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Three	
  Uses	
  of	
  Scenarios	
  

Scenarios	
  are	
  not	
  predic.ons	
  
but	
  are	
  descrip.ons	
  of	
  
alterna.ve	
  futures	
  and	
  can	
  
be	
  an	
  effec.ve	
  means	
  of:	
  

1.  Coordina.ng	
  
interdisciplinary	
  science	
  
and	
  assessment	
  

2.  Evalua.ng	
  implica.ons	
  of	
  
uncertainty	
  for	
  decisions	
  

3.  Informing	
  decisions	
  and	
  
communica.ng	
  with	
  
stakeholders	
  and	
  
decisionmakers	
  	
  



Elmar Kriegler, Brian O‘Neill, Stephane Hallegatte, Tom Kram, Rob Lempert, Tom Wilbanks:  
Socio-economic Scenario Development  for Climate Change Ana;ysis     

Two types of users, two types of scenarios 

•  Decision makers  Scenarios can be tailored to the specific 
decision context 

•  Intermediate users (analysts, scientists, contributors to 
assessments)  Scenarios for strategic exploration of futures 

Source: Elmar Kriegler 



1.	
  Scenarios	
  to	
  Coordinate	
  
Interdisciplinary	
  Research	
  and	
  Assessment	
  

•  Different	
  types	
  of	
  scenarios	
  (socio-­‐economic,	
  emissions,	
  
climate,	
  environmental)	
  have	
  typically	
  been	
  used	
  in	
  a	
  
sequen.al	
  fashion	
  to	
  coordinate	
  research	
  and	
  link	
  sets	
  of	
  
studies	
  

•  A	
  new	
  process	
  (IPCC	
  2007;	
  Moss	
  et	
  al.,	
  2010)	
  was	
  
developed	
  to	
  alter	
  this	
  process	
  so	
  that	
  climate	
  and	
  
socioeconomic	
  scenarios	
  (including	
  for	
  VIA	
  analysis)	
  could	
  
be	
  developed	
  in	
  parallel	
  with	
  climate	
  scenarios	
  

•  The	
  process	
  rests	
  on	
  the	
  observa.on	
  that	
  many	
  different	
  
socioeconomic	
  futures	
  can	
  be	
  associated	
  with	
  a	
  par.cular	
  
climate	
  future	
  

•  The	
  process	
  encourages	
  development	
  of	
  exploratory	
  
socioeconomic	
  scenarios	
  nested	
  within	
  the	
  broader	
  
bounding	
  context	
  provided	
  by	
  a	
  set	
  of	
  “Representa.ve	
  
Concentra.on	
  Pathways”	
  



INTEGRATION	
  OF	
  
CLIMATE	
  

AND	
  SOCIO-­‐ECONOMIC	
  	
  
SCENARIOS	
  

• Integrated	
  scenarios	
  
• Padern	
  scaling	
  (climate)	
  
• Downscaling	
  of	
  climate	
  
and	
  socio-­‐economic	
  

scenarios	
  
• 	
  …	
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NEW	
  RESEARCH	
  
AND	
  

ASSESSMENTS	
  

• Impact,	
  
adapta.on,	
  and	
  
vulnerability	
  

studies	
  
• Feedbacks	
  

• Model	
  
development	
  

• 	
  …	
  

GENERAL	
  
CHARACTERISTCS	
  

• Uncertainty	
  range	
  
of	
  forcing	
  in	
  2100	
  

• Shape	
  of	
  radia.ve	
  
forcing	
  over	
  .me	
  

REPRESENTATIVE	
  
CONCENTRATION	
  
PATHWAYS	
  (RCPs)	
  

(Four	
  pathways	
  from	
  	
  
exis.ng	
  literature)	
  

• GHGs	
  
• Short-­‐lived	
  gases	
  

and	
  aerosols	
  
• Land	
  cover/use	
  

NEW	
  SOCIO-­‐ECONOMIC	
  and	
  
EMISSIONS	
  SCENARIOS;	
  	
