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1 Introduction

Historically, stock price bubbles have emerged in periods of productivity enhancing structural
change. Market speculators gather around these theories regarding structural changes. If someone
enters with a convincing story and line of thought for organizing otherwise confusing phenomena, he
will attract speculative capital. For example, Internet company stocks were a gamble but since they
were backed by the theory of an epochal change in technology that would alter the entire economic
structure, investors found them attractive. Many economists, pundits, and commentators believe
in the idea that irrational investors armed with this perspective and driven by a herd mentality

forced the price of these stocks above their fundamental value.

....... unsubstantiated belief systems, insubstantial wisps, do create bouts of #rrational
exuberance for significant periods of time, and these bouts ultimately drive the world
economy.

Yet, before we relegate the rapid rise and fall in Internet IPO stocks and other stocks to the bubble
category driven by crowd psychology or investor ignorance, it makes sense to exhaust all economic

explanations.

In this paper we are interested in a rational alternative explanation for bubbles that has not
yet been analytically formalized or empirically studied. Cochrane (2002) develops a convenience
yield theory for the rise and fall of technology stocks and illustrates his point using a specific
case example. This paper proposes a general theoretical model to formalize his theory and then
provides empirical estimates to support the idea that the rise and fall of Internet/technology IPO

stock prices may be explained by market frictions rather than investor irrationality.

Initially, those in search of a rational alternative explanation for the high priced Internet IPO
stocks during the Tech stock bubble attributed the high returns to the fact that IPOs historically
have been shown to experience significant underpricing. This underpricing phenomenon has been

well studied and documented in the economics literature (e.g., Michaely and Shaw (1994), Ghosh,

!Shiller (2005), p. xiii.



Nag, and Sirmans (2000)). Numerous models have been offered to explain the situation (e.g., Rock
(1986), Grinblatt and Hwang (1989), Allen and Faulhaber (1989)). However, Ritter and Welch
(2002) argue that typical underpricing theories based on asymmetric information are unlikely to
explain average first day returns of Internet stocks. Ljungqvist and Wilhelm (2003) suggest that,
during the Internet bubble, changes in ownership structure (more fragmented ownership pre-IPO)
and selling behavior (decrease in both frequency and magnitude of secondary sales by all categories
of pre-IPO owners) generated a strong incentive to underprice. Yet, IPO underpricing cannot seem
to account for the magnitude of the abnormal returns for Internet stocks. The abnormally high
average returns for Internet/technology company IPOs far surpassed the typically high returns

attributed to underpricing.

Irrationality, heterogeneous agents, and short-sale constraints are other prominent explanations
that have been applied to the Tech stock bubble. Under these assumptions, several theoretical
models have been developed (e.g., Baker and Stein (2004), Scheinkman and Xiong (2003), Hong
and Stein (2003), Abreu and Brunnermeier (2003)). There also has been significant empirical work
(e.g., Jones and Lamont (2002), Ofek and Richardson (2003, 2002), Lamont and Thaler (2003)).
None of these previously proposed bubble explanations sufficiently address all of the features of the
Tech stock bubble (Cochrane, 2002). Cochrane (2002) clearly outlines the main bubble explanations
in the literature and documents which of the characteristics of the Tech bubble they fail to capture.
Not surprisingly, the convenience yield view proffered by Cochrane seems to be the most consistent

with all of the characteristics of the technology /Internet IPO market.

The convenience yield theory is an alternative explanation that does not rely on any form
of agent/investor irrationality. Along the lines of Duffie, Garleanu, and Pedersen (2002) which
provides a framework for the price impact of the practice of shorting, the convenience yield theory
of the technology stock market is connected to specific market search frictions. Cochrane (2002)
posits that “few shares were available for trading, so the available shares gave a convenience yield:
people were willing to hold them for a little while for short term trading, even though they knew

that the shares were overvalued as a long term investment, just as people will briefly hold money



even though it depreciates.”? Cochrane documents the analogy between technology stocks and
conventional money demand using a specific IPO case example. Although Cochrane alludes to
several possible theoretical models, he does not propose a specific model to justify his convenience
yield theory. This paper tries to address this open issue in the literature by providing both a

theoretical model and empirical estimates.

This paper develops a three-period model based upon Boudoukh and Whitelaw (1993), which
examines the issue of the value of liquidity in markets for riskless securities. The main purpose of
our model is to explain how the prices for a group stocks (e.g., Internet company stocks) can be
driven so significantly above the “fundamental value” that they would have had in a frictionless
market. In this sense, the model attempts to reconcile an observed price bubble with the notion
of efficient markets using the concept of convenience yields. The basic intuition of the three-
period model is straight-forward: Agents are able to buy two similar types of securities. They
are willing to pay more for one of the securities in period 1 even though they know that both
security types will be worth the same amount in the last period. Rational agents do this because
various market frictions limit their trading strategies and make one security type more valuable
for trading purposes in period 2. Thus, this paper posits that there was a rational convenience
yield for technology company stocks that was generated by a combination of economic factors
(temporary supply shock, short-sale constraints, heterogeneous agents, and monopolistic market
making). Given the tech stock demand?, tech stocks futures were not a good substitute for actual
tech stocks and these economic factors combined to make the spot price of some tech stocks high

relative to the futures price.

While we consider the model in the context of the Tech stock bubble, the model is general
enough to be applied to any situation in which the identified market frictions are present. There is no
question that the market for technology /Internet IPO stocks was characterized by many interesting

features: (a) a large rise and then decline in prices, (b) prices not forecasting earnings, (c) short-

2Cochrane (2002), p. 1.
3In terms of the economic rationale for the high tech stock demand, as Cochrane (2002) documents, there were
no good substitutes for high frequency trading in this sector.



sales difficult and/or costly, (d) large dispersion of opinion about the stocks, (e) limited number
of shares available, (f) high volume of trading, and (g) high volatility. If our model can explain
the behavior of technology/Internet company bubble stocks, then it bodes well for explaining less
severe overpricing/bubble situations. Empirical estimates to support the model are provided using
a sample of equity carve-outs. For our group of stocks, we show that the convenience yields
are generally larger and less volatile than those observed for commodities. However, our results
also demonstrate that no unreasonably high convenience yield is needed to provide a plausible

explanation for the Internet or other bubbles.

The remainder of the paper proceeds as follows. Section 2 provides the rationale for why certain
securities can be “overpriced” and why people are willing to buy these securities. Section 3 presents
a three-period asset pricing model used to explain the convenience yield theory. Section 4 provides
empirical estimates of convenience yields for a sample of technology companies and analyzes the
relationship between market frictions and the convenience yields. Section 5 provides concluding

remarks.

2 Why Investors Are Willing to Buy “Overpriced” Securities

The central prediction of the model is that agents are willing to buy securities that they know
are “overpriced” for the purpose and convenience of short term trading. In our model, trade is
motivated through shocks to endowments. Agents know that they are subject to this shock with
some probability. Convenience is valued in this model because once agents realize their type, they
will want to trade. Thus, they are willing to buy an “overpriced” security that will be more liquid

for the purposes of short term trading. (i.e., It has a convenience yield.)

