
Chapter 17: Uncertainty

 "We must believe in luck. For how can we explain the success of those we don't like?"

 Challenge: Flight Insurance

 Given the probability of a flight crashing (or disappearing), how reasonably priced

is such flight insurance?

 We now extend the model of decision-making to include uncertainty in consumption

and investment decisions

 When uncertainty can be quantified, it is sometimes called risk

 Risk - situation in which the likelihood of each possible outcome is known or can be

estimated an no single possible outcome is certain to occur

 People will choose risky investments only if they expect higher return from them

17.1 Degree of Risk

 "In America, anyone can be president. That's one of the risks you take"

 We can use our estimate of how risky each outcome is to estimate the most likely one

 We then present measures of risk to show how much actual outcomes deviate from the

most likely outcome

 Probability

 Probability - a number between 0 and 1 indicating the likelihood of an outcome

 How do we estimate a probability?

 Using frequency → � = � / � ; Subjective Probability - best guess

 Probability Distribution - relates a probability to each possible outcome

 Mutually exclusive and exhaustive!

 We now focus only on situations with two possible outcomes

 Expected Value

 � � � � � � � � � � � � � (� � ) = � � � × � � � � � � + � � � × � � � � � �
 This is the value to be earned on average if the event were repeated many times

 Variance and Standard Deviation

 We can measure the risk one faces in many different ways

 One approach is to look to what extent actual outcomes vary from EV

 Variance, � � - spread of the probability distribution; probability-weighted average

of the squares of the differences between observed outcomes and EV

 Standard Deviation, � - the square root of the variance

 Holding the EV constant, the smaller � is, the smaller the risk

17.2 Decision-Making Under Uncertainty

 "There will be a rain dance Friday night, weather permitting"

 What decision is made depends on the fundamental attitude toward bearing risk

 Expected Utility

 We can use utility maximization to show how people risk tastes affect choices

 If people made choices to max. EV → always choose option with highest EV 

 But, most people are risk averse → will choose high risk iff it has high EV 



 Neumann & Morgenstern (1944) reformulated the standard utility-max model to

include risk; in their model, people maximize expected utility

 � � � � � � � � � � � � � � � (� � ) = � � � × � ( � � � � � � ) + � � � × � (� � � � � � )

 EU is the probability-weighted average of utility for each possible outcome

 Fair Bet - a wager with an expected value of zero

 Risk Averse - unwilling to make a fair bet

 Risk Neutral - indifferent about making a fair bet

 Risk Preferring - willing to make a fair bet

 Risk Aversion

 An individual whose utility function is concave to the horizontal axis is risk averse

 Extra utility from one more unit is less than the utility from the previous unit

 Diminishing marginal utility

 A person whose utility function is concave picks the less risky choice if both

choices have the same expected value

 If we are speaking in terms of wealth (W), we have:
� � ( � )

� �
> 0 and

� � � ( � )

� � ( � ) �
< 0

 Risk Premium - the amount that a risk-averse person would pay to avoid taking a

risk

 A risk averse person chooses a riskier option iff it has a sufficiently higher EV

 Risk Neutrality

 Risk neutral → constant marginal utility of wealth; utility curve is a straight line

 A risk-neutral person chooses the option with the highest expect value, because

maximizing expected value maximizes utility

 The risk premium for a risk-neutral person is zero

 Risk Preference

 Risk preference → increasing marginal utility of wealth - willing to take a fair bet

 Risk-preference → negative risk premium; convex utility curve

 Application: Gambling

 "Horse sense is the thing a horse has which keeps it from betting on people"

 Why do people take unfair bets? Compulsion to gamble; risk-preferring

 Other reasons: enjoy the game; utility curve with both risk-averse and risk

preferring regions; falsely believe the gamble favors them

17.3 Avoiding Risk

 "If 75% of all accidents happen within five miles of home, why not move ten miles

away? "

 Individuals can avoid optional risky activities, but can't escape risk altogether

 But, they may be able to reduce the probability that bad states of nature occur

 Just Say No

 The simplest way to avoid risk is to abstain from optional risky activities

 Taking care of your car, locking you door, etc.



 Application: Harry Potter's Magic

 Obtain Information

 Collecting accurate information can help reduce risk, and increase expected value

and expected utility

 May be able to reduce the probability of disaster or the size of the loss

 Application: Weathering Bad Sales

 Tesco has its own weather team, which helps predict weather and the effects of

weather conditions on consumers' demands

 Diversify

 Risk pooling or diversifying → make many risky investments instead of one 

 "Don't put all your eggs in one basket"

 The extent to which diversification helps reduce risk depends on the correlation of

various events over states of nature

 Diversification can eliminate risk if two events are perfectly negatively correlated;

reduces risk with imperfectly negatively correlated or imperfectly positively corr.

