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A	
  conceptualisa/on	
  and	
  method	
  based	
  on	
  Informa(on	
  (and	
  
Evolu(on)	
  can	
  help	
  to	
  understand	
  possible	
  long-­‐term	
  dynamics	
  of	
  
socio-­‐technical-­‐environmental	
  systems.	
  

(Infra)Structure	
  links	
  the	
  environmental	
  with	
  the	
  socio-­‐economic	
  system.	
  

We	
  need	
  to	
  take	
  Complexity	
  far	
  more	
  seriously	
  both	
  when	
  modelling	
  
integrated	
  socio-­‐technical-­‐environmental	
  systems	
  and	
  when	
  trying	
  to	
  
manage	
  them.	
  

Main Messages
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My journey so far




The	
  Fron/er	
  for	
  Integrated	
  Assessment	
  



Moss	
  et	
  al.,	
  The	
  next	
  genera/on	
  of	
  scenarios	
  for	
  climate	
  change	
  research	
  and	
  assessment	
  Nature	
  463,	
  747-­‐756	
  

The	
  Fron/er	
  for	
  Integrated	
  Assessment	
  





What	
  is	
  infrastructure?	
  

Big	
  lumpy	
  stuff	
  s/cking	
  in	
  the	
  ground.	
  

Networks	
  of	
  assets	
  providing	
  founda/onal	
  services	
  for	
  
the	
  func/oning	
  of	
  the	
  economy.	
  (e.g.	
  ITRC,…)	
  

Characteris/cs	
  of	
  Infrastructures:	
  

•  Long	
  gesta/on	
  periods	
  and	
  life/me.	
  
•  Contractual	
  problems.	
  
•  Network	
  effects.	
  
•  Founda/onal	
  services.	
  

or…	
  



Pant	
  &	
  Barker,	
  2014)	
  	
  

What	
  is	
  infrastructure?	
  



Fields vs Hierarchical Networks






Indirect effects through interconnectedness


(Thacker,	
  2014)	
  



Understanding	
  infrastructure	
  systems	
  help	
  understanding	
  impacts	
  of	
  
environmental	
  change	
  

ARCADIA	
  project	
   www.arcc-­‐network.org.uk/project-­‐summaries/arcadia/	
  

Indirect effects through interconnectedness




Vulnerability & Resilience analysis of current Infrastructure systems




Empirical	
  and	
  es/mated	
  GDP,	
  US	
  1950-­‐2000	
  

G
D
P	
  
in
de
x	
  
(1
90
0=
1)
	
   GDP	
  

without	
  ICT	
  

without	
  Exergy	
  
Efficiency	
  

Ayres	
  &	
  Warr,	
  2009	
  

Grady	
  et	
  al.	
  Nature	
  Communica/ons,	
  2012	
  

What about the future?




Bone and Bane of Complexity



Bone and Bane of Complexity

•  Limited	
  controllability	
  

•  The	
  possibili/es	
  of	
  projec/on,	
  and	
  planning	
  are	
  limited.	
  	
  

•  An	
  adap/ve,	
  inclusive,	
  recursive	
  management	
  prac/se	
  is	
  
required.	
   (Robust	
  rather	
  then	
  op/mal	
  decisions.)	
  

•  The	
  role	
  of	
  modelling	
  as	
  forcas/ng	
  has	
  to	
  be	
  replaced.	
  

•  Model	
  development	
  as	
  evolu/on	
  of	
  an	
  “eco-­‐system	
  of	
  models”	
  



A convergence of fields




The	
  Physical-­‐Meme/c	
  Loop	
  

Perception

of the 

Environment


Ideas, Wishes, 
Plans


Complex 
Language


Technology

embodies 

ideas


Infrastructure 
as collective 
Technology


Infrastructure 
as 

environment


The Power of auto-catalysis

(Pinker,	
  2012)	
  



Multiple Sectors, Actors, Influences

Memetic Space
 Physical Space


Framing Effects


Issue linking


Social influence 

networks


Institutions


Network Effect


Connectivity Effect


Physical scale effects


Economies of Scale




Exergy space
Memetic space


A Generic Model of Infrastructure System Evolution 



Companies	
  

Technologies	
   Infrastructures	
   Culture	
  

Ins/tu/ons	
  Climate	
  

Timescales of Change



Thank You!

alexander.oeo@ouce.ox.ac.uk	
  





What	
  is	
  infrastructure?	
  