Convenience yields for commodities are commonly observed. The convenience yield is the value
associated with owning the actual item. In continuous time, Fye¥" = (Sy + U)e"™ where y is the

convenience yield, Fy is the futures price, Sy is the spot price, U is the storage cost, r is the
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discount rate, and ¢ is time. The convenience yield reflects the market’s expectations concerning
the future availability of the commodity/stock. The greater the possibility that shortages will
occur, the higher the convenience yield. Thus, the convenience yield is a measure of the benefits
from ownership of an asset that are not obtained by the holder of a long futures contract on the

asset.

Much of the literature related to convenience yields calculates the convenience yields for various
commodities which are traded on futures markets (e.g., Considine (1997, 1992), Pindyck (1993)).
Since by definition a convenience yield describes the residual price movement, the convenience
yields for commodities typically move together with their prices (As shown by Pindyck (1993)).
Sharp rises and declines in the convenience yields are observed. For commodities like lumber and
heating oil, convenience yields can rise to well over 10% per month. Negative convenience yields
also are observed.* Only recently has the convenience yield concept been applied to more common

institutional investments such as equities, cash, and bonds (See Smith (2000)).

3 Theoretical Framework

This section contains the basic model, based upon trade among heterogeneous agents. The key

features of this model are: (i)limited supply of one asset, (ii) short sale constraints for this asset,

(iii) heterogeneous agents, and (iv) market maker that sets bid and ask prices.®

3.1 Model Set-Up

Consider a three-period, (¢t = 1,2,3), endowment economy in which:

e There are two types of stocks that can be traded: restricted stocks (s”) and unrestricted stocks

(s*). Restricted stocks are in small supply and thus have short sale constraints. Unrestricted

“Pindyck (1993), p. 520-521.
SWhile these may not be appropriate assumptions for the secondary U.S. equities market, these are reasonable
assumptions for the U.S. IPO market (See Section 3.6).



stocks have no short sale constraints. The prices are denoted pk,, where k = r (restricted stock)
or k = u (unrestricted stock), i = a (ask price) or i = b (bid price). All prices are denominated
in units of the consumption good. Although the stocks have different designations, we do not

exclude cases in which they trade at identical prices.

e All trade goes through a market maker at the market maker’s posted prices. The market
maker holds no inventory and he must accept all orders at his posted prices. He must set
prices to equate supply and demand in the markets for both securities. Additionally, the
market maker sets bid-ask spreads based upon the different levels of institutional ownership
observed.® The market maker is interested only in period 2 revenues and does not engage in

consumption.

e Based on trading and consumption preferences, agents can be classified into four types: in-
stitutional traders, institutional investors, non-institutional traders, and non-institutional
investors. Each period, agents receive an endowment, Y;. In the initial period, the agents
know their primary type (institutional or non-institutional) but they do not know their sec-

ondary type (trader or investor). Agents receive endowments and take initial positions in the

stock market based on their primary type, s?t, where j = I (institutional investor) or j = N
(non-institutional investor). Institutional agents have a lower subsistence level of consump-
tion”, ¢j. ¢y = o¢r, where 6 > 1. Without loss of generality we assume, s}, = 7s¥,, where
v > 0. Agents maximize expected, time-separable, discounted von Neumann-Morgenstern

utility. Agents can not make markets or hedge by forming coalitions.

e In period 1, agents consume their endowments and/or invest in stocks. The issuer sells the

total supply of stocks at ask prices that will clear the market.

e At the beginning of the second period, agents realize their secondary type (endowment shock).

Some agents want to buy stocks in the second period (investors/buyers) and others want to

SGenerally, bid-ask spreads are an increasing function of the levels of institutional ownership (Fehle, 2004). When
the market makers sees a higher level of institutional ownership for a particular security, he will set a larger bid-ask
spread (See Glosten and Milgrom (1985)).

"Intuitively, we can think of institutional investors as not having to devote as great a proportion of their
wealth /income to consumption of items like food, health care, etc.



sell stocks in the second period (traders/sellers). Investors pay ask prices and traders receive

bid prices. The probability, ¢;, of being an investor is known. (Note that ¢; = gn.)

e In period 2, agents adjust their portfolios subject to the short-sale constraint and consume

their endowments plus net investment.

e In period 3, agents consume their endowments plus the proceeds from the liquidation of their

stocks.
3.2 Agents Optimization Problem

In equilibrium, the first order conditions from the agents’ utility maximization provide restrictions
on the set of possible prices. The issuer and market maker then set prices given the agents’ optimal

mapping from prices to stock holdings, in order to minimize cost within certain constraints.

The agents maximize the expected value of the sum of discounted utility. Their problem in the

first period is:

max,, o F [Ele B (e + C_J)]

st.ar < Y1 —siipg1 — 851D — GG
ca < Yo —du(sjy — s51)Pa2 — dr(SG2 — 851)Pa2
-(1- du)(s;@ - 5?1)10?2 -(1- dr)(5§2 - 351)1722 =G
c3 < Yz+ siapy + sjap3 — ¢
si > 0, 55 >0, 85y > 0, si1 >0

where t =1,2,3; k =r,u; j =1, N; and

i - 1 if sy > 8%, Q= 1 if 87y > sy,
u — r =
0 otherwise. 0 otherwise.



Because of the complexity of first order conditions for problems containing indicator functions
such as d, and d,, it is necessary to analyze the problem within each class of equilibria and find

parameter values for which solutions are supported.

We assume the total supply of unrestricted stocks (€2) is greater than the total supply of
restricted stocks (k€2). Thus, k < 1. Also, the market clearing conditions must hold:
Sl = 0 2)
st syt = KQ 3)
arsgre + arsgre + (1 — ar)s§pe + (1 — ar)ssia + ansgne + anSBne

+(1 —qn)sgne + (1 —qn)ssye = (1+K)Q (4)

Tables 1 and 2 summarize the parameters used and the assumptions made.
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3.3 Equilibrium Concept

There is not one unique equilibrium solution for this model. Thus, it is important to define the

concept of equilibrium for the purposes of this model.

Definition 1: An equilibrium is a set of positive prices such that (i) markets clear in periods 1 and
2 (the supply of stocks equals the demand for stocks), and (i1) all agents mazimize their discounted

expected utility.

In such a model, there can be an infinite number of equilibria that do not differ in any substantive
manner. For example, if there exists an equilibrium in which no trade occurs in period 2 in the
unrestricted stock with ask price p¥, = p, then for all pZ; > p we can achieve the same consumption,

revenues, etc. We will consider all of these equilibria to be equivalent.

Definition 2: Equivalent Fquilibria are defined as those equilibria that support identical consump-
tion streams and trading strategies for the agents and identical revenue streams for the issuer and

the market maker, but differ in the equilibrium prices.

To eliminate this multiplicity of equilibria, we will confine our attention in each case to the equilib-
rium, from the set of equivalent equilibria, with the lowest ask prices and highest bid prices. (i.e.,
the equilibrium with the smallest bid-ask spread.) Thus, we look at the equilibrium within the
set of equivalent equilibrium with the highest convenience/liquidity and the smallest market maker

profit.

