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( Tools for Describing Risky Outcomes )
‘A 9amble

Definition: A lottery is any event with an uncertain
outcome.

Examples: Investment, Roulette, Football Game.

Definition: A probability of an outcome (of a
lottery) is the likelihood that this outcome occurs.

Example: The probability often is estimated by the
historical frequency of the outcome.
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( Probability Distribution )

Definition: The probability distribution of the lottery depicts all
possible payoffs in the lottery and their associated probabilities.

Property:

* The probability of any particular outcome is between 0 15)

and 1 ~
* The sum of the probabilities of all possible outcomes
equals 1.
ot
Definition: Probabilities that reflect subjective beliefs about risky dice

events are called subjective probabilities.

/( boseo( on G Plrsanql Q-\fuo{ym"‘.
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(" Probability Distribution
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( Expected Value and Expected Utility )

Definition: The expected value of a lottery is a measure of
the average payoff that the lottery will generate.

Let X be a lottery with three possible outcomes A, B, and C.
E[X] = Pr(A)@)+ Pr(B)E+ pr{C)-@

Definition: The expectad utility of a lottery is the average

vahie of theatifity ivvelsthat the lottery will generate,

£101)] = Pr(A)-UEA) + Pr(B)-6E) + Pr(C)-U%)
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Definition: The variance of a lottery is the sum of the orobanibn-
] e T = . -

weighted y ble: sutcomes: of:4!

ey It is a_measure of the
B

Definition: The standard deviation of a lottery is the square root of S.D = ‘j \erv
the variance. It is an alternative measure of risk
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( Variance & Standard Deviation )

H For the example lotte EV=z A-0() + B Pr8)
;’\j’ 0 . - - 1090 (os7) + 23’(0/3%) ’-;S—O
') ° o0 Y
(W el — IR
PA— B The squared deviation of ifiiing is: Voy = (A ,Ev)z. 1w (A) 4-(&— EV) .6 (f?)
#1_{‘ [oO * ($100- $502=502=2500 < ;
047 0.%3

The squared deviation of {G5iHgis:
o ($25-$50)2= 252 =625 F— -

The variance is:
* (2500 x .3%)+ [%%éx: «) =1250 or 50 = 50
C; ;_’o :
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( Evaluating Risky Outcomes )

A svve Mva&(' w/e 1kk)
1 A Lot or A gamble
Example: Work for IBM or Amazon.coni? hd

Suppose that individuals facing risky alternatives attempt
to maximize expected utility, i.e., the probability-weighted
average of the utility from each possible outcome they

face.
Note:
U(IBM) = U(554,000) = 220 EV(Amazon) =
.5(54000)+.5(5104,000) = 554,000
U{Amazon) =

(V) =|.5xU($4,000) + .5xU($104,000) = .5(60) +.5(320) =:150 (g6

Since U CTBM) )  EV(Amam),
he will 9+°“9 wm"\'l'v'j w/ TBM ( A swre MMP)
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( Evaluating Risky Outcomes

)

F 3
Utility

U(104) = 320 /

U(IGM) & U(54) = 230}
7

UPSIPE GATN OF TUE LOTRRLY o

Ev(am 1,,/)391:131 + 500204)

U(4)=6034..

Utility function

A ulmrn) > E(/CAWM-.«N)/
he will s"’m» v/ BN,

Risk-avevse  yersan cares wiwe

abvot olownside loss N
i do oni | v(r)
Yside 9% . va Mole: For risk-avense (wdividus (
0 4 104 Income (000 $Pervearlp,(1,).u(r,)t:; - :om; of Di';lm‘shi;g) MV of Trroma
E(D) = 0.5(4) +o5(104) (et Iuen) Ppede e 4’
1.

t - s
v
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C Risk Preferences

Notes:
« Utility as a function of yearly income only
* Diminishing marginal utility of income fe——
Definition: The risk preferences can be classified as follows: IB/V( — T- § 4066 — _J\,
JAM AmpgN el
An individual who prefers a sure thing to a lottery with the same AMvn = E() = g’@/OG (¢} v

expected value is risk aversz

An individual who is indifferent about a sure thing or a lottery
with the same expected value is risk rizutal

An individual who prefers a lottery to a sure thing that equals the
expected value of the lottery is risk ioving (or visk pretening)
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( Risk Preferences

Definition: The risk preferences can be classified as follows:

An individual who prefers a sure thing to a lottery with the same
expected value is risk-averse.

