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Outline: 
Defining Risk in Arctic Coastal and Offshore Resource 
Development Seminar Presentation 

 A. Definitions of risk 
 B. Perceptions of risks 

  Types of risk 
  Domains 

  Individual, group, and cultural differences 

 C. Understanding psychology of risk 
     perception and risky decision making 

  When are models inadequate  
  When do people need aiding 
  How do people and institutions complement each other 
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A. Definitions of Risk 
 Risk as uncertainty 
 Risk as adverse consequences 
 Risk as combination of both 

  Risk as variance in Risk—Return tradeoff 
models of finance (Capital Asset Pricing Model) 

 Objective vs. subjective risk 
  Engineers vs. economists vs. everyone else 
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What is Risk Assessment for? 
  No single “best” or “correct” definition of risk 

  Utility of definition of “risk” depends on purpose  
  Purposes of risk assessment 

  To predict events 
  To avoid adverse consequences or obtain positive outcomes 

  To guide decisions 
  With short time horizons, involving single events 

  Will it rain today? Should I take an umbrella? 
  Probability (POP) is a good risk metric 

  How cold will it be tonight? Should I spray my orange trees? 
  Severity of frost is a good risk metric 
  Convert to likelihood of exceeding critical level 

  With longer time horizons, involving repeated events 
  Should I invest in infrastructure that stands up to sea-level rise? 

  Risk metrics (EV-Variance) that combine outcomes and 
probabilities capture long-term results of different actions 



Risk—Return Models of Risky Choice 
  Nice way of decomposing risky choice alternatives 

into psychologically meaningful components 
  Average value 

  Return, maybe EV 
  Higher is better, motivator is “greed” 

  Variability/Unpredictability 
  Risk, maybe variance 
  Less is better, motivator is “fear” 

  Emphasizes that we take risks for a reason, namely to 
obtain returns 

  Allows for decoupling of perceptions of risk and 
benefits and true “attitude to risk” 
  WTP(X) = EV(X) – bR(X) 
  b, assumed negative and represents tradeoff between return and 

risk  
  In finance theory, E(X) = EV(X) and R(X) = Var(X) 
  Psychology allows perceived risks and benefits to differ 

between individuals and situations 
6 



Objective vs. Subjective Risk Components 

 Only engineers and finance theorists take 
objective probabilities and outcomes at 
face value 

  Economists transform objective outcomes 
to subject utility 
  Change from EV (expected value) as a criterion 

for risky choice to EU (expected utility) 
  Utility function said to reflect “risk attitude” 

  Concave function for risk aversion 
  Convex function for risk seeking 
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  Psychologists  
  Further transform utility function to value 

function with reference point (Prospect Theory) 
  “Compared to what?” 
  Different risk attitudes for gains (averse) vs. losses 

(seeking) 
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  Psychologists  
  Further transform utility function to value 

function with reference point (Prospect Theory) 
  “Compared to what?” 
  Different risk attitudes for gains (averse) vs. losses 

(seeking) 

  Variability is also perceived in a relative 
fashion  
  Weber’s law (“Compared to what?”) 
  Coefficient of variation (CV) better predictor of risk 

taking than variance or standard deviation 
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Animal literature energy-budget model:  
p(X) = EV(X) – bVar(X),    (Caraço, 1982) 

Shafir, 2000; Weber, Shafir, & Blais, 2004 



CV predicts risk taking beautifully in lower 
species (Weber, Shafir, & Blais, 2004) 



B. Perceptions of Risks 
  Risks to whom or what? 

  People (Individuals or communities) 
  Physical structures (Oil rigs, shorelines) 
  Ecosystems 

  What types of risk? 
  Physical, financial, social,...) 