I	
  shall	
  not	
  today	
  aeempt	
  further	
  to	
  define	
  the	
  kinds	
  of	
  
material	
  I	
  understand	
  to	
  be	
  embraced	
  within	
  that	
  shorthand	
  
descrip/on	
  ["hard-­‐core	
  pornography"];	
  and	
  perhaps	
  I	
  could	
  
never	
  succeed	
  in	
  intelligibly	
  doing	
  so.	
  But	
  I	
  know	
  it	
  when	
  I	
  
see	
  it,	
  and	
  the	
  mo/on	
  picture	
  involved	
  in	
  this	
  case	
  is	
  not	
  
that.	
  

—Jus/ce	
  Poeer	
  Stewart,	
  
Concurring	
  opinion	
  in	
  Jacobellis	
  v.	
  Ohio	
  278	
  U.S.	
  184	
  (1964)	
  

The	
  Pornography	
  Defini/on	
  



What	
  is	
  integrated	
  assessment?	
  

Part I 



What	
  is	
  integrated	
  assessment?	
  

Part I 



What	
  is	
  integrated	
  assessment?	
  

Part I 



What	
  is	
  integrated	
  assessment	
  

Integra4ng	
  knowledge	
  from	
  different	
  disciplines	
  into	
  a	
  single	
  framework	
  

Aims	
  to	
  provide	
  useful	
  informa/on	
  for	
  policy	
  makers	
  by	
  assessing	
  policy	
  op/ons	
  



The	
  Climate	
  Scien/st’s	
  perspec/ve	
  

The Earth-System...!

... is vastly complex...!

... with massive interactions across!
all scales...!
... with non-linear dynamics, and 
potentially abrupt transitions...!

... combined with huge uncertainties.!



Global	
  surface	
  temperature	
  change	
  and	
  uncertainty	
  

IPCC	
  AR5,	
  WG1,	
  2013	
  



Global	
  mean	
  sea	
  level	
  rise	
  and	
  uncertainty	
  

IPCC	
  AR5,	
  WG1,	
  2013	
  



Lenton T M et al. PNAS 2008;105:1786-1793 

©2008 by National Academy of Sciences 

Tipping	
  points	
  and	
  non-­‐lineari/es	
  



Increasing	
  risk	
  of	
  climate	
  change	
  

Stephen	
  Schneider,	
  Nature	
  458,	
  1104-­‐1105(30	
  April	
  2009)	
  



Adapta/on	
  limits	
  

Dutch	
  cow	
  ready	
  for	
  sea	
  level	
  rise?	
  



The	
  (neoclassical)	
  Economist’s	
  perspec/ve	
  

The global economy...!

... is growing very robustly...!

... characterised by substitution of 
scarce resources through 
technological progress...!

... has “just“to be informed about 
externalities like climate change by 
appropriate price signals.!



Subs/tu/on	
  of	
  inputs	
  

Nakicenovic,	
  N.	
  In	
  Ci0es	
  and	
  Their	
  Vital	
  Systems:	
  Infrastructure	
  Past,	
  Present,	
  and	
  Future;	
  Ausubel,	
  J.	
  H.,	
  
Herman,	
  R.,	
  Eds.;	
  Na/onal	
  Academy	
  Press:	
  Washington,	
  DC,	
  1988;	
  pp	
  175–231.	
  



