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Abstract
This paper offers an alternative explanation for what is typically referred to as an asset pricing bubble. We develop a model that
formalizes the Cochrane (2002) convenience yield theory of technology company stocks to explain why a rational agent would buy
an “overpriced” security. Agents have a desire to trade but short-sale restrictions and other frictions limit their trading strategies and
enable prices of two similar securities to be different. Thus, divergent prices for similar securities can be sustained in a rational
expectations equilibrium. The paper also provides empirical support for the model using a sample of 1996–2000 equity carve-outs.
© 2007 Elsevier Inc. All rights reserved.
JEL classification: G10; G12; D50
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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 irrational exuberance for significant
periods of time, and these bouts ultimately drive the world economy.1
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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 could 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.,
Ghosh, Nag, & Sirmans, 2000; Michaely & Shaw, 1994). Numerous models have been offered to explain the situation
(e.g., Allen & Faulhaber, 1989; Grinblatt & Hwang, 1989; Rock, 1986). 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 & Stein, 2004; Hong & Stein, 2003; Scheinkman & Xiong, 2003). There also has been significant empirical
work (e.g., Jones & Lamont, 2002; Lamont & Thaler, 2003; Ofek & Richardson, 2002, 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, Gârleanu, 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.”2 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,3 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.
2

Cochrane (2002), p. 1.
In 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.
3
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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-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 convenience theory presented here is provided as an alternative to the speculative
bubble or mispricing interpretations offered for observed asset pricing bubbles. In the literature the data have been
interpreted to support theories based upon investor irrationality, this paper illustrates that the data equally support the
convenience yield theory.
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, F0e yt = (S0 + U)e rt where y is the convenience yield, F0 is the
futures price, S0 is the spot price, U is the storage cost, r is the discount rate, and t 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, 1992, 1997; 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.4 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.5

4

Pindyck (1993), p. 520–521.
While 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).
5
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3.1. Model set-up
Consider a three-period, (t = 1, 2, 3), endowment economy in which:
• There are two types of stocks that can be traded: restricted stocks (sr) and unrestricted stocks (su). Restricted stocks
are in small supply and thus have short sale constraints. Unrestricted stocks have no short sale constraints. The
prices are denoted pitk, 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.
• Based on trading and consumption preferences, agents can be classified into four types: institutional traders,
institutional investors, non-institutional traders, and non-institutional investors. Each period, agents receive an
endowment, Yt. In the initial period, the agents know their primary type (institutional or non-institutional) but they
do not know their secondary type (trader or investor). Agents receive endowments and take initial positions in the
stock market based on their primary type, sjtk, where j = I (institutional investor) or j = N (non-institutional investor).
r
u
Institutional investors hold a larger proportion of unrestricted stock. Without loss of generality we assume, sj1
= γsj1
,
where γ N 0. Agents maximize expected, time-separable, discounted von Neumann–Morgenstern utility. Agents can
not make markets or hedge by forming coalitions.
• 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.6 When the market maker sees a higher level of institutional ownership for a particular security,
he will set a larger bid-ask spread (See Glosten & Milgrom, 1985). The market maker is interested only in period 2
revenues and does not engage in consumption.
• 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.
• 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 sell stocks in the second period (traders/sellers). Investors
pay ask prices and traders receive bid prices. The probability, qj, of being an investor is known. (Note that qI =qN.)
• In period 2, agents adjust their portfolios subject to the short-sale constraint and consume their endowments plus net
investment.
• 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 maximize revenue within certain constraints.
The agents maximize the expected value of the sum of discounted utility. Their problem in the first period is:
P
maxct ;skt E1 ½ 3t¼1 bt1 uðct Þ
s:t: c1 V Y1  suj1 pua1  srj1 pra1
c2 V Y2  du ðsuj2  suj1 Þpua2  dr ðsrj2  srj1 Þpra2  ð1  du Þðsuj2  suj1 Þpub2  ð1  dr Þðsrj2  srj1 Þprb2
c3 V Y3 þ suj3 pu3 þ srj3 pr3
suj1 z 0; srj1 z 0; suj2 z 0; srj1 z 0
where t = 1, 2, 3; k = r, u; j = I, N; and


1 if suj2 z suj1 ;
1
du ¼
dr ¼
0 otherwise:
0
6

if srj2 z srj1 ;
otherwise:

Generally, bid-ask spreads are an increasing function of the levels of institutional ownership (See Fehle, 2004).
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Because of the complexity of first order conditions for problems containing indicator functions such as du and dr, 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 (Ω) is greater than the total supply of restricted stocks (κΩ). Thus,
κ b 1. Also, the market clearing conditions must hold:
suI 1⁎ þ suN⁎1 ¼ X

