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In	
  the	
  next	
  15	
  minutes	
  I	
  
will	
  talk	
  about	
  three	
  things:	
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1.  Insights	
  we’ve	
  draw	
  from	
  a	
  series	
  of	
  “expert	
  
elicita9ons”	
  we	
  have	
  conducted	
  in	
  climate	
  
science,	
  climate	
  change	
  impacts,	
  and	
  energy	
  
technologies.	
  

	
  
2.  Concerns	
  we	
  have	
  about	
  the	
  use	
  of	
  scenarios	
  as	
  a	
  

way	
  to	
  think	
  about	
  the	
  future.	
  
	
  
3.  Work	
  we	
  have	
  been	
  doing	
  to	
  to	
  assess	
  the	
  

performance	
  of	
  energy	
  and	
  other	
  forecasts	
  and	
  
beIer	
  describe	
  the	
  associated	
  uncertain9es.	
  



Over	
  the	
  past	
  20	
  years…	
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…we’ve	
  performed	
  a	
  variety	
  of	
  expert	
  elicita9ons:	
  
	
  

On	
  climate	
  Science:	
  
•  M.	
  Granger	
  Morgan	
  and	
  David	
  Keith,	
  "Subjec9ve	
  Judgments	
  by	
  Climate	
  Experts,"	
  

Environmental	
  Science	
  &	
  Technology,	
  29(10),	
  468A-­‐476A,	
  October	
  1995.	
  	
  
•  M.	
  Granger	
  Morgan,	
  Peter	
  Adams,	
  and	
  David	
  W.	
  Keith,	
  "Elicita9on	
  of	
  Expert	
  Judgments	
  of	
  

Aerosol	
  Forcing,"	
  Clima7c	
  Change,	
  75,	
  195-­‐214,	
  2006.	
  	
  
•  Kirsten	
  Zickfeld,	
  M.	
  Granger	
  Morgan,	
  David	
  Frame	
  and	
  David	
  W.	
  Keith,	
  "Expert	
  Judgments	
  

About	
  Transient	
  Climate	
  Response	
  to	
  Alterna9ve	
  Future	
  Trajectories	
  of	
  Radia9ve	
  Forcing,"	
  
Proceedings	
  of	
  the	
  Na7onal	
  Academy	
  of	
  Science,	
  107,	
  12451-­‐12456,	
  July	
  13,	
  2010.	
  	
  

On	
  Climate	
  Impacts:	
  
• 	
  M.	
  Granger	
  Morgan,	
  Louis	
  F.	
  Pitelka	
  and	
  Elena	
  Shevliakova,	
  "Elicita9on	
  of	
  Expert	
  Judgments	
  of	
  
Climate	
  Change	
  Impacts	
  on	
  Forest	
  Ecosystems,"	
  Clima7c	
  Change,	
  49,	
  279-­‐307,	
  2001.	
  

•  Kirsten	
  Zickfeld,	
  Anders	
  Levermann,	
  Till	
  Kuhlbrodt.	
  Stefan	
  Rahmstorf,	
  M.	
  Granger	
  Morgan	
  and	
  
David	
  Keith,	
  "Expert	
  Judgements	
  on	
  the	
  Response	
  on	
  the	
  Atlan9c	
  Meridional	
  Overturning	
  
Circula9on	
  to	
  Climate	
  Change,"	
  Clima7c	
  Change,	
  82,	
  235-­‐265,	
  2007.	
  

•  Jean-­‐Pierre	
  GaIuso,	
  Katharine	
  J.	
  Mach	
  and	
  Granger	
  Morgan,	
  "Ocean	
  Acidifica9on	
  and	
  Its	
  
Impacts:	
  An	
  expert	
  survey,"	
  Clima9c	
  Change,	
  Clima9c	
  change	
  117(4),	
  2013,	
  pp	
  725-­‐738.	
  	
  

On	
  Low	
  Carbon	
  Technologies:	
  
• 	
  Aimee	
  Curtright,	
  M.	
  Granger	
  Morgan	
  and	
  David	
  Keith,	
  "Expert	
  Assessment	
  of	
  Future	
  

Photovoltaic	
  Technology,	
  "	
  Environmental	
  Science	
  &	
  Technology,	
  42(24),	
  2008.	
  
