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Introduction

Share repurchases are among the most important corporate decisions. This study
concerns what determines the size of repurchase programs and interprets these pro-
grams in the context of the market microstructure, as bets on the valuation of
companies that managers place in the marketplace. Inspired by market microstruc-
ture invariance of Kyle and Obizhaeva (2016), the study documents quantitative
empirical relationships between the size of share repurchase programs and trading
activity of company stocks, volatility, and the duration of repurchase programs.
According to invariance theory, stock trading can be described as a trading game,

in which market participants place bets on asseta. The number of bets and dis-
tribution of their sizes differs across assets with different levels of trading volume
and volatility in a particular manner. If share repurchases are simply a special type
of buy bets, then the insights of invariance theory have to be applicable to these
corporate decisions as well. This interpretation of share repurchases allows us to
formulate several hypotheses about their sizes.
The first hypothesis of target size is based on the intuition that the size of a repur-

chase program is simply proportional to the size of bet, typical for the underlying
stock market; it predicts that size of repurchase programs as a fraction of expected
trading volume is proportional to trading activity to the power of -2/3, where trading
activity is defined as the product of dollar volume and return volatility.
The second hypothesis of target imbalance says that the size of repurchase pro-

grams is proportional to some percentile of the expected sum of all buy bets that
company managers expect to generate over the duration of the repurchase program;
it predicts that size of repurchase programs as a fraction of expected trading volume
is proportional to trading activity to the power of -1/3 and also depends on the
duration of the repurchase program.
The third hypothesis of target cost says that the size of repurchase program is

determined by the execution costs of repurchases; it predicts that size of repurchase
programs as a fraction of expected trading volume is proportional to trading activity
to the power of -1/3 and also depends on the volatility of the underlying security.
I test the hypotheses using the sample of U.S. share repurchase programs over the

period from March 1985 to January 2014. I find that trading activity does indeed
have high explanatory power for the authorised and realised size of share repurchase
programs; the regression r-square is equal to 41 percent for authorised sizes and 26
percent for realised sizes. The estimated coefficient on trading activity is -0.33, which
conforms to predictions of target imbalance and target (linear) cost hypotheses. The
formal statistical tests, however, reject these hypotheses.
I implement a formal model selection procedure with a Bayesian information cri-

terion. Target imbalances and target (linear) costs hypotheses fit repurchase data
best. Furthermore, the target imbalance hypothesis is selected on the open market
repurchase programs, which are the most popular type of such programs.
This paper relates to literature on corporate payout policies and share repurchases.

Dittmar (2000) argues that companies repurchase shares for various reasons. Firstly,
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there is market undervaluation theory. Vermaelen (1981), Brav et al. (2005), Buffa
and Nicodano (2008) argue that companies initiate share repurchases to signal dis-
agreement with current market valuations of their stocks. Ikenberry, Lakonishok
and Vermaelen (1995), Mitchell and Stafford (2000) document positive abnormal
returns several years after repurchase announcements. Secondly, there is a free cash-
flow theory of share repurchases. Jensen (1986), Jensen and Meckling (1976), and
Stephens and Weisbach (1998) argue that firms should distribute all available cash
to the shareholders through dividends or share repurchase to avoid agency costs aris-
ing due to a conflict of interests between management and shareholders. Thirdly,
there is optimal corporate structure theory. Modigliani and Miller (1958), Bagwell
and Shoven (1988), and Opler and Titman (1996) argue that companies repurchase
shares to adjust their capital structures.
These theories identify several factors that influence share repurchase activity,

such as past performance of underlying stock, volatility of stock, free cashflows,
and market capitalization of the company. I assess the explanatory power of these
theories relative to the hypotheses motivated by invariance theory. I find that the
R2 of regression specification that includes only trading activity equals 41 percent.
Adding control motivated by theories of share repurchases increases the R2 by 12
percent. It implies that trading activity of the stock is an important determinant of
the size of a share repurchase program.
This paper also contributes to growing literature on market microstructure in-

variance. Kyle and Obizhaeva (2016) introduce market microstructure invariance
principles that explain a substantial fraction of the cross-sectional and time-series
variation in bet size and transaction costs across stocks. Kyle and Obizhaeva (2017b)
derive invariance relationships in the infinite-horizon model of informed trading,
noise trading, market making, and endogenous production of information. Kyle and
Obizhaeva (2017a) establish invariance principles through dimensional analysis ar-
guments. Andersen et al. (2016) document robust empirical patterns of intra-day
trading in E-mini futures S&P 500 futures market. Kyle et al. (2011) apply in-
variance intuition to explain cross-sectional and time-series variation in news arrival
rates. Bae et al. (2014) uncover invariant patterns in Korean stock market data.
Kyle and Obizhaeva (2012) apply invariance motivated market impact costs to ex-
plain market crashes. Kyle, Obizhaeva and Tuzun (2017) apply invariance principles
to explain the number of trades and the distribution of trade sizes in the Trades and
Quotes database.
The rest of the paper is organized as follows. Section I provides a brief description

of key principles of the market microstructure invariance framework and formulates
three hypotheses about distribution of the size of repurchase program. Section II
describes the data used in empirical tests. Section III empirically tests the hypothe-
ses, selects the model that best fits the data, and compares alternative determinants
of size of share repurchase programs. Section IV concludes the discussion.
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I. Share Repurchases and Invariance

This section reviews market microstructure invariance and suggests several ways of
how one can think about sizes of share repurchase programs in the context of this
paradigm.

A. Review of market microstructure invariance

Market participants such as institutional and retail investors trade for various rea-
sons. They trade to profit on their information or to meet their hedging needs.
Invariance theory implies that the order flow of stocks is determined by risky bets.
Bets arrive into market place according to the Poisson process with expected number
of bets per day γ. The size of the bet Q is measured in shares. It is positive for buy
and negative for sell bets. The order flow of stocks differs according to how many
bets arrive and to the distribution of bet size.
Kyle and Obizhaeva (2016) express bet size Q̃, expected number of bets γ, and

execution cost of bet of size Q, C(Q), in terms of observable trading activity of the
stock W .