ð2Þ

r⁎
srI ⁎
1 þ sN 1 ¼ jX

ð3Þ

⁎ þ qI sr⁎ þ ð1  qI Þsu⁎ þ ð1  qI Þsr⁎ þ qN su⁎ þ qN sr⁎ þ ð1  qN Þsu⁎ þ ð1  qN Þsr⁎
qI suBI2
BI2
BN 2
BN 2
SI2
SI2
SN 2
SN 2
¼ ð1 þ jÞX

ð4Þ

Tables 1 and 2 summarize the parameters used and the assumptions made.
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 (ii) all agents maximize 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
u
u
pa2
= p̂, then for all pa2
> p̂ we can achieve the same consumption, revenues, etc. We will consider all of these equilibria
to be equivalent.

Table 1
Summary of asset parameters
Prices
Period 1

Restricted stock
Unrestricted stock

Period 2

Total
Supply

Period 3

bid

ask

bid

ask

bid

ask

–
–

pra1
pua1

prb2
pub2

pra2
pua2

prb3
pub3

–
–

κΩ
Ω

Table 2
Summary of agent parameters
Endowments

Positions

Period 1

Period 2

Period 3

Period 1

Period 2

Period 3

Buyers/investors
Institutional
Non-institutional

Y1
Y1

YB2
YB2

Y3
Y3

srI1, suI1
srN1, suN1

srBI1, suBI1
srBN1, suBN1

0, 0
0, 0

Sellers/traders
Institutional
Non-institutional

Y1
Y1

YS2
YS2

Y3
Y3

srI1, suI1
srN1, suN1

srSI1, suSI1
srSN1, suSN1

0, 0
0, 0
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Definition 2. Equivalent equilibria are defined as those equilibria that support identical consumption 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 equilibrium, 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.
3.4.1. 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 binding. 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.
3.4.2. 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 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.

Table 3
Equilibria classifications and trading strategies
Equilibrium

Type

Period 2 trade in restricted stock

Period 2 trade in unrestricted stock

1
2
3
4
5
6

Symmetric
Symmetric
Symmetric
Segmented
Segmented
Segmented

None
Some
All
All
All
All

None
Some
All
None
Some
All
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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
u
r
u
r
across stocks (pa1
≠ pa1
and pb2
≠ pb2
). Prices in the third period are normalized to one.
The optimization problem is solved
recursively. We consider a constant relative risk aversion (CRRA)
c1a
form for the utility function, uðcÞ ¼
, where α represents the level of risk aversion. In particular, we assume α = 1
1a
(log utility) and the same discount rate for all agents (βsellers = βbuyers) 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.7 Boudoukh and Whitelaw (1993) simply 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).8
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
u
r
u
r
equations in five unknown prices, pa1
, pa1
, pa2, pb2
and pb2
. 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
u
r
equal in the second period, pa2
= pa2
≡ pa2. We can specify two of the five prices and the other three prices will be
u
r
determined in equilibrium. For this equilibrium, we set pb2
and pb2
, the bid prices in period 2.
The ask price in period 2 can be written as:
pa2 ¼

bqY2B pub2
pub2 ð2qY3B þ 2ð1  qÞY3S þ ð1 þ jÞX þ bð1  qÞjXÞ  bð1  qÞð2Y2S þ jXprb2 Þ

ð5Þ

While the period 1 ask prices of restricted and unrestricted stock are:
pua1 ¼

pra1 ¼

7

2Y1
D þ DjX
E þX
2Y1
E þ þ jX
EX
D

ð6Þ

ð7Þ

For expected bubbles, endowments must be ex ante inefficient and every agent must be short-sale constrained. (Allen, Morris, & Postlewaite,
1993, p. 214).
8
For 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 (βsellers b βbuyers). 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.
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where
Aj ¼ ðY2B þ ðY3B þ suj1 ð1 þ gÞÞpa2 ÞðY2S þ ðY3S þ suj1 Þpub2 þ gsuj1 prb2 Þ
B j ¼ qpa2 ðY2S þ ðY3S  Y3B Þpub2 þ gsuj1 prb2 Þ þ ðY3B þ suj1 ð1 þ gÞÞpub2 pa2 þ ð1  qÞY2B pub2
C j ¼ qpa2 ðY2S þ ðY3S þ suj1 Þpub2 Þ þ gsuj1 prb2 pa2 þ ð1  qÞprb2 ðY2B þ ðY3B þ suj1 Þpa2 Þ
AI BN þ AN BI
D¼
bð1 þ bÞBN BI
AI C N þ AN C I
E¼
bð1 þ bÞC N C I

