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Almost all important decisions…
…involve considerable uncertainty.
At a personal level:
• Where to go to college
• Who to marry
• When and whether to have kids
In a company or other organization:
• Who to hire
• What products to develop
In a nation:
• How best to structure taxes
• How best to deal with social services & health care
• When to go to war
• When to sue for peace
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In this talk I will:
• Discuss prescriptive analytical strategies that suggest how
people should frame and make decisions in the face of
uncertainty.
o
o
o
o
o
o

Decision rules
Benefit-cost analysis
Decision analysis
Multi-criteria analysis
Real options
Bounding analysis

• Discuss how people actually frame and make decisions in the
face of uncertainty.
o
o
o
o
o
o

Cognitive heuristics
Ubiquitous overconfidence
The need to be quantitative
Methods for formal quantitative expert elicitation
Problems with the use of scenarios
Two comments about integrated assessment.

As I go through these I will briefly
mention of some relevant literatures.
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Decision Rules
Binary or threshold
Safe/Unsafe; Regulate/Don’t regulate; etc.
In the U.S. in addition to chemical risk assessment we have the example of the Clean
Air Act which adopts a “rights based” formulation – “choose a level that protects the
most sensitive population.”

Balancing
Benefit-Cost; Maximize (expected) Net Benefits; etc.
In the U.S. many federal water quality rules are not rights based. They call for a
balance between water quality and control costs.

Avoid extremes
Minimize the chance of the worst outcomes, etc.

Most of the classic literature on decision making
focuses on maximizing (expected) net benefits.
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Benefit-cost analysis
I could choose the one that is:
Most energy efficient
The one with the best engineering
The one that increases entropy the least
The one that wins in a survey of consumer
preferences
The one favored by the Environmental Defense
Fund
The one favored by the U.S. OMB
Choose the simplest
Choose the cheapest (relative effectiveness)

Benefit-cost analysis says choose the one with the
highest net benefit:
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That sounds simple…
…but the details of how to perform a
B-C analysis can get very
complicated.
For example, one standard strategy
to estimate benefits is to estimate
“consumer surplus.”
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An example:

Lester B. Lave et al.,
"Controlling Emissions from
Motor Vehicles: A benefitcost analysis of vehicle
emission control
alternatives,"
Environmental Science &
Technology, 24(8), pp.
1128-1135, August 1990.
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While there is no reason…
…that it can’t incorporate uncertainty, most B-C
analysis has included little or no characterization or
analysis of uncertainty.
The best critical
assessment I know of B-C
analysis was written by
Lester, who was one of the
method’s leading
practitioners.
Lester B. Lave, "Benefit-Cost Analysis: Do the
benefits exceed the costs?" from Risks Costs
and Lives Saved: Getting better results from
regulation, Robert Hahn (ed.), Oxford, 1996,
pp. 104-134.
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The fact that there is uncertainty…
…should not by itself be grounds for inaction. Indeed, the
consequences of doing nothing often carry comparable or
larger uncertainty.
There is a large literature on analytical strategies for framing and
making decisions in the face of uncertainty.
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The methods they developed are now termed

Decision Analysis
Identify a set of choices with outcomes x.
For each choice, use all available current knowledge c to assess the
probability that each of the outcomes x will occur. That is, assess p(x|c).
Decide how you value each of those outcomes.
That is, assess your “utility function” U(x)
Make the choice that will maximize your expected
utility. That is:

Max[∫p(x|c) U(x) dx]

Rather than deal with continuous functions
DA typically discretizes everything.
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Decision Analysis

While I will not
take time to talk about them,
decision analysis is based on a
set of axioms that guarantee
that the choice will maximize
your expected utility.
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To do a decision analysis one needs to know the
decision maker’s preferences
Many economists operate with the assumption that we all have well
articulated utility functions in our heads, so the issue is just how best to
observe U(x).
Psychologists and decision analysts believe people often need help in
figuring our their preferences.
Fischhoff (1991) lays out this continuum of possibilities.
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A simple taxonomy of
analytical methods
MAUT
& Multiobjective