Devalua/on	
  of	
  fossil	
  resources	
  

Kalkuhl	
  &	
  Edenhofer	
  2010	
  



Devalua/on	
  of	
  fossil	
  resources	
  

•  Atmosphere	
  is	
  a	
  scarce	
  resource	
  –	
  fossil	
  carbon	
  is	
  not	
  

•  How	
  to	
  determine	
  scarcity	
  price	
  on	
  carbon?	
  

–  Assigning	
  property	
  rights	
  according	
  to	
  the	
  scarcity	
  of	
  the	
  atmosphere	
  

–  Distribu/ng	
  the	
  emission	
  rights	
  according	
  to	
  principles	
  of	
  fairness	
  and	
  
jus/ce	
  

Resource	
  Extrac4on	
  

>	
  12.000	
  GtC	
  

Atmosphere	
  as	
  a	
  limited	
  
resource	
  

	
  ~	
  230	
  GtC	
  



Cost	
  Benefit	
  analysis	
  

ΔT	
  [°C]	
  

co
st
s	
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]	
  

0	
   5	
  

mi4ga4on	
  

damages	
  



Framing	
  different	
  percep/ons	
  of	
  Climate	
  Change	
  within	
  CBA	
  

co
st
s	
  
[$
]	
  

ΔT	
  [°C]	
  0	
   5	
   ΔT	
  [°C]	
  

co
st
s	
  
[$
]	
  

0	
   5	
  

CBA	
  
“fatalist”	
  

ΔT	
  [°C]	
  

co
st
s	
  
[$
]	
  

0	
   5	
   ΔT	
  [°C]	
  

co
st
s	
  
[$
]	
  

0	
   5	
  

“environmentalist”	
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Integrated	
  Assessments	
  of	
  Climate	
  Change	
  

Part II 



Ques/ons	
  for	
  an	
  IA	
  of	
  Climate	
  Change	
  

What is the optimal trade-off between mitigation and adaptation? 

What is the social cost (net benefit) of a specific climate regime? 

What is the relative importance of different mitigation options? 

What is the (mitigation) cost of climate policy and how is it distributed? 

Who are winners and losers of different climate regimes? 

What are efficient strategies to implement climate mitigation policies? 

How can we stabilise a climate coalition? 



Examples	
  of	
  Integrated	
  Assessments	
  

WG1	
  

WG2	
  

WG3	
  

IPCC	
  AR4	
  	
  
Synthesis	
  report	
  

IP
CC

	
  A
R5
	
  

Stern	
  Review	
  

Bill	
  Nordhaus	
  

2007	
   2014	
  1994	
   2000	
  

Nordhaus	
  



Framing	
  different	
  percep/ons	
  of	
  Climate	
  Change	
  within	
  CBA	
  



The	
  Climate	
  Change	
  Cause-­‐Effect	
  Chain	
  

Per Capita 
Production 

	
  	
  	
  Impacts	
  

Radia/ve	
  
Forcing	
  

CO2 
Emissions 

Other GHG 
Emissions 

Population 
Energy  

Intensity  
Carbon  

Intensity 
CO2  

Released 

Ocean	
  	
  
Acidifica/on	
  

Climate	
  
Change	
  

CO2(A)/CO2	
  CO2	
  /	
  E	
  E	
  /	
  GDP	
  GDP	
  /	
  Pop	
  Pop	
  

Carbon	
  Cycle	
  



Connec/on	
  points	
  for	
  mi/ga/on	
  ac/on	
  

Per Capita 
Production 

	
  	
  	
  Impacts	
  

Radia/ve	
  
Forcing	
  

Carbon	
  Cycle	
  CO2 
Emissions 

Other GHG 
Emissions 

Population 
Energy  

Intensity  
Carbon  

Intensity 
CO2  

Released 

CO2	
  Capture	
  	
  
at	
  Plant	
  (CCS)	
  

Life-­‐Style	
  Change	
  
Technologies	
  

Non-­‐Fossil	
  	
  
Energy	
  

Adapta/on	
  

Ocean	
  	
  
Acidifica/on	
  

Climate	
  
Change	
  

CO2(A)/CO2	
  CO2	
  /	
  E	
  E	
  /	
  GDP	
  GDP	
  /	
  Pop	
  Pop	
  

Radia/on	
  	
  
Management	
  

Agricultural	
  
Prac/ces	
  etc.	
  