  

VULNERABILITY	
  STORYLINES	
  

• Adapta.on	
  
• Mi.ga.on	
  

• Stabiliza.on	
  
• Overshoots	
  

• 	
  …	
  

CLIMATE	
  SCENARIOS	
  

• Near-­‐term	
  (2035)	
  
• Long-­‐term	
  (2100+)	
  

• Regional	
  climate	
  modeling	
  
• Padern	
  scaling	
  methods	
  

2008	
   2009	
   2010	
   2012	
   2013	
  

RCP-­‐related	
   Independent	
  
of	
  RCPs	
  

2011	
  

Context:	
  “Parallel	
  Process”	
  

Source:	
  Moss	
  et	
  al.	
  2010	
  



RCP-­‐Based	
  Climate	
  Scenarios	
  
•  Long	
  term	
  scenarios	
  to	
  2100+	
  

–  For	
  all	
  RCPs	
  
–  1°	
  to	
  2°	
  resolu.on	
  

•  Near-­‐term	
  scenarios	
  to	
  2035	
  	
  
–  “Decadal	
  predic.on”	
  (research	
  issue)	
  
– Higher	
  resolu.on	
  (0.5°	
  to	
  1°)	
  
– Addi.onal	
  informa.on	
  on	
  extremes	
  
–  RCP4.5	
  

•  Padern	
  scaling	
  using	
  simple	
  models	
  forced	
  with	
  
different	
  scenarios	
  (research	
  issue)	
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Socioeconomic	
  Narra.ves	
  and	
  
Scenarios	
  

•  RCP-­‐related	
  
–  IAMC,	
  EMF,	
  RECIPE,	
  ADAM,	
  RoSE,	
  Asia	
  Modeling	
  Exercise,	
  EU	
  
framework	
  projects	
  are	
  encouraging	
  work	
  in	
  this	
  area	
  

–  Need	
  narra.ves	
  and	
  scenarios	
  to	
  explore	
  a	
  wide	
  range	
  of	
  
futures	
  (especially	
  related	
  to	
  VIA)	
  

–  Ques.ons	
  explored	
  during	
  CCI/IA	
  day	
  1:	
  
•  What	
  does	
  it	
  mean	
  to	
  be	
  part	
  of	
  a	
  family	
  of	
  RCP-­‐related	
  scenarios?	
  
•  What	
  factors	
  to	
  include?	
  

–  Rela.onship	
  of	
  global	
  and	
  regional/local	
  condi.ons	
  for	
  VIA?	
  
–  How	
  detailed?	
  

•  Time	
  scales?	
  
•  For	
  IPCC,	
  how	
  to	
  iden.fy	
  a	
  workable	
  number	
  of	
  socio-­‐economic	
  
narra.ves	
  and	
  scenarios?	
  	
  

•  New	
  scenarios	
  unrelated	
  to	
  the	
  RCPs	
  are	
  also	
  being	
  
developed	
  to	
  explore	
  alterna.ve	
  stabiliza.on	
  levels,	
  
higher	
  overshoot	
  pathways,	
  etc.	
  



Describing	
  Socio-­‐Economic	
  and	
  
Environmental	
  Futures	
  for	
  Climate	
  
Change	
  Research	
  and	
  Assessment	
  

February	
  4-­‐5,	
  2010	
   Washington,	
  DC	
  

Organized	
  by	
  the	
  US	
  Na.onal	
  Research	
  Council	
  with	
  sponsorship	
  from	
  DOE,	
  NSF,	
  
NOAA,	
  and	
  NIES	
  (Japan)	
  



