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9. ADVERSE SELECTION



Remember Gresham’s law?

Imagine an economy in which the currency consists of gold coins.

The holder of a coin is able to shave a bit of gold from it in a way that is
undetectable without careful measurement.

The gold so obtained can then be used to produce new coins.
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Remember Gresham’s law?

Imagine that some of the coins have been shaved in this fashion, while
others have not.

Then someone taking a coin in trade for goods will assess positive
probability that the coin being given her has been shaved, and thus less

will be given for it than if it was certain not to be shaved.

The holder of an unshaved coin will therefore withhold the coin from
trade; only shaved coins will circulate.

This unhappy situation is known as Gresham'’s law: bad money drives out
good.
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Let’'s move to cars

- In Akerlof's context, Gresham’s law is rephrased as "Bad used cars
drive out good.” It works as follows.
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Akerlof's market for lemons

- Suppose there are two types of used cars: peaches and lemons.

- A peach, if it is known to be a peach, is worth $3,000 to a buyer’
and $2,500 to a seller. (We will assume the supply of cars is fixed
and the supply of possible buyers is infinite, so that the equilibrium
price in the peach market will be $3,000.)

- A lemon, on the other hand, is worth $2,000 to a buyer and $1,000
to a seller. There are twice as many lemons as peaches.
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Akerlof's market for lemons

- If buyers and sellers both had the ability to look at a car and see
whether it was a peach or a lemon, there would be no problem:
Peaches would sell for $3,000 and lemons for $2,000.

- Or if neither buyer nor seller knew whether a particular car was a
peach or .a lemon, we would have no problem (at least, assuming
risk neutrality, which we will to avoid complications): A seller,
thinking she has a peach with probability 1/3 and a lemon with
probability 2/3, has a car that (in expectation) is worth $1,500.

- A buyer, thinking that the car might be a peach with probability 1/3
and a lemon with probability 2/3, thinks that the car is worth on
average $2,333.33.

- Assuming inelastic supply of cars and perfectly elastic demand, the
market clears at $2,333.33.
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Akerlof's market for lemons

- Unhappily, it isn't like this with used cars.

- The seller, having lived with the car for quite a while, knows whether
it is a peach or a lemon. Buyers typically can't tell.

- If we make the extreme assumption that buyers can't tell at all, then
the peach market breaks down.
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Akerlof's market for lemons

- To see this, begin by assuming that cars are offered for sale at any
price above $1,000.

- All the lemons will be offered for sale.

» But only if the price is above $2,500 will any peaches appear on the
market. Hence at prices below $2,500 and above $1,000, rational
buyers will assume that the car must be a lemon.

- Why else would the seller be selling?
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Akerlof's market for lemons

- Given this, the buyers conclude that the car is worth only $2,000.

- And at prices above $2,500, the car has a 2/3 chance of being a
lemon, hence is worth $2,333.33.

- There is no demand at prices above $2,000, because:

* above $2,333.33, there is no demand whatsoever- no buyer is willing
to pay that much;

* below $2,500 there is only demand starting at $2,000, since buyers
assume that they must be getting a lemon.

1. Adverse Selection 10 / 35



Akerlof's market for lemons

- So we get as equilibrium: Only lemons are put on the market, at a
price of $2,000.

- Further gains from trade are theoretically possible (between the
owners of peaches and buyers), but these gains cannot in fact be
realized, because buyers can’t be sure that they aren't getting a
lemon.
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Signalling: Spence Model

Suppose you face two groups of individuals: A and B.

- The As are super smart while the Bs are below average.

The world we are is is populated with a 50% of As and a 50% of Bs
Let’s say that As productivity is equal to 2.000 and call this y,

Bs productivity equals 1.000 and have this called y;
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Signalling: Spence Model

- Suppose a firm is hiring while it can't tell the As from the Bs
- It follows that the firm is expecting a productivity value:
¥ =0,5(2.000) + 0,5(1.000) = 1.500

- With a sufficiently competitive labor market, the firm will be willing
to pay a wage w = 1.500

- This meand the ‘below the average guys’ are super happy as they
are being paid way more their productivity while the smart guys will
try and get another job.

- The firm is left with the below the average guys.
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- However, let us now suppose that both the As and the Bs might
invest in education and acquire a degree.

