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Outline 

• Selected issues and notes 
• Illustrations 

A. Decision support 
B. Uncertainty in climate model output 

• Closing discussion 
1. Asserting causality via comparing probabilities 
2. Citizen-Scientist 
3. Dealing with complexity & uncertainty 

 
 



Selected Issues 
         Challenges 

1. Uncertainty 
quantification 

2. Manage 
uncertainty 

3. Communication 
 

     Approaches 
1. Probability & statistics 
 
2. Bayesian decision 

analysis 
3. Depends on audience! 

A. Scientists 
B. Public & decision makers 

i. Business 
ii. Community managers 
iii. Politicians 



Communication: Probability 
• Understanding probability 
Most people understand, but … 

– Some think we resort to prob. when we’re 
uninformed and just make up something 

– Human nature 
• Decision bias; group dynamics; …. 
• We (except statisticians) hate uncertainty (60 Min. Silver 

anecdote)  

• Probability has a mathematical theory 
• Climate = parameters of prob. dist. of weather 
Climate change (CC) changes the dist. of weather 



Communication: Risk is Basis for Choosing Actions 
        Non-tech 

• Risk = expected loss 
Accounts for possible losses 
and their probabilities  
e.g., “high impact,  
          low prob. events” (tipping point anecdote) 

• Decision making:  find actions 
with low risk 

Ex: Marginal cost of Sandy-like 
storm due to CC:  $50B  
(actual > $100B) 
Mitigation Cost:  $5B 
Mitigation is optimal if  
 Pr(Sandy-like) > .10  

 

            Tech 
• Risk calculation  

– Losses:   
        L1 , L2 , …. , LK  
– Risk =  
        sum [ Lk X Pr(Lk ) ] 

CC 
Sandy
-like 

Not CC 
Sandy-

like 

Risk 

Mitigate 5 5 5 
No 
Mitigate 

50 0 50 P 



Additional Issues 
• Economics: competing sectors 
• Politics: even more competing 

sectors/regions/issues 
Thoughts 

– Creativity in developing suggested actions (Was 
Cap & Trade was doomed from the beginning?) 

– Don’t need to focus on disasters: accepted 
impacts are serious enough to motivate action 

– Take what we can get Mitigation 

Adaptation 



A. Decision Support: Toy Example 
• Two future states:  
CC: climate change with negative impacts 
NC: no negative changes  
• Two stage policy: spend up to $M  
1. Allocate proportion, say b, of M today 
2. Allocate the rest later, if necessary 
 



Non-tech                                         Tech   
• Consequences: we will 

either mitigate CC 
impacts or be fine if NC 
occurs, so only losses 
depend on expenditures 

    Probability of CC = p 

• Control our risk: 
mathematically account 
for both cost and 
uncertainty 

• Losses due to policy are 
b-squared:  

If CC,  L = b2 + (1-b)2  
If NC, total cost L = b2  
 

• Risk = Expected(L)  

= p [b2 + (1-b)2 ] + (1-p) [b2] 
 
Optimal policy:   
          b* = p / (1+p)  
 

 



Interpretations 
Non-tech                              Tech 

• Uncertainty does not 
mean “no action”  

• Optimal action is not 
“extreme” 

 

• b*  is not 0 

• If p is very large, b* is 
near 0.50   (not 1) 

Risk 

      b*= .20 

 p= .25 
b*= .20 

      
b 



Uncertainty about Uncertainty 
Non-tech                                          Tech 

• Study risk and policy as 
functions of p 

• Range of p gives range 
of policy 

• Policy b* is sensitive to 
p when p small. 