An individual who is indifferent about a sure thing or a lottery
with the same expected value is risk-neutral.

An individual who prefers a lottery to a sure thing that equals the
expected value of the lottery is risk-loving.
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( Risk Preferences )

Let X be a lottery.
U(E[X]) denotes Utility of the EV (sure thing) of the lottery X.
E[U(X)] denotes Expected Utility of the lottery X.

230 190 ) - V(r, 0 (1, )L (T
riskeaverse:  ULERTSEIDNG] &> y (ec §4,00) > Pr CT) )+ O lz,) L)

happiness from sure thing > expected happiness from lottery K

I Yo con wrile Ulz) for a svre

risk-neutral: U(E[X]) = E[U(X)] Erout
enl .

happiness from sure thing = expected happiness from lottery -
v/Tm: ECE) =T =56 wo
risk-loving:  U(E[X]) < E[U(X)]

happiness from sure thing < expected happiness from lottery

S¢e

(
;l-(s’zg.ooo) + O ok
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C Utility Function — Risk Averse Decision Maker )

Utility 4
Utility function
AU

My= AU - Slope of Ublity
AT Corre

» Income

(000
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( Utility Function — Risk Averse Decision Maker )

Utility T

voof o dyfunction

u(50)

u(25)

v 525 550 3100 * Income
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( Risk-Neutral Individuals )

risk-neutral: U(E[X]) = E[U(X)]
happiness from sure thing = expected happiness from lottery

1 UHi[1ty fumdloy
« MU of Mome is constanT
o e is mdiffoat betweon "o sure )fhiwg " ol
T A lOH‘crg” *:/_=f=’ﬂ/;
e Same ,e/xgofea( el
o — (msidey U= a+ bT <0 liveay hility Fanchin,

o lo‘ﬁ?na — I, witn p
I urw (-P

z
A% Find  expectnd  hility of this lotteryy
EU= @O + OO
= p-latbr] 4 [(«{,). Lo+br, ]
) = Pa+ bl t+ Ci-ppa + C1-p) b1,
= tpbr t oo - -
risk-loving: I;l!;[){]) < EIUfE] /V P : “ }/P/ “— bIZ l) LI&

Utility 4 happiness from sure thing < expected happiness from lottery C(' {_ b 1: I
e + _
PL I, - R

( Risk-Loving Individuals

e = et b Lpmy @opyn ]
EV = +b [EV ]

uﬁ».ﬂ_.“_-”“.“...-__

Vy(I,)UCT.) + P Y T

a
= ol'fb[IJ Whom F]/:I.

byl O
(T A 2 ,\fhi“i‘

r
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U@ +

lr, Bv 1,

When  EV=T _ 2 7

e espeched Uity _ e Uliliey of

o5 the lottery . tie swe. thiug |

Prer) ()
o
[(/hc Wisfon 5
Income
I
-
( Risk Preferences )
Suppose that an individual must decide between buying one of two stocks:
the stock of an Internet firm and the stock of a Public Utility. The values that
the shares of the stock may take (and, hence, the income from the stock, )
and the associated probability of the stock taking each value are:
Internet firm Public Utility
Ve 530 4 I Probability
E 580 1
- 4— oo * slm 8
-3‘,10 5120 1
Z ' 00 qa
1 1= °
0350 ) / l o
o080 0.80'
070 0T
E‘ 080 _f 080
0.50 ¥ os0
£ os0- E i+
0.30 330
020 20
0.10 10~

o

L) 100 120
Payall (stock price in 5) Payalt (stock price in 5)

(n] Intemet company

(B} Puiic sty compary

( Risk Preferences )
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| O | S