3.4 Classification of Equilibria

The equilibria in the model can be divided into two categories: symmetric (equilibria with identical
prices) and segmented (equilibria in which either bid prices or ask prices of the restricted and
unrestricted stock differ at some point in time). Moreover, both the symmetric and the segmented

equilibria can be further categorized based upon period 2 trade.

11



Symmetric Equilibria

Equilibrium 1: No trade occurs. The bid price is set low enough and the ask price is set high

enough such that none of the agents wish to trade.

Equilibrium 2: Trade occurs but the constraint (for the sellers) on nonnegative holdings is not bind-
ing. For certain prices the sellers will wish to trade period 3 consumption for period 2 consumption

by selling stocks and the buyers will wish to do the reverse.

Equilibrium 3: Trade occurs and the constraint on nonnegative holdings is binding. As the bid
price rises, the sellers wish to sell more of their holdings until the constraint on short-sales begins

to bind.

Segmented Equilibria

Equilibrium 4: All restricted stocks held by sellers are traded but no unrestricted stocks are traded.
The bid price on restricted stocks is set so that the constraint on nonnegative holdings binds and
the bid price on the unrestricted stocks is low enough so that the sellers do not wish to sell any of

their holdings of these stocks.

Equilibrium 5: All of the restricted stocks held by the sellers are traded and some unrestricted
stocks are traded. The nonnegative holdings constraint on the restricted stocks for the sellers binds

and the bid and ask prices on the unrestricted stocks are set so that trade occurs.

Equilibrium 6: All of the restricted and unrestricted stocks held by the sellers are traded. The
period 2 bid prices on both types of stocks are high enough to induce the sellers to liquidate their

holdings but these prices are not identical.

It is important to note that a segmented equilibria in which only some of the restricted stocks
held by the sellers are traded cannot be supported. Agents will not pay, in period 1, for convenience

that they will never use. There is no distinction between a restricted stock and an unrestricted stock

12



Table 3: Equilibria Classifications and Trading Strategies

Equilibrium Type Period 2 Trade in Restricted Stock  Period 2 Trade in Unrestricted Stock
1 Symmetric None None
2 Symmetric Some Some
3 Symmetric All All
4 Segmented All None
5 Segmented All Some
6 Segmented All All

if both are certain to be held until the final period. Thus, in a rational expectations equilibrium,
both assets must have identical prices if they are held until the final period. Table 3 summarizes

the various types of equilibria.

3.5 Segmented Equilibria Example

The use of this model is motivated by the fact that its main assumptions match fairly closely to
the institutional features and characteristics (volumes, etc.) of the Internet/technology company
IPO market. Given this, we are interested in closely analyzing the segmented equilibria where the
short-sale constraints are binding (Equilibria 4, 5, and 6). In each of these equilibria, we know that
both the period 1 ask prices and the period 2 bid prices will differ across stocks (pl; # ph; and

Dhy 7 Dpp)- Prices in the third period are normalized to one.

The optimization problem is solved recursively. We consider a constant relative risk aversion

11—«

(CRRA) form for the utility function, u(c) = §—;, where a represents the level of risk aversion. In

particular, we assume « = 1 (log utility) and the same discount rate for all agents (Bsejers = ﬂbuyers)

in order to obtain a more streamlined, closed form solution.

A key component to the model set-up is that one group of agents wishes to sell stocks in the

second period while the other group of agents buys stocks.® Boudoukh and Whitelaw (1993) simply

8For expected bubbles, endowments must be ex ante inefficient and every agent must be short-sale constrained.
(Allen, Morris, & Postlewaite, 1993, p. 214).
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assume that the marginal rate of substitution between periods 2 and 3 is higher for the sellers than
for the buyers. This ensures in their model that the sellers always have more incentive than the
buyers to sell stocks in period 2. Here trade is motivated by shocks to endowments where each
group is distinguished by its endowments of the consumption good in each of the last two periods
and the only way of transferring wealth across time is through stocks. However, Appendix B shows
how the equilibrium results still hold if trade is motivated in a different way (e.g., different levels

of risk aversion or different discount rates)?.

3.5.1 Equilibrium 5: All Restricted Stocks and Some Unrestricted Stocks Are Traded

Equilibrium 5 is the most interesting equilibrium where trade takes place in both stocks. Thus, we

will use this equilibrium to demonstrate the segmented solution to the optimization problem.

The solution for this equilibrium is detailed in Appendix A. The first order conditions reduce
to a system of three equations in five unknown prices, pyi, pi1, Pa2, Pho, and pp,. Recall that since
buyers will not pay a premium in period 2 for restricted stock that they will hold until the final
period, the ask prices for restricted and unrestricted stocks must be equal in the second period,
Py = Pho = Da2. We can specify two of the five prices and the other three prices will be determined

in equilibrium. For this equilibrium, we set py, and pj,, the bid prices in period 2.

The ask price in period 2 can be written as

Dy — Ba(Yy® — c1(1+9))pp,
i (2qYE +2(1 — )Y (1 +6) + (1 + k)Q + (1 — q)BkQ) — B(1 — q)(2Yy + kQpjycr(1 + 0))
(5)

9For trade motivated by different discount rates, there is no endowment in the third period, all agents receive the
same endowment in period 2, and one group of agents has a higher discount rate than the other group (Bseciiers <
Bbuyers). Thus, one group wishes to consume more in the second period in order to maximize utility. For trade
motivated by different levels of risk aversion, one group has a different level of risk aversion than the other group.
The group with the higher elasticity of intertemporal substitution (EIS) is more willing to change their temporal
allocations between periods 2 and 3.

14



While the period 1 ask prices of restricted and unrestricted stock are

. Y1 — )G
o = ) ©)
A'F + £ (vH +G)
_ T
o, = (Yl - CI)H 1— mG (7)
ol A'F + {=~H AF + 2 (vH +G)

where
T = S}Ll + S?l
A = Y8 —a+ (YL - e+ T)pan
_ T B T
F = st —Cr+ Lpgz + <Y3S — 1+ —— )P

147 1+~
= Bq(1+ B)parF + B(1 — q)(1 + B)pjr A’

H = Bq(1+ B)paF + B(1—q)(1+ B)ppA’

The choice of period 2 bid prices must be made in order to keep us in the selected class of equilibrium.
As before, prices are assumed to be positive. Also, there is a restriction that sellers sell some, but
not all, of their unrestricted stock, (0 < s§7, + s§yo < €2) and all of their restricted stock, (g, =
0, Vj). Thus, equation (4) simplifies to qrsp5 +anspye + (1 —aqr)sés + (1 —qn)séy, = (1+ k)8
These restrictions imply the following ranges when setting the bid prices

B2YY — er(1+6) + wQppy) BRYY — er(1+6) + wQpjy)

< < 8

2Yy —¢1(1+0) +Q P2 2Yy — (14 6) — fQ )
. 20Yy — (144

Db 2 ( ) (9)

> .
T 2YF — e (1+6) + (1 - Br)Q

We see from this segmented equilibrium case that divergent prices for similar securities can be
sustained in a rational expectations equilibrium. The price segmentation is possible because het-
erogeneous agents have a desire to trade but specific market frictions limit their trading strategies
and enable the prices of the two similar assets to be different in Period 1. (See Table 4 for a

summary of asset prices.)