  Multiple dimensions highlight need for tradeoffs 
  Explicit tradeoffs highly aversive to people and politicians 
  Preferably hidden and implied in actions taken 
  Considered by different agencies and groups, with large 

inconsistencies as a consequence 
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Other decision framing tools 

  (Re)labeling options 
  Carbon offsets more palatable than carbon taxes 

to Republicans (Hardisty, Johnson, & Weber, 
2010) 



Outcome domain differences 
  Domain-Specific Risk Taking (DoSpeRT) scale 

(Weber, Blais, Betz, 2002)  
  social, ethical, recreational, health/safety, financial 

risks 
  https://vlab2.gsb.columbia.edu/

decisionsciences.columbia.edu/index.php?
page=dospert_scale 

  Self-reported risk taking in different domains 
NOT very correlated 
  Domain differences in risk taking typically the 

result of differences in perceptions 
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Domain SPEcific Risk Taking (DOSPERT) scale 

items (Weber, Blais, Betz, 2002) 

  Admitting that your tastes are different from those of a friend. 
(Social)   

          
  Taking some questionable deductions on your income tax 

return. (Ethical) 

  Swimming far out from shore on an unguarded lake or ocean. 
(Recreational)  

  Not wearing a seat belt when being a passenger in the front 
seat. (Health/Safety)  

  Betting a day’s income at the horse races. (Financial/
Gambling) 
                    

  Investing 10% of your annual income in a moderate growth 
mutual fund. (Financial/Investing) 
      



Outcome domain differences 
  Domain-Specific Risk Taking (DoSpeRT) scale 

(Weber, Blais, Betz, 2002)  
  social, ethical, recreational, health/safety, financial 

risks 
  https://vlab2.gsb.columbia.edu/

decisionsciences.columbia.edu/index.php?
page=dospert_scale 

  Self-reported risk taking in different domains 
NOT very correlated 
  Domain differences in risk taking typically the 

result of differences in perceptions 
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F H E R S 

F 1.00 

H .29 1.00 

E .51 .61 1.00 

R .36 .34 .34 1.00 

S -.07 .06 .04 .13 1.00 

 Correlations between risk taking in different domains: 
 Financial, Health, Ethical, Recreational, Social decisions 



Explanation of differences in risk taking 
  Typically the result of differences in 

familiarity with risks in a domain 
  Greater familiarity leads to reduced 

perceptions of riskiness 
  Home bias in investing 
  Working within a risky industry 

  Can explain some expert—general public 
disagreements about degree of risk 
  Nuclear power 
  Genetic engineering 



Cultural differences in risk taking as situational and 
mediated by perceived riskiness 
  Study of investment decisions made by Chicago and Shanghai 

business students (Weber & Hsee, 1998) 
  Chinese appeared less risk averse than American 

respondents (greater WTP for risky investment options) 
  “Cushion” hypothesis  

  Cultural collectivism provides implicit insurance against 
catastrophic losses, so risks are objectively reduced 

  Investors with larger “collectivist” networks (mostly Chinese) 
perceived risks of investment options to be lower  

  Risk perceptions and risk taking only different between 
cultures for outcome dimensions that are transferable  

  For money, but not for health or grades 
  No cultural differences in attitude towards perceived risk, b 

  WTP(X) = EV(X) – bR(X), where R(X) is stated 
subjective perceived risk of investment option X, not 
Var(X) 



Risk perception/definition not always/only 
consequential and rational 

  Emotional reactions play a large role 
  Risk is a “feeling” (Loewenstein, Weber, et al 2001) 
  Analytic concern neither necessary nor sufficient 

  Psychological risk dimensions  
  Slovic et al. (1970s) used multidimensional scaling of judgments 

of similarity between health/safety risks to identify 
  Unfamiliarity/degree unknown 
  Uncontrollability and dread  

  Do not always correlate highly with objective adverse 
consequences 

  Technical experts and public differs in degree they 
rely on cognitive vs. emotional assessment of risks 
  Another source of disagreement about riskiness of different 

technologies 



  Douglas & Wildavsky (1982) Risk and Culture 
  seek to explain societal conflict over risk 

  looks to structures of social organization as source of  
perceptions that reinforce those structures in competition 
against alternative ones 

  technologies or events that threaten desired social order 
and way of life are seen as risky 