Treatment of
non-commensurate
attributes

B-C

DA

(usually for
evaluating a
single option)

(focus is on
choosing among
options)

Treatment of uncertainty
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Dealing with multiple objectives
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One other strategy
The use of real options
as an alternative to net
present value can and
better address uncertain
future contingencies.
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Bounding Analysis
While there has been no mention of this approache in the talks we have heard,
sometimes the best we can (or should) do, is to use order of magnitude
methods to set bounds.
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There is a large literature…
…based on empirical studies, that describes how people make
judgments in the face of uncertainty.
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Examples of cognitive heuristics
Availability: probability judgment is
driven by ease with which people can
think of previous occurrences of the
event or can imagine such occurrences.

Redrawen Lichtenstein, S., B. Fischhoff, and L.D. Phillips (1982) Calibration of
probabilities: The state of the art to 1980," pp. 306-334 in D. Kahneman, P. Slovic, and
A. Tversky (eds.), Judgment Under Uncertainty: Heuristics and Biases, Cambridge
University Press, 555pp.

Anchoring and adjustment: probability
judgment is frequently driven by the
starting point which becomes an
"anchor."

As Scott Ferson noted yesterday, brain science is
beginning to figure out where in the brain some of
the relevant processes occur.
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Let’s try a demonstration:
I am going to name four canals.
I would like every one to write down three numbers

Your lower 1%
estimate of the
length of the canal
i.e., only 1 chance in
100 it could be shorter.

Your best estimate
of the length of the
canal.

Your upper 99%
estimate of the
length of the canal
i.e., only 1 chance in
100 it could be longer.
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Here are the four canals:

Kile Canal
Between the North Sea
and the Baltic Sea

Panama Canal
Between the Caribbean and the
Pacific Ocean

Suez Canal
Between the Mediterranean
and the Red Sea

Cape Cod Canal
Between Cape Cod Bay and
Buzzards Bay
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Here are the four canals:
193 km

95 km
Kile Canal
Between the North Sea
and the Baltic Sea

Suez Canal
Between the Mediterranean
and the Red Sea

82 km

11km
Panama Canal
Between the Caribbean and the
Pacific Ocean

Cape Cod Canal
Between Cape Cod Bay and
Buzzards Bay
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Over Confidence

Source: Morgan and Henrion, 1990
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Yesterday…
…Karl Teigen talked at length about the problems
associated with using probability words to support
decision making.
As he noted, such words can mean very different
things in different circumstances and different things to
different people in the same circumstance.
I can illustrate with an example
from the U.S. EPA’s Science
Advisory Board
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The SAB was discussing…
…words to use to describe whether a
substance is or is not a likely carcinogen.
The minimum probability
associated with the word "likely"
spanned four orders of
magnitude.
The maximum probability
associated with the word "not
likely" spanned more than five
orders of magnitude.
There was an overlap of the
probability associated with the
word "likely" and that associated
with the word "unlikely"!
Figure from: M. Granger Morgan, “Uncertainty Analysis in
Risk Assessment,” Human and Ecological Risk
Assessment, 4(1), 25-39, February 1998.
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Words are not enough…(Cont.)
Without some quantification, qualitative
descriptions of uncertainty convey little, if any,
useful information to decision makers.
The climate assessment community is gradually
learning this lesson.
Steve Schneider and Richard Moss worked hard to promote a
better treatment of uncertainty by the IPCC.
At my insistence, the first U.S. National Climate Assessment
Synthesis Team gave quantitative definitions to five probability
words:

Many other communities have not yet gotten the message
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Expert elicitation
Eliciting probabilistic judgments from
experts requires careful preparation and
execution.
Developing and testing an appropriate
interview protocol typically takes several
months. Each interview is likely to
require several hours.
When addressing complex,
scientifically subtle questions of the sorts
involved with problems like climate change, there are no
satisfactory short cuts. Attempts to simplify and speed up
the process almost always lead to shoddy results.
30

I’ve done a bunch
of expert elicitations
While I was going to talk about
a couple I’ve decided instead
to offer just three insights on:
• Motivational bias;
• Individual elicitation versus
group consensus;
• Combing experts – and
situations where different
experts have different view
about of how the world
works.
31