Carbon	
  	
  
Management	
  

2º/	
  3º/	
  4º	
  
Policies	
  



The	
  cumula/ve	
  picture…	
  allows	
  decoupling?	
  

IPCC	
  AR5,	
  SPM	
  



Integrated	
  Assessment	
  Modelling	
  

Part III 



Sectors	
  incorporated	
  in	
  current	
  IAMs	
  

Energy	
  

Climate	
  

Land-­‐use	
  

Water	
  

Resources	
  

Infra-­‐	
  
structure	
  

Economy	
  



The	
  ecosystem	
  of	
  models	
  

Economic	
  Complexity	
  

Physical	
  Complexity	
  

CGE	
  models	
  
CBA	
  –	
  models:	
  
DICE,	
  FUND,	
  PAGE	
  

ABMs?	
  

Welfare	
  Op/mising	
  

global	
  land	
  use	
  
Models	
  (MagPie,	
  LPMJ-­‐ML)	
  

McGuffie	
  &	
  Henderson-­‐Sellers,	
  2005,	
  p51	
  



The	
  three	
  dimensions	
  of	
  modelling	
  

Marcoeconomic	
  
completeness	
  

Macroeconomic	
  realism	
  

Technical	
  
explicitness	
  

Grafic	
  aver	
  Hourcade	
  et	
  al.	
  (2006)	
  

Energy	
  system	
  models	
  

CGE	
  models	
  
Op/mal	
  growth	
  models	
  
Simula/on	
  models	
  

Hybrid	
  models	
  



Simple	
  CBA	
  Integrated	
  Assessment	
  models	
  

Capital 
K(t) 

Production Y(t) = Consumption C(t) + Investment I(t) 

Production 
Y(t) =φ(t) K(t)α L(t)1-α

Welfare 
based on per capita 

consumption 
Objective 

Decision 

Labour 
L(t) 

Climate change 

Emissions 
Mitigation  

cost function 

Damage  
cost function Coupled  

System 

DICE model  (Nordhaus, 1992) 

Energy efficiency 
increase 



An	
  example	
  of	
  an	
  Economy-­‐Energy-­‐Climate	
  model	
  (REMIND)	
  

Welfare	
  

Labour	
  Capital	
  

Energy system 
costs	
  

Output	
  

Consumption	
  Investments	
  

Final 
energy	
  

Energy transformations and conversion 
technologies	
  

Fuel 
costs	
  

Investment  
costs 

Operation and 
Maintenance 
costs	
  

Labour 
efficiency	
  

Emissions	
  

R&D	
  

Learning by 
doing	
  

Resource and 
potential constraints	
  

Exogenous data 
Concentration	
  

Temperature	
  

Emission and 
climate constraints	
  

Macroeconomic	
  
module	
  

Energy	
  system	
  
module	
  

Climate	
  
module	
  

LUC/OGHG 
abatement costs	
  



Welfare	
  

Labour	
  Capital	
  

Energy system 
costs	
  

Output	
  

Consumption	
  Investments	
  

Final 
energy	
  

Energy transformations and conversion 
technologies	
  

Fuel 
costs	
  

Investment  
costs 

Operation and 
Maintenance 
costs	
  

Labour 
efficiency	
  

Emissions	
  

R&D	
  

Learning by 
doing	
  

Resource and 
potential constraints	
  

Exogenous data 
Concentration	
  

Temperature	
  

Emission and 
climate constraints	
  

Macroeconomic	
  
module	
  

Energy	
  system	
  
module	
  

Climate	
  
module	
  

LUC/OGHG 
abatement costs	
  

An	
  example	
  of	
  an	
  Economy-­‐Energy-­‐Climate	
  model	
  (REMIND)	
  