IR o 100
Payoft (#ock price In 5} Payoft (skick price In 5)
() Internet company () Pubiie: utility company

( Risk Preferences

Examples

Which stock should the individual buy if she has
utility function U = (1001)1/2? Which stock should
she buy if she has utility function U =17

EU(Internet) = :-mﬁ:jfau;_lmh Rl
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C Risk Preferences )

Examples

N
> EU(Internet) = .3(89.40)+.4(100)+.3(109.50) £99.70

= EU(P.U.) =

.1(89.40) + .8(100) + .1(109.50)

The individual should purchase the public utility stock ( why 9)
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( Risk Preferences )

Examples

U=l
-» EU(Internet) = .3(80)+.4(100)+.3(120)=100
- EU(PU.)

.1(80) + .8(100) +.3(120) = 100

This individual is indifferent between the two stocks. (I/(h‘, 9 )
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V. LEARNING-BY-DOING EXERCISE 15.1

Cansider the two lotteries depicted in Figure 153, They
have the same expected value, bur the first (investing in
the Internet company’s stock) has a larger variance than
the second (investing in the public utility company’s
stock). This tells us that the first lotrery is riskier than
the second Jortery. Suppose that a risk-averse decision
maker has the wrility function L(7) = v/, where |
denotes the payoff of the lorery. ©oT

Problem Which lowery does the decision maker
prefer—that is, which one has the bigger expected uiliny?

LR
o © w2
Bayoft (pisck price 81
() Interrat company

Computing the Expected Utility for Two Lotteries

One decision maker is risk neutral, with the utility func-
won Ul ) = 100/, while the other is risk loving, with the
utility funceion 1)~ 10077, where ] denotes the payoff
of the lottery.

Problem

(a) Which lottery does the nisk-neutral decision maker
prefer?
(b) Which lottery does the risk-loving decision maker
prefer?

1
(1]
1]
am

i

[
LE
e
o © w0 120
Paryo {ssock price in 51
{51 Pl wsity compary

FIGURE 15.3 Probability Distribution, Riskiness, and Variances
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II = 4 W/ F(: o5
{ I - 104 W/ Pz’(‘ P Yo~
V- E yu : tilty

c function

( Risk Premium ) ulsa) =uer) =oo| Risk avevse pevson

59 7
Definition: The risk prepfium of a Iotteg is th%ssar\; differcnce
between the expected falue of a Jottery and#7¢ Titve thifE <o that the 0.5V (4) to0s5 VvV (lo#)

decision maker is indifferent between F@Qﬂﬂ'\f and the sure thing.

B - oo bzt 1pp ool
e | |
3 = e Dl g L - i : .

[/pu‘{\m + (1{p]U{I2] U{FIJ .{{ oY -52) | 0 ’ = 5 -

o7 UCd) L o5 (106) 054 + 0. (06 RP . Incormne (thousaﬁds of dollars per year)
= 5% 5 7'_ : EV =05(q) + 05(104)
: D log
The larger the variance of the lottery, o
the larger the risk premium "6 - T e C_~—"
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5% [
The larger the variance of the lottery,

the larger the risk premium

L !

e

< log
RP = 3% - )7
1#

-
<

EV =05(q4) + 0.5(04)

Q00 | __C
B R‘\S,( averse persm
/ way,  oleclde to
£ 190 | s 7 ncte e
U(Em( I | : . F{;o(diﬁon?[q
| | i€ Jeward from fwe
0| 2 o aom ble i
: : sufflciontl h:‘a)\.q
04 54 104 -
InE0me (thouzands of dollars per yvear) or (QV’F‘FICIW{'[%
'PeVSUc‘fi'Vc,) (
C Avoiding Risk - Insurance )
Iitility function
2% |~ .
=
80| 9

\ Risk
prerivmT

0

29 5

104
Infome (thousands of dollars per year)

CERTAWRY: QA ( (V) = Mcove level hat

wakes s guy ividli ferent
I%JFWV\ an—n‘sk? i  mdk Y6k<9 clhoice

( Computing Risk Premium
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C Computing Risk Premium