(1) W = P · V · σ,

where σ is the volatility of the stock, V is trading volume of the stock, and P is its
price level.
The distribution of bet size Q̃ as a fraction of expected daily trading volume V

adjusted for trading activity of stock as Q̃
V
·W 2/3 has invariant distribution. It implies

that

(2)
Q̃

V
∼ W−2/3 · Ĩ ,

where Ĩ is a random variable with an invariant probability distribution. Kyle and
Obizhaeva (2016) use the sample of portfolio transition trades in the U.S. stock
market over the period from 2001 to 2005 and calibrate the distribution of bet size.
They find that Ĩ is close to a log-normal distribution with log-variance σ2

Q = 2.53.

The expected number of bets γ is predicted to be proportional to W 2/3,

(3) γ ∼ W 2/3.

The execution cost of a bet of size Q, C(Q), is predicted to be

(4) C(Q) = σ ·W−1/3 · ı2 · C̄B · f
(

W 2/3

ı
· Q
V

)

,

where f(·) is the invariant average cost function and ı := (E[ ˜|I|])−1/3 and C̄B are
some constants. Invariance is consistent with any functional form of f(·), but most
often assume linear or square root cost functions.
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For the benchmark stock with daily returns volatility σ∗ = 2%, trading volume
V ∗ = 106 shares, price P ∗ = $40, and trading activity W ∗ = 800, 000 there are on
average γ∗ = 85 bets per day, the average size of bet is equal to 33, 000 shares, and
the execution cost of an average sized bet for a linear cost model is equal to 14 basis
points.

B. Share Repurchases Hypotheses

Under the assumption that company management actively participates in the trad-
ing process of company’s stock, I formulate three hypotheses about the size of share
repurchase programs.

Hypothesis 1: target size hypothesis. The first hypothesis says that a share
repurchase program represents a buy bet that the company executes in the market.
Thus, the invariance predictions have to apply to the size of repurchase program.
Let X denote the size of repurchase program. Equation (2) implies the following
relation between the size of the repurchase and trading activity of the underlying
stock.

(5)
X

V
∼ W−2/3 · Ĩ .

The size of repurchase program as a fraction of expected daily volume adjusted for
trading activity of stock has invariant distribution.
This hypothesis can be tested with the following log-linear regression using the

panel of share repurchase programs.

(6) ln

[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W ∗

]

+ ǫ̃it,

where Xit denotes the size of share repurchase program i initiated at time t. At time
t the stock i has expected daily trading volume Vit, expected price level Pit, expected
daily return volatility σit, expected trading activity Wit, and trading activity of the
benchmark stock W ∗ = 800, 000. Target size hypothesis predicts that αW = −2/3
in regression model (6).

Hypothesis 2: target imbalance hypothesis. The second hypothesis says that
the size of repurchase program is related to total size of buy bet-ideas that the
company is expected to generate over the duration of a repurchase program.
Let T denote duration of repurchase program. It is most likely that a manager

will come up with several bets on the company over the length of a repurchase
program. For example, over a three year repurchase program the company generates
the following bets. In the first year the company decides to buy back 1 million
shares since it believes that its stock is undervalued. In the second year the firm
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repurchases 400,000 shares to adjust its capital structure. In the third year the
company repurchases 600,000 shares to pay back cash to its shareholders. In this
case T = 3 and the size of repurchase program is equal to X = 1, 000, 000+400, 000+
600, 000 = 2, 000, 000 shares.
Target imbalance hypothesis asserts that at the announcement of a repurchase

program, the size of program may reflect forward looking estimates of the total size
of buy bets that the company expects to generate over the duration of the program.
Let γf denote the expected number of bets that management of a company is

expected to generate every day. The actual number of bets that a company generates
γ̃f is a random variable that has a Poisson distribution with expected number of
bets γf . I assume that the expected number of bets that a company generates γf is
proportional to expected number of bets in the underlying stock market γ.

(7) γf = zf · γ,

where zf denotes some proportionality constant.
Suppose that on day t the manager of the company generates γ̃ft = γft bets

Q̃1t = Q1t, Q̃2t = Q2t, ..., Q̃γftt = Qγftt. Since the number of bets and their sizes are

random variables, the bet imbalance at time t Ψ̃t - a sum of all bets that company
generates at time t - is a random variable as well.

(8) Ψ̃t =

γ̃ft
∑

i=1

Q̃it.

Suppose the size of repurchase program represents some upper percentile estimate
of the distribution Ψ̃t, such as the 95th percentile of total bet imbalance. Therefore,
the manager should estimate the standard deviation of bet imbalance Ψ̃t. I apply
the law of total variance to equation (8) to estimate variance of daily bet imbalance.

(9) Var
[

Ψ̃t

]

= E



Var





γ̃ft
∑

i=1

Q̃it







 + Var



E





γ̃ft
∑

i=1

Q̃it







 .

The second term in equation (9) is equal to zero, since the average size of each bet

Q̃it is equal to zero E

[

Q̃it

]

= 0 and E

[

∑γ̃ft
i=1 Q̃it

]

= 0.

Since the number of bets has a Poisson distribution with expected number of bets
γf , I apply equation (11) and compute the first term of equation (9) as

(10) E



Var





γ̃ft
∑

i=1

Q̃it







 =

∞
∑

k=1

Var





γ̃ft
∑

i=1

Q̃it

∣

∣

∣

∣

γ̃ft = k



 ·
γk
f

k!
· e−γf =
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= Var
[

Q̃it

]

·
∞
∑

k=1

k · γk
f

k!
· e−γf = γf · Var

[

Q̃it

]

.

Since bets are independent, the variance of bet imbalance conditional on the number
of bets equals

(11) Var





γ̃ft
∑

i=1

Qit

∣

∣

∣

∣

γ̃ft = k



 = k · Var[Q̃it].

Since the share repurchase program lasts for T days, I calculate standard deviation
of bet imbalance generated by the company over the T days of the program Ψ̃(T ).
Substituting (7) and (10) into (9), gives the following standard deviation of bet
imbalance.

(12) std
[

Ψ̃(T )
]

=

√

T · γf · Var
[

Q̃it

]

.

If the size of repurchase program is proportional to the standard deviation of bet im-
balance that the company is expected to generate over the T days of share repurchase
program, then

(13) X̄ ∼
√

T · γf ·Var
[

Q̃it

]

.

