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YOU DON’T SEE THE WORLD 
THE WAY IT IS… 

YOU SEE THE WORLD THE 
WAY YOU THINK. 

Source: Cambridge Programme for Sustainability Leadership 



hBp://news.bbc.co.uk/1/hi/uk/7951838.stm. 19th March 2009 



THE ICEBEG OF REALITY 

 EVENTS……......…REACTIVE 

PATTERNS………..ADAPTIVE 

SYSTEMIC 
STRUCTURES…....CREATIVE 

MENTAL MODELS……….…
REFLECTIVE 

WORLDVIEWS…...GENERATIVE 
Source: Cambridge Programme for Sustainability Leadership 



The mind’s eye of  
international policy making 

•  What is happening? – science, policy analysis 
•  What is necessary? – science, risk analysis 
•  What is possible? – physics, economics, 

technology 
•  What is fair? – policy analysis, modelling, ethics 
•  What is achievable? - politics 



WHAT IS HAPPENING? 









Unpacking the drivers of growth 



WHAT  IS NECESSARY? 



Show WG1 diagram 





emissions scenarios are problemaPc 
•  The ranges over which driving 

forces vary are large…of these …
GDP and populaPon are oSen 
exogenous…(IPCC SRES, p100) 

•  Integrated scenarios. There are 
shortcomings in how interacPons 
between key drivers of change 
are represented in scenarios. 
Moreover, socio‐economic and 
technological scenarios need to 
account for the costs and other 
ancillary effects of both 
miPgaPon and adaptaPon 
acPons, which at present are 
rarely considered. (IPCC AR4, 
WGII: p162) 



Source: IPCC, AR4 WG1 SPM  





Source: Peake and Smith , 2009 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Agricultural yield changes 
(declines in tropical areas)  

Forced  pop. movement/ 
migraPon 

Climate change 

PrecipitaPon change 

More intense rainfall More frequent and severe drought 

Habitat change 
(deserPficaPon, coastal inundaPon, 
inland flooding,  upland warming, 
increased topsoil erosion)  

Incidence  of 
extreme events 
increases 

 (cyclones, tornadoes, 
typhoons, forest and grassland 
fires, heat waves) 

Water stress  Flooding 

Ecosystem change 
(species exPncPon) 

Temperature change 

Increased resource 
conflict 

Communicable 
disease paBerns 
extend and  change  
(malaria, dengue  fever, 
waterborne infecPons, 
diarrhoea) 

Loss of assets and 
livelihoods 

Mortality & 
morbidity from 
non‐
communicable 
causes increases  
(cardio‐respiratory, 
heatstroke) 

Mortality from 
sudden onset 
disasters 
increases  

Decline in food 
security and 
income 

Child malnutriIon 
increases 

More children  out 
of school 

ReducIon in 
child 
protecIon 

Child 
equality 
decreases  

Child mortality & 
morbidity 
increases 

Child poverty 
increases 

Source: Catherine Cameron, Agulhas 



PredicPng the Impact of Climate Change on U.S. Power Grids and Its Wider 
ImplicaPons on NaPonal Security 

hBp://predicPveanalyPcs.pnl.gov/projects/impact_climate_change.stm 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WHAT IS POSSIBLE? 



Balancing three costs 

•  MiPgaPon costs 
•  AdaptaPon costs 
•  Damage costs 
(present values, sequenPal decision making) 

•  minimise MC(m) + AC(a) + D(m,a) 
hBp://www.gefweb.org/Outreach/outreach‐
PUblicaPons/Working_paper__16.pdf 

Above is early paper from Fankhauser accessible to 
non‐economists 



Climate Response – easy as 1,2,3? 
•  1. Allocate resources to climate problem 

versus other pressing global poverty, peace 
and security issues 

•  2. Decide balance between Mitigation, 
Adaptation, Residual Damage 

•  3. Decide a route to invest time, money effort 
–  Legal (e.g. UNFCCC/KP) 
– Markets (Trading, Tax, Mechanisms) 
– Technologies  
– Behaviour/Norms 





$100/tCO2 buys a lot of  
sectoral change 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Cost of abatement 
EUR/tCO2e 

InsulaPon improvements 

Fuel efficient 
commercial 
vehicles 

LighPng systems 
Air CondiPoning 

Water heaPng 
Fuel efficient vehicles 

Sugarcane 
biofuel 

Nuclear 

Livestock/ 
soils 

ForestaPon 

Industrial 
non‐CO2 

CCS EOR; 
New coal 

Industrial  
feedstock subsPtuPon 

Wind; 
low 
pen. 