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
u⁎
u⁎
r⁎
unrestricted stock, (0 b sSI2
+ sSN2
b Ω) and all of their restricted stock, (sSj2
= 0, ∀j). Thus, Eq. (4) simplifies to
u⁎
u⁎
⁎
⁎
qsBI2 + qsBN2 + (1 − q)sSI2 + (1 − q)sSN2 = (1 + κ)Ω. The restrictions also imply the following ranges when setting the
bid prices
bð2Y2S þ jXprb2 Þ u bð2Y2S þ jXprb2 Þ
bpb2 b
2Y3S þ X
2Y3S  bX

prb2 z

ð8Þ

b2Y2S
:
2Y3S þ ð1  bjÞX

ð9Þ

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 heterogeneous 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.)

Table 4
Summary of equilibrium 5 asset prices

Bid
Ask

Period 1

Period 2

Period 3

–
pra1 N pua1

prb2 N pub2
pra2 = pua2

prb3 = pub3 = 1
–

3.5.2. 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.9 A limited supply of one of
the securities, rationing of that security, and different 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. Thus, our market maker will set a larger bid-ask spread for securities with a higher level of
institutional ownership. (For a specific example of how this could occur, see Appendix C).
9

Glosten and Milgrom (1985).
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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
u
r
u
r
equilibrium pb2
= pb2
and pa1
= pa1
. There would be no segmented equilibria.10 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 noncompetitive market making mechanism. Only certain firms and individuals had access to Internet IPOs. In an IPO
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 & 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 a function of
the level of institutional ownership. We assume that the relative levels of institutional ownership generate a lower bidask spread for the restricted stocks. Due to the lower bid-ask spread in period 2, 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.
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

10

Boudoukh and Whitelaw (1993).
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Fig. 1. Stock prices.

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 document 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.11
This leaves us with a set of seven parent–subsidiary company pairs: Creative Computers/UBID, Daisytek
International/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

11

With no distribution date, we lack a precise time frame (t) necessary for calculating the convenience yield.
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Fig. 1 (continued ).

directly (see Fig. 1). 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 Fig. 1, we observe a stock price pattern that is consistent with our theoretical model.12 We observe there was a
large rise and then decline in the price of the newly IPO'd companies. We also see that the prices for the similar
securities are different at the time of the initial IPOs (p1u ≠ p1r , as predicted by our model) but then return to comparable
levels (p3u = p3r = 1). The 10-day moving average turnover for the subsidiary company stocks is usually above that for the
parent company stock (see Fig. 2). The standard deviations of returns for the subsidiary companies are higher than their
corresponding parent company standard deviation of returns.

12

CRSP daily price data is based on bid/ask average.
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Fig. 1 (continued ).
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Fig. 2. Stock turnover.
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Fig. 2 (continued ).
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Fig. 2 (continued ).
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Fig. 3. Proportion of institutional ownership: Parent–subsidiary pairs.

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,13 the total
number of shares held by institutional investors as a percentage of the total shares outstanding (See Fig. 3). We can see

13

Due to data limitations, we must use quarterly data.
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Fig. 3 (continued ).

from Table 5, that the average level of institutional ownership for the subsidiary companies is always lower than for the
parent companies.14 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 Fig. 4).

14

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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Table 5
Average proportion of institutional holdings from IPO date to distribution date
Unrestricted–restricted company pairs

Creative Computers Inc.–UBID Inc.
Daisytek International Corp.–PFSWeb Inc.
HNC Software Inc.–Retek Inc.
Methode Electronics Inc.–Stratos Lightwave Inc.
3Com Corp–Palm Inc.
Tridex Corp.–TransAct Technologies Inc.

Avg. quarterly percentage of institutional ownership for:
Unrestricted stock (θu) (%)

Restricted stock (θu) (%)

16.88
6.80
8.80
6.40
51.26
15.11

5.54
3.62
1.44
1.69
27.89
10.75

Fig. 4. Bid-ask spreads.
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Fig. 4 (continued ).
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Fig. 4 (continued ).
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Fig. 5. Convenience yields.

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, 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,F0eyt=S0ert. Due to the length of time between the
IPOs and the distribution dates, we calculate a daily rate for the convenience yields.15
A convenience yield for the stocks of these equity carve-outs is observed in the data. The implied convenience
yields are shown in Fig. 5. Relative to the convenience yields that we may see for commodities such as oil, copper,
15

For 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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Fig. 5 (continued ).