For example, the proportionality constant may be equal to 1.96 if the manager wants
to target the 95th percentile.
Finally, I express the authorised size X of share repurchase program as a fraction

of daily volume V . I substitute equations (2), (3), and (7) into equation (13).

(14)
X̄

V
∼

√

√

√

√

T · γ ·
Var

[

Q̃it

]

V 2
∼

√
T ·W−1/3.

This hypothesis can be tested with the following log-linear regression using the panel
of share repurchase programs

(15) ln

[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W ∗

]

+ ατ · ln(Tit) + ǫ̃it.

Target imbalance hypothesis predicts that αW = −1/3 and ατ = 1/2 in the regres-
sion model (15).
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Hypothesis 3: target cost hypothesis. The execution cost of share repurchase
program is an important factor. The third hypothesis asserts that managers choose
the size of repurchase program to target the percentage execution cost of share
repurchase program, zc. For example, the company may want to repurchase 1 million
shares and target execution cost of 50 basis points. In this case, X = 1, 000, 000
shares and zc = 50 basis points. I apply invariance percentage cost formula (4) to
formalise this hypothesis. Inverting equation (4), I express the size of repurchase
program X as a fraction of expected daily volume V as

(16)
X

V
= ı ·W−2/3 · f−1

(

zc · σ−1 ·W 1/3 · 1

ı2 · C̄B

)

.

Next, I assume that execution cost function f(x) has a power functional form,

(17) f(x) = λ · xβ .

The literature typically considers linear and square root market impact functions,
as in Kyle (1985) and Gabaix et al. (2006), respectively. The linear execution cost
function corresponds to the case of β = 1. The square root execution cost function
corresponds to the case of β = 1/2. The inverse of the power function (17) is

f−1(x) =
(

x
λ

)
1

β .
Substituting equation (17) into equation (16), yields the size of repurchase program

as a fraction of trading volume,

(18)
X

V
∼ σ−

1

β ·W
1−2·β
3·β .

For the linear execution costs function β = 1 and expression (18) simplifies to

(19)
X

V
∼ σ−1 ·W−1/3.

For the square root execution costs β = 1/2 and expression (18) simplifies to

(20)
X

V
∼ σ−2.

This hypothesis can be tested with the following log-linear regression using the panel
of share repurchase programs

(21) ln

[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W ∗

]

+ ασ · ln(σit) + ǫ̃it.

Target cost hypothesis makes the following predictions for the cases of linear and
square root execution cost functions. For the case of linear cost function αW = −1/3
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and ασ = −1 in the regression model (21). For the case of square root cost function
αW = 0 and ασ = −2 in the regression model (21).

C. Nested Models

All hypotheses make different predictions about the relationship between size of
repurchase program and trading activity of the underlying stock. The target size
hypothesis (6), target imbalance hypothesis (15), and both target cost hypotheses
(21) may be described by the nested regression model

(22) ln

[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W ∗

]

+ ατ · ln(Tit) + ασ · ln(σit) + ǫ̃it.

The target size hypothesis predicts that the only factor determining the size of
repurchase program is trading activity of the stock, while the duration of a repurchase
program and volatility of the stock should not matter. It predicts that αW = −2/3,
while ατ = 0 and ασ = 0.
The target imbalance hypothesis predicts that trading activity of the stock and

duration of repurchase program determine the size of the repurchase program, while
volatility of the stock should not matter. It predicts that αW = −1/3, while ατ = 1/2
and ασ = 0.
The target linear impact cost hypothesis predicts that trading activity of the stock

and volatility of the stock determine size of the repurchase program, while duration
of the program should not matter. It predicts that αW = −1/3, ατ = 1/2, while
ασ = 0.
Target square root impact cost hypothesis predicts that only volatility of the stock

should determine the size of the repurchase program, while trading activity of the
stock and duration of the repurchase program should not matter. It predicts that
αW = 0 and ατ = 0, while ασ = −2.
Table 1 summarizes hypotheses predictions for the nested regression (22).

In the next section I test these hypotheses empirically.

II. Data

I use data from the Securities Data Company Platinum (SDC) database on the U.S.
share repurchase programs covering period from March 1985 to January 2014. It
contains information about the date when a repurchase program was authorised by
the board of directors, the end date of a repurchase program, the authorised size of
share repurchase program, the realised size of the program, methods of repurchase,
and reasons for share repurchase.
I merge the repurchase database with information on trading activity of the un-

derlying stock from the Center for Research in Securities Prices (CRSP) database
using 8-digit historical CUSIP numbers. Only US ordinary common shares (with
share codes 10 or 11) that are listed on NYSE, AMEX, Nasdaq, and NYSE Arca are



9

Table 1—Hypotheses predictions

Hypothesis αW ατ ασ

1. Target size hypothesis -2/3 0 0

2. Target imbalance hypothesis -1/3 1/2 0

3. Target cost hypothesis:

Case 1: Linear cost -1/3 0 -1

Case 2: Square root cost 0 0 -2

considered. At the initial merge stage I cannot match 3,477 observations and exclude
2 observations due to obvious typographical errors. Furthermore, I exclude 2,069
observations because because information required for construction of the explana-
tory variables is absent from the CRSP database. The resulting sample contains
14,369 repurchase programs.
I estimate trading activity of stocks using CRSP data. For each share repurchase

program i, i = 1, ..., 14369, I estimate expected daily trading volume Vi of corre-
sponding stock as a sample average daily volume in a calendar month prior to the
authorisation date of the share repurchase program. I estimate expected volatility
of stock returns σi as a sample standard deviation of daily log-returns in a calendar
month before the initiation of the repurchase program. To account for possible stock
splits, I estimate expected dollar volume of the stock Pi · Vi as an average daily dol-
lar trading volume in a calendar month before the share repurchase authorisation.
I estimate expected trading activity of the stock Wi as a product of expected dollar
volume and expected return volatility Wi = Pi · Vi · σi.
Trading activity of the stock may be affected by the initiation of a repurchase

program. For example, it may substantially increase the trading volume because
of amplified public attention. As a robustness check I also consider an alternative
estimate of expected trading activity and expected volume using data in the calendar
month prior to the completion of the share repurchase program. The results that
use alternative estimates are qualitatively and quantitatively similar to the base case
results. These results are available upon request.
I do analysis on the sample of U.S. repurchase programs and on three sub-periods.