Personal	
  Reflec.ons	
  from	
  the	
  NRC	
  
Socioeconomic	
  Scenarios	
  Workshop	
  

•  Nonclimate	
  events	
  will	
  be	
  more	
  important	
  than	
  climate	
  
events	
  in	
  the	
  short	
  term;	
  for	
  climate	
  in	
  the	
  short	
  term,	
  
focus	
  on	
  extremes	
  

•  For	
  longer	
  .mescales,	
  examine	
  factors	
  with	
  large	
  iner.a	
  
such	
  as	
  educa.on	
  levels,	
  income	
  distribu.ons,	
  and	
  
urbaniza.on	
  

•  There	
  are	
  too	
  many	
  drivers	
  to	
  include—focus	
  on	
  a	
  few	
  key	
  
drivers:	
  governance	
  and	
  ins.tu.ons,	
  access	
  to	
  public-­‐sector	
  
services,	
  ecosystem	
  services,	
  urbaniza.on,	
  and	
  
globaliza.on	
  and	
  trade	
  	
  	
  

•  Pursuing	
  both	
  adapta.on	
  and	
  mi.ga.on	
  will	
  create	
  
constraints—energy,	
  water,	
  and	
  land	
  use	
  interac.ons	
  

•  Use	
  non-­‐governmental	
  character	
  of	
  process	
  to	
  explore	
  
“worst-­‐case”	
  alterna.ve	
  baselines	
  and	
  policy	
  narra.ves	
  

•  Iden.fying	
  desired	
  end	
  points	
  and	
  developing	
  scenarios	
  by	
  
working	
  backward	
  from	
  those	
  states	
  holds	
  promise	
  



Framework	
  for	
  Nested	
  Scenarios	
  
•  The	
  RCPs	
  are	
  consistent	
  with	
  a	
  very	
  broad	
  range	
  of	
  socioeconomic	
  

futures	
  	
  
•  A	
  few	
  “light	
  touch”	
  narra.ves	
  and	
  scenarios	
  should	
  provide	
  a	
  

bounding	
  framework	
  into	
  which	
  scenarios	
  for	
  par.cular	
  sectors,	
  
regions,	
  or	
  decisions	
  can	
  be	
  developed	
  
–  Bound	
  key	
  uncertain.es	
  at	
  scale	
  of	
  globe	
  and	
  large	
  regions	
  
–  Should	
  not	
  adempt	
  to	
  determine	
  regional/local	
  condi.ons/trends	
  with	
  

global	
  data	
  sets	
  or	
  models	
  
–  Consider	
  what	
  processes	
  are	
  .ghtly	
  and	
  loosely	
  coupled	
  across	
  scales	
  
–  Poten.al	
  for	
  stakeholder	
  engagement	
  

•  Technical	
  guidelines	
  and	
  methods	
  for	
  developing	
  local	
  scenarios	
  for	
  
tes.ng	
  out	
  specific	
  decisions	
  nested	
  within	
  the	
  RCPs	
  and	
  RSPs	
  would	
  
also	
  be	
  useful	
  (see,	
  e.g.,	
  Zurek	
  and	
  Henrichs,	
  2007)	
  
–  E.g.,	
  are	
  there	
  combina.ons	
  of	
  socioeconomic	
  factors	
  unlikely	
  to	
  occur	
  

under	
  specific	
  RCPs?	
  
–  Encourage	
  applica.on	
  of	
  diverse	
  methods	
  and	
  approaches	
  

•  It	
  was	
  ques.oned	
  whether	
  the	
  community	
  is	
  organized	
  to	
  do	
  all	
  of	
  