- Meanwhile, we are assuming that education does not change their
productivity levels (which is a kinda heroic assumption)
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- Education has a cost (and you know this well, right?)
- Suppose the cost structure be given by the following functions:
Ca = 200h

and
Cg = 500h

where h stand for the number of years spent in education.
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- Assume now that the firm is willing to pay a higher wage to those
guys that actually got a degree

- So that the firm is willing to pay w = 2.000 to those with a degree
and w = 1.000 to those without it.
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- We now have something we call a self selections constraint: smart
guys decide to invest in education iff the benefits they expect to get
when they are actually singled out as smart (i.e. w = 2000) net of
education costs are higher than the benefits they get if they don't
get the degree:

2.000 — 200h > 1.000

- Note: this constraint is met whenever h < 5.
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The very same self selection constraint for the not-smart guys: it
must not be worth for them getting the degree and being perceived
as smart.

That is: the higher wage they would receive net of the cost of
education must be lower than the lower wage level:

2.000 — 500h < 1.000

Note: this constraint is met whenever h > 2
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8. ADVERSE SELECTION
IN AN EQUITY MARKET

2. Equities



Short review: the Certainty Equivalent

Suppose we model an individual having a utility function like this:
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Short review: the Certainty Equivalent

Suppose we offer her a choice among;:
— a gamble with prizes $0 and $40K, where $40K has probability 0.4
— a gamble with prizes $0 or $20K, where the probability of $20K is 0.7
— $15K for sure.

Which one will she take?
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Short review:

the Certainty Equivalent

-$10K
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Short review: the Certainty Equivalent

The three expected utilities are, respectively:
(0.6)(0.5) + (0.4)(1) = 0.7

(0.3)(0.5) + (0.7)(0.84) = 0.738
0.77
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Short review: the Certainty Equivalent

The model says she takes the sure thing.

But we might want to know: How much better is $15K for sure than the
other two gambles?
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Short review:

Utility
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2. Equities

Take the first gamble, with
expected utility level 0.7.

What dollar amount has this
utility?

To answer this, you go to the
graph, find the utility level
0.7 on the y-axis, go across
until you hit the utility func-
tion, and drop down: The
answer is $10K.
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Short review: the Certainty Equivalent

This number - i.e. the dollar value whose utility equals the expected
utility of the first gamble - is her certainty equivalent (henceforth CE) for
the first gamble.

It is the amount of money for certain that gives her the same level of
(expected) utility or satisfaction as the gamble.

And, for the second gamble, with expected utility 0.738, the reading of
the graph suggests a CE of somewhere in the neighborhood of $12K.
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Short review: the Certainty Equivalent

Since the for-certain $15K has a certainty equivalent of $15K we'd say
that:

1. This individual is roughly $3K better off with a sure $15K than with
the second gamble (whose CE = $12K, roughly)

2. $5K better off than with the first gamble (whose CE is $10K,
roughly).
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Short review: the Certainty Equivalent

WATCH OUT!!

As long as an individual’s utility function v is continuous and increasing
every gamble or lottery she faces has a unique certainty equivalent.

= Continuity of u guarantees existence (by the Intermediate Value
Theorem) and if u is increasing, there can’t be more than one.
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The CE is the Selling Price

Suppose an individual owns the following lottery: With probability 0.4,
she wins $40K. With probability 0.6, she wins nothing (that is, $0.)
Suppose she is an expected-utility maximizer, and her utility function is
the one represented on our first slide.

2. Equities 29 /35



Short review: the Certainty Equivalent

We know that her expected utility for this lottery is, roughly, 0.7, and her
CE is around $10K.

Imagine we approached her and asked, “We want to buy that lottery
from you. We are willing to pay you $11K for it. Will you sell?”

This is more than her CE for the lottery and she will sell.
In this sense, her CE is her (least) selling price for this lottery; more

generally, the CE of any lottery is the lowest price that an individual will
accept in exchange for a lottery that she owns.
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A Market in Equity shares

Let us now turn and analyze one of the most meaningful arenas for
adverse selection to work: equity shares in entrepreneurial ventures.
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A Market in Equity shares

Consider the following market in equity shares in entrepreneurial ventures.
— Each share represents a 1% share in a venture;
— Each venture will pay off either $50,000 or $-25,000
— Each venture (of which there are many) is controlled by an
entrepreneur.

— Entrepreneurs are all risk-averse expected-utility maximizers and, for
simplicity, all of them have the utility function u(x) = —g0-0000211x
where x is the proceeds to the entrepreneur from sales of shares in
her venture, plus the returns from any share she retains.
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A Market in Equity shares

— Half the ventures have probability 0.65 of being successful (returning
$50,000), while the other half have probability 0.35 of success;

— Each entrepreneur knows the probability of success of her own
venture, but she cannot directly communicate that information to
investors. (...would investors trust her anyway?)
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A Market in Equity shares

— A price per 1% share in any venture is established by
supply-equals-demand at p.