15



Table 4: Summary of Equilibrium 5 Asset Prices

Period 1 Period 2 Period 3
Bid - Dho > Dio Ph3 = Pz = 1
Ask Pa1 > Pa1 Do = Pa2 -

3.5.2 Comparative Statics and Endogenously Generated Bid-Ask Spread

Another critical feature of our model is that market frictions can drive the market maker to set the
bid prices such that one security is more liquid. Due to issues involving asymmetric information,
when a market maker observes a higher level of institutional ownership for a particular security, he
will set a larger bid-ask spread.'? A limited supply of one of the securities, rationing of that security,
and different consumption preferences for the agents combine to create a situation which the market
maker finds indistinguishable from the Glosten and Milgrom (1985) asymmetric information case

when setting the bid-ask spread.

As in Johnson (2004), the liquidity in this model (bid-ask spread) is driven by the supply of
the stocks. Additionally, the liquidity is driven by the relative amount of institutional ownership
in each stock which is directly affected by the subsistence level of consumption. From equation 9,

we know that:

OPpa

Pes <0 (10)

when 3(2Yy + kQ) < 25" + Q. (Recall that £ < 1 and 8 < 1.)

From equation 8, we know that:

Ipya

when &(1 + d) > 2Y5° + Q.

10Glosten and Milgrom (1985)
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Thus by the chain rule, when equations 10 and 11 hold, we know that: %p—ff > 0.

(Since, 8;5%2 = gﬁ gz . %pégf > 0.) Therefore, as the subsistence level of consumption decreases, the bid
price for the unrestricted stock (pj,) decreases (which increases the bid-ask spread since we have
Pho = Diy). Intuitively, this is consistent with the logic that as the subsistence level of consumption
decreases, due to the limited supply of restricted stock (k < 1), institutional investors would only
be able to increase their investments by buying the unrestricted stock. This increase in the amount
invested in unrestricted stock by institutional investors causes the bid-ask spread for unrestricted
stock to increase (& la Glosten and Milgrom (1985)).11 Consequently, we will be in this equilibrium
when there exists certain relationships between total supply of the stocks, endowments, discount

rate, and total subsistence consumption.!'?

A Simple Numerical Example: It might be helpful to think about a crude but illustrative example
of how market frictions could force one stock to have a larger proportion of institutional ownership.
Consider a two period economy with two types of stocks (X & Y) and two agents (A & B). There
are 20 shares of stock X available and 150 shares of stock Y available. Both stocks have a price per
share of $1. Both agents each have an initial endowment of $200. Agents engage in consumption
and invest the remainder of their endowment in stocks. During the first period, agent A must use
$90 for consumption while agent B must use $140 for consumption. If stock X is rationed due
to its limited supply, agents A and B would each get 10 shares. Thus, agent A would buy 100
shares of Y and agent B would buy 50 shares of Y. This is precisely the type of difference in the

proportion of institutional ownership that drives the different bid-ask spreads for the stocks.

" Glosten & Milgrom, 1985 develop a model where bid-ask spreads are an increasing function of the level of
institutional ownership. Recall that the period 2 ask prices for the unrestricted and restricted stocks must be the
same. Given a relative increase in the institutional ownership of unrestricted stock, the period 2 bid price of the
unrestricted stock will go down relative to the period 2 bid price of the restricted stock since the bid-ask spreads vary
with institutional ownership.

12 Appendix C demonstrates that the assumption of the market maker setting bid-ask spreads based upon the
different levels of institutional ownership is not inconsistent with a market maker who is only interested in period 2
revenue and does not engage in consumption.
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3.6 Modeling Frictions versus Irrationality

This model exclusively focuses on the role of market frictions, leaving aside any forms of irrationality.
Hence, the key assumptions in this economy are related to how the market frictions are modeled
under conditions of rationality. For the price segmentation to be sustainable, short-sale constraints
and a non-competitive market making mechanism are critical. If agents could costlessly sell stocks
short in period 2 at the bid price (without any restrictions), then in equilibrium pj, = pj, and
pay = phy- There would be no segmented equilibria.!® If market making was competitive, the
period 2 bid-ask spreads on both stocks would be driven down to the market maker’s marginal cost
of transacting. Excluding an ad hoc assumption of differential trading costs in the two stocks, a

segmented equilibrium would not be sustainable.

We were motivated by the fact that frictions such as short-sale constraints and non-competitive
market making frictions actually were present in the Internet/technology company IPO market.
Short-sales require one to borrow the stock before selling it. Since the stock of a recently IPO’d
company was often simply not available for borrowing, short-sales were difficult and very costly.
The Internet IPO market also had many similarities to a market with a non-competitive market
making mechanism. Only certain firms and individuals had access to Internet IPOs. In an TPO
market in general, “hot issues” are often rationed by the investment banker distributing them,
with demand exceeding supply by a factor of as much as 20 (Allen and Faulhaber (1989)). The
Internet/technology IPO market in the 1990s was no exception to this rule. Additionally, IPOs
have lock-up periods which prevent the selling of shares of the stock for a minimum of three months

after the IPO.

Another important friction of the model is that different bid-ask spreads for the two types of
stocks are endogenously generated as an increasing function of the level of institutional ownership.
We assume that the institutional agents have a lower subsistence level of consumption which gen-

erates a lower bid-ask spread for the restricted stocks. Due to the lower bid-ask spread in period 2,

13Boudoukh and Whitelaw (1993)
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agents prefer to trade in the restricted stocks. In the presence of short-sale constraints, agents are
willing to pay a premium for the restricted stock in period 1. This demand for the restricted stock
enables price discrimination between restricted and unrestricted stocks. Without the lower bid-ask
spread for restricted stocks, sellers in period 2 would not necessarily prefer to sell the restricted

stock and the segmented equilibrium would not be sustainable.

While Fehle (2004) demonstrates empirically that bid-ask spreads decrease with the level of
‘captive’ institutional owners, he also shows that for informed institutional investors, bid-ask spreads
are positively related to institutional ownership. Additionally, we will show in the analytical section
of this paper that the technology company IPOs did in fact have lower proportions of institutional

ownership and had correspondingly smaller bid-ask spreads.

4 Empirical Estimates

The purpose of the previous section was to establish a theoretical basis for the convenience yield.
Specific market frictions (short sale constraints, rationing of a stock in limited supply, and bid-ask
spreads set as an increasing function of the level of institutional ownership), combine to create
a convenience yield for a security. In this section, we want to empirically study markets, that
are characterized by all of these frictions, for evidence on the size, temporal pattern, and factors
influencing the convenience yield. We use data from technology/Internet company equity carve-out
situations because they provide the most extreme examples of apparent “overpricing” and were
subject to the specified market frictions. (e.g., Since the carve-outs we study were for less than
20% of the subsidiary shares, they were subject to severe short sale constraints.) They also provide

a unique opportunity to observe different prices for identical assets.
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4.1 Data

For our analysis we use the equity carve-out situations presented in Cochrane (2002) and Lamont
and Thaler (2003). We use their April 1996 to August 2000 sample of every company in which
there was an equity carve-out of less than 20 percent of subsidiary shares and the parent declared
its intention to distribute the remaining shares. From that sample, we consider the subset of
technology companies in which holders of a share of company A expected to receive x shares of
company B by a certain date, yet the price of a share of company A stock was less than x times

the price of a share of company B stock.

