invest Start
Operation

Stop
Operation

State of Energy System

Time

Plan & Build Operate

t1 t2t0

(1) Static, Myopic, or Recursive Dynamic
(2) Perfect Foresight (Rationale Expectations)
(3) Decision Making Under Uncertainty



Interplay Between
R&D and Investment Decisions
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A Word On Stochastic Simulation:
Typical Model Outputs and 

Alternative Approach

Scenario

C
os

t

M14

M11

M10

M9

M8

M7

M15

M6

M5

M4

M3

M2

M1

Mi

Model i

Mean

CEMAC
Approach

M12

M13



MARKAL

Important
Parameters
and Inputs

Policies of
Interest

Directed
Sampling
Methods

Issues of
Interest

Relevant 
Questions

Answers to
Questions

CEMAC Approach to Modeling & Analysis

(Stochastic Wrapper)

Distribution Distribution

http://www.aanda.org/articles/aa/full/2005/31/aa1934-04/img49.gif


Reducing Cost and Increasing Efficiency
of Photovoltaic Systems

(M. Green, UNSW)

Cost ↓
• Cheaper Active Materials

(abundant inorganic or organic)
• Lower Fabrication Costs

(low-cost deposition / growth)
• Cheaper BOS Components

(substrates, encapsulation, …)

Efficiency ↑
Reduce the Thermodynamic Losses at Each Step
of the Photon-to-Electron Conversion Process
• Light Absorption
• Carrier Generation
• Carrier Transfer and Separation
• Carrier Transport

Wafer-based (c-Si)

Thin-films (CIGS, CdTe, a-Si, …)

“III Generation”
concepts



Solar Technology Assessment:
Four Categories

Technology Funding 
Trajectory

Definition of success (Efficiency, 
stability, cost)

Ex 
1

Ex 
2

Ex 
3

Purely 
organic

$10M 10yrs 15%; 30 yrs; $50/m2 .34 .04 .01

$80M 15yrs 31%; 15 yrs; $50/m2 .03 .08 .006

CIGS $15M 10yrs 15%; 30 yrs; $50/m2; no indium shortage .04 0 .02

New 
inorganic

$5M 10yrs 15%; 30 yrs; $50/m2 .64 .16 .001

$10M 10yrs 15%; 30 yrs; $50/m2 .85 .43 .013

$20M 10yrs 15%; 30 yrs; $50/m2 .85 .43 --

3rd

Generation
$15M 10yrs 36%; 30 yrs; $100/m2 .02 .02 .14



Each definition results in a cost 
per kwh

Technology Funding 
Trajectory

Definition of success (Efficiency, 
stability, cost)

Purely organic $10M 10yrs 15%; 30 yrs; $50/m2 5c/kwh

$80M 15yrs 31%; 15 yrs; $50/m2 3c/kwh

CIGS $15M 10yrs 15%; 30 yrs; $50/m2; no indium shortage 5c/kwh

New inorganic $5M 10yrs 15%; 30 yrs; $50/m2

$10M 10yrs 15%; 30 yrs; $50/m2

$20M 10yrs 15%; 30 yrs; $50/m2

3rd Generation $15M 10yrs 36%; 30 yrs; $100/m2 2.9c/kwh



Diversity of Experts
Returns to Solar R&D
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An Example of a Less 
Qualitative Approaches:

The Simple Rules Strategy
“When the business environment was simple, 
companies could afford to have complex 
strategies.  But now that business is so complex, 
they need to simplify.  Smart companies have 
done just that with a new approach: a few 
straightforward, hard and fast rules that define 
direction without confining it.”

Eisenhardt and Sull, Harvard 
Business Review, January 2001



Two Paradigms for Problem-Solving 
Under Uncertainty

Conventional Complex Adaptive

Defining ontology Mechanistic Complex

Social organization Centralized/hierarchical Decentralized/distributed

Competence/Knowledge High, technocratic, explicit Mixed, experiential, tacit

Scale of testing Small number of large tests with 
high consequence of failure

Abundant small scale, safe-fail 
experimentation

Sources of 
legitimacy/power

Policy communities, 
management elites

Civil society, democratic 
action, markets

Social location Top Bottom and middle

Goal Optimization of expected utility 
(according to explicit, well-
defined preferences)

Satisficing of multiple, often 
conflicting, and sometimes 
incommensurable values

Thomas Homer-Dixon, 2007



Recommendations on 
Uncertainty

• Deal With Uncertainty
• The Importance of Focus in Formulation
• The Importance of Flexibility in Analytics
• Relationship Between RA and RM
• The Importance of Flexibility in Policies
• Think Hard About What’s Analyzed Versus 

What’s Communicated



The End



Uses Of 
Integrated Assessment Models

Deterministic
Policy Optimization Models

Deterministic
Policy Evaluation Models

Decision Making 
Under Uncertainty Models

Stochastic
Policy Optimization Models

Stochastic 
Policy Evaluation Models

Deterministic Models

- Compute Optimal Carbon Taxes, 
Control Rates, etc.

-Calculate Costs of Meeting Emission/
Concentration/Climate/Impact Targets

- Insure Consistency in Assumptions
- Assess Interactions and Feedbacks
-Identify Critical Gaps in Research
-Project Specific Impacts

-Assess Optimal Policies 
Under Uncertainty

-Compute Value of
Information/Research

- Compute Probabilities of
Cost/Benefits of Climate Policies

- Compute Probabilities of 
Meeting Targets



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
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