 The more negatively correlated two events are → the more diversification ↓ risk
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 Diversification does not reduce risk if two events are perfectly positively corr.

 Application: Mutual Funds

 A mutual fund share is issued by a company that buys stocks in many other

companies

 Allows you to reduce the risk associated with uncorrelated price movements

across stocks

 A stock mutual fund does have a systematic risk, fluctuation with the state of the

economy

 Insure

 As we noted, risk-averse people are willing to pay a risk premium to avoid risk

 The demand for risk reduction is met by insurance companies

 A person/firm pays a premium to the insurance company when times are goods,

and the insurer transfer money to the policyholder in bad situation

 Fair Insurance: a bet between an insurer and a policyholder in which the value of

the bet to the policyholder is zero

 The expected value with insurance is equal to the expected value without

insurance under a fair bet; risk-averse people will buy insurance (no risk)

 Because insurance companies do not offer fair insurance (they will be losing

money this way), most people do not full insure

 A monopoly insurer could charge an amount up the risk premium of an individual

 ↑ Risk Averse → ↑ risk premium that can be charged  

 As the insurance market becomes more competitive, price of insurance ↓ 



 By pooling the risks of many people, the insurance company can lower its risk

much below that of any individual

 An insurance company sells policies only for risks it can diversify!

 Insurance companies do not offer policies insuring against wars, as they are non-

diversifiable risks

 Application: No Insurance for Natural Disasters

 Refuse to offer hurricane/earthquake insurance in many parts of the country

17.4 Investing Under Uncertainty

 "Don't invest money with any brokerage firm in which one of the partners is named

Frenchy" W. Allen

 In the following, consider a monopoly owner deciding whether to open a new retail

outlet; no strategic considerations, costs are known, but profits uncertain

 How Investing Depends on Attitudes Toward Risk

 We can ignore discounting for now

 Decision Tree → Decision Node and Chance Node 

 Investing with Uncertainty and Discounting

 Investment pays if its net present value (discounting the difference between the

return and cost in each future period) is positive

 A risk-neutral person chooses to invest if the expected net present value is +

 We have assumed that nature dictates probabilities, but we can sometimes alter

these probability (i.e. advertising) but with additional costs

17.5 Behavioral Economics of Risk

 Many individuals make choices under uncertainty that are inconsistent with the

predictions of expected utility theory; new theories have been developed to explain

 Difficulty Assessing Probabilities

 People often have mistaken beliefs about probabilities that an event will occur;

these biases in estimating come from several sources

 Gambler's Fallacy - false belief that past events affect current, independent

outcomes; flipping coins - 50% each time

 Gamblers tend to be overconfident; exotic bet - depends on the outcome of more

than one game; football bettors tend to mare erroneous estimates

 Application: Biased Estimates

 People tend to overestimate the number of deaths from infrequent causes and

underestimate those form more common causes

 Behavior Varies with Circumstances

 Contrary to expected utility theory, people's choices often vary with circumstances

 Many otherwise risk-averse people will accept an unfair gamble → can be 

explained with 'funny' shaped utility functions

 Many people put excessive weight on outcomes that they consider certain relative

to risky outcomes - certainty effect (or Allais effect)

 See Kahneman and Tversky (1979)



 Expected utility theory cannot account for an ambiguous situation where many

people are reluctant to put substantial decision weight on any outcome

 Ellsberg (1961)

 Many people reverse their preferences when a problem is presented or framed in

different but equivalent ways

 See Tversky and Kahneman (1981)

 Reflection Effect: attitudes toward risk are reversed for gains versus losses; risk-

averse when making choices involving gains; risk-preferring involving losses

 Prospect Theory

 Prospect Theory - alternative theory of decision making that can explain some of

the choices inconsistent with expected utility theory

 Here, people are concerned about gains and losses - the changes - rather than the

absolute levels

 With prospect theory, we do not calculate expectation using normal probability,

but use decision weights → these could be very different from the given Pr. 

 A person will gamble if the value from not gambling, V(0), is less than his

valuation of the gamble

� (0) < [� (� ) × � (� )] + [� (1 − � ) × � ( � )]

 Prospect theory differs in both the valuation o outcomes and how they are

weighted; V(∙) is the value placed on a certain outcome

 The prospect theory value function has an S-shape and three key properties:

 The curve passes through the reference point at the origin

 Both sections are concave o the horizontal axis

 Asymmetric with respect to gains and losses

 Loss Aversion: people hate making losses more than they like gains

 People tend to put heavier weight on are events than the true probability used

in expected utility theory

 Challenge Solution: Flight Insurance

 ´If flying is so safe, why do they call the airport the terminal?"

 The Travel Guard is offering to charge 4,259 times more than the fair rate for the

air travel insurance