what	
  is	
  needed	
  on	
  .mescales	
  needed	
  by	
  the	
  AR5	
  



2.	
  Scenarios	
  to	
  Evaluate	
  Uncertainty	
  
By	
  spanning	
  ranges	
  of	
  uncertain	
  variables	
  or	
  
outcomes,	
  scenarios	
  can	
  be	
  used	
  in	
  analysis	
  to	
  
assess	
  the	
  robustness	
  of	
  op.ons	
  to	
  a	
  range	
  of	
  
possible	
  futures	
  

Span	
  RF	
  scenarios	
   Represent	
  10-­‐90th	
  emissions	
  ppmv* 

950 

CO2eq* 

1430 

*in 2100 

790 

650 

450 

670 

520 

410 

Sources: Detlef VanVuuren, Jae Edmonds 



S.ll	
  Need	
  to	
  Incorporate	
  
“Inevitable”	
  Surprise	
  

•  Large	
  shirs	
  in	
  climate	
  that	
  
persist	
  for	
  years	
  or	
  longer	
  over	
  a	
  
widespread	
  area	
  

•  Slow-­‐down	
  or	
  cessa.on	
  of	
  ocean	
  
circula.on	
  due	
  to	
  influx	
  of	
  fresh	
  
water	
  

•  Mel.ng	
  of	
  the	
  Greenland	
  Ice	
  
Sheet	
  

•  Carbon	
  Cycle	
  Feedbacks	
  
•  Poten.al	
  for	
  Extreme	
  Extreme	
  
Events	
  



Uncertainty	
  in	
  Complex	
  Regional	
  
Models	
  

•  “…it	
  is	
  likely	
  that	
  the	
  
projec.ons	
  reflect	
  the	
  
limita.ons	
  of	
  the	
  models	
  and	
  
analyses	
  as	
  much	
  as	
  
probabili.es	
  intrinsic	
  to	
  the	
  
real	
  world.	
  “	
  

•  “…the	
  more	
  the	
  uncertain.es	
  
are	
  explored,	
  the	
  greater	
  the	
  
ranges	
  in	
  the	
  projected	
  
possible	
  outcomes	
  are	
  likely	
  to	
  
become.”	
  

•  “…an	
  over-­‐reliance	
  by	
  
decision-­‐makers	
  on	
  modelling	
  
may	
  be	
  sesng	
  up	
  the	
  scien.fic	
  
community	
  for	
  a	
  loss	
  of	
  trust.”	
  

14	
  



Scenarios Are Just One of Many Approaches to 
Characterize Uncertainty  

15 

Uncertainty	
  Characteriza.on	
  

Uncertainty	
  
Quan.fica.on	
  

Uncertainty	
  
Propaga.on	
  

• Bounding	
  methodologies	
  
• Qualita.ve	
  uncertainty	
  
classifica.on	
  (HIGH/MED/LOW,	
  ...)	
  
• 	
  a	
  priori	
  v.	
  a	
  posteriori	
  

• Semi-­‐quan.ta.ve	
  methods	
  (order	
  
of	
  magnitude	
  scales)	
  
• Scenario/case	
  analysis	
  
• Expert	
  elicita.on	
  

• Monte	
  Carlo	
  analysis	
  
• Importance	
  sampling	
  
• La.n	
  Hypercube	
  
• Markov	
  Chain	
  Monte	
  Carlo	
  
• Metropolis-­‐Has.ngs	
  sampling	
  
• Response	
  surface	
  methodology	
  
• Nonprobabilis.c	
  measure	
  
propaga.on	
  
• Propaga.on	
  of	
  moments	
  	
  

• Bound	
  propaga.on	
  
• Qualita.ve/semi-­‐quan.ta.ve	
  	
  
data	
  fusion	
  
• Qualita.ve	
  measure	
  
propaga.on	
  

• Bayesian	
  probabilis.c	
  characteriza.on	
  
• Dempster-­‐Shafer	
  characteriza.on	
  
• Possibilis.c	
  methods	
  
• Other	
  nonprobabilis.c	
  methods	
  

Source: S. Unwin 



Example: Uncertainty Characterization Within 
an Applied Modeling Project 
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Uncertainty 
Characterization 

-­‐ 	
  probabilis.c	
  
-­‐ 	
  sensi.vity	
  
-­‐ 	
  scenario	
  
-­‐ 	
  evidence	
  theories	
  	
  

