UNCERTAINTY
Uncertainty is Pervasive

· What is uncertain in economic systems?

· tomorrow’s prices

· future wealth

· future availability of commodities

· present and future actions of other people.

· What are rational responses to uncertainty?

· buying insurance (health, life, auto)

· a portfolio of contingent consumption goods.

· A specification of what will be consumed in each different state of nature

States of Nature

· Possible states of Nature:

· “win a lottery” (state 1)

· “no win” (state 2).

· [image: image1]Win a lottery with probability (1,  
Does not win with probability (2 
               

· Buying a lottery costs $F

Contingencies

· A contract implemented only when a particular state of Nature occurs is state-contingent, e.g. 

· get prize money when winning only

·  the insurer pays only if there is an accident.

· A state-contingent consumption plan is implemented only when a particular state of Nature occurs, e.g. 

·  buy a watch only when win the lottery

·  take a vacation only if there is no accident.

Preferences under Uncertainty

· With uncertainty, how a person values consumption in one state as compared to another will depend on the probability of that state.

· Think of a lottery.

Win $C1 with probability π1 and 


win  $C2 with probability π2 = 1- π1 

Utility of the lottery is 


U(C1, C2, π1, 1- π1)

Expected utility Property

Expected utility function (or von Neumann-Morgenstern utility function) has the property that expected utility can be written in the form


 π1u(C1) + (1-π1)u(C2) 

It seems possible that utility function in the case where consumption choices are uncertain should have expected utility property as ultimately only one consumption choice will actually occur 

Independence assumption

With uncertainty, choices under different outcomes should be independent (as you can only be at one state of nature)

Hence we expect the utility function to take the form
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True if we have expected utility function

· Lottery: win $90 with probability 1/2 and $0 with probability 1/2. 

U($90) = 12,   U($0) = 2.

Assuming expected utility function, 
Expected utility is
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Expected money value of the lottery is

[image: image11.wmf]2

2

1

1

)dc

MU(c

)dc

MU(c

2

1

p

-

=

p

Þ


EU = 7 and EM = $45.

If U($45) > 7 ( $45 for sure is preferred to the lottery 
( risk-aversion.

If U($45) < 7 ( the lottery is preferred to $45 for sure 
( risk-loving.

If U($45) = 7 ( indifferent between the lottery or $45 for sure 
( risk-neutrality.
· A risk-averse individual prefers the expected value of a lottery for sure to playing the lottery.

· A risk-loving individual prefers playing the lottery to the certain expected value of a lottery.

· A risk-neutral individual is indifferent between the gamble or its expected value. 

· Comparing 2 situations, A and B with the same expected (money) value 
Situation A involves risks, i.e. uncertain outcomes

Situation B has no risk, i.e. certain outcome

·  Risk Averse persons will always prefer B to A.
·  Risk lovers prefer A to B
·  Risk Neutral persons are indifferent.
Risk Aversion
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Risk Loving
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Risk Neutral
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Preference Ranking

· State-contingent consumption plans that give equal expected utility are equally preferred.

[image: image4]
Marginal Rate of Substitution under Uncertainty

· What is the MRS of an indifference curve?

· MRS: the rate at which consumptions can be substituted holding (expected) utility constant

Example: Get consumption c1 with prob. (1 and c2 with prob. (2   ((1 + (2 = 1).

EU = (1U(c1) + (2U(c2).
For constant EU, dEU = 0.
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Choice Under Uncertainty

· Q: How is a rational choice made under uncertainty?

· A: Choose the most preferred affordable state-contingent consumption plan.

Uncertainty and Insurance 
·  Imagine a person who may (or may not) have an accident

Without an accident the person has wealth equal to his initial wealth = $m 

With an accident the person will incur a loss of L, wealth will be $(m - L)

His consumption value will be $m or $(m - L) depending on whether or not he has an accident.
· Assume now that this person can choose to buy insurance

Each $1 of accident insurance costs (.

He has $m of wealth.

Let Cna be consumption value in the no-accident state.

Let Ca be consumption value in the accident state.

· Without insurance,

Ca = m - L

Cna = m.
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· Buy $K of accident insurance costs (K

Cna = m - (K.                                        _(1)

Ca = m - L - (K + K = m - L + (1- ()K.   _(2)

Rearrange (2) so 


K = (Ca - m + L)/(1- ()                            _(3)

Substitute (3) into (1) 


Cna = m - ( (Ca - m + L)/(1- ()                _(4)
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This is the State-Contingent Budget Constraints
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[image: image7]
Where is the most preferred state-contingent consumption plan?
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At most preferred consumption plan 
MRS = - slope of budget constraint; i.e. 
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Competitive Insurance

· Suppose entry to the insurance industry is free.

Expected economic profit = 0.

i.e.  (K - (aK - (1 - (a)0 = (( - (a)K = 0.

Free entry ( ( = (a.

· If price of $1 insurance = accident probability, then insurance is fair.

· When insurance is fair, rational insurance choices satisfy
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i.e.

Marginal utility of income must be the same in both states.

· How much fair insurance does a risk-averse consumer buy?
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Risk-aversion ( MU(c) ( as c (.
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Hence, 


 i.e. full-insurance.

“Unfair” Insurance

· Suppose insurers make positive expected economic profit.
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· Rational choice requires
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Hence                  for a risk-averter.
i.e. a risk-averter buys less than full “unfair” insurance.

Diversification

· Two firms, A and B.  Shares of both firms cost $10 per share
·  With prob. 1/2 A’s profit is $100 per share and B’s profit is $20 per share.
·  With prob. 1/2 A’s profit is $20 per share and B’s profit is $100 per share.

· You have $100 to invest.  How?

· Buy only firm A’s stock?

$100/10 = 10 shares.

You earn $1000 with prob. 1/2 and $200 with prob. 1/2.

Expected earning: $500 + $100 = $600

· Buy only firm B’s stock?

$100/10 = 10 shares.

You earn $1000 with prob. 1/2 and $200 with prob. 1/2.

Expected earning: $500 + $100 = $600

· Buy 5 shares in each firm?

You earn $600 for sure.

Diversification has maintained expected earning and lowered risk.
· Typically, diversification lowers expected earnings in exchange for lowered risk.

Risk Spreading/Mutual Insurance

· 100 risk-neutral persons each independently risk a $10,000 loss.

Loss probability = 0.01.

On average, in each year there is one person with a loss

· They can insure each other by giving $100 each to the person with the loss 

On average, each person will pay $100 per year

· There is still a probability that they will have to pay a large amount but the probability is very small e.g. probability that they will have to pay out  $10,000 is 0.01100
· An even better way to reduce risk is to pay $100 to a cash reserve fund every year. Hence you lose $100 for sure. 

This is equivalent to paying $100 to an insurance company with fair premium who will give you $10,000 in case of loss.

Hence, paying cash to a reserve fund is like a cooperative insurance

· If you are risk averse then you are better off with mutual insurance

Checklist

· Uncertainty, State of Nature, Contingency

· Expected Value vs. Expected Utility

· Risk Aversion, Risk Loving, Risk Neutral

· MRS

· Budget Constraint with Insurance

· Optimal Insurance Choice if insurance is fair and is insurance is unfair.

· Diversification

· Mutual Insurance

}   (1 + (2 = 1





U(C1,C2,π1,1- π1) = π1u(C1) + (1-π1)u(C2) 
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