  Egalitarian/collectivists perceive different risks from 
hierarchists/individualists 

  Used in Leiserowitz et al. (2009) segmentation 
analysis of Global Warming’s Six Americas  
  http://www.americanprogress.org/issues/

2009/05/6americas.html 
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C. Understanding psychology of risk 
perception and risky decision making 

  Perceptions of risk as well as preferences 
for actions are “constructed” 
  Can be, and ALWAYS ARE, influenced by 

beliefs, expectations, values, and feelings 
  Many of those are “chronic” (culture) 
  Also shaped by decision environment and recent 

experiences 

  Need to better understand human cognition and 
motivation as problems and solutions 
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Human Cognition and Motivation 

  Limited attention and processing capacity 

 http://www.youtube.com/watch?v=vJG698U2Mvo 
for demo 

  Limited emotional capacity 



Limited emotional capacity 
 Single action bias 

  Tendency to engage in a single risk reduction 
or risk management behavior when action is 
triggered by concern (rather than analysis) 
  Farmers who are concerned about climate change 

engage in either production, pricing, or policy path to 
protection, but not all three (Weber, 1999) 

  Finite pool of worry 
  Increases in concern about one risk are 

accompanied by decreases in another 



Limited attention and processing 
capacity 
 Need to attend selectively  

  Guided by expectations (values, beliefs) and 
goals 

 Use of simple emotion- and association-
based processes over effortful analytic 
processes 
  Learning by getting hurt is hardwired and 

requires less capacity and is more memorable 
rather than learning by instruction 



Multiple Human Processing Systems 

 Analytic system 
  effortful, slow, requires conscious 

awareness, and knowledge of rules 
  e.g., probability calculus, Bayesian updating, 

formal logic 

 Association- and affect-based system 
  evolutionarily older, hard-wired, fast, 

automatic 
  greater emphasis on outcomes than probabilities 
  emotions as a powerful class of associations 

  risk represented as a “feeling” that serves as an 
“early warning system”  



  Processing systems operating in parallel  
  Categorization example: “Is a whale a fish?” 

  When in conflict, behavior often determined by    
   associative/affective processing system   

  Epstein study of two urns 

  Discrepancy in two systems use often a 
   at base of controversies about magnitude and 
   acceptability of risks 

  e.g., nuclear power, genetic engineering 
  Technical experts use analytic processing system 

  Politicians and general public use associative/affective system 



Automatic vs. analytic ways of learning about  
probabilities... 
  depend on how we find out about them 

 (Weber, Shafir, & Blais, 2004; Hertwig et al., 2004) 

  From personal experience 
  Like all other animals, by exposure and getting 

rewarded or punished 

  From description 
  Based on vicarious past experience or model 

predictions 
  Possible outcomes and their likelihood are described 

numerically or visually (pie chart, frequency 
distribution, time series) 



Probabilities of rare events are… 

  Overweighted in decisions from description 

  Underweighted in decisions from experience 
  Unless they recently occurred, in which case they 

are strongly overweighted  

  Many decisions based on a combination of 
outcome distribution description and personal 
experience 
  Personal experience typically the stronger determinant 

of choice 
  More emotionally engaging, vivid 



Expert vs. Public Disagreements about 
Importance of Risk 
 Often explained by differences in how 

public vs. experts learn about the risk 
  Perceived flood risks and resulting purchase of 

flood insurance 
  Experts by description (actuarial rates) 
  Public from experience 

  Vaccination side effect risks 
  Public by description (website, pamphlet) 
  Pediatricians from experience  



What to Do?  