• Compromise: b* for p 
that is smaller than 
your p is better than 0 
 

• b* as a function of p 

 
b* 

p 



B. Climate Model Uncertainty: Multi-model Ensembles  

Perspectives 
• Climate models as surrogates for Earth in climate 

change studies are problematic 
• Resolution issues: Some of us doubt that today’s 

models can make reliable projections at small scales 
needed for some decision support 

• Simple statistical analyses of ensembles leave some 
uncertainty untreated  
– Ensemble variances do not account for bias, 

model error, etc.  
– Ensemble of “infinite” size tells us the model’s 

mean, not the value of nature  



One Bayesian Approach: Model Output as Data 
• View model output as if 

it’s an observation of 
nature plus model error, 
model-specific bias, and 
ensembling variation 

• Update based on 
observational data and 
model output 

 
Berliner & Kim 
(2008) J Climate 

 
 

For kth ensemble member 
from Model m, write  
O(k,m) = temperature  
 + model error  
 + bias for model m  
  + ensemble error(k,m) 
Prior:  
1. temp = climate + noise 
2. climate depends on CO2 

 



Summaries of Posterior Distribution 
Mean of NH Temp (Climate)      NH Temp (Weather) 



Closing Discussion 

• Cigarette smoking 
causes cancer (?) 
• Assault weapons 
ban leads to no school 
massacres (?)  
• ACC caused H. 
Sandy and impacts (?)  
 
These may be 
unjustifiable. 

 

• P(cancer given smoking)  
 > P(cancer given no smoking) 
• P(school massacre given no ban)  
 >  P(school massacre given  ban)  
 
• P(H Sandy-like events given ACC)  
  > P(H Sandy-like events given no ACC)  

 
These require explicit 
quantification to be actionable. 

 
 

1. Asserting Causality via Comparing Probabilities 



2. Citizen-Scientist 
A. Scientist: “Objectively” present best science 
B. Citizen: Personal concern for the future motivate us 

1. What is “objective”? For some Congressional aides, an 
objective scientist is one who agrees with them. 

2. Present beliefs, but be open about uncertainties 
             Hypothetical events:  
Day 1: Congressional testimony regarding definitive case for 
CC and impacts: “Act or we’ll see disaster” 
Day 2: Congressional testimony requesting more research 
dollars because our knowledge is incomplete; we need better 
models and data; etc. 

C. Citizen-Scientists face our own decision problem: how and what 
do we report? What we suggest? (Side condition: preserve both 
personal and scientific honesty and integrity)  

 

 
 



3. Dealing with Complexity & Uncertainty 



Impacts and Adaptations  
by Regions by Sector 

Alaska | Islands |  
Northeast | Northwest | 
Southeast | Southwest | 
Midwest | Great Plains  

http://www.epa.gov/climatechange/impacts-adaptation/alaska.html
http://www.epa.gov/climatechange/impacts-adaptation/islands.html
http://www.epa.gov/climatechange/impacts-adaptation/northeast.html
http://www.epa.gov/climatechange/impacts-adaptation/northwest.html
http://www.epa.gov/climatechange/impacts-adaptation/southeast.html
http://www.epa.gov/climatechange/impacts-adaptation/southwest.html
http://www.epa.gov/climatechange/impacts-adaptation/midwest.html
http://www.epa.gov/climatechange/impacts-adaptation/greatplains.html
http://www.epa.gov/climatechange/impacts-adaptation/agriculture.html
http://www.epa.gov/climatechange/impacts-adaptation/coasts.html
http://www.epa.gov/climatechange/impacts-adaptation/ecosystems.html
http://www.epa.gov/climatechange/impacts-adaptation/energy.html
http://www.epa.gov/climatechange/impacts-adaptation/forests.html
http://www.epa.gov/climatechange/impacts-adaptation/health.html
http://www.epa.gov/climatechange/impacts-adaptation/international.html
http://www.epa.gov/climatechange/impacts-adaptation/society.html
http://www.epa.gov/climatechange/impacts-adaptation/transportation.html
http://www.epa.gov/


Making our way through this complexity 
Challenges 

• Managing uncertainty 
in complex settings 

• Quantification of 
impacts and losses  

• Formal decision 
support: risk and 
policies 
 

Frameworks enabled by 
modern computing  
• Hierarchical (Bayesian) 

analysis 
• Network models 
• Interactive analysis 
• Graphical summaries of 

risks, including 
uncertainty 
 



Observations 

Models + 
Science 

Impacts by  
Sectors & Regions 

0

5

Decision Support: 
Costs & Probabilities 
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