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In today's remarks I will: 

1. Provide some motivation and background.  

2. State the problem I am addressing in general 

terms. 

3. Consider why people persist in making 

deterministic forecasts when it is very clear that 

such forecasts are often close to meaningless. 

4. Suggest some alternative strategies. 

5. Conclude with a few thoughts on where we 

should go from here. 
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There are some future 

events… 
…that can be precisely 
predicted.  For example, thanks 
to Newtonian mechanics we 
can confidently say that there 
will be a total eclipse of the sun 
on September 4, 2100.   

Indeed, we can even say that to 
within a fraction of a second, 
the moment of maximum 
eclipse will occur at 16:57:52 
GMT. 

Source: wikipedia; geogdata.csun.edu. 
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But given the plot below… 
…nobody in their right mind could plausibly argue that 

we can predict U.S. oil or gas prices to ±50% in 10, let 

alone 50, years. 

Source: headwaterseconomics.org. 

Yet…energy agencies, and many policy 

modelers and economists make such 

deterministic forecasts all the time! 
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Of course, when you look back… 

And here are forecasts of U.S. 

primary energy consumption for the 

year 2000 compiled by Greenberger 

in the early 1980s compared with 

three scenarios developed by the 

Ford Foundation Energy Project. 

Here is a summary of forecasts 

of U.S. primary energy 

consumption for the year 2000 

compiled by Smil (2003) as a 

function of the date on which 

they were made. 

F
ig

u
re

s
 f
ro

m
 M

o
rg

a
n

 a
n

d
 K

e
it
h

, 
2

0
0

8
  

…they don't do very well. 
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Complied by Adam Newcomer, 2007. 

EIA - AEO 
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EIA - AEO…(Cont.) 
Natural gas: 

Compiled by David Rode, 2006 

U.S. electricity sales: 

Compiled by Inês Azevedo, 2011. 
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EIA - AEO…(Cont.)  
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Predictions of when China would 
pass the U.S. 

Data for plots from Energy Information Administration, 

International Energy Outlook. Figures from Maxine Savitz. 

The year in which EIA 

projected that China's total 

primary energy would 

exceed the U.S. has steadily 

moved closer. 

China's energy consumption 

actually exceeded that of 

the U.S. even sooner. 
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Incidentally… 
…as a consequence, today China and the United 

States are the two largest emitters of CO2 by a very 

large margin. 
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In today's remarks I will: 

1. Provide some motivation and background.  

2. State the problem I am addressing in general 

terms. 

3. Consider why people persist in making 

deterministic forecasts when it is very clear that 

such forecasts are often close to meaningless. 

4. Suggest some alternative strategies. 

5. Conclude with a few thoughts on where we 

should go from here. 
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The basic problem: 

time 

value of  

attribute 1 

value of  

attribute 2 
A1(t=0) 

A2(t=0) 
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For example: 

time 

2012 U.S. retail 

electricity sales 
(through September) 

Average cost 

per kWh  
2.8 x1015 kWh 

9.9 ¢/kWh 



14 

Back to the basic problem: 

time 

value of  

attribute 1 

value of  

attribute 2 

A1(t=future) 

A2(t=future) 
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But the future is uncertain: 

time 

value of  

attribute 1 

value of  

attribute 2 

A1(t=future) 

A2(t=future) 
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We all know about such 
"cones of uncertainty" 

Source: NOAA. 
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What creates uncertainty 
about future values? 

Figure sources:jimmyakin.com; www.kutl.kyushu-u.ac.jp; www.moonmentum.com; hardygreen.com; i.telegraph.co.uk; 3.bp.blogspot.com; 

memory.loc.gov ; vneagoie.wordpress.com; wikipedia. 

• Random physical 

processes. 

• Choices by key 

decision makers. 

• Emergent 

consequences of many 

individual "agents." 

• New technology 
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As Baruch Fischhoff can explain… 
…while they do not do it perfectly, lay people are capable 

of acknowledging and dealing with uncertainty. 

Sources: forecast.weather.gov; www.hpc.ncep.noaa.gov; centrebet-nrl-grandfinal.com.au; www.footballlocks.com. 