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% (approximately 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 considered 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.
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Fig. 5 (continued ).
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Fig. 6. Difference between average round trip transaction cost savings and average daily convenience yield (holding cost).

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, Fig. 6 shows that the average daily convenience yields are lower than the average savings in round-trip
transaction costs for the parent–subsidiary pairs.
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,
turnover16, 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 control for the fact that the independent company observations do overlap in
time.17 A description of all of the variables used and how they are constructed can be found in Appendix E.
The specification of this regression model is:
CONVYIELDij ¼ b0 þ b1 PERCENTINSTOWNij þ b2 LIQUIDITYij þ b3 SHARESOUTij þ b4 TURNOVERij
þ b5 RETURNij þ b6 PARENTRETURNij þ b7 HOTISSUEij þ b8 YEAR1999ij
þ b9 YEAR2000ij þ eij ;
where ij is each company i's observation for a particular day.
Table 6 presents the parameter estimates.18 From these initial results, we see that percent 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.
16
17
18

A correlation analysis indicates no positive correlation (− 0.0895) between the log of the number of shares outstanding and turnover.
We considered the use of an independent variable representing the market maker count, but could not use it due to data limitations.
Standard 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 6
Coefficients from the convenience yield regression equation

Intercept
Institutional ownership
Relative liquidity
Log of number of shares outstanding
Turnover
Daily return: carve-out
Daily return: parent
Hot issue
Year 1999 dummy variable
Year 2000 dummy variable
Number of observations

Coefficient

Standard error

− 0.1114
− 0.0407
0.0011
0.0071
0.0162
0.0145
− 0.0184
0.0000
− 0.0028
− 0.0184
950

0.0530
0.0139
0.0012
0.0034
0.0109
0.0162
0.0044
0.0002
0.0041
0.0064

t-ratio
− 2.10
− 2.92
0.90
2.09
1.48
0.90
− 4.21
0.13
− 0.68
− 2.88
R2 = 0.03

Table 7
Coefficients from the convenience yield regression equation (data adjusted for nonstationarities)

Intercept
Institutional ownership
Relative liquidity
Log of number of shares outstanding
Turnover
Daily return: carve-out
Daily return: parent
Hot issue
Year 1999 dummy variable
Year 2000 dummy variable
Number of observations

Coefficient

Standard error

0.0128
− 0.0098
0.0002
− 0.0008
0.0140
0.0009
− 0.0057
0.0001
0.0035
− 0.0041
828

0.0200
0.0040
0.0001
0.0013
0.0047
0.0017
0.0018
0.0001
0.0013
0.0013

t-ratio
0.64
− 2.45
1.83
− 0.66
2.95
0.53
− 3.23
1.67
2.81
− 3.17
R2 = 0.34

4.3. Robustness checks
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 subsidiary 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 turnover, daily return of the parent company, and the year dummy variables are significant at the 5%
level. Percent of institutional ownership is significant at the 6% level. The liquidity measure and the hot issue variable
are 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. This 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. We also see that the year 2000 dummy variable and the daily return of the parent
company are negatively related to the convenience yield.19 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
19

The 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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Table 8
Coefficients from the convenience yield regression equation with mispricing proxy (data adjusted for nonstationarities)

Intercept
Institutional ownership
Relative liquidity
Log of number of shares outstanding
Turnover
Daily return: carve-out
Daily return: parent
Hot issue
Year 1999 dummy variable
Year 2000 dummy variable
Mispricing proxy
Number of observations

Coefficient

Standard error

0.0138
− 0.0099
0.0002
− 0.0009
0.0134
0.0093
− 0.0072
0.0001
0.0035
− 0.0039
− 0.0086
828

0.0200
0.0040
0.0001
0.0013
0.0052
0.0087
0.0029
0.0001
0.0012
0.0012
0.0072

t-ratio
0.69
− 2.47
1.81
− 0.71
2.55
1.07
− 2.51
1.69
2.84
− 3.21
− 1.19
R2 = 0.35