Equilibrium change in global average
temperature
200 years after a
2xCO2 change

M. Granger Morgan and David Keith,
"Subjective Judgments by Climate
Experts," Environmental Science &
Technology, 29(10), 468A-476A,
October 1995.
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Probability
allocated to
values
above
4.5°C

Kirsten Zickfeld, M. Granger Morgan, David Frame and David W. Keith, "Expert
Judgments About Transient Climate Response to Alternative Future Trajectories of
Radiative Forcing," Proceedings of the National Academy of Sciences, 107, 1245112456, July 13, 2010.

Climate
sensitivity
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Total
aerosol
forcing
(at the top of the
atmosphere)

M. Granger Morgan, Peter Adams, and David W. Keith, "Elicitation of Expert Judgments of Aerosol Forcing," Climatic Change, 75, 195-214, 2006.
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Comparison with IPCC 4th
assessment consensus results

IPCC reports are available at www.IPCC.ch
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Different experts have different views
of how the world works

For details see: John S. Evans et al., "A distributional approach to characterizing
low-dose cancer risk," Risk Analysis, 14, 25-34, 1994; and John S. Evans et al.,
"Use of probabilistic expert judgment in uncertainty analysis of carcinogenic
potency," Regulatory Toxicology and Pharmacology, 20, 15-36, 1994.
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Scenarios are widely used
For example, the previous IPCC assessment made use of
the very detailed SRES scenarios in making its projections.

While in principle there are ways
to create scenarios that span ranges across
the space of plausible futures, this is very
rarely done.
Folks who construct scenarios often argue that they should not be
viewed as “predictions” but rather as a strategy to help people think
about how things might unfold in the future.

SRES is at: www.ipcc.ch/ipccreports/sres/emission/index.php?idp=0

But, there is a problem
with this argument…
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Again, from the work of
Tversky and Kahneman
Tom W. is of high intelligence, although lacking in true creativity. He has a need for order and
clarity, and for neat and tidy systems in which every detail finds its appropriate place. His writing
is rather dull and mechanical, occasionally enlivened by somewhat corny puns and by flashes of
imagination of the sci-fi type. He has a strong drive for competence. He seems to have little feel
and little sympathy for other people and does not enjoy interacting with others.
Group 1 got Q1: What is the probability that Tom W. will select journalism
as his major in college?
Group 2 got Q2: What is the probability that Tom W. will select journalism
as his major in college but decide he does not like it and decide to change
his major?
Group 3 got Q3: What is the probability that Tom W. will select journalism
as his college major but become unhappy with his choice and switch to
engineering?

Assessed probabilities went up but should have gone down.
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All people who fit…
The set of all
who select
journalism.

The set of all who
select journalism
but decide to
change their major.

The set of all
who select
journalism but
decide to change
their major.
to engineering.

Q1

Q2
Q3
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The more detail…
…that gets added to the “story line” of a scenario, the harder people find it
to remember that there are typically many other ways that one could reach
the same outcome, as well as many other possible outcomes that could
result - this is because of the heuristic of “availability.”
For additional elaboration of this and related
arguments, and some suggestions for how
to improve on past practice, see:
M. Granger Morgan and David Keith, "Improving the Way
We Think About Projecting Future Energy Use and
Emissions of Carbon Dioxide," Climatic Change, 90(3),
189-215, October 2008.
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My concern with scenarios is well illustrated…
…by a quotation from a book by W.L. Gregory (2001) promoting the
use of scenarios who argues:
Practitioners can find several advantages in using scenarios.
First, they can use scenarios to enhance a person's or group's
expectancies that an event will occur. This can be useful for
gaining acceptance of a forecast. . . Second, scenarios can be
used as a means of decreasing existing expectancies. . . .Third.
. . scenarios can produce greater commitment in the clients to
taking actions described in them.
Gregory, R. (2001). "Scenarios and Acceptance of Forecasts." in J.S. Armstrong (ed.), Principles of
Forecasting: A Handbook for Researchers and Practitioners, Kluwer, 849pp.
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Comparison of two approaches to
integrated assessment models to
support decisions about climate change

DICE

ICAM

Dynamic Integrated
Climate-Economy
model.