Point spreads in sport 
Precipitation forecasts:  

Hurricane forecasts:  

Race track betting odds:  
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So, why is it that… 

…Government Ministers; Government Ministries; 

economists; and a wide variety of modelers 

(economics, energy, climate, etc.) persist in making 

single value forecasts with little or no discussion of 

uncertainty. In short: 

Why this…    Rather than this? 
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Some hypotheses 
Folks persist in making deterministic projections because: 

• They are lazy - they find it too hard to do anything else; 

• They can get away with it because most people who get 

their forecasts have no appreciation of how bad past 

performance has been; 

• They believe (erroneously) that those who use the 

forecasts are not capable of understanding or dealing 

with uncertainty; 

• Deterministic forecasts are more persuasive in 

arguments than forecasts that come with any 

acknowledgment of uncertainty; 

• They believe that if they include uncertainty, people will 

perceive them to be less expert; 

• They have no idea what else they could do. 
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Mapping reasons  
to players 

Folks persist in making deterministic 

projections because: 

• They are lazy - they find it too hard to do 

anything else; 

• They can get away with it because most 

people who get their forecasts have no 

appreciation of how bad past performance 

has been; 

• They believe (erroneously) that those who 

use the forecasts are not capable of 

understanding or dealing with uncertainty; 

• Deterministic forecasts are more 

persuasive in arguments than forecasts 

that come with any acknowledgment of 

uncertainty; 

• They believe that if they include 

uncertainty, people will perceive them to be 

less expert; 

• They have no idea what else they could do. 
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The fact that past projections… 

…have done so poorly suggests strongly that in many 

cases we should adopt some different strategies. 

I'll talk about four: 

1. Model switching 

2. Bounding analysis 

3. Bayesian methods 

4. Working the problem backwards 
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Models of… 
…different parts of the climate problem are believable for 

different periods of time into the future. 

For example, I would not trust a general equilibrium model of 

the world's economy to be very reliable for more than 

perhaps a decade or two.  In my view, running it out a 

century or more is not informative and could be misleading. 

The Bayesian philosopher's solution: 
Build separate models of all the possible futures, then 

combine them all by weighting each according to its 

likelihood of being the correct model. 

Implication: the less you know, the more complicated your 

analysis should become! 
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An engineer's  
solution 
Start with a complex model 

(about which you are 

confident), merge to simpler 

order-of-magnitude models as 

you become less confident 

about the results, and finally 

switch to bounding analysis. 

 
For details see: 

Elizabeth A. Casman, M. Granger 

Morgan and Hadi Dowlatabadi, "Mixed 

Levels of Uncertainty in Complex Policy 

Models," Risk Analysis, 19(1), 33-42, 

1999. 
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Problems with conventional 
scenarios 
In my view, scenario-based 
analysis often leads to 
systematic overconfidence and 
an underestimate of the range of 
possible future outcomes. 
 
Because of the cognitive 
heuristic of “availability” the 
more detail that is added to the 
story line, the more probable it 
appears, and the greater the 
difficulty people will have in 
imagining other, equally or more 
likely ways in which the same 
outcome could be reached. 
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Indeed, in preparing this talk… 
…I found the following very troubling (and almost 

certainly true) assertion from one of the strong 

proponents of using scenarios: 

 Practitioners 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. 

Source: W. Larry Gregory, "Scenarios and Acceptance of Forecasts," 519-540, in 

Principles of Forecasting: A handbook for researchers and practitioners, J. Scott 

Armstrong (ed.), 849pp., Kluwer Academic, 2001. 
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Probability and scenarios 
As some of you may know, Steve Schneider, as well as 

others, argued that without probabilities, scenarios are of 

little value to climate scientists and impact assessors who 

are trying to understand how the climate is likely to evolve 

over the coming centuries.   

 While acknowledging the logic of avoiding fruitless 
debate, I strongly argued…that policy analysts 
needed probability estimates to assess the 
seriousness of the implied impacts; otherwise they 
would be left to work out the implicit probability 
assignments for themselves… I urged the expert 
group to provide a subjective probability assessment 
for less expert users, but I was not persuasive 
enough, and the SRES authors expressed "no 
preference" for each scenario. 

Source: Stephen H. Schneider, "What Is 'Dangerous' Climate Change?," Nature, 

411, 17-19, May 3, 2001. 
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Of course… 
…if we think of a scenario as describing a series of points 
over time through a multi-dimensional space of future 
possible socioeconomic conditions, scenarios cannot be 
assigned probabilities since, in any probability distribution 
over a continuous variable, the probability that attaches to 
any specific point value or line through that space is zero. 

BUT…one can attach probabilities to intervals in such a 
space.  