 Capitalize on multiplicity of goals 
  Goals that are active at the time determine 

decisions 
  Activation levels partly chronic (culture) 
  Partly situational 

  Goals can be primed by choice context  
  Voting locale (church vs. school) 
  Symbols embedded in wallpaper of website  
  Group vs. individual setting for decisions 

  Group context primes cooperation and longer time 
horizons 



Summary 
  Tailor risk definition/metric to purpose of 

assessment 
  Know your audience (and its segments) 

  Personal experience with domain 
  Cognitive capacity vs. use of emotional shortcuts 
  Political ideology  

  Use context to prime appropriate decision goals 
and values  
  There is no value free way to provide risk information 

  Provide institutions that allow people overcome 
cognitive and emotional shortcomings 
  Myopia, impatience, excessive discounting, loss aversion 
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www.cred.columbia.edu/guide 
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Multiple Ways of Making Decisions 

 Decisions get made in qualitatively different 
ways (Weber & Lindemann, 2007) 
  “by the head”  calculation-based decisions 
  “by the heart”  emotion-based decisions 
  “by the book”  rule-based decisions 



Environmentally responsible choices in 
calculation-based decisions 

 Make environmentally-responsible options 
the default  (Johnson & Goldstein, 2003; Thaler & 
Sunstein, 2008) 

  Preferences change when defaults change 
  Merits of default option considered first, leading to 

strong status quo bias (Johnson & Goldstein, 2003) 

  Prime social or environmental goals 
  Apollo-8 image of planet earth 

 But, 
  many decision biases will work against you 

  Discounting of future benefits, pain of immediate costs 



Environmentally responsible choices in emotion-
based decisions 

  Tempting to scare people into “right” 
behavior  

  Problematic for at least two reasons 
  Finite pool of worry  

  Increase in worry about one hazard decreases worry 
about other hazards (Weber, 1997) 

  Single action bias 
  Tendency to engage in single corrective action (Weber, 

2006) 
  Yet, most environmental problems require multiple 

responses 



Environmentally responsible choices in rule-
based decisions 
  Much behavior driven by habits 

  based on past calculations or internalized rules 
  often designed to override cost-benefit or affect-driven 

choices  
  Hippocratic oath for doctors 
  Rules of conduct for parents 

  Create new habits, by following new rules (social 
norms) 
  Respected authority to issue new rule  

  “What would Jesus do?” 
  Behavior prescriptions need to be concrete 

  “What would Jesus drive?”  
  Capitalize on social observation and imitation by having 

celebrities model desired behaviors 
  “What does Angelina drive?” 



Multiple Representations   

  Labels trigger different reactions and choices 
  Carbon offsets more palatable than carbon taxes 

  Explained by Query Theory 
  Theory of how people construct their preferences 

by arguing with themselves 
  Order in which queries get posed depends on 

several things, including knee-jerk emotional 
reactions to choice options 



“Dirty Word or Dirty World” study  
(Hardisty, Johnson, Weber, Psychological Science, 2010) 
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Dirty Word or Dirty World study  
(Hardisty, Johnson, Weber, Psychological Science, 2010) 
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Query Theory (Johnson et al., 2007; Weber et al., 2007) 

  Theory of how preferences are constructed 
  Process of “arguing” with yourself  queries 

 Action alternatives evaluated sequentially 
 Order of evaluation affects balance of 

evidence 
  Because first query generates more arguments  

 Order is a function of  
  How alternatives are labeled  

  Arguments for appealing options get processed first 
  Options with upsetting labels get considered later or 

not at all 



Thought List (Subject 53) 

  good for the environment 
  carbon offset is not that much more than 

regular ticket 
 what does the extra money do to offset 

the carbon 



Thought List (Subject 286)  
 Why would I ever pay extra for this? 
  I really don't care about a 'carbon tax' 
  if it's the same thing, get rid of the tax. 
  the government needs to stop taxing us 

randomly 
  I will be old or dead by the time this world 

has an energy crisis 
  and by that i mean a huge one where we 

are all fucked 
  this is a ridiculous thought to have 



Choices explained by order and frequency of 
arguments     Recipe for Interventions? 
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