Lotiis g = U(eto+ (it - RP) |
feT D Por7 £

A, Verify that the risk premium for this lottery is approximately 517,000
SRR T R RE = (058,000 = 5{4,000) SRE)1/2
$142:a7 = (54,000 - #0)1/2

$37,198 = $54,000 - &F

EP = $16,802 = 13,000

=54~
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( Computing Risk Premium

B. letl,=5108,000and |, = 50. What is the risk premium now?
.5(108,000)1/2 + 0 = (.5(108,000) + 0 - RP)1/2

.5(108,000)1/2 = (54,000 - RP)1/2

RP = 527,000

(Risk premium rises when variance rises, EV the same...)
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LEARNING-BY-DOING EXERCISE 15.4

The Willingness to Pay for Insurance
Your current disposable income is $90,000.
Suppose that there is a 1 percent chance that your house

may burn down, and if it does, the cost of repairing it will

be 880,000, reducing your disposable income to $10,000.
Suppose, too, that your uility function is U = VI -z

Problem

(a) Would you be willing to spend $500 to purchase an %
insurance policy that fully insures you against your loss?
(b) What is the highest price thar you would be willing l/

to pay for an insurance policy thar fully insures you in
the event that your house burns down?
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Insurance company expects to break even and assumes g,
— why would an insurance company ever offer this policy

34

sy e Bic T Formafia
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Definition: Moral Hazard is opportunism characterized by an
informed person's taking advantage of a less informed person
through an unobserved action.

( Adverse Selection & Moral Hazard )

Adverse Selection / Hidden Information:
- Good and Bad cars in second-hand garages.
- Healthy and Unhealthy people in health insurance markets.

Moral Hazard / Hidden Action:

- People drive carelessly after buying car insurances.

- Employers fails to observe lazing employees.

- Doctors over-prescribe treatments for patients with health
insurances.
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Definition: A decision tree is a diagram
that describes the options available to a
decision maker, as well as the risky events
that can occur at each point in time.

Key Elements

We analyze decision problems by working backward along the
decision tree to decide what the optimal decision would Be,

37

Risk and Information Page 34




C Decision Trees )

* An oil company is considering whether it should build a large facility (good if the
oil reservoir is large) or a small facility (good if the oil reservoir is small).

* Pr(Small Reservoir) = 0.5 and Pr(Large Reservoir) = 0.5.

* However, it can implement “free seismic test” before building a facility to
determine if the reservoir is large or small.
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( Decision Trees )

Fg,cilil_lﬁ'
Vedsio™
A s —~ ) 69

- Large facili

eservoir large :l
E E - Small facili

05 &o) +osz)

~_ Reservoir small | F Somall Facility »
LATE 36 ‘
A SMaL L s

v/ﬁ;;, -
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( Perfect Information

Example:

* Expected payoff to conducting test: $35M
* Expected payoff to not conducting test: S30M

The value of information: $5M

The value of information reflects the value of
being able to tailor your decisions to the
conditions that will actually prevail in the future.
It should represent the agent's willingness to
pay for a "crystal ball".
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1. We can think of risky decisions as lotteries.

2. We can think of individuals maximizing expected
utility when faced with risk.

3. Individuals differ in their attitudes towards risk:
those who prefer a sure thing are risk averse.
Those who are indifferent about risk are risk
neutral. Those who prefer risk are risk loving.

4. Insurance can help to avoid risk. The optimal
amount to insure depends on risk attitudes.
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( Summary

5. The provision of insurance by individuals
does not require risk lovers.

6. Adverse Selection and Moral Hazard can
cause inefficiency in insurance markets.

7. We can calculate the value of obtaining
information in order to reduce risk by
analyzing the expected payoff to eliminating
risk from a decision tree and comparing this
to the expected payoff of maintaining risk.

8. The main types of auctions are private
values auctions and common values auctions.
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https://www.econgraphs.org/graphs/micro/exchange/risk aversion/ec vs eu
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