— The different ventures carry no systematic risk, so demand for shares
is at the expected monetary value of each share.

— The supply of shares comes from entrepreneurs who, taking p as
given, decide how big a fraction of their venture to sell and how big
a fraction to retain.
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A Market in Equity shares

Our question: Why won't a price per 1%
share of $125 be an equilibrium in this
market?
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Our Analysis

UTTERLY IMPORTANT:

Notice: a randomly selected venture has a 50% chance of having a
success probability of 0.65 and a 50% chance of having a success
probability of 0.35. That is, the EV of a randomly selected venture is:

0.5(0.65(50.000) + 0.5(0.35(50.000) = 25.000

But: the “average share” in the equity market does not do that well:

500X 100+(—250)x(100) __
200 =125
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Our Analysis

Matter of fact: Suppose you are an entrepreneur with one of the good
projects.

Question: What fraction of your venture do you wish to sell at a price of
$125 per 1% share?

Certainly not all your shares; your venture has an EMV of

(0.65)($50, 000) + (0.35)($25, 000) = $23.750

so a 1% share has an EMV of $237,50 which is way less than 125.
This doesn’t mean that such an entrepreneur would not want to possibly
sell some of her shares!! But we want to know how many!!
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Our Analysis

E

=

G

H

J

A B c D
price good bad . good bad .
1 prob per 1% sha_r’e outcome | outcome mof risk outcome | outcome expgt_:ted cer‘_talnty
success retained aversion L L utility equivalent
share result result utility utility
2| 065 |$125.00] 50.00% |$31,250.00 |-$6,250.00| 0.0000211 |-0.517174 |-1.140966 |-0.735501 | $14,559.38
Entered as constants:
probability of the success of the project (cell A2);
price per 1% share (B2);
coefficient of risk aversion of the entrepreneur (F2).
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Our Analysis

A B c D E F G H 1 3
i d bad d bad
prob price share goo @ coeff of risk 900 2 expected | certainty
1 per 1% i outcome | outcome . outcome | outcome s .
success retained aversion L L utility | equivalent
share result result utility utility
2| 0.65 |$125.00( 50.00% |$31,250.00|-$6,250.00| 0.0000211 |-0.517174|-1.140966 |-0.735501 | $14,559.38

The share retained by the entrepreneur (in cell C2) is the driving variable;

we begin with 50% retained.

Let's now see some computations.
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Proceeds: D2 and E2

The net proceeds to the entrepreneur as a function of the price per 1%
and the share she retains in the two cases are computed.

1. D2 = revenue from selling 50% shares + good outcome result =
(125 x 50) + $25.000 = 31.250

2. E2 = revenue from selling 50% shares + bad outcome result = (125
x 50) + (-12.500)= - 6250.
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Utilities: G2 and H2

Proceeds are then converted to utilities for the good and bad case (G2
and H2):

u(31.250) = —00000211x31.250 _ _ (517174

and

u(—6250) = —e~:0000211x-6250 _ _1 140996
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Expected Utility: 12

Expected utility is computed using the probability of the good outcome

(12)

0.65(—0.517174) + 0.35(—1.140996) = 0.7355117
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Certainty Equivalent: J2

CE =—In(—EU) /X
So:
CE = —In(0.7355117)/ — 0.0000211 = 14.559, 38

Note: Geeks, Nerds and Math Addicts will find the full blown calculation
on harvard.canvas
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Our Analysis

We then maximize the certainty equivalent (via Solver) by varying the
share retained (C2), and Solver returns panel b:

prob price share good bad coeff of risk good bad expected | certainty
6 per 1% . outcome | outcome ! outcome | outcome o .
success retained aversion . - utility equivalent
share result result utility utility
7| 0.65 |%$125.00] 39,12% |$27.169,18|-$2.169,18 | 0.0000211 |-0,563679 |-1,046833 | -0.732783 | $14.734,85
a i

The entrepreneur chooses to retain 39.12% of her venture.
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Our Analysis

What about an entrepreneur with a project whose probability of success
is only 0.357

We could repeat the spreadsheet analysis just done but, in fact, the
answer is obvious.

This entrepreneur knows that the EMV of her project is

0.65 x $50,000 + 0.35 x (—$25,000) = $1250.