The first period is from March 1985 to December 2000. The second period is from
January 2001 to December 2007. The third period is from January 2008 to Septem-
ber 2014.
The first period starts shortly after implementation of the safe-harbor Rule 10b-18

by the Security and Exchange Commission in November 1982. Grullon and Michaely
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(2002) argue that the new legislation stimulated repurchase activity in the United
States. The aggregate amount of cash spent on share repurchases tripled a year
after the adoption of this rule and the number of companies that initiated share
repurchases increased from 14 percent during the 1970s to 30 percent during the
1990s.
The second period corresponds to the period of low dividend taxes introduced by

George W. Bush in 2001, also known as “Bush tax cuts”. Chetty and Saez (2006)
finds that the tax reduction from 35 percent to 15 percent resulted in a sharp increase
in the size of repurchase programs. Authors also established no substitution effect
between dividends and share repurchases.
The third period corresponds to the post 2008 financial crisis period. Adverse

economic conditions affect the payout policy of companies. As illustrated in Figure
1 the number of share repurchase programs that were initiated during the financial
crisis in the United States dropped from 700 to 500. The dollar size of repurchase
programs experienced a sharp decline from $8 billions in 2008 to $3 billions in 2009.
Share repurchase activity recovered to the pre-crises levels in 2010.
Table 2 reports characteristics of the considered sample of share repurchase pro-

grams over the period from 1985 to 2000 as well as for the three sub-periods. Panel A
of Table 2 reports characteristics such as the authorised size of repurchase programs,
the realised size of repurchase programs, and the duration of the programs. Over the
considered period the median authorised size of repurchase program is 1.76 million
shares. It increased from 1 million shares in the first period to 4 million shares in
the third period. The Authorised size of repurchase program as a fraction of trading
volume, however, decreases from 31 in the first period to 12 in the third period,
because the trading volume of the stocks increases faster than size of repurchase
program.
Usually companies do not repurchase all the shares that they are authorised to

repurchase. The median realised size of repurchase program is 1 million shares. It
increased from 0.69 million shares in the first period to 2 millions shares in the third
period.
I also estimate the duration of the repurchase program as the number of days

between the authorisation date and end date of the repurchase program. The median
duration of the program is 317 days. It decreased from 334 days in the first period to
248 days in the third period, which implies that companies are buying back shares
faster.
Panel B of Table 2 characterises trading activity of the stocks in the SDC repur-

chases sample. Median daily dollar volume is $1.27 million. It increased from $0.5
million in the first period to $8.6 million in the third period. Median daily volatility
of log returns is stable at 2%. Median trading activity of stocks is 30, 000. Stocks
become more actively traded over time, as trading activity increased from 12, 000 in
the first period to 195, 000 in the third period.
Companies may use different methods to buy back their stocks. There are six dif-

ferent methods that companies usually use: open market, negotiated, Dutch auction
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tender offers, accelerated, first price tender offers, and odd lot repurchases. Some-
times companies employ several methods to repurchase shares within one repurchase
program.
Table 3 provides summary statistics of share repurchase programs across differ-

ent repurchase methods. The most popular is open market repurchases. According
to Stephens and Weisbach (1998) open market share repurchase programs repre-
sent approximately 90 percent of the dollar value of all announced share repurchase
programs. Open market repurchases usually last around one year, which gives a
company flexibility on the timing and quantity of actual shares repurchased. The
median authorised size of share repurchases is 1.58 million shares and the number of
actual shares repurchased by companies is 1 million shares. Consistent with Stephens
and Weisbach (1998), this study finds a completion rate of approximately 64 percent
of repurchase programs.
Dutch auction, accelerated and first price repurchases require commitment by

the company to repurchase shares. To achieve effective signaling, these repurchase
programs are larger and of shorter duration - usually around 2 months - than open
market share repurchase programs. The median authorised size is equal to 3.55
million shares for Dutch auction, 6.15 million shares for accelerated repurchases,
and 3.49 million shares for first price repurchases. The median total number of
shares repurchased is 2.29 million, 6.54 million, and 1.85 million shares for Dutch
auction, accelerated, and first price repurchases, respectively.
Another method is negotiated repurchases. Pursuing this method, a company

negotiates the deal privately and repurchases stock from one or a few large share-
holders. Dittmar (2000) suggests that this method is usually used to prevent a
takeover threat. On average negotiated repurchases last for approximately a year.
The median authorised size is 2.00 million shares and the median total number of
shares repurchased is 1.19 million shares.
Finally, some companies engage in odd-lot share repurchases to eliminate odd-lot

shareholders. Vermaelen (2000) argues that companies use this method to reduce
shareholder servicing costs. Odd-lot programs usually last about two months. Their
median authorised size is 1.6 million shares and the median total number of shares
repurchased is 1.00 million shares.

III. Results

This section tests the hypotheses concerning the size of repurchase programs and
discusses which model conforms best to the data.

A. Hypothesis testing

Figure 2 shows the relationship between the size of a share repurchase program
and the trading activity of the underlying stock. Panel A of Figure 2 displays
the logarithm of authorised sizes of repurchase programs on the x-axis versus the
logarithm of trading activity of the stocks on the y-axis. Apart from the four outliers
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that correspond to small odd-lot repurchase programs, all observations cluster tightly
around the line with the slope of -1/3. This implies that trading activity of stock
has a high explanatory power for the authorised size of a share repurchase program,
which is consistent with implications of invariance theory.
Table 5 presents the estimates of regression (6) on the whole sample of repurchase

programs over the period from 1985 to 2014 and the sub-periods from 1985 to 2000,
from 2001 to 2007, and from 2008 to 2014. Panel A of Table 5 displays results for the
authorised size of repurchase program. On the whole sample of repurchase programs
the estimated α̂W = −0.33 with a standard error of 0.005. Stock trading activity
explains 40 percent of variation in the authorised size of repurchase programs. The
estimated coefficient estimate α̂W is -0.30, -0.33, and -0.33 with standard errors
of 0.01, 0.01, and 0.02 for the considered sub-periods. Trading activity explains
28 percent, 45 percent, and 46 percent of total variation of the authorized size of
repurchase program over the considered sub-periods. The estimates are economically
close to -1/3. This is consistent with the predictions of target imbalance and target
costs hypotheses, but not with the target size hypothesis.
Table 5 presents the estimates of regression (6), controlling for time and industry