ForestaPon 

Cellulose 
ethanol  CCS; 

new coal 

Soil 

Avoided  
deforestaPon  

America 

Industrial motor 
systems 

Coal‐to‐ 
gas shiS CCS; 

coal  
retrofit 

Waste 

Industrial  
CCS 
Abatement 
GtCO2e/year 

Avoid 
deforestaPon 
Asia 

Stand‐by losses 

Co‐firing 
biomass 

Smart transit 
Small hydro 

Industrial non‐CO2 
Airplane efficiency 

Solar 

•  ~27 Gton CO2e below 40 EUR/ton (‐46% vs. BAU) 
•  ~7 Gton of negaPve and zero cost opportuniPes 
•  FragmentaPon of opportuniPes  

McKinsey boBom‐up approach  

Source: Catherine Cameron, Agulhas 





Climate modelling compounds 

•  Science models 
•  PopulaPon models 
•  Emissions models 
•  Impact models 
•  Economic models 
•  Integrated Assessment models 
•  Policy models 
•  PoliPcal models 
•  Business models 
•  Social models 



UncertainPes and scenario analysis 

•  Three types of uncertainty: uncertainty in quanPPes, uncertainty about 
model structure and uncertainPes that arise from disagreements among 
experts about the value of quanPPes or the funcPonal form of the model 
(Morgan and Henrion, 1990)  

•  Sources of uncertainty could be staPsPcal variaPon, subjecPve judgment 
(systemaPc error), imperfect definiPon (linguisPc imprecision), natural 
variability, disagreement among experts and approximaPon (Morgan and 
Henrion, 1990). Others (Funtowicz and Ravetz, 1990) disPnguish three 
main sources of uncertainty: "data uncertainPes,""modeling uncertainPes" 
and "completeness uncertainPes."  

•  Data uncertainPes arise from the quality or appropriateness of the data 
used as inputs to models. Modeling uncertainPes arise from an incomplete 
understanding of the modeled phenomena, or from approximaPons that 
are used in formal representaPon of the processes. Completeness 
uncertainPes refer to all omissions due to lack of knowledge. They are, in 
principle, non‐quanPfiable and irreducible. 

hBp://www.grida.no/Climate/ipcc/emission/025.htm 



All these are modelling outputs 

– Climate sensiPvity (e.g. “what is delta T  for 1.5x 
CO2?”) 

– Emissions scenarios (e.g. “what will emissions be 
in 2080?”) 

– Marginal abatement costs (e.g. “What is cost of 
reducing emissions in 2030 by 20GtC?”) 

….use same conceptual apparatus for all of the above – ie subjecPve probabiliPes  
and this can be then informed by experts/data/etc (baysian subjecPve prob distribuPons) 



Chris Hope, University of Cambridge 
Structure of the PAGE2002 model 



IPCC Scenario A2 



mean 

95% 

5% 

IPCC Scenario A2 

     5%  mean  95% 

Total global impacts  10  70  200 $ trillion 



WHAT IS FAIR? 





Key equity principles  
underpinning negoPaPons 

•  Egalitarian: each human being has an equal right to use 
the atmosphere; this translates into schemes based on 
per capita entitlement. 

•  Sovereignty and acquired rights: all countries have a 
right to use the atmosphere and current emissions 
constitute a ‘status quo right’; this translates into 
schemes based on grandfathering entitlements. 

•  Responsibility / polluter pays: the greater the contribution 
to the problem, the greater the share in the mitigation / 
economic burden. 

•  Capability: the greater the capacity to act or ability to 
pay, the greater the share in the mitigation / economic 
burden. 