Since the market is willing to pay, up front, $125 per 1% share, and since
the entrepreneur is risk averse, this entrepreneur will of course sell 100%
of her venture.
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Our Analysis

This means that the shares “in the market” are an adverse selection of all
the shares there are.
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Our Analysis

Suppose there are 100 of these entrepreneurs, 50 of each type. For the 50
entrepreneurs with good projects, they put 61 1% shares into the market.
The other 50 entrepreneurs put 100 1% shares into the market.

So the total number of shares in the market is

(50)(61) + (50)(100) = 8050,

of which 5000, or roughly 62% are shares of bad ventures.
If you purchase one of these shares at random, the chance you'll get a
good outcome is not 50% but

(0.62)(0.35) + (0.38)(0.65) = 0.4635,
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Our Analysis

And so the EMV from a 1% share randomly bought in the market is:
(0.4635)(500) + (0.5365)(250) = $97.64.

Paying $125 for one of these shares is way too much!
In particular EMV < p
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So, Where Does Supply Equal Demand?

Let’s try and follow these steps and answer these questions:

i) For each price p, find out what fraction of shares each type of
entrepreneur will retain and what fraction they will put in the
market.
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So, Where does Supply Equals Demand?

ii) Use the answers found in step 1 to compute the EMV of an average
1% share in the market.
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So, Where does Supply Equals Demand?

iii) The assumption on the demand side of the market is that there is
enough investors to “soak up” all the shares provided, if they are
priced at their EMV or less. If p is less than the EMV of the
“average” share in the market, competition among investors will
push the price up to that EMV. If p exceeds the EMV, investors
won't buy any shares at all.
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So, Where does Supply Equals Demand?

Answer: supply will equal demand at the price p where the answer to
step 2 is the price p used in step 1.
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So, Where does Supply Equals Demand?

Note well: investors, either through insight and knowledge or, more likely,
through experience, understand how the price p will affect the selection
of shares in the market and, therefore, the EMV of a randomly selected

share.
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So, Where does Supply Equals Demand?

Note well: as there are only two types of entrepreneur and, as long as the
price p is above $12.50, entrepreneurs with bad projects will want to sell

100% of their projects.
So we only need to discover the share retained by entrepreneurs with

good projects.
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So, Where does Supply Equals Demand?

So, let's Excel some more and replicate — in successive rows — the row of
computations in our first table (on slide 20) varying the price per 1%
share.
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proportion

average

prob PrCe 1% of share | of good | probability EMV of
° success per 1% retained shares of a good Average
share 9 1% share
outcome
10| 0.65 125 39,12% 0.378 0.463 $97.65
u | 0.65 120 40,80% 0.371 0.461 $96.17
12 | 0.65 115 42,49 0.365 0.459 $94.65
13 | 0.65 110 44,18 0.358 0.457 $93.11
14| 0.65 105 45,86 0.351 0.455 $91.52
15 | 0.65 100 47,56 0.344 0.453 $89.90
16 | 0.65 95 49,25 0.336 0.45 $88.25
17 | 0.65 90 50,95 0.329 0.448 $86.55
18 | 0.65 85 52,65 0.321 0.446 $84.80
19 | 0.65 80 54,36 0.313 0.444 $83.01
20 | 0.65 75 56,07 0.305 0.441 $81.17
21 0.65 70 57,79 0.296 0.439 $79.29
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So, Where does Supply Equals Demand?

Let’s find the proportion of shares the good-project entrepreneurs would
retain as the price per 1% share changes;

In the third column we find the results of the row-by-row optimization.
Note that as the price per 1% share decreases, the share retained by
good entrepreneurs increases, which means (fourth column) that the
proportion of shares in the market that are from good projects decreases.
Hence, the average probability of a good outcome and the EMV of a
randomly selected 1% share of a venture (selected from those shares that
supplied to the market) decreases.
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So, Where does Supply Equals Demand?

The final column shows the EMV of an average 1% share in the market.
The equilibrium is where the EMV of an average 1% share in the market
equals the price of that 1% share.

Between p = $85 and p = $80, the EMV of the average 1% share
“catches up” to the price per share.

That is our equilibrium price p !l
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Now to the BIG QUESTION

Can we find a different equilibrium, where entrepreneurs are paid a higher
price for their shares if they “prove” they have good projects by holding
on to a fraction of their ventures?

You tell why this is THE big question!

Does this have anything to do with signals and discrimination?

hint: YES!

Does this sound any similar to education in Spence Model?

hint: YES!
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A different equilibrium

Trivial but true: savvy investors when going to buy a share in a venture,
observe that shares in ventures whose entrepreneurs retain a signficant
fraction of their ventures do very well.