fixed effects, on the whole sample of repurchase programs over the period from 1985
to 2014 and the sub-periods from 1985 to 2000, from 2001 to 2007, and from 2008
to 2014. Panel A of Table 5 displays results for the authorised size of repurchase
programs. On the whole sample of repurchase programs the estimated α̂W = −0.34
with a standard error of 0.007. The estimated coefficient α̂W is -0.32, -0.33, and
-0.36 with standard errors of 0.01, 0.01, and 0.01 respectively for the considered
sub-periods. The results are robust, controlling for time and industry variation.
Figure 3 reports the estimates of regression (6) every year from 1994 to 2014.

I exclude 121 share repurchase programs that were initiated before 1994 to avoid
the problem of small sample bias. I find that estimate α̂W is outside 95 percent
confidence intervals of -1/3 in only 5 out of 20 years. Year by year estimates of α̂W

are between -0.381 and -0.275.
The trading activity of stock appears to explain well the cross-sectional variation

in the authorised size of repurchase programs. The estimated α̂W is economically
close to -1/3. A formal F-test rejects the targeted size hypothesis that predicts that
αW = −2/3 on the whole sample of repurchase programs and over the considered
sub-periods. However, the above empirical findings are consistent with the target
imbalance and target execution costs hypotheses that predict αW = −1/3.
I also analyze relationship between trading activity of stock and the realised size

of repurchase programs. Panel B of Figure 2 displays the relationship between
the logarithm of the total number of shares repurchased on the y-axis versus the
logarithm of trading activity of the underlying stocks on the x-axis. Trading activity
does not explain well the total number of repurchased shares. Limited explanatory
power may be attributed to the endogous termination of share repurchase programs
that may be affected by various economic factors.
Panel B of Table 5 presents estimates of regression (6) for the realised number of
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shares repurchased. On the whole sample of repurchase programs α̂W = −0.31 with
a standard error of 0.007. The trading activity of the underlying stocks explains
26 percent of variation in the realised size of repurchase programs. The estimated
α̂W is -0.31, -0.27, and -0.29 with the standard errors of 0.01, 0.01, and 0.01 for the
considered sub-periods. Results, controlling for time and industry fixed effects, are
found to be robust.
I estimate the nested regression model (22) to test the predictions of the target

imbalance hypothesis and two specifications of the target costs hypothesis. Table
6 reports regression estimates for the total sample of repurchase programs and the
considered sub-periods. The estimate α̂W is economically close to -1/3. I find that
α̂τ = 0.22 with a standard error of 0.01 and α̂σ = −0.21 with standard error of
0.09. Estimates of α̂τ and α̂σ outside the 95 percent confidence interval predicted
by the target imbalance hypothesis are ατ = 0.5 and ασ = 0. The target imbalance
hypothesis is rejected with the joined F test. The estimates α̂τ and α̂σ are outside
the 95 percent confidence interval predicted by the target linear execution costs
hypothesis, at ατ = 0 and ασ = −1. The target linear costs hypothesis is also
rejected with the joined F test. The estimate α̂W is outside the 95 percent confidence
interval predicted by the target square root execution costs hypothesis, at αW = 0.
The targeted square root costs hypothesis is rejected with the joined F test as well.
Table 7 reports estimates of nested regression (22) across different repurchase

methods: open market, negotiated, Dutch auction, accelerated, first price and odd
lot repurchases programs. For the sample of open market share repurchases, I find
α̂W = −0.328, α̂τ = 0.403, and α̂σ = −0.216 with clustered by year standard errors
of 0.006, 0.021, and 0.027, respectively. The estimates are economically close to
predicted αW = −1/3, ατ = 1/2, and ασ = 0. However, a formal joint F test rejects
the target imbalance hypothesis with F statistics of 41. The target imbalance and
both specifications of the target costs hypothesis are also rejected with the F test.
I find no evidence that supports the considered hypotheses for negotiated, Dutch
auction, accelerated, first price and odd lot repurchase programs. Although formal
statistical tests reject the considered hypotheses, open market repurchase programs
conform to the target imbalance hypothesis.

B. Model selection

Next I implement model selection with Bayesian information criterion to identify
which model best conforms with the data. I estimate the Bayesian information cri-
terion on the total sample of repurchase programs and sub-samples that correspond
to different repurchase methods. BIC = −2 ln L̂+k · ln(n), where L̂ is the likelihood
of the corresponding regression model, k is the number of parameters in the model,
and n is the number of observations. For the target size hypothesis, k is equal to
1. For the target imbalance and both target costs hypotheses, k is equal to 2. The
model that has the lowest estimate of BIC describes data the best.
Table 8 reports the results of model selection. The Bayesian information criteria

selects the target imbalance hypothesis on the total sample of share repurchase
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programs and sub-samples of open market, first price, Dutch auction, and odd lot
repurchase programs. The target size hypothesis is selected only for the case of
accelerated share repurchases. The Target cost hypothesis (linear case) is selected
for negotiated and accelerated share repurchases.