Using Center for Research in Security Prices (CRSP) daily data, we first analyze prices, share
turnover, bid-ask spreads, and distribution of returns for this set of companies in order to docu-
ment some of the main characteristics of the market (large rise then decline in prices, high volume
of trading, high volatility). For the purposes of calculating the convenience yields, we eliminate
from the sample the one company in which the stock distribution was cancelled.'® This leaves us
with a set of seven parent-subsidiary company pairs: Creative Computers/UBID, Daisytek Inter-
national/PFSWeb, HNC Software/Retek, Methode Electronics/Stratos Lightwave, Odetics/ATL
Products, 3Com/Palm, Tridex/TransAct Technologies. In all of these parent-subsidiary company
pairs, it was cheaper to buy a share of the subsidiary stock “implicitly” by buying a share of the
parent company than by buying a share of subsidiary stock directly (See Figure 2). The price of
the subsidiary company would often exceed the price of the parent company for an extended period
of time. This historical stock price data shows clear violations of the law of one price. The parent
companies should be worth at least as much as their holdings in the subsidiary companies unless,

as indicated previously, there is a convenience yield for the shares of the subsidiary company stock.

From Figure 2, we observe the stock price pattern that is consistent with our theoretical model.'?

We observe there was a large rise and then decline in the price of the newly IPO’d companies. We

14YWith no distribution date, we lack a precise time frame (t) necessary for calculating the convenience yield.
'SCRSP daily price data is based on bid/ask average.
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Table 5: Average Proportion of Institutional Holdings from IPO Date to Distribution
Date

Avg. Quarterly Percentage of Institutional Ownership for:

Unrestricted-Restricted Company Pairs Unrestricted Stock (0%) Restricted Stock (07)
Creative Computers Inc. - UBID Inc. 16.88% 5.54%
Daisytek International Corp. - PESWeb Inc. 6.80% 3.62%
HNC Software Inc. - Retek Inc. 8.80% 1.44%
Methode Electronics Inc. - Stratos Lightwave Inc. 6.40% 1.69%
3Com Corp - Palm Inc. 51.26% 27.89%
Tridex Corp. - TransAct Technologies Inc. 15.11% 10.75%

also see that the prices for the similar securities are different at the time of the initial IPOs (p} # pf,
as predicted by our model) but then return to comparable levels (p§ = p5 = 1). The 10-day moving
average turnover for the subsidiary company stocks is usually above that for the parent company
stock (See Figure 3). The standard deviations of returns for the subsidiary companies are higher

than their corresponding parent company standard deviation of returns.

Another key piece of empirical data supports one of the critical assumptions in our model.
Using institutional holdings data from the Thomson Financial Securities Database (TFSD), we
compute, on a quarterly basis,'0 the total number of shares held by institutional investors as a
percentage of the total shares outstanding (See Figure 4). We can see from Table 5, that the
average level of institutional ownership for the subsidiary companies is always lower than for the
parent companies.!” Also the bid-ask spreads for the subsidiary (restricted) stocks are usually lower

than the bid-ask spreads for the parent (unrestricted) company stocks (See Figure 5).

Finally, using LexisNexis information on the terms and dates of the stock distributions, we
calculate the convenience yields implied by the differing prices in each parent-subsidiary company
pair. Similar to the approach taken in the literature on commodity pricing (Pindyck, 1993), we use

futures prices to calculate convenience yields. After the initial IPO for each subsidiary company,

Due to data limitations, we must use quarterly data.
17 Average level calculated for period from the date of the IPO to the date that remaining shares of subsidiary stock
were distributed to holders of the parent company stock (distribution date).
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we treat the stock of the parent company as a future in the subsidiary company. The pricing data
along with appropriate assumptions regarding discount rates and an assumption of zero storage
costs can be used in the convenience yield equation, Fye¥® = Spe™. Due to the length of time

between the IPOs and the distribution dates, we calculate a daily rate for the convenience yields.!8

A convenience yield for the stocks of these equity carve-outs is observed in the data. The
implied convenience yields are shown in Figure 6. Relative to the convenience yields that we may
see for commodities such as oil, copper, etc. (Gibson & Schwartz, 1989), the implied convenience
yields for the subsidiary company stocks are larger and they follow a smoother path. The daily
convenience yield is typically 0.5% - 1.0% (approzimately 15% - 30% per month) until about a month
before the distribution date and then the convenience yield declines sharply. Although larger than
the convenience yields commonly observed for commodities, the magnitudes of the daily convenience
yields are small. A 0.5% daily convenience yield can explain a greater than 100% difference in stock
prices. We interpret these result as indicating, for short term trading, a small daily convenience

yield can explain hugely divergent prices for similar assets.

Additionally the observed convenience yield, that is clearly greater than zero, should be con-
sidered a particularly strong result given the assumption made regarding the future price for each
subsidiary company. The fact that the value of the parent company is not extracted from the price
of the subsidiary company future, means that we have understated the value of the convenience
yields and explains why we can observe negative values for the convenience yields. In this sense,

the convenience yields that we observe in the data may be considered to be the lower bounds.

Our model shows that price differences can be supported by differences in the bid-ask spread.
Additionally, our data does have evidence that these price differences could be accounted for by the
associated savings in trading costs. For example, Figure 1 shows that the average daily convenience
yields are lower than the average savings in round-trip transaction costs for the parent-subsidiary

pairs.

18For the discount rate, we use the daily one-year Treasury bill rate. However, a sensitivity analysis indicates that
the shape and magnitude of the convenience yields are not sensitive to +/- 100% increases/decreases in r.
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Figure 1: Difference Between Average Round Trip Transaction Cost Savings and Average Daily
Convenience Yield (Holding Cost)
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4.2 Relationship Between Market Frictions and Convenience Yield

Given that our theoretical model is predicated on several key market frictions, we analyze the
relationship between these market frictions and the convenience yield. For each subsidiary (equity
carve-out) company, we calculate a daily convenience yield starting from the day of its IPO ending
with the day of the distribution of the remaining shares to its parent company shareholders. To
understand the link between convenience yields and market frictions, we consider a simple regression
model where the dependent variable is the convenience yield for each subsidiary company stock
and the independent variables represent the various market frictions of the theoretical model. The
independent variables include percent of institutional ownership, measure of relative daily liquidity,
the number of shares outstanding, turnover!?, daily returns, parent company daily returns, and a

measure of how “hot” the IPO issue was. We also include 1999 and 2000 year dummy variables to

19A correlation analysis indicates no positive correlation (-0.0895) between the log of the number of shares out-
standing and turnover.
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Table 6: Coefficients from the Convenience Yield Regression Equation

Coefficient  Standard Error t-ratio
Intercept -0.1114 0.0530 -2.10
Institutional Ownership -0.0407 0.0139 -2.92
Relative Liquidity 0.0011 0.0012 0.90
Log of Number of Shares Outstanding 0.0071 0.0034 2.09
Turnover 0.0162 0.0109 1.48
Daily Return: Carve-Out 0.0145 0.0162 0.90
Daily Return: Parent -0.0184 0.0044  -4.21
Hot Issue 0.0000 0.0002 0.13
Year 1999 Dummy Variable -0.0028 0.0041  -0.68
Year 2000 Dummy Variable -0.0184 0.0064  -2.88
Number of Observations 950 R? =0.03

control for the fact that the independent company observations do overlap in time.?’ A description

of all of the variables used and how they are constructed can be found in Appendix D.