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 carve-out company stock would increase the mean daily
convenience yield by 0.0098%.
While the results above show that the convenience yield theory is consistent with the data, one could equally
interpret the convenience yield as an irrationality measure capturing mispricing in stock price. Thus, we control for
mispricing by using a proxy for unexpected shocks and valuation errors. As a mispricing proxy we follow Park (2006)
and calculate the daily “controlled stock return” for each company. The controlled stock return is the residual of the
following regression:
STKRETURNt ¼ b0 þ b1 BETA⁎MKTRETURNt þ b2 FIRMSIZEt þ et ;
where t is a company's stock return observation for a particular day, BETA for each company is estimated based on
each parent company's daily returns for one year prior to the IPO date, and MKTRETURN is the value weighted
market return.20
When our mispricing proxy is added, the specification of our regression model becomes:
CONVYIELDij ¼ b0 þ b1 PERCENTINSTOWNij þ b2 LIQUIDITYij þ b3 SHARESOUTij þ b4 TURNOVERij
þ b5 RETURNij þ b6 PARENTRETURNij þ b7 HOTISSUEij þ b8 YEAR1999ij
þ b9 YEAR2000ij þ b10 MISPROXYij þ eij
where ij is each company i's observation for a particular day.
Table 8 shows that controlling for mispricing does not substantially change our results. We see that turnover,
daily return of the parent company, and the year dummy variables remain significant at the 5% level. Percent of
institutional ownership remains significant at the 6% level. The liquidity measure and the hot issue variable are
significant at the 15% 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 2000 dummy variable, the daily return of the parent company, and the
mispricing proxy are negatively related to the convenience yield. The negative relationship between convenience

20

Note that the results were NOT sensitive to whether the value weighted or equal weight market return was used.
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yield and mispricing proxy further supports our convenience yield theory in that the convenience yield as we have
defined it is not simply another measure of mispricing. The number of shares outstanding, and daily return were
not significant.
5. Conclusion
While Abreu and Brunnermeier (2003) and Brunnermeier and Nagel (2004) show that an asset pricing bubble can
persist despite the presence of rational investors, most of the current literature focuses on irrationality as an explanation
for the origination of asset pricing bubbles. This paper provides support for the existence of an alternative, rational
explanation for the origination of an asset pricing bubble. The theoretical 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 creation of 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.
In the literature, mispricing and speculations stories have been recognized as being consistent with the
observed data. This paper demonstrates that the convenience yield explanation is also equally consistent with
the observed data. While the 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.21
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.
Appendix A. Solving for equilibrium 5
A.1. Equilibrium 5
u
r
In this class of equilibria, the agents carry holdings sj1
and sj1
into period 2 and the period 2 problem for sellers is:

maxskt uðc2 Þ þ buðc3 Þ
s:t: c2 V Y2S þ ðsuSj2  suSj1 Þpub2 þ srSj1 prb2
c3 V Y3S þ suSj2
8j
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:
maxskt uðc2 Þ þ buðc3 Þ
s:t: c2 V Y2B  ðsuBj2  suBj1 Þpua2  ðsrBj2  srBj1 Þpra2
c3 V Y3B þ suBj2 þ srBj2
8j

21

For 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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In analyzing this problem, we will use the fact that in equilibrium the period 2 ask prices of stocks are equal
u
r
(pa2
= pa2
≡ pa2) since the buyers of stocks in period 2 should make no distinction between the two types of stocks.
u
r
This equality also means that the portfolio holdings of the buyers (sBj2
andsBj2
) are not separately identified.
u
r
⁎ . The
Therefore, we maximize over their sum, sBj2 ≡ sBj2 + sBj2 to get the optimal total holdings of the buyers, sBj2
above equations yield the following solutions for the optimal period 2 holdings:

⁎¼
suSj2

bðY2S þ srj1 prb2 Þ ðY3S  bsuj1 Þ

ð1 þ bÞpub2
ð1 þ bÞ

s⁎
Bj2 ¼

ðY3B  bðsuj1 þ srj1 ÞÞ
bY2B

ð1 þ bÞ
ð1 þ bÞpa2

8j

ðA:1aÞ

8j

ðA:1bÞ

These equations are then used in the initial period problem, Eq. (1). The first order conditions for the initial period
problem generate the following equations:

Y1 

pua1
suj1 pua1  srj1 pra1

 
 
1
1
b
b
bqj pa2 1þb
bð1  qj Þpub2 1þb
b2 qj 1þb
b2 ð1  qj Þ 1þb
¼ B
þ S
u
r
⁎  su Þpu þ sr pr þ Y B þ s⁎ þ Y S  su⁎
Y2  ðs⁎
Y2  ðsuSj2
j1 b2
3
Bj2  sj1  sj1 Þpa2
Bj2
j1 b2
3
Sj2

8j

ðA:1cÞ

Y1 

pra1
suj1 pua1  srj1 pra1

 
 