C. Alternative hypotheses

Previous sections established that trading activity of the stock is an important factor
determining the size of a share repurchase program. In this section I consider other
factors motivated by alternative theories and assess their explanatory power relative
to the considered hypotheses inspired by invariance theory.
The literature on share repurchases identifies several factors that influence share

repurchase activity of companies. Firstly, signalling and market undervaluation theo-
ries imply that a company repurchases its shares after a period of underperformance
when the stock is undervalued. It predicts a negative relation between past per-
formance of the stock and the size of repurchase program. This study uses past
log-return of stock over three months R3m

it to assess signalling theory.
Secondly, free cashflow theory implies that a company repurchases its shares when

it has excess cash to avoid an agency problem. It predicts that cash of the company
should be positively related to the size of its share repurchase program. Consistent
with Stephens and Weisbach (1998), I use the cash of the company in the quarter
before the repurchase announcement Cit−1 reported in Compustat as a proxy for free
cashflows of the company to assess the free cashflow theory.
Thirdly, targeted corporate structure theory predicts that a company repurchases

its shares to alter its debt-to-equity ratio. It implies that the size of repurchase
program relates negatively to the leverage of the company and the volatility of its
stock σit. I use the volatility of the stock σit to assess targeted corporate structure
theory.
Fourthly, the study examines the economy of scale argument, implying that a

company may repurchase more shares when it has a larger market capitalisation
Mit. I use the market capitalization of the company Mit to assess the economy of
scale argument.
Finally, I consider the target size, the target imbalance, and both target costs

hypotheses. These hypotheses state that trading activity of the underlying stockWit,
volatility of the stock σit, and duration of a repurchase program τit determine the
size of repurchase program. I use these variables to assess the invariance motivated
hypotheses.
To assess explanatory power of different theories, I estimate the nested regression

model

ln

[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W ∗

]

+ ατ · ln [Tit] + ασ · ln
[σit

σ∗

]

+

+α3m ·R3m
it + α$ · Cit−1 + αM ·Mit + ǫ̃it.

(23)
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I assess the explanatory power of the alternative theories relative to the baseline
cases of regression (23) that corresponds to target imbalance and target costs (linear
case) hypotheses. The baseline specification corresponds to regression (23) with
imposed constraints on regression coefficients αW = −1/3, ατ = 0, ασ = 0, α3m = 0,
α$ = 0, and αM = 0. To assess the explanatory power of alternative theories, I
compare how much the R2 increases relative to the R2 in the base case specification.
Table 9 reports estimates of regression (23) for specifications that correspond to

the considered theories. Column (3) of Table 9 assesses signalling and market un-
dervaluation theory. Consistent with the prediction of the theory, I find that the size
of repurchase program is negatively related to past performance of the underlying
stock. However, after controlling for trading activity W of the stock, the estimated
coefficient α̂3m = −0.2 is not statistically significantly different from zero. Regression
specification that controls for past performance increases R2 by 3 percent relative to
the baseline specification that has R2 = 41 percent.
Column (4) of Table 9 assesses free cashflow theory. Consistent with the prediction

of the theory, I find that the size of repurchase program is positively related to the
cash of the company. However, after controlling for trading activity W of the stock,
the estimated coefficient α̂$ = 0.4 is not statistically significantly different from zero.
The regression specification that controls for the cash of the company increases R2

by 4 percent relative to the baseline specification that has R2 = 41 percent.
Column (1) of Table 9 assesses targeted corporate structure theory. Consistent

with the prediction of the theory, I find that the size of repurchase program is neg-
atively related to volatility of the underlying stock. After controlling for trading
activity W of the stock, estimated coefficient α̂σ = −0.32. The regression specifi-
cation that controls for volatility of the company’s stock increases R2 by 5 percent
relative to the baseline specification that has R2 = 40 percent.
Column (5) of Table 9 assesses the economy of scale argument. Consistent with

this argument, I find that the size of repurchase program is positively related to the
market capitalization of the company. After controlling for trading activity W of
the stock, the estimated coefficient α̂M = 0.02. The regression specification that
controls for cash of the company increases R2 by 6 percent relative to the baseline
specification that has R2 = 40 percent.
The regression specification that includes the five considered control variables has

R2 = 53 percent, which is 12 percent higher than the baseline regression specification
that controls only for trading activity of the underlying stock. Applying Occam’s
razor principle, the trading activity of the underlying stock is the key factor that
explains variation in the size of share repurchase programs.

IV. Conclusion

This paper proposes an innovative way to think about company share repurchases.
Using the insights of market microstructure invariance of Kyle and Obizhaeva (2016),
I interpret companies’ share repurchases as buy bets placed by the company manage-
ment and formulate three hypotheses about the size of repurchase programs: target
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size, target imbalance, and target cost hypotheses. I find that trading activity of
the stock is an important determinant of the size of a share repurchase program.
Formal tests establish that target imbalances and target (linear) costs hypotheses fit
repurchase data the best. Furthermore, the target imbalance hypothesis is selected
on the open market repurchases – the most popular type of repurchase programs.
In future research would be interesting to analyse other corporate decisions, such

as secondary share issuances and dividend payouts, from the perspective of mar-
ket microstructure invariance. For example, share issuances may represent sell bets
placed by the company management. Similar to the analysis of this paper, I conjec-
ture that the sizes of secondary issuance programs depend on trading activities of
the stocks.
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V. Tables and figures

Figure 1. Historical share repurchase activity.

Figure 1 displays historical yearly share repurchase activity of US companies over period from 1994 to

2014. Panel A displays average size of repurchase program ( in billions of dollars). Panel B displays

number of repurchase programs initiated.
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Table 2—Descriptive statistics.

ALL 1985-2000 2001-2007 2008-2014

Panel A: Repurchase program characteristics

X̄ 1.76 1.00 2.20 3.93
X̄/V 21.97 30.82 16.53 12.10
X 1.02 0.69 1.50 2.10
X/V 14.36 21.69 11.55 6.66
Duration 317 334 334 248

Panel B: Stock characteristics

V · P 1.27 0.48 3.83 8.59
σ 0.022 0.024 0.019 0.023
W 30.5 11.8 80.7 194.9

#Obs. 14,182 5,751 5,616 2,815

Table 2. Table describes the SDC Platinum sample of share repurchase programs over the period from

January 1985 to January 2014 and three sub-periods from 1985 to 2000, from 2001 to 2007, and from 2008

to 2014. Panel A reports characteristics of share repurchase programs, such as the median authorised

size of share repurchase program X̄ (in millions of shares and as a fraction of daily volume), the

median realised size of share repurchase program X (in millions of shares and as a fraction of daily

volume), and the median duration of repurchase program (in days).Panel B reports characteristics of

the repurchased stock, such as the median average daily dollar volume (in millions of dollars), the

median daily volatility, and the median expected trading activity (in thousands of dollars).

Table 3—Descriptive statistics by repurchase method.