So investors compete for shares in these ventures, bidding the price of 1%
shares in such ventures to $237.50 (the EMV of a 1% share in a venture
that succeeds with probability 0.65).

And, at the same time, they shun shares in ventures whose entrepreneurs
put 100% of their ventures on the market, since those ventures succeed
only 35% of the time: the price of 1% shares in those ventures falls to
$12.50.
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A different equilibrium

There is, however, a problem with this: as the price of shares in ventures
where the entrepreneur retains a large share of her venture rise toward
$237.50 per share, the entrepreneurs want to sell off an increasing share
of their ventures.

When the price reaches $237.50, they want to sell off 100% of their
ventures (why?), and they can no longer be distinguished from the
bad-venture entrepreneurs.
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A different equilibrium

So, to make this work, investors must structure their offers as follows: if
an entrepreneur is willing to retain X% of her venture (for some X still to
be determined), investors will pay her $237.50 per 1% share.

If the entrepreneur is unwilling to retain this much, she is paid only
$12.50 per 1% share.
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A different equilibrium

The key to this signaling or separating equilibrium is the answer to the
following question: How big must X be, so that entrepreneurs with bad
projects don't want to pretend to be good entrepreneurs, in order to get
the much better price for their shares?

This equilibrium only works if good entrepreneurs are willing to retain
X% to prove they are good, but for bad entrepreneurs, sending this
signal is more costly than it is worth.
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A different equilibrium

Problem thus becomes: how do we find X?

Let's start with bad ventures entrepreneurs.

We know that If they fail to retain X% of their ventures, they will sell
100% of their ventures at $12.50 per 1%, for a net $1250.

Have a look at the table in the next slide: it shows the certainty
equivalents for a bad-project entrepreneur as she retains an increasing
fraction of her project, supposing she can sell shares at $237.50 per 1%.
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A different equilibrium

% of share | expected | certainty
retained utility equivalent
0 -0,6058 |$23,750.00
10 -0,6371 |$21,367.23
20 -0,6736  |$18,728.56
30 -0,7157 |$15,849.78

40 -0,7642 $13.00
50 -0,8194 | $9,441.00
60 -0,8821 | $5,946.81
70 -0,9530 | $2,283.21
71 -0,9605 | $1,908.20
72 -0,9682 | $1,531.69
73 -0,9760 | $1,153.69

74 -0,9838 $774.22
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A different equilibrium

% of share | expected | certainty
retained utility equivalent
0 -0,6058 |%$23,750.00
10 -0,6371 |$21,367.23
20 -0,6736 |$18,728.56
30 -0,7157 |$15,849.78

40 -0,7642 $13.00
50 -0,8194 | $9,441.00
60 -0,8821 | $5,946.81
70 -0,9530 | $2,283.21
71 -0,9605 | $1,908.20
72 -0,9682 | $1,531.69
73 -0,9760 | $1,153.69

74 -0,9838 $774.22

The important rows are the rows for 72% and 73%
retained.

Recall that a bad-project entrepreneur’s certainty
equivalent for selling 100% of her venture at $12.50
per 1% share is $1250.

So if, by retaining 72%, she could get the “good price”
of $237.50 per 1%, she would rather do that.

But if it takes retaining 73% to get the “good price”,
she would rather settle for selling 100% of her venture
for $12.50 per 1%.
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A different equilibrium

This provides us with an alternative to the pooling equilibrium, where all
shares sell for around $85.

Investors are willing to pay $237.50 per 1% share to any entrepreneur
who retains 73% of her venture.

They are willing to pay $12.50 per share to entrepreneurs who are not
willing to do this.
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A different equilibrium

The bad-project entrepreneurs settle for selling 100% of their ventures,
while the good-project entrepreneurs are willing to retain 73%;

You can compute that this gives each of the good-project entrepreneurs a
certainty equivalent of $16,089.20.
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A different equilibrium

And since the two types separate themselves by their choice of how much
to retain, the prices of $237.50 in one case and $12.50 in the other are
market-equilibrium prices.
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A different equilibrium

Which of these two market equilibria are preferred by the entrepreneurs?
The bad-project entrepreneurs prefer to be pooled; in the pooling
equilibrium they get around $85 per 1% share, for a net $8500, versus
the $1250 they get in the separating equilibrium.

The good-project entrepreneurs, on the other hand, prefer the separating
equilibrium in which they net a certainty equivalent of $16,089.20; if all
shares go for $85, a good-project entrepreneur would want to retain
52.65% of her project, for a certainty equivalent of $12,569.609.
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