Integrated climate
assessment model.

Bill Nordhaus et al.

Hadi Dowlatabadi et al.

44

ICAM
Integrated Climate
Assessment Model
A very large hierarchically organized
stochastic simulation model built
in Analytica®.

See for example:
Hadi Dowlatabadi and M. Granger Morgan, "A Model Framework for
Integrated Studies of the Climate Problem," Energy Policy, 21(3), 209-221,
March 1993.
and
M. Granger Morgan and Hadi Dowlatabadi, "Learning from Integrated
Assessment of Climate Change," Climatic Change, 34, 337-368, 1996.
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ICAM was focused on…
…doing a good job of dealing with uncertainty.
It treats all important coefficients as full probability distributions and
produces results that are PDFs.
It contains switches that allow the user to use a variety of different functional
forms.
We found that:
• One could get a large variety of answers depending on how the
model was structured.
• In light of this, we concluded that global integrated assessment
models that do optimization, using just one assumed structure, make
absolutely no sense.
So…while others continue to build optimizing IA models, we now just
focus on how to reduce GHG emissions. See: CEDMCenter.org
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Incidentally, on the subject of model and
parameter uncertainty…
…Ullrika Sahlin and I have been having fun discussing types of uncertainty.
In my recent book on theory and practice in policy analysis I wrote
Much of the literature divides uncertainty into two broad categories, termed opaquely (for those of us who are
not Latin scholars) aleatory uncertainty and epistemic uncertainty. As Paté-Cornell (1996) explains, aleatory
uncertainty stems "…from variability in known (or observable) populations and, therefore, represents
randomness" while epistemic uncertainty "…comes from basic lack of knowledge about fundamental
phenomena (…also known in the literature as ambiguity)."
While this distinction is common in the more theoretical literature, I believe that it is of limited utility in the
context of applied problems involving assessment and decision making in technology and public policy where
most key uncertainties involve a combination of the two.
A far more useful categorization for our purposes is the split between "uncertainty about the value of empirical
quantities" and "uncertainty about model functional form." The first of these may be either aleatory (the top
wind speed that occurred in any Atlantic hurricane in the year 1995) or epistemic (the average global radiative
forcing produced by anthropogenic aerosols at the top of the atmosphere during 1995). There is some
disagreement within the community of experts about whether it is even appropriate to use the terms epistemic or
aleatory when referring to a model. The Random House Dictionary defines aleatory as "of or pertaining to
accidental causes; of luck or chance; unpredictable" and defines epistemic as "of or pertaining to knowledge or
the conditions for acquiring it."
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Five bottom lines
1. Uncertainty is present in virtually all important decisions.
2. We make decisions in the face of such uncertainty all the time.
3. Our mental capabilities are limited when it comes to assessing
and dealing with uncertainty.
4. Hence, especially for important decisions, we should seek help
in making such decisions.
5. There are a wide variety of formal analytical strategies, such as
decision analysis, that can be very helpful in providing insight
and guidance when we need to make important decisions in the
presence of uncertainty.
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Finally I have written…
…quite a bit on how to incorporate many of these ideas into policy analysis.
For example:

M. Granger Morgan, Max Henrion, with Mitchell Small, Uncertainty: A guide to dealing with uncertainty in quantitative risk and policy analysis, 332pp., Cambridge University Press,
New York, 1990. (Paperback edition 1992. Best Practice Approaches for Characterizing, Communicating, and Incorporating Scientific Uncertainty in Decision-making. [M. Granger
Morgan (Lead Author), Hadi Dowlatabadi, Max Henrion, David Keith, Robert Lempert, Sandra McBride, Mitchell Small, and Thomas Wilbanks (Contributing Authors)]. A Report by
the Climate Change Science Program and the Subcommittee on Global Change Research. National Oceanic and Atmospheric Administration, Washington, DC, 96pp., 2009.
Granger Morgan, Theory and Practice in Policy Analysis: Including applications in science and technology, Cambridge University Press, 590pp., 2017.
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