X̄ X Duration #Obs.
Open Market 1.58 1.00 351 12,965
Negotiated 2.00 1.19 327 6,730
Dutch Auction 3.55 2.29 34 342
Accelerated 6.15 6.54 66 162
First Price 3.49 1.85 37 164
Odd Lot 1.59 1.00 41 272

Table 3. Table presents characteristics of the SDC Platinum share repurchase programs over the

period from January 1985 to January 2014 for different share repurchase methods. The median au-

thorised size of share repurchase program X̄ ( in millions of shares), the median realised size of share

repurchase program X̄ ( in millions of shares), and the median duration of repurchase program ( in

days) are reported for different types of share repurchases.
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Figure 2 visualizes relationship between the logarithm of the size of share repurchase program and

trading activity of stocks. Panel A displays relation between the logarithm of authorised size of

share repurchase program ln(X̄) on the y-axis and logarithm of trading activity of the stock ln(W ).

Panel B displays relation between the logarithm of the realised size of share repurchase program

ln(X) on the y-axis and logarithm of trading activity of the stock ln(W ).
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Table 4—Size of repurchase program and trading activity.

All 1985-2000 2001-2007 2008-2014

PANEL A: Authorised size

α̂0 2.014*** 2.22*** 1.95*** 1.883***
(0.037) (0.044) (0.017) (0.05)

α̂W -0.329*** -0.303*** -0.327*** -0.332***
(0.005) (0.008) (0.007) (0.017)

R2 40% 28% 45% 45%
# Obs. 14,200 6,703 4,677 2,820

PANEL B: Realised size

α̂0 1.595*** 1.768*** 1.624*** 1.314***
(0.052) (0.064) (0.061) (0.074)

α̂W -0.311*** -0.306*** -0.273*** -0.289***
(0.007) (0.010) (0.011) (0.010)

R2 26% 20% 23% 24%
# Obs. 11,884 6,018 3,949 1,917

Table 4 presents estimation of regression: ln
[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W∗

]

+ ǫ̃it on total sample of share

repurchase programs and sub-samples corresponding to periods 1985-2000, 2001-2007, and 2008-2014.

Panel A reports estimation for the authorised size of share repurchase program. Panel B reports

estimation for the realised size of share repurchase program. Stock has expected daily volume Vit,

expected price level Pit, expected daily return volatility σit, expected trading activity, Wit. The

benchmark stock has expected trading activity W ∗. I report estimates α̂0 and α̂W along with standard

errors that are clustered at industry group, regression R2 and number of observations. Statistical

significance at the 1%, 5% and 10% levels is denoted by *, **, and *** respectively.
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Table 5—Size of repurchase program and trading activity.

All 1985-2000 2001-2007 2008-2014

PANEL A: Authorised size

α̂0 2.273*** 3.033*** 0.686*** 2.643***
(0.067) (0.09) (0.000) (0.320)

α̂W -0.335*** -0.321*** -0.333*** -0.358***
(0.007) (0.010) (0.008) (0.014)

FE Yes Yes Yes Yes

R2 44% 33% 48% 49%
# Obs. 14,200 6,703 3,949 1,917

PANEL B: Realised size

α̂0 1.478*** 4.33*** 1.007*** 2.037***
(0.121) (0.323) (0.075) (0.160)

α̂W -0.293*** -0.302*** -0.269*** -0.306***
(0.007) (0.013) (0.011) (0.011)

FE Yes Yes Yes Yes

R2 30% 25% 28% 29%
# Obs. 11,884 6,018 3,949 1,917

Table 5 presents estimation of regression: ln
[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W∗

]

+ Zit + ǫ̃it on total SDC share

repurchase sample and sub-samples that correspond to periods from 1985 to 2000, from 2001 to 2007 and

from 2008 to 2014. Panel A reports estimation for the authorised size of share repurchase program.

Panel B reports estimation for the realised size of share repurchase program. Stock has expected daily

volume Vit, expected price level Pit, expected daily return volatility σit, expected trading activity,

Wit. The benchmark stock has expected daily volume of 1 million shares, expected price level $40,

expected daily return volatility of 2%, and expected trading activity W ∗. Regression includes time

and industry fixed effects Zit. I report estimates α̂0 and α̂W and standard errors that are clustered

by industry group, regression R2 and number of observations. Statistical significance at the 1%, 5%

and 10% levels is denoted by *, **, and *** respectively.
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Figure 3. Size of repurchase program and trading activity (yearly).

Figure 3 presents year by year estimation of regression: ln
[

Xit

Vit

]

= α0 + αW · ln
[

Wit

W∗

]

+ Zit + ǫ̃it on

total SDC share repurchase sample over the period from 1994 to 2014. Where Xit is an authorised size

of a repurchase program and Vit, Pit, σit, and Wit are expected daily trading volume, expected price

level, expected daily return volatility, and expected trading activity of the stock, respectively. The

benchmark stock has expected daily volume of 1 million shares, expected price level $40, expected daily

return volatility of 2%, and expected trading activity W ∗. Panel A displays year by year variation of

estimates α̂W (green circles) with a 95% confidence interval. Red dashed line displays the -1/3 level.

Panel B displays year by year estimates α̂0 (green circles) with a 95% confidence interval.
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Table 6—Nested regression.

All 1985-2000 2001-2007 2008-2014

PANEL A: Authorised size

α̂0 0.888*** 0.844*** 0.971*** 1.176***
(0.082) (0.172) (0.084) (0.092)

α̂W -0.333*** -0.316*** -0.326*** -0.348***
(0.013) (0.015) (0.012) (0.012)

α̂τ 0.217*** 0.254*** 0.193*** 0.147***
(0.013) (0.026) (0.010) (0.021)

α̂σ -0.210** -0.287*** -0.186** -0.144
(0.094) (0.094) (0.105) (0.087)

R2 47% 37% 50% 49%
# Obs. 12,351 5,367 5,010 1,974

PANEL B: Realised size

α̂0 0.328*** 0.434*** 0.382*** 0.579***
(0.082) (0.169) (0.114) (0.149)

α̂W -0.318*** -0.313*** -0.283*** -0.303***
(0.007) (0.013) (0.011) (0.018)

α̂τ 0.239*** 0.259*** 0.231*** 0.145***
(0.011) (0.024) (0.016) (0.026)