• 	
  Ahmed	
  Abdulla,	
  Inês	
  Azevedo	
  and	
  M.	
  Granger	
  Morgan,	
  "Expert	
  Assessments	
  of	
  the	
  Cost	
  of	
  

Light	
  Water	
  Small	
  Modular	
  Reactors,"	
  PNAS,	
  110(24),	
  9686-­‐9691,	
  2013.	
  



Over	
  confidence	
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There	
  is	
  considerable	
  evidence	
  in	
  the	
  literature	
  that	
  people	
  
are	
  overconfident	
  when	
  they	
  make	
  judgments	
  in	
  the	
  face	
  
of	
  uncertainty.	
  	
  

!
Summary	
  of	
  the	
  value	
  of	
  the	
  "surprise	
  index"	
  (ideal	
  value	
  =	
  2%)	
  observed	
  in	
  
21	
  different	
  studies	
  involving	
  over	
  10,000	
  assessment	
  ques9ons.	
  	
  These	
  
results	
  indicate	
  clearly	
  the	
  ubiquitous	
  tendency	
  to	
  overconfidence	
  (i.e.,	
  
assessed	
  probabili9es	
  that	
  are	
  too	
  narrow).	
  A	
  more	
  detailed	
  summary	
  is	
  
provided	
  in	
  Morgan	
  and	
  Henrion	
  (1990).	
  
	
  



Experts	
  also	
  are	
  overconfident	
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While	
  this	
  is	
  a	
  problem…	
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…in	
  expert	
  elicita9on,	
  and	
  we	
  take	
  various	
  
steps	
  to	
  minimize	
  overconfidence	
  	
  it	
  is	
  also	
  a	
  
problem	
  in	
  any	
  less	
  formal	
  selng,	
  such	
  as	
  
IPCC	
  consensus	
  panels.	
  
	
  
Our	
  results	
  suggest	
  that	
  IPCC	
  consensus	
  
judgments	
  may	
  omen	
  produce	
  9ghter	
  
distribu9ons	
  than	
  what	
  one	
  sees	
  when	
  talking	
  
with	
  individual	
  inves9gators.	
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Comparison with IPCC 4th  
assessment consensus results 

M.	
  Granger	
  Morgan,	
  Peter	
  Adams,	
  and	
  David	
  W.	
  Keith,	
  "Elicita9on	
  of	
  Expert	
  
Judgments	
  of	
  Aerosol	
  Forcing,"	
  Clima7c	
  Change,	
  75,	
  195-­‐214,	
  2006.	
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Kirsten	
  Zickfeld,	
  M.	
  Granger	
  Morgan,	
  David	
  Frame	
  and	
  David	
  W.	
  Keith,	
  "Expert	
  Judgments	
  
About	
  Transient	
  Climate	
  Response	
  to	
  Alterna9ve	
  Future	
  Trajectories	
  of	
  Radia9ve	
  Forcing,"	
  
Proceedings	
  of	
  the	
  Na7onal	
  Academy	
  of	
  Science,	
  107,	
  12451-­‐12456,	
  July	
  13,	
  2010.	
  	
  
	
  

Climate	
  
sensi9vity	
  

Probability 
allocated to 
values 
above 4.5°C 



Displaying	
  individual	
  results…	
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…can	
  also	
  give	
  a	
  very	
  different	
  impression	
  
than	
  is	
  omen	
  conveyed	
  in	
  	
  consensus	
  
statement.	
  

An	
  excellent	
  example	
  of	
  this	
  is	
  
provided	
  by	
  our	
  study	
  of	
  the	
  AMOC	
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Probability	
  of	
  AMOC	
  collapse	
  

From	
  Kirsten	
  Zickfeld,	
  
Anders	
  Levermann,	
  Till	
  
Kuhlbrodt.	
  Stefan	
  
Rahmstorf,	
  M.	
  Granger	
  
Morgan	
  and	
  David	
  Keith,	
  
"Expert	
  Judgements	
  on	
  
the	
  Response	
  on	
  the	
  
Atlan9c	
  Meridional	
  
Overturning	
  Circula9on	
  
to	
  Climate	
  Change,"	
  
Clima7c	
  Change,	
  82,	
  
235-­‐265,	
  2007.	
  