The specification of this regression model is:

CONVYIELDy = (y+ $iPERCENTINSTOW Ny; + B, LIQUIDITY;; + f3SHARESOUT;
+ BTURNOVER;; + 3sRETURN,; + fsPARENTRETU RNj;

+ [rHOTISSUE;; + Y EAR1999;; + BoY EAR2000;; + €5,
where ij is each company 4’s observation for a particular day.

1 From these initial results, we see that percent

Table 6 presents the parameter estimates.?
of institutional ownership, shares outstanding, daily return of the parent company, and the year
2000 dummy variable are significant. The liquidity measure, turnover, daily return, the hot issue

variable, and the year 1999 dummy were not significant.

29We considered the use of an independent variable representing the market maker count, but could not use it due
to data limitations.

21Standard errors are adjusted to account for the fact that the observations are independent across companies but
not within each company.
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Table T7: Coefficients from the Convenience Yield Regression Equation
(Data Adjusted for NonStationarities)

Coefficient  Standard Error t-ratio

Intercept 0.0128 0.0200 0.64
Institutional Ownership -0.0098 0.0040 -2.45
Relative Liquidity 0.0002 0.0001 1.83
Log of Number of Shares Outstanding -0.0008 0.0013  -0.66
Turnover 0.0140 0.0047 2.95
Daily Return: Carve-Out 0.0009 0.0017 0.53
Daily Return: Parent -0.0057 0.0018  -3.23
Hot Issue 0.0001 0.0001 1.67
Year 1999 Dummy Variable 0.0035 0.0013 2.81
Year 2000 Dummy Variable -0.0041 0.0013  -3.17
Number of Observations 828 R?=10.34

Robustness Check

Our data set is not a true time series data set in that the daily information for each company covers
a different period of time. However, we do observe “nonstationarities” in each of the convenience
yields starting approximately one month prior to the scheduled distribution of the remaining sub-
sidiary company shares by the parent company. To eliminate any spurious correlation based on
these trends, we consider the same regression model but for each company we use the data starting
from the day of its IPO ending with the day 30 calendar days prior to its distribution date. As we
see in Table 7, removing the observed downward trends in the convenience yields strengthen the

association between our independent variables and the convenience yield.

We see that percent of institutional ownership, turnover, daily return of the parent company,
and the year dummy variables are significant at the 5% level. The liquidity measure and the
hot issue variable were significant at the 10% level. As expected, we observe that the percent of
institutional ownership contributes negatively to the convenience yield, while being a hot issue and

the liquidity measure contribute positively to the convenience yield.??> We also see that the year

22This is consistent with our use of the hot issue variable as a proxy for the short sale constraints of our model. It
is also consistent with our use of institutional ownership (driving lower bid prices) and differential bid-ask spreads in
the theoretical model.
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2000 dummy variable and the daily return of the parent company are negatively related to the

convenience yield.?? The number of shares outstanding, and daily return were not significant.

The results shown in Table 7 definitely support the idea that the frictions identified in our model
do in fact contribute to the convenience yield of the stocks. These results are also quite compatible
with our theoretical model’s use of these types of variables to generate the convenience yield. The
percent of institutional ownership and turnover have the largest effect on the convenience yield.
This is very encouraging given that, in our theoretical model, institutional ownership drives the
difference in bid prices that generates the convenience yield. Additionally, we posit that investors
pay a premium for the restricted stocks due to their desire for short term trading (turnover). The
coefficients and mean values generated by our empirical model imply that a 1 percentage point
decrease in the institutional ownership of a stock would increase the mean daily convenience yield

by 0.0098 percent.

5 Conclusion

While most of the current literature focuses on irrationality as an explanation for asset pricing
bubbles, this paper provides support for the existence of an alternative explanation. The the-
oretical basis provided for the convenience yield theory and the empirical estimates obtained of
convenience yields for various Internet/technology companies support the idea that irrationality
is not necessarily needed to explain the “Tech stock bubble”. From this perspective, the model
and the data show how a combination of different market frictions, that were actually present in
the Internet/technology IPO market, may cause the price of a technology company stock to rise
above the value of a similar security and then return to its fundamental value. This temporary
price segmentation is possible because agents have a desire to trade but short-sale restrictions limit

their trading strategies and enable the prices of two similar securities to be different. While the

23The negative relationship between convenience yield and parent company daily return makes intuitive sense in
that as the parent company return increases, the parent company becomes more valuable relative to the subsidiary
and hence the convenience yield would decrease.
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empirical work of this paper focuses on the Tech stock bubble (1996 - 2000), a potential avenue for

further research would be to perform similar analyses on a larger sample.?*

There are some normative implications of our model and the corresponding empirical evidence.
Historically, with regard to IPOs, there have been many restrictions and regulatory policies designed
to keep prices from falling too low (e.g., Lock-up periods for IPOs are common.). However, there
are no triggers to eliminate the restrictions if they push prices artificially high. Consequently, the

conclusions derived from this area of research could be useful in shaping regulatory policy.

24For the period between 1985 and 2000, Mitchell, Pulvino, and Stafford (2002) document 82 situations where the
market value of a company is less than its subsidiary. This sample could be used for further tests of our model.
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Figure 4: Proportion of Institutional Ownership: Parent-Subsidiary Pairs
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Figure 4: Proportion of Institutional Ownership: Parent-Subsidiary Pairs
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Bid Ask Spreads

Figure 5

Creative Computers and UBID

i

N

\

1.2

*Bae Buinow Aep o} - (§) abuey

0.2

0002/v/y

0002//}

6661/7/0}

666 1/v/L

6661/7/7

666 1/v/1

8661/7/0}

8661/7/L

8661/7/7

8661/7/1

1661/7/0}

1661/7/L

16611717

166117/}

9661/7/0}

9661//L

9661/7/%

966117/}

G661/7/0}

G661/v/L

G661/7/Y

Time

UBID ING. |

CREATIVE COMPUTERS INC.

Daisytek International and PFS Web

5

. .
) © b o °©
<] o <) S

“Bae Buinow Aep o} - ($) ebuey

¢00¢2/Le/L

¢002/Le/}

L00c/Le/L

L00e/Le/v

0002/Le/L

000¢2/Le/+

6661/.2/L

6661/L2/}

8661/L2/L

8661/L2/}

1661/L2/L

1661/L2/}

9661/L2/L

9661/L2/}

G661/L2/L

G661/L2/}

Time

PFSWEB INC. |

DAISYTEK INTERNATIONAL CORP.