1
1
b
b
bqj pa2 1þb
bð1  qj Þprb2 1þb
b2 qj 1þb
b2 ð1  qj Þprb2 1þb
¼ B
þ S
u
r
⁎  su Þpu þ sr pr þ Y B þ s⁎ þ pu ðY S  su⁎ Þ
Y2 ðs⁎
Y2  ðsuSj2
j1 b2
Bj2 sj1 sj1 Þpa2
Bj2
j1 b2
3
Sj2
b2 3

8j

ðA:1dÞ
In equilibrium, for supply to equal demand in each period, Eqs. (2)–(4) must also hold. The seven Eqs. (2)–(4) and
u
u
r
r
u
u
u
r
(A.1a)–(A.1d), define the equilibrium which has thirteen variables: sI1
, sN1
, sI1
, sN1
, sBI2, sBN2, sSI2
, sSN2
, pa1
, pa1
pa2,
u
r
pb2
, and pb2
Using appropriate substitutions, we can reduce the system to 3 equations in five unknowns.
Substituting Eqs. (2) (3), (A.1a), and (A.1b) into Eqs. (A.1c) and (A.1d), simplifying and combining like terms
yields the following equations:
pua1
bqpa2 ð1 þ bÞ
bð1  qÞpub2 ð1 þ bÞ
¼
þ
8j
Y1  suj1 pua1  srj1 pra1 Y2B þ ðY3B þ suj1 þ srj1 Þpa2 Y2S þ ðY3S þ suj1 Þpub2 þ srj1 prb2

ðA:1eÞ

pra1
bqpa2 ð1 þ bÞ
bð1  qÞprb2 ð1 þ bÞ
¼
þ
8j
Y1  suj1 pua1  srj1 pra1 Y2B þ ðY3B þ suj1 þ srj1 Þpa2 Y2S þ ðY3S þ suj1 Þpub2 þ srj1 prb2

ðA:1f Þ

Substituting Eqs. (2) and (3) into Eqs. (A.1a) and (A1.b) and the resulting equations into Eq. (4) generates
2bqY2B bð1  qÞð2Y2S þ jXprb2 Þ
þ
¼ q2Y3B þ ð1  qÞ2Y3S þ ð1 þ jÞX þ bð1  qÞjX
pub2
pa 2
Thus, the system of Eqs. (A1.e)–(A1.g) simplifies to Eqs. (5)–(7).

ðA:1gÞ
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Appendix 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) (βS b βB). 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
u
r
(pa2
= pa2
≡ pa2), since the buyers of stocks in period 2 should make no distinction between the two types of stocks. This
u
r
equality also means that the portfolio holdings of the buyers (sBj2
and sBj2
) are not separately identified. Therefore, we
u
r
maximize over their sum, sBj2 ≡ sBj2 + sBj2 ∀j to get the optimal total holdings of the buyers, s⁎Bj2. The first order
conditions from the period 2 buyer and seller maximization problems yield the following solutions for the optimal
period 2 holdings:

⁎¼
suSj2

bS ðY2S þ srj1 prb2 Þ

s⁎
Bj2 ¼

Y3B  bB ðsuj1 þ srj1 Þ
bB Y2B

ð1 þ bB Þ
ð1 þ bB Þpa2

ð1 þ bS Þpub2



Y3S  bS ðsuj1 Þ
ð1 þ bS Þ

8j

ðB:1aÞ

8j

ðB:1bÞ

These equations are then used in the initial period problem, Eq. (1).
u
r
max lnðY1  suI1 pua1  srI1 pra1 Þ þ lnðY1  suN 1 pua1  srN 1 pra1 Þ þ bB qI lnðY2B  s⁎
BI2 pa2 þ ðsI1 þ sI1 Þpa2 Þ
u⁎
u
r
S
u
u
r r
þ bB qN lnðY2B  s⁎
BN 2 pa2 þ ðsN 1 þ sN 1 Þpa2 Þ þ bS ð1  qI ÞlnðY2  ðsSI2  sI1 Þpb2 þ sI 1 pb2 Þ
2
B
⁎
þ bS ð1  qN ÞlnðY2S  ðsuSN⁎2  suN 1 Þpub2 þ srN 1 prb2 Þ þ b2B qI lnðY3B þ s⁎
BI2 Þ þ bB qN lnðY3 þ sBN 2 Þ
þ b2 ð1  qI ÞlnðY S þ su⁎ Þ þ b2 ð1  qI ÞlnðY S þ su⁎ Þ
S