Advice	
  for	
  future	
  IPCC	
  assessments	
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Conduct	
  individual	
  assessments	
  
of	
  the	
  author	
  teams	
  before	
  they	
  
start	
  working	
  together	
  to	
  produce	
  
a	
  consensus	
  judgment.	
  



An	
  editor	
  at	
  PNAS…	
  

13	
  

…who	
  handled	
  our	
  
most	
  	
  recent	
  paper	
  on	
  
expert	
  elicita9on	
  (of	
  
SMRs),	
  said	
  they	
  were	
  
gelng	
  too	
  many	
  
ques9onable	
  elicita9on	
  
papers	
  and	
  asked	
  me	
  	
  
to	
  prepare	
  this	
  
commentary.	
  



In	
  the	
  next	
  15	
  minutes	
  I	
  
will	
  talk	
  about	
  three	
  things:	
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1.  Insights	
  we’ve	
  draw	
  from	
  a	
  series	
  of	
  “expert	
  
elicita9ons”	
  we	
  have	
  conducted	
  in	
  climate	
  
science,	
  climate	
  change	
  impacts,	
  and	
  energy	
  
technologies.	
  

	
  
2.  Concerns	
  we	
  have	
  about	
  the	
  use	
  of	
  scenarios	
  as	
  a	
  

way	
  to	
  think	
  about	
  the	
  future.	
  
	
  
3.  Work	
  we	
  have	
  been	
  doing	
  to	
  to	
  assess	
  the	
  

performance	
  of	
  energy	
  and	
  other	
  forecasts	
  and	
  
beIer	
  describe	
  the	
  associated	
  uncertain9es.	
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Problems with conventional 
scenarios 
Analysts often use scenarios based on 
detailed story lines that spell out 
"plausible alternative futures." Typically 
no probabilities are assigned.  
 
Rather than expanding people’s 
judgment about the range of 
uncertainty about the future, in my view 
such 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 one 
adds to the story line of a scenario, the 
more probable it is likely to appear, 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 writing that paper… 
…I found the following very troubling (and almost 
certainly true) assertion from one of the strong 
proponents of using scenarios: 

 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. 

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 most of you 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 US 
electricity demand  produced by student Vanessa Schweizer. 
(paper now in review at Technological Forecasting and Social Change) 
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Predictions of US Energy Consumption 

Comparison of 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. 

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. 
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In	
  the	
  next	
  15	
  minutes	
  I	
  
will	
  talk	
  about	
  three	
  things:	
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1.  Insights	
  we’ve	
  draw	
  from	
  a	
  series	
  of	
  “expert	
  
elicita9ons”	
  we	
  have	
  conducted	
  in	
  climate	
  
science,	
  climate	
  change	
  impacts,	
  and	
  energy	
  
technologies.	
  

	
  
2.  Concerns	
  we	
  have	
  about	
  the	
  use	
  of	
  scenarios	
  as	
  a	
  

way	
  to	
  think	
  about	
  the	
  future.	
  
	
  
3.  Work	
  we	
  have	
  been	
  doing	
  to	
  to	
  assess	
  the	
  

performance	
  of	
  energy	
  and	
  other	
  forecasts	
  and	
  
beIer	
  describe	
  the	
  associated	
  uncertain9es.	
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Complied by Adam Newcomer, 2007 

EIA - AEO 
Coal	
  prices	
  to	
  electric	
  genera9ng	
  plants.	
  	
  EIA-­‐AEO	
  1984-­‐2005.	
  