38



Bid Ask Spreads

Figure 5
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Bid Ask Spreads

Figure 5
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Appendix

A Solving For Equilibrium 5

In this class of equilibria, the agents carry holdings s7; and s7; into period 2 and the period 2
problem for sellers is:

max g u(cz + &) + fu(cs + &)

S —
st.co <Yy + (8852 — 551)Ph2 + S551Ph2 — G
€3 = Y:*.S"‘Sgﬂ_@‘
Vj

Recall that the agents realize their type prior to trade in period 2 and that the sellers sell all of
their restricted stock and some of their unrestricted stocks in period 2 in this equilibrium. Under
the same assumptions, the period 2 problem for the buyers is:

max g u(cz + ¢5) + Pu(cs + &)

B u u u r r r _

st. 2 < Yy —(SBjo — 5Bj1)Pa2 — (SBj2 — $Bj1)Pa2 — G
B U T =
ez < Y3 +5pjot Spja— G

vj

In analyzing this problem, we will use the fact that in equilibrium the period 2 ask prices of stocks
are equal (ply = plo = pe2) since the buyers of stocks in period 2 should make no distinction between
the two types of stocks. This equality also means that the portfolio holdings of the buyers (s% 2
and s’ j2) are not separately identified. Therefore, we maximize over their sum, sgjo = s%ﬂ + 55 2
to get the optimal total holdings of the buyers, S*Bﬂ. The above equations yield the following
solutions for the optimal period 2 holdings:

we By — ¢+ s§1p£2) (YSS —Cj - 55?1) .

"siz = 1+8p  (1+9) v (A1)
« B —-) B (Y% — ¢ — B(s¥ + %)) .

B2 = 4 By i+7) Vi (4.2)

These equations are then used in the initial period problem, equation (1). The first order conditions
for the initial period problem generate the following equations:
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pgl ﬁ%’paQ ( ﬁ )

- = — ” (A.3)
Y1 — ¢ — s§1pag1 — P VP~ G — (SBjQ — 85 — S}ﬁ)m
. B(1 - ¢;)phy(53) 45
Yy = — (s, — sty + shiphy Y — ¢+ sk
2 B
pE(1 - qJ)@ Vi
+ YS = ux J
3 — Gt S5
1
o _ B4;paz(175) (A4)
Y1 — ¢ — s§1pa1 — S VP - ¢j — (S*Bj2 — 85 — S}ﬁ)mz
. B(1 — ¢;)phy(153) 45

Yy = — (s, — sty + shuphy Y — ¢+ sk
B°(1 = 4j)Pha15
ng(Y?,S -G+ 315‘?‘2)

\Z

In equilibrium, for supply to equal demand in each period, equations (2) - (4) must also hold.
The equations (2) - (4) and (A.1) - (A.4), define the equilibrium which has thirteen variables:

8Y1, 8815 871> S1> SBI2: SBN2: 58195 SS9 Pats Pats Pa2s Phy» and ppo. Using appropriate substitutions,
we can reduce the system to 3 equations in five unknowns.

After substituting (2), (3), (A.1), and (A.2) into equations (A.3) and (A.4), simplifying and com-
bining like terms we get the following equations:

pgl ﬂqpa?(l‘{'ﬁ) (A 5)
Y1 —¢r — sipg — S Y23 —Cr+ (Y?)B — C1 + S} + 871)Pa2
B(1 — q)pp(1+ 3)

+ — —
Yy — e+ (Y3 — ér + s%)ply, + sh1p5y
o _ Bapaz(1 + B) (A.6)
Y, — ¢ — S?Itlp"él — 5;1p21 Y2B —Cr + (YgB —cr+ Sqfl =+ 8?1>pa2
. B(1 — q)pp (1 4 5)

YQS —cr + (Y;;S —Cr + 8?1)17?2 + ST1Pp2

Substituting (A.1) and (A.2) into (4), simplifying and then substituting in (2) and (3) generates
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2Bq(YyP — ¢1(1+9)) n B(1 - q)(2Y5 + kQph, — é1(1 4 0))
Pa2 ng
2V +2(1 — )V¥ + (1 + r)Q+ (1 — q) B0

+e(146) = (A7)

Thus, the system of equations (A.5) - (A.7) simplifies to equations (5) - (7).

B Alternative Assumptions

We also will use equilibrium 5 to outline the solution under each set of assumptions. Recall that
the agents realize their type prior to trade in period 2 and that the sellers sell all of their restricted
stock and some of their unrestricted stocks in period 2 in this equilibrium.

B.1 Differing Discount Rates

In this scenario, there is no endowment in the third period and one group of agents (sellers) has a
higher discount rate than the other group of agents (buyers) (8s < g). In solving the model, we
assume log utility for both types of agents.

In analyzing this problem, we use the fact that in equilibrium the period 2 ask prices of stocks are
equal (pY = phy = Pa2), since the buyers of stocks in period 2 should make no distinction between
the two types of stocks. This equality also means that the portfolio holdings of the buyers (s 2 and
s'p j2) are not separately identified. Therefore, we maximize over their sum, spjo = 3}‘3]-2 + s%ﬂ \Zi
to get the optimal total holdings of the buyers, 573]-2. The first order conditions from the period
2 buyer and seller maximization problems yield the following solutions for the optimal period 2
holdings:

Bs(Yy — ¢+ sTiphy) Vi — ¢ — Besty

uk _ ] B.
552 (L1 Bs)nt, (1+ Bs) N4 (B.1a)
L B -g) Y& -G -Belshi+si)

BT (1t Bp)paz (1+Bg) v (B.10)
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These equations are then used in the initial period problem, equation (1).

max  In(Y1 — ¢ — sfipg1 — SpiPar) +In(Y1 — ¢N — s{iPa1 — SN1Pa1)
+8Barin(Ys® — é1 — Shrapaz + (st + 571)Pa2)
+5BQNln(Y23 — N — SpNn2Pa2 + (81 + SN1)Pa2)
+8s(1 — qn)In(Yy' — 1 — (5§72 — st)pia + sT1Pha)
+8s(1 — qn)In(Ys — e — (s&va — s%1)Pha + S 1052
+0Barn(Ys et + spry) + Bpantn(Ys ey + sp)
+65(1 — qn)In(Ys — ¢ + sé5y) + B3(1 — qn)In(Ys — e1 + 5472

In equilibrium, for supply to equal demand in each period, equations (2) - (4) must also hold. The
first order conditions along with the market clearing conditions generate the following equations
(after appropriate substitutions and simplifications are made):

Pa1 _ BBipa2(1 + BB) (B.1c)
Y1 — ¢ — s§ipay + i1 VP -G+ (VP —¢+ 831 + 391)pa2
N Bs(1 — q;)ppo(1 + Bs) vj
VY — ¢+ (Y9 - ¢+ TP + 5105
o _ BBqipa2(1 + BB) (B.1d)
Y1 — ¢ — s§1pg1 + Spa VP ¢+ (VP -+ st + 851 )Pa2
i Bs(1 — q;)pp(1 + Bs) vj
Y5 = ¢+ (Y5 = ¢ + s§)phy + sjipjp
Be(1+ Bs)(qr(YF — é1) + qn (Y5 — cn))
Pa2
+ﬁs(1 +08) (1 = an)(Ys* = ér + spyppy) + (1 — qn) (Vs — e + s7y19hy))
Pro
=(1+08s)1+8s)(1+r)Q
+(1+ Bs)ar(Ys® — c1 = Bp(st + s71)) + an (Y5” — e — Br (s + siv))]
+(1+ B8)[(1 = a) (Y5 + é1 + Bssty) + (1 — an) (Y3 + e + Bssi)]
(B.1e)

As before, this system of equations defines the equilibrium.