Residual 
Risks 

Decision 
Frameworks 

Integrated 
UC 

-­‐ op.miza.on	
  
-­‐ 	
  robust	
  
-­‐ 	
  adap.ve	
  
-­‐ 	
  precau.onary	
  

Experimental 
Constraints 

iRM Uncertainty 
Sources 

Uncertainty 
Types 

Decision 
Space - 
Options 

-­‐	
  parametric	
  
-­‐	
  model	
  validity	
  	
  
-­‐	
  completeness	
  
-­‐	
  model	
  implementa.on	
  

-­‐	
  epistemic	
  
-­‐ 	
  aleatory	
  	
  

-­‐ model	
  size	
  
-­‐ parameteriza.on	
  
-­‐ model	
  concepts	
  	
  

-­‐ computa.onal	
  
-­‐ analy.cal	
  



3.	
  Scenarios	
  to	
  Inform	
  Decisions	
  and	
  
Communicate	
  with	
  Stakeholders	
  	
  

•  Tradi.onal	
  integrated	
  assessment	
  is	
  plagued	
  
by	
  the	
  lack	
  of	
  thorough	
  integra.on	
  of	
  social	
  
and	
  ins.tu.onal	
  domains	
  	
  

•  Par.cipatory	
  integrated	
  assessment	
  (PIA)	
  
framework	
  (Robinson	
  et	
  al.,	
  2009)	
  can	
  connect	
  
climate	
  change	
  mi.ga.on	
  and	
  adapta.on	
  
decisions	
  to	
  broader	
  development	
  priori.es	
  
and	
  decisions	
  	
  



The	
  Challenge…	
  
“the real purpose of modeling is not to describe 
the world but to change the mental models in 
the heads of users”    Pierre Wack, Harvard Business Review, 
1985 

“most people in our culture are alienated from 
large systems… because most of it is noise to 
them. …people lack the mental models that 
would allow them to convert that noise to useful 
information”   John Hiles, 1995 

“information is the garbage of the nineties”   Neil 
Postman, Technopoly, 1992 

Source: John Robinson, UBC 



Knowledge	
  Synthesis	
  	
  

Expert 
Understanding 

Public 
values, 

attitudes, 
perceptions 
and beliefs 

Improved 
understanding 
and practice of 
sustainability 

Tools/Processes 
(e.g. QUEST, 

GBDL,  
CIRS) 

Source: John Robinson, UBC 





Chicago Metroquest 
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Metroquest	
  kiosk	
  	
  
Sears	
  Tower,	
  Chicago,	
  2009	
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Final	
  Points	
  
•  Scenarios	
  are	
  a	
  useful	
  method	
  for	
  examining	
  the	
  implica.ons	
  

for	
  decisions	
  of	
  uncertain	
  future	
  condi.ons	
  
•  A	
  new	
  parallel	
  process	
  for	
  developing	
  scenarios	
  to	
  integrate	
  

interdisciplinary	
  and	
  mul.-­‐scale	
  assessments	
  is	
  crea.ng	
  new	
  
opportuni.es	
  and	
  demands	
  –	
  new	
  research	
  and	
  support	
  
ins.tu.ons	
  are	
  s.ll	
  needed	
  to	
  develop	
  the	
  process	
  

•  In	
  addi.on	
  to	
  scenarios,	
  a	
  variety	
  of	
  uncertainty	
  
characteriza.on	
  techniques	
  is	
  needed	
  for	
  evalua.ng	
  
parameter,	
  model,	
  and	
  systemic	
  uncertainty	
  and	
  the	
  
implica.ons	
  of	
  uncertainty	
  for	
  decisionmaking	
  

•  Assessments	
  of	
  climate	
  change	
  adapta.on	
  and	
  mi.ga.on	
  
should	
  take	
  advantage	
  of	
  par.cipatory	
  scenario	
  development	
  
techniques	
  to	
  integrate	
  expert	
  knowledge	
  and	
  public	
  
astudes/desires	
  in	
  development	
  of	
  acceptable	
  response	
  
strategies	
  



Thank	
  You!	
  

Richard	
  Moss	
  
rhm@pnl.gov	
  