WHAT IS ACHIEVABLE? 



we are moving slowly – weighed down 
by the challenges of internaPonal law 

based on sound science… 

…both science and law are highly inerPal, and are being joined by 
 “involuntary” (autonomous, naPonal and regional)  
approaches ahead of post Kyoto  



2012 end of Kyoto 1  
first commitment period 



20 years is a short Pme  
in the climate system  

•  Some business is quarter to quarter (some 
is the order of decades – electricity/gas – 
analysis over 20 years) 

•  Strategy is 1-2 years 
•  Climate policy has been order of decades 
•  Human lifespan is 70 years 
•  Climate change is century-scale 



The Copenhagen Crescendo 

Source: UNFCCC 



2009 Copenhagen Deal 
•  Radical emission reducPons by 

industrialised countries 
(25‐40% over 1990 levels by 
2020) 

•  Meaningful engagement 
developing countries: 

–  measurable, reportable verifiable acPon 
(no binding commitments) 

–  REDD pilot phase  
–  measurable, reportable and verifiable 

financial support and technology 
transfer for developing countries:  

–  to help green their economic growth  
–  to help developing countries adapt 

Source: UNFCCC 

•  UNFCCC 
AdaptaPon 
Technology Transfer 
REDD 

•  Kyoto 2 
QUELROS 
Flexibility Mechanisms 
Compliance 

Some complex ethical dynamics behind the negoPaPons  



What if we fail to reach int 
agreement? 

•  Adaptation will happen autonomously 
•  Mitigation in AI continues  
•  E8 major emitters get together  
•  Worst effects become more severe  
•  Positive significant carbon prices for the 

rest of the next century under regional 
schemes – whatever happens 

•  Low carbon, sustainable design is required 
(even more so!) 



Climate IntervenPon 
Medicine or PoliPcal Milkshake? 

Task is to change percepPon from this…  …to this 



Collapse and  
environmental change  

Ancient sociePes that collapsed 
because of environmental (and 
other) reasons: 

•  Classic Mayan  
•  Easter Islanders,  
•  Greenland Norse 



Twelve Pme bombs with fuses of less than 50 years  

•  DestrucIon of natural resources 
–  Habitats 
–  Wild food sources 
–  Biological diversity 
–  Soil 

•  Ceilings on resource use 
–  Energy 
–  Water 
–  Photosynthesis 

•  Harmful things we generate or move around 
–  Toxic chemicals 
–  Alien species 
–  Atmospheric gases 

•  Human populaIon 
–  Increases in populaPon 
–  Impact per person     

Source: J Diamond, 2005, Collapse, Penguin books, Chapter 16 



Collapse and the declining producPvity of 
complexity 

Level of Complexity 
(e.g. agriculture, informaPon, government) 

Benefits of com
plexity 

(e.g. G
D
P/capita) 

Source: Tainter (1988) 



1960s – “Design Science Decade” 

•  radical technologist 
Buckminster Fuller called 
for a “design science 
revoluPon” based on 
science, technology, and 
raPonalism to overcome 
the human and 
environmental problems 
that he believed could not 
be solved by poliPcs and 
economics. 



Decisions and chances 

•  Decision node – something we have control over 

•  Chance node – something we have no control 
over  

•  So stabilisaPon level for business becomes a 
chance node. But for government, large business 
it is not a chance node, it can be a decision 
node…. 

•  Problem comes when we conflate acPons and 
chance nodes …. 



Designing for the environment – 4 strategies 
•  Green design – materials, energy or toxic emissions 

•  Eco‐design – life cycle design from ‘cradle to grave’  

•  Sustainable design – environmental, social & 
economic factors 

•  Sustainable innovaPon – systems level, radical 
design 

Prof Robin Roy, Open University 



     Social 
•  empowerment 
•  inclusion/consultation 
•  institutions/governance 

Environmental 
•  resilience/biodiversity 
•  natural  resources 
•  pollution 

Economic 

•  inter‐generaIonal equity 
•  values/culture 

Poverty 
Equity 

• growth 
• efficiency 
• stability 

Source: M Munasinghe, 1992, Environmental Economics and Sustainable 
Development, Rio Earth Summit, World Bank, Washington DC.  

Design brief is climate (carbon + 
adaptation) + sustainable development 
synergies 