2013	
  Theory	
  and	
  Methods	
  Workshop	
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Just like we have hurricane 
forecasts like this: 

We need energy 
forecast like this:	
  



We	
  now	
  have	
  two	
  PhD	
  students	
  
working	
  to	
  develop	
  beIer	
  methods	
  to	
  
deal	
  with	
  uncertainty	
  in	
  forecasts	
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Evan	
  Sherwin	
  is	
  working	
  on	
  
defining	
  and	
  analyzing	
  
surprises	
  in	
  energy	
  forecasts.	
  	
  

Lynn	
  Kaack	
  is	
  working	
  on	
  
introducing	
  probability	
  
into	
  energy	
  forecasts.	
  	
  



Gas	
  produc9on	
  forecast	
  errors	
  



Examples	
  from	
  Economics	
  
	
  

 
●  World Economic Outlook 2014: oil price 

forecast by vector autoregression (VAR) 
●  Use of fan chart since 2006 [WEO 2009] for 

global growth projections: incorporating 
uncertainty of input variables, survey-based 
measures and option prices 
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Infla9on	
  Forecasts	
  
●  Bank	
  of	
  England	
  started	
  ‘fan	
  chart’	
  1996	
  

[BriIon	
  et	
  al.,	
  1998],	
  many	
  central	
  banks	
  
adopted	
  

●  Banks	
  differ	
  in	
  the	
  way	
  they	
  combine	
  
judgement,	
  retrospec9ve	
  analysis,	
  use	
  of	
  
mul9ple	
  models	
  and	
  uncertainty	
  of	
  key	
  input	
  
variables	
  for	
  find	
  the	
  uncertainty	
  range	
  [Julio,	
  
2007,	
  Blix	
  and	
  Sellin,	
  1998]	
  

[BriIon	
  et	
  al.,	
  	
  
1998]	
  

[IMF,	
  	
  
WEO	
  2014]	
  

Interna9onal	
  Monetary	
  Fund	
  



Comparing	
  projected	
  with	
  actual	
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AE	
  1982	
  

AE	
  2012	
  



Comparing	
  
predicted	
  with	
  
actual	
  over	
  9me	
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Asking	
  why	
  do	
  some	
  
do	
  quite	
  well:	
  
	
  
	
  
	
  
	
  
	
  
While	
  others	
  are	
  
very	
  poor:	
  



Also	
  looking	
  at	
  
correla9on	
  

coefficients	
  over	
  
9me	
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Lynn	
  is	
  finding…	
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…that	
  error	
  distribu9ons	
  do	
  not	
  correspond	
  to	
  a	
  single	
  
probability	
  density	
  func9on	
  and	
  require	
  non-­‐parametric	
  
quan9le	
  regression.	
  	
  
	
  	
  	
  She	
  expects	
  that	
  calibra9on	
  and	
  sharpness	
  of	
  predic9on	
  
intervals	
  will	
  be	
  improved	
  by	
  iden9fying	
  non-­‐sta9onarity	
  with	
  
change	
  point	
  analysis.	
  	
  
	
  	
  	
  The	
  predic9on	
  intervals	
  for	
  the	
  EIA	
  coal	
  forecasts	
  span	
  a	
  
considerably	
  wider	
  range	
  than	
  captured	
  by	
  EIA’sscenario	
  
analysis.	
  She	
  expects	
  similar	
  results	
  for	
  other	
  quan99es	
  and	
  
for	
  IEA	
  projec9ons.	
  
	
  	
  	
  So	
  far	
  she	
  is	
  challenging	
  the	
  asser9on	
  by	
  some	
  that	
  
forecasts	
  are	
  systema9cally	
  biased.	
  	
  
	
  



BoIom	
  Line	
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It	
  is	
  our	
  plan	
  to	
  develop	
  specific	
  guidance	
  for	
  
ins9tu9ons	
  on	
  how	
  to	
  construct	
  and	
  incorporate	
  
sound	
  predic9on	
  intervals	
  in	
  future	
  energy	
  
outlooks.	
  	
  	
  
	
  
We	
  expect	
  our	
  findings	
  to	
  also	
  be	
  applicable	
  to	
  
projec9ons	
  made	
  in	
  other	
  fields.	
  



Plan	
  for	
  the	
  day	
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