3

SI2

S

3

SI2

In equilibrium, for supply to equal demand in each period, Eqs. (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):
bB qj pa2 ð1 þ bB Þ
bB ð1  qj Þpub2 ð1 þ bS Þ
pua1
¼
þ
8j
Y1  suj1 pua1 þ srj1 pra1 Y2B þ ðY3B þ suj1 þ srj1 Þpa2 Y2S þ ðY3S þ suj1 Þpub2 þ srj1 prb1

ðB:1cÞ

bB qj pa2 ð1 þ bB Þ
bB ð1  qj Þprb2 ð1 þ bS Þ
pra1
¼
þ
8j
Y1  suj1 pua1 þ srj1 pra1 Y2B þ ðY3B þ suj1 þ srj1 Þpa2 Y2S þ ðY3S þ suj1 Þpub2 þ srj1 prb1

ðB:1dÞ

bB ð1 þ bS ÞðqI ðY2B Þ þ qN ðY2B ÞÞ bS ð1 þ bB Þðð1  qI ÞðY2S þ srI1 prb2 Þ þ ð1  qN ÞðY2S þ srN 1 prb2 ÞÞ
þ
pa2
pub2
¼ ð1 þ bB Þð1 þ bS Þð1 þ jÞX þ ð1 þ bS Þ½qI ðY3B  bB ðsuI1 þ srI1 ÞÞ þ qN ðY3B  bB ðsuN 1 þ srN 1 ÞÞ
þ ð1 þ bB Þ½ð1  qI ÞðY3S þ bS suI1 Þ þ ð1  qN ÞðY3S þ bS suN 1 Þ
As before, this system of equations defines the equilibrium.

ðB:1eÞ
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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
1a
averse than the other group of agents (buyers). To solve the model, we consider a CRRA utility function uðcÞ ¼ cIa
where buyers have a higher level of risk aversion α = 1 and sellers have log utility (α = 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.
u
r
Again we use the fact that in equilibrium the period 2 ask prices of stocks are equal (pa2
= pa2
≡ 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
u
r
portfolio holdings of the buyers (sBj2
and sBj2
) are not separately identified. Therefore, we maximize over their sum,
u
r
sBj2 ≡ sBj2 + sBj2 ∀j to get the optimal total holdings of the buyers, s⁎Bj2. The first order conditions from the period 2 buyer
and seller maximization problems yield the following solutions for the optimal period 2 holdings:

⁎¼
suSj2

bðY2S þ srj1 prb2 Þ Y3S  bsuj1

ð1 þ bÞpub2
ð1 þ bÞ

8j

ðB:2aÞ

 1 
 1

Y2B þ pa2 ðsuj1 þ srj1 Þ  Y3B pba2 2  1  pba2 2 þ pa2
 
s⁎
Bj2 ¼
pa2 12
þ pa2
b

8j

ðB:2bÞ

These equations are then used in the initial period problem, Eq. (1).
max  ðY1  suI1 pua1  srI1 pra1 Þ1  ðY1  suN 1 pua1  srN 1 pra1 Þ1 þ lnðY1  suI1 pua1  srI1 pra1 Þ
1
u
r
 bqN ðY2B  s⁎
þ lnðY1  suN 1 pua1  srN 1 pra1 Þ  bqI ðY2B  s⁎
BI2 pa2 þ ðsI1 þ sI1 Þpa2 Þ
BN 2 pa2
1
þ ðsu þ sr Þpa2 Þ þ bð1  qI ÞlnðY S  ðsu⁎  su Þpu þ sr pr Þ
N1

þ
þ

N1

2
I 1 b2
I1 b2
SI2
1
u⁎
2
S
u
u
r
r
B
bð1  qN ÞlnðY2  ðsSN 2  sN 1 Þpb2 þ sN1 pb2 Þ  b qI ðY3 þ s⁎
BI2 Þ
⁎ Þ þ b2 ð1  qN ÞlnðY S þ su⁎ Þ
b2 ð1  qI ÞlnðY3S þ suSI2
3
SN 2

1
 b2 qN ðY3B þ s⁎
BN 2 Þ

In equilibrium, for supply to equal demand in each period, Eqs. (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):
pua1 ð1 þ Y1  suj1 pua1  srj1 pra1 Þ
ðY1  suj1 pua1  srj1 pra1 Þ2
pra1 ð1