The	
  energy	
  system	
  in	
  REMIND	
  



ReMIND	
  model	
  results	
  
Bauer	
  et	
  al.,	
  2010	
  

Business-as-usual vs. 2°C policy target 

Mi/ga/on	
  op/ons	
  in	
  the	
  REMIND	
  model	
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IMACLIM-R ReMIND-R WITCH 

Fossil Fuels w/o CCS

CCS Fossil

Renewables w/o Biomass

Biomass w/o CCS

CCS Biomass

Nuclear

Luderer	
  et	
  al.,	
  2009	
  

Inter-­‐model	
  comparisons	
  -­‐	
  RECIPE	
  

Primary	
  Energy	
  Mix	
  



B
as

ei
In

e 
45

0 
pp

m
 C

O
2 

IMACLIM-R ReMIND-R WITCH 
Fossil Fuels

CCS

Nuclear

Renewables

Biomass

R&D EE

R&D Decarb

Luderer	
  et	
  al.,	
  2009	
  

Inter-­‐model	
  comparisons	
  -­‐	
  RECIPE	
  

Investment	
  Mix	
  



! 400 ppm neither achievable without CCS nor without extension of renew  
! Biomass potential dominates the mitigation costs of low stabilisation 

xxx  xx  xx 

high	
  biomass	
  poten/al	
  
with	
  all	
  op4ons	
  
no	
  nuclear	
  beyond	
  baseline	
  
low	
  biomass	
  poten/al	
  
no	
  CCS	
  
no	
  renewables	
  beyond	
  baseline	
  

550ppm-eq 400ppm-eq 

Knopf et al. (2009) 
Edenhofer et al. (2010) 

Feasibility	
  and	
  Cost	
  of	
  mee/ng	
  climate	
  targets	
  



WORLD 
DELAY 2020

EU 2010, Others 2020

Annex I 2010, Others 2020

ALLBUT RNAI 2010

All 2010

delay	
  2020	
  
EU	
  2010,	
  others	
  2020	
  
Annex	
  I	
  2010,	
  others	
  2020	
  
Annex	
  I	
  +	
  CHN	
  +	
  IND	
  2010	
  
all	
  2010	
  

Luderer	
  et	
  al.,	
  2009;	
  
Jakob	
  et	
  al.,	
  2011.	
  

! delay of action beyond 2020 makes climate target unachievable 
!  decreasing costs with increasing participation in climate coalition 

The	
  cost	
  of	
  delayed	
  ac/on	
  



The	
  case	
  for	
  early	
  ac/on	
  

EU USA 

Luderer	
  et	
  al.,	
  2009;	
  
Jakob	
  et	
  al.,	
  2011.	
  

DELAY 2020

EU 2010, Others 2020

Annex I 2010, Others 2020

ALLBUT RNAI 2010

All 2010

delay	
  2020	
  
EU	
  2010,	
  others	
  2020	
  
Annex	
  I	
  2010,	
  others	
  2020	
  
Annex	
  I	
  +	
  CHN	
  +	
  IND	
  2010	
  
all	
  2010	
  

! Early action advantage: Benefit of anticipation outweighs costs of more 
ambitious abatement 



Mi/ga/on	
  implies	
  redistribu/on	
  of	
  wealth	
  

Consump/on	
  losses	
  [%]	
  

USA	
  
Japan	
  

Europe	
  
Russia	
  

Middle	
  East	
  
La/n	
  America	
  
Asia	
  (Other)	
  