B.2 Differing Levels of Risk Aversion

In this scenario, we assume the same discount rate for all agents but that one group of agents
(sellers) is less risk averse than the other group of agents (buyers). To solve the model, we consider
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a CRRA utility function (u(c) = Cll__a) where buyers have a higher level of risk aversion (a = 2)

(e
and sellers have log utility (« = 1). Given these assumptions regarding risk aversion, sellers have a
higher elasticity of intertemporal substitution (EIS) and thus are more motivated to change their

temporal allocations between periods 2 and 3.

Again we use the fact that in equilibrium the period 2 ask prices of stocks are equal (plty = ply =
Pa2), since the buyers of stocks in period 2 should make no distinction between the two types of
stocks. This equality also means that the portfolio holdings of the buyers (s% 2 and s'p j2) are not
separately identified. Therefore, we maximize over their sum, sgjo = Spj2 T SBjo Vj to get the
optimal total holdings of the buyers, s% jo- The first order conditions from the period 2 buyer and
seller maximization problems yield the following solutions for the optimal period 2 holdings:

By — ¢+ 571Dp2) B Yie — Bsi

s$&, = ] B.2a

2 T+ Bl i+9) (B2
1 1

) VP 4+ paa(sh + s51) = VP (P2)2 — (1 — (B2)2 +pa2)

Spj2 = P Y (B.2b)

(ﬁ) 2 + Pa2
These equations are then used in the initial period problem, equation (1).
max  — (Y1 —ér—shpm — snph) — (Y1 — v — s¥api — shiph) !

+ In(Y1 = ¢1 — s11Pa1 — $11Pa1) +In(Y1 — N — sN1Pa1 — SN1Pa1)
— B (Y — é1 — shrapaz + (811 + $71)pa2) "
- 5(1N(Y23 — CN — SpnaPa2 + (N1 + 3?\/1)%2)_1

+ B(L—q)in(Ys — 1 — (séra — s1)pia + ST1Dh2)

+ B(L—qn)In(Ys — ey — (s&a — sK1)pha + ShiPh)

— B =1+ sp) "t = BPan (Y — v + sha)

+ BA(1—qn)in(Ys — 1+ s&h) + 8°(1 — qn)In(Ys' — e + sé2)

In equilibrium, for supply to equal demand in each period, equations (2) - (4) must also hold. The
first order conditions along with the market clearing conditions generate the following equations
(after appropriate substitutions and simplifications are made):

_ 1
Pa1(1+ Y1 — ¢ — si1pa1 — 551P41) _ B4ipaz(1 + (Bpaz) %) (B.2c)
(V1 — ¢ — sjypey — $51P0)? (V5% = ¢ +pa2(Ys” = ¢ + sy + 51))°
N A1 = a)ppy(1 + 0) vj
Yy — ¢+ 571Pp2 +op(Y =6+ si1)
B 1
P (L+ Y1 — ¢ — shipin — $hivln) Bgjpaz(1 + (Bpa2)?)* (B.2d)
(Vi — ¢ — stypy — 874052 (V3 = ¢+ paa(Ys — ¢ + sy + 51))?
N B(1 = ¢j)ppp(1 + 5) vj

YQS — Cj + 81D _,_ng(YSS — ¢+ 3?1)
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_ _ 1
(1+ Bar (Y5 — &1 + paa(sty + s7y) — (V5 —a1)(P4)2) N
1
(%)5 +pa2
1
1+ B)an (Vs — en + paz (s + sh) — (V7 — ew) (P2)?) N

(B2)3 + paa

B —an) (Y — a1 + syphy) + B0 — an) (Y5 — ey + sjpfy)
Pio

(1—qr) (Y5 —er — Bsfy) + (1 — an) (Y5 — e — Bsy) + (1 + B)(1 + £)Q2

(B.2e¢)

As before, this system of equations defines the equilibrium.
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C Equilibrium 5 Market Maker Revenue - Numerical Analysis

As detailed in section 3.5.1, the market maker sets the two period 2 bid prices and the period 2
ask price is determined in equilibrium. Also, the market maker sets bid-ask spreads based upon
the different levels of institutional ownership observed. Using a numerical analysis approach, we
demonstrate that this assumption is not inconsistent with a market maker who is only interested
in period 2 revenue and does not engage in consumption. The market maker’s revenue function is:

max(pa2 — Ppa)v0l(1) + (Pa2 — i) vol(u)

where vol(r) is the per capital volume of restricted stock that is sold in period 2, and vol(u) is the
per capita volume of unrestricted stock that is sold in period 2.

It is prohibitively complicated to calculate the market maker revenue within this class of equilib-
rium in closed form and to optimize analytically. Instead, we utilize a numerical analysis approach
to determine estimates for the parameters that maximize market maker revenue. Using these values
for 6, k,8,q,9,¢c, YQB, YQS , YgB, and Ygs T, in Figure 7 we graph the revenue function over a range of
values for pj, and py,. This graphically illustrates that under certain conditions, the market maker
can increase his revenue by lowering pjy, for any given py, (i.e., setting a larger bid-ask spread for
the unrestricted stock when it has a larger level of institutional ownership). See also Figure 8.

18=09,k=01,2=02,¢=04,6=1.1,6=20,Y =120,Y5 =20,Y¥ =20,Ys =20
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Figure 7: Feasible Equilibria
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Description of Variables Used in Empirical Analysis

Percent Institutional Ownership - Total number of shares held by institutional investors as
a percentage of total shares outstanding (computed quarterly). Due to data limitations, we
must use average quarterly figures as a proxy for daily percent of institutional ownership.

Relative Liquidity - Daily average bid-ask spread for parent company minus the daily average
bid-ask spread for subsidiary company (carve-out).

Log of Number of Shares Outstanding - The log of the total number of publicly held shares
(carve-out).

Share Turnover - The total number of shares traded per day divided by the total number of
shares outstanding (carve-out).

Daily Return of Carve-Out Company - The daily change in the total value of an investment
in the stock per dollar of initial investment.

Daily Return of Parent Company - The daily change in the total value of an investment in
the stock per dollar of initial investment.

Hot Issue - A variable indicating the total number of LexisNexis hits for the subsidiary
company for the period one month prior to its IPO. (We use the log of this number of news
articles about the upcoming IPO as an indication of how “hot” the IPO issue was.)

1999 Year Dummy Variable - A dummy variable set to 1 if the year is 1999 and 0 otherwise.

2000 Year Dummy Variable - A dummy variable set to 1 if the year is 2000 and 0 otherwise.
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