For more elaboration of 
these and related ideas 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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One alternative is bounding 
analysis 
Given some quantity Q, whose value you want to project 

in the future, rather than developing a few very detailed 

"story lines" instead work to build a list of: 

All the developments 

that might lead to its 

having a high value 

All the developments 

that might lead to its 

having a low value   

Then, subject the resulting lists and analysis to repeated 

critical review and revision. 

Again for details 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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Without going through 
any details… 
…here is the result of a bounding analysis of future U.S. 

electricity demand produced by my former PhD student 

Vanessa Schweizer. 
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Bayesian  

approaches 

Source: Raftery et al., PNAS, 2012. 

The best example I 

have seen is by 

Adrian Raftery et al. 
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For example… 
…rather than 

generating a 

deterministic 

forecast for any 

given county, 

they generate 

probabilistic 

forecasts such as 

these for China: 

Source: Raftery et al., PNAS, 2012. 
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Working the problem backwards 

We all have a strong desire to work in the direction of the 

causal influences. For example, in the case of climate 

change: 

GHG 

emissions 

 

climate 

 

impacts 

Valuation of 

impacts 

However, there is often so much uncertainty in the 
earlier steps that if we are honest, we get PDFs on the 
latter stages that are so broad as to be almost useless. 

Sometimes a better strategy is to ask, what possible 
outcomes might we most care about, and then work 
backwards, to ask, what sorts of things would have to 
happen to lead to those outcomes (some of the tolerable 

windows work did this). 
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Backwards…(Cont.) 
Many people find it very hard to approach things in this way. 

  For example, several of us tried to 

get the regional and sectoral 

groups to adopt such a strategy in 

the 2000 U.S. National Assessment 

but found that folks without 

significant analytical experience 

were not comfortable doing this. 

Nevertheless, I believe that the 

approach deserves serious 

consideration. 

For details on the National Assessment experience see: 

M. Granger Morgan, Robin Cantor, William C. Clark, Ann Fisher, Henry D. Jacoby, Anthony 

C. Janetos, Ann P. Kinzig, Jerry Melillo, Roger B. Street, and Thomas J. Wilbanks, "Learning 

from the U.S. National Assessment of Climate Change." Environmental Science & 

Technology, 39, 9023-9032, 2005. 
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We need two things: 

1. Better methods and worked examples that 

illustrate alternatives to making single-

valued deterministic projections of quantities 

we know can't be accurately forecast. 

2. A set of folks who are prepared to start using 

these methods so as to point the way to 

better practice. 
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On the first point: 
As part of the work of our NSF 

center on climate and energy 

decision making, we are planning a 

small workshop for this spring that 

will focus on what sorts of time 

series it does and does not make 

sense to try to predict (as point/line 

estimates), and what alternative 

strategies we should be developing 

and promoting. 

Our hope is to build on previous 
work by folks like Craig et al. and 
develop recommendations and a 
research agenda.  
               We would welcome advice! 
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On the second point: 

A set of folks who are 

prepared to start using these 

methods so as to point the 

way to better practice. 

My sense is that we should not start by focusing on 

ministers, agencies like U.S. EIA or the IEA that routinely 

produce deterministic forecasts. 

Nor would I expect many economists who do forecasting 

of economic performance to be very receptive. 

Rather, once we have provided clear pointers to improve 

methods, we should begin to work on persuading the 

energy, climate, and other modeling and assessment 

communities to make greater use of such methods. 
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That is the way in which… 
…uncertainty analysis was developed and 

spread throughout the risk analysis community 

over the course of the past 50 years. 

Let's hope it doesn't take another 50 

years to get improved methods 

adopted in the forecasting community. 

But, as Laozi is reported to have said: 

                            千里之行，始于足下 

http://www.quotationspage.com/quotes/Lao-tzu/
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End 

In developing the ideas discussed in this talk I have been fortunate to have generous 

support from the National Science Foundation (SES-9209783, BCS-9218045; SES-

034578; SES-0949710 and others), the Department of Energy (DE-FG02-93ER61712, 

DE-FG02-93ER61711, DE-FG02-94ER61916), the Electric Power Research Institute, the 

National Oceanographic and Atmospheric Agency, the Scaife Family Fund, the Doris 

Duke Charitable Foundation, the Gordon and Betty Moore Foundation, Carnegie Mellon 

University and a number of others. Thanks to my many colleagues and students, and 

especially to Hadi Dowlatabadi, David Keith, Lester Lave, Max Henrion and Ed Rubin. 