þ Y1  suj1 pua1  srj1 pra1 Þ
ðY1  suj1 pua1  srj1 pra1 Þ2

¼

¼


2
1
bqj pa2 1 þ ðbpa2 Þ2
ðY2B þ pa2 ðY2B þ suj1 þ srj1 ÞÞ

2
1
bqj pa2 1 þ ðbpa2 Þ2
ðY2B þ pa2 ðY3B þ suj1 þ srj1 ÞÞ

þ
2

bð1  qj Þpub2 ð1 þ bÞ
Y2S þ srj1 prb2 þ pub2 ðY3S þ suj1 Þ

8j

ðB:2cÞ

þ
2

bð1  qj Þprb2 ð1 þ bÞ
Y2S þ srj1 prb2 þ pub2 ðY3S þ suj1 Þ

8j

ðB:2dÞ


 1 

 1 
ð1 þ bÞqI Y2B þ pa2 ðsuI1 þ srI1 Þ  ðY3B Þ pba2 2
ð1 þ bÞqN Y2B þ pa2 ðsuN 1 þ srN 1 Þ  ðY3B Þ pba2 2
 
 
þ
pa2 1
pa2 1
2 þ p
2 þ p
a2
a2
b
b
þ

bð1  qI ÞðY2S þ srI1 prb2 Þ þ bð1  qN ÞðY2S þ srN 1 prb2 Þ
¼ ð1  qI ÞðY3S  bsuI1 Þ  ð1 þ qN ÞðY3S  bsuN1 Þ
pub2

þ ð1 þ bÞð1 þ jÞX
ðB:2eÞ
As before, this system of equations defines the equilibrium.
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Appendix C. Institutional ownership and bid-ask spreads
Consider the case in which institutional agents have a lower subsistence level of consumption, c̄ j.22 c̄ N = δc̄ I,
where δ N 1. Then, 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. When considering subsistence levels of consumption, the
previously identified restrictions on the choice of period 2 bid prices would imply the following ranges when setting
the bid prices:
bð2Y2S  c̄I ð1 þ dÞ þ jXprb2 Þ u bð2Y2S  c̄I ð1 þ dÞ þ jXprb2 Þ
bpb2 b
2Y3S  c̄I ð1 þ dÞ þ X
2Y3S  c̄I ð1 þ dÞ  bX
prb2 z

ðC:1Þ

2bY2S  c̄I ð1 þ dÞ
:
2Y3S  c̄I ð1 þ dÞ þ ð1  bjÞX

ðC:2Þ

From Eq. (C.2), we know that:
∂prb2
b0
∂c̄I

ðC:3Þ

when β (2Y2S + κΩ) b 2Y3S + Ω. (Recall that κ b 1 and β ≤ 1.)
From Eq. (C.1), we know that:
∂pub2
b0
∂prb2
when c̄ (1 + δ) N 2Y3S + Ω.
Thus by the chain rule, when Eqs (C.3) and (C.4) hold, we know that:

ðC:4Þ

∂pub2
∂cI
P

N 0:



∂pub2 ∂pub2 ∂prb2
Since; P ¼ r d P N 0:
∂cI
∂pb2 ∂cI
u
Therefore, as the subsistence level of consumption decreases, the bid price for the unrestricted stock (pb2
)
r
u
decreases (which increases the bid-ask spread since we have pa2
= pa2
). Intuitively, this is consistent with the logic
that as the subsistence level of consumption decreases, due to the limited supply of restricted stock (κ b 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 (à la Glosten & Milgrom, 1985).23 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. (Appendix D demonstrates that the assumption of the market maker setting bid-ask spreads based

22

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.
23
Glosten and 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 bidask spreads vary with institutional ownership.
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Fig. 7. Feasible equilibria.

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.)
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 and Y) and two agents (A and 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.
Appendix D. 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:
maxðpa2  prb2 ÞvolðrÞ þ ðpa2  pub2 ÞvolðuÞ
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 equilibrium 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 β, κ, Ω, q, δ, c̄, Y2B , Y2S, Y3B, and Y3S 24, in Fig. 7 we graph
r
u
the revenue function over a range of values for pb2
and pb2
. This graphically illustrates that under certain conditions,

24

β = 0.9, κ = 0.1, Ω = 0.2, q = 0.4, δ = 1.1, c¯ = 20, YB2 = 120, YS2 = 20, YB2 = 20, YS3 = 20.
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Fig. 8. Market maker revenue and unrestricted stock period 2 bid price.

u
r
the market maker can increase his revenue by lowering pb2
for any given pb2
(i.e., setting a larger bid-ask spread for the
unrestricted stock when it has a larger level of institutional ownership). See also Fig. 8.

Appendix E. 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.
• Mispricing proxy — The residuals from the controlled stock return regression equation.
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