China	
  
India	
  

Sub-­‐Sahara	
  Africa	
  
Rest	
  of	
  the	
  World	
  

World	
  

Per	
  capita	
  
Per	
  GDP	
  
C&C:	
  Contrac/on	
  &	
  Convergence	
  
C&C	
  with	
  histor.	
  responsibility	
  
CDC:	
  common	
  but	
  differen/ated	
  

	
  convergence	
  

Redistribu/on	
  of	
  wealth	
  
from	
  fossil	
  fuel	
  owners	
  

to	
  owners	
  of	
  emission	
  allowances	
  	
  



Cri/cism,	
  Challenges,	
  and	
  next	
  steps	
  

Part IV 



Increasing realism: 
•  Integrating uncertainty & Learning 
•  Multiple decision makers 
•  Multiple externalities 
•  Second best solutions & policy instruments 
•  The growth framework 
•  Higher spatial & Sectoral resolution 
•  Robustness and adaptive decision making 

Challenges	
  for	
  Integrated	
  Assessment	
  Modelling	
  



Essen/al	
  components	
  for	
  a	
  comprehensive	
  integrated	
  assessment	
  

Energy	
  

Climate	
  

Land-­‐use	
  

Water	
  

Resources	
  

Infra-­‐	
  
structure	
  

Economy	
  

Energy	
  
Informa/on	
  
Infrastructure	
  
Resources	
  
Innova/on	
  
Non-­‐ra/onality	
  
Imperfect	
  economy	
  
Uncertainty	
  
Monetary	
  policy	
  
…	
  



The	
  doughnut	
  economy	
  



Innova/on	
  ,	
  Informa/on,	
  Technology	
  



Cri/cism,	
  Challenges,	
  and	
  next	
  steps	
  

Part IV 

Next	
  Steps	
  –	
  e.g.	
  The	
  SCRiM	
  project	
  



Summary	
  

The integrated Assessment of Climate Change is 
bringing together different perspectives on the climate 
problem. 

It can give formal insights into necessary trade-offs 
for optimal global mitigation strategies.  

It can emphasise the political and technological 
challenges of climate change. 

It cannot (yet) derive “practical solutions”. 



Entry	
  points	
  to	
  further	
  reading	
  	
  

Integrated	
  Assessment	
  Models	
  /	
  Limita/ons	
  

Integrated	
  Assessment	
  of	
  Climate	
  Change	
  
Janetos,	
  A.,	
  2009.	
  Science	
  Challenges	
  and	
  Future	
  Direc(ons:	
  Climate	
  Change	
  Integrated	
  Assessment	
  Research.	
  
IPCC	
  AR5,	
  Summary	
  for	
  Policy	
  Makers	
  (www.ipcc.ch	
  )	
  

Community	
  Integrated	
  Assessment	
  System	
  (CIAS)	
  (hep://www.tyndall.ac.uk/research/cias)	
  

A	
  list	
  of	
  the	
  current	
  integrated	
  assessment	
  models	
  with	
  short	
  introduc/ons:	
  
hep://sedac.ciesin.columbia.edu/mva/iamcc.tg/mva-­‐ques/ons.html	
  

Pindyck,	
  R.S.,	
  2014,	
  Climate	
  Change	
  Policy:	
  What	
  do	
  the	
  models	
  tell	
  us?,	
  NBER	
  WP	
  19244	
  

Stern.	
  N.,	
  2013,	
  The	
  structure	
  of	
  economic	
  modeling	
  of	
  poten/al	
  impacts	
  of	
  climate	
  change:	
  graving	
  gross	
  
underes/ma/on	
  of	
  risk	
  onto	
  already	
  narrow	
  science	
  models,	
  Journal	
  of	
  Economic	
  Literature	
  

Climate	
  Impacts	
  
Impact	
  model	
  intercomparison	
  (	
  
hep://www.pik-­‐potsdam.de/research/climate-­‐impacts-­‐and-­‐vulnerabili/es/research/rd2-­‐cross-­‐cuxng-­‐ac/vi/es/isi-­‐mip	
  )	
  