α̂σ -0.492*** -0.573*** -0.497*** -0.399***
(0.107) (0.110) (0.129) (0.084)

R2 33% 29% 33% 28%
# Obs. 11,884 5,187 4,780 1,917

Table 6 presents estimation of regression model presents estimation of regression: ln
[

Xit

Vit

]

= α0 +αW ·

ln
[

Wit

W∗

]

+ ατ · ln(Tit) +ασ · ln(σit) +Zit + ǫ̃it on total SDC share repurchase sample and sub-samples that

correspond to periods from 1985 to 2000, from 2001 to 2007 and from 2008 to 2014. Panel A presents

estimation for authorised size of share repurchase program. Panel B presents results for total number

of shares repurchased in the program. Stock has expected daily volume Vit, expected price level Pit,

expected daily return volatility σit, and expected trading activity, Wit. The benchmark stock has

expected daily volume of 1 million shares, expected price level $40, expected daily return volatility

of 2%, and expected trading activity W ∗. Regression includes time and industry fixed effects Zit. I

report estimates α̂0, α̂W , α̂τ and α̂σ, standard errors that are clustered by industry group, regression

R2 and number of observations. Statistical significance at the 1%, 5% and 10% levels is denoted by *,

**, and *** respectively.
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Table 7—Nested regression across repurchase types.

Open Negotiated Dutch Accelerated First Odd

market auction price Lot

PANEL A: Authorised size

α̂0 -1.105*** 0.347 1.731*** 0.807 2.919*** 3.991***
(0.180) (0.123) (0.502) (0.531) (0.445) (0.761)

α̂W -0.328*** -0.358*** -0.419*** -0.396*** -0.412*** -0.374***
(0.006) (0.008) (0.024) (0.048) (0.031) (0.039)

α̂τ 0.403*** 0.177*** 0.062 0.010 0.152 -0.096
(0.021) (0.018) (0.058) (0.026) (0.094) (0.118)

α̂σ -0.216*** -0.182*** -0.123 -0.218 0.238 0.420***
(0.027) (0.029) (0.090) (0.125) (0.121) (0.188)

R2 54% 50% 63% 28% 62% 26%
# Obs. 10,719 5,614 307 113 137 203

PANEL B: Realised size

α̂0 -1.613*** 0.592*** 1.939*** 1.621*** 1.995*** 1.754***
(0.191) (0.080) (0.314) (0.252) (0.433) (0.554)

α̂W -0.309*** -0.342*** -0.428*** -0.279*** -0.418*** -0.437***
(0.011) (0.009) (0.024) (0.160) (0.048) (0.050)

α̂τ 0.557*** 0.179*** 0.022 0.029 0.092 -0.126
(0.037) (0.014) (0.080) (0.058) (0.109) (0.151)

α̂σ -0.523*** -0.438*** -0.150 -0.404 0.103 0.134
(0.077) (0.101) (0.112) (0.236) (0.225) (0.218)

R2 43% 34% 43% 15% 44% 22%
# Obs. 10,719 5,431 306 107 125 197

Table 7 presents estimation of regression model presents estimation of regression ln
[

Xit

Vit

]

= α0 + αW ·

ln
[

Wit

W∗

]

+ ατ · ln(Tit) + ασ · ln(σit) + Zit + ǫ̃it for different types of share repurchases, such as open

market, negotiated, dutch auction, first price, and odd lot repurchases in SDC Platinum database

over the period from 1985 to 2014. Panel A presents estimation for authorised size of share repurchase

program. Panel B presents results for total number of shares repurchased in the program. Stock has

expected daily volume Vit, expected price level Pit, expected daily return volatility σit, and expected

trading activity, Wit. The benchmark stock has expected daily volume of 1 million shares, expected

price level $40, expected daily return volatility of 2%, and expected trading activity W ∗. Regression

includes time and industry fixed effects Zit. I report estimates α̂0, α̂W , α̂τ and α̂σ, standard errors that

are clustered by industry group, regression R2, and number of observations. Statistical significance

at the 1%, 5% and 10% levels is denoted by *, **, and *** respectively.
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Table 8—Model selection.

Target size Target imbalance Target cost

Linear Square root

All 44,299 38,433 39,588 41,282
Open Market 40,031 30,819 35,328 41,282
Negotiated 19,691 17,927 17,866 20,918
Dutch Auction 941 852 914 1,107
Accelerated 313 408 319 374
First Price 466 421 473 556
Odd Lot 877 859 877 942

Table 8 reports the results of model selection according to bayesian information criteria for different

types of repurchase programs, such as open market, negotiated, dutch auction, accelerated, first

price, and odd lot repurchase programs. Considered models are bet hypothesis, targeted imbalance

hypothesis, and two versions of targeted cost hypothesis. Bayesian information criteria BIC = −2 ln L̂+

k · ln(n), where L̂ is likelihood, k is number of parameters in a model and n is number of observations.

Best fitted model is highlighted in bold.
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Table 9—Alternative hypotheses.

(1) (2) (3) (4) (5) (6)

Panel A: Unrestricted specification

α̂0 2.200*** 5.011*** 2.906*** 3.248*** 2.341*** 1.003***
(0.075) (0.115) (0.067) (0.092) (0.095) (0.195)

α̂W -0.364*** -0.349*** -0.337*** -0.331*** -0.334*** -0.373***
(0.008) (0.010) (0.009) (0.012) (0.008) (0.010)

α̂σ -0.317*** — — — — -0.19
(0.095) (0.115)

α̂τ — 0.208*** — — — 0.216***
(0.012) (0.012)

α̂3m — — -0.196 — — -0.128
(0.105) (0.104)

α̂$ — — — 0.392 — 0.018
(0.390) (0.309)

α̂M — — — — 0.015*** 0.011***
(0.002) (0.002)

FE Yes Yes Yes Yes Yes Yes
R2 45% 49% 44% 45% 46% 53%

#Obs. 14,200 12,351 13,844 8,561 14,200 7,227

Panel B: Restricted specification

FE No No No No No No
R2 40% 40% 41% 41% 40% 41%

Table 9 presents estimation of regression that is motivated by alternative hypotheses on share repur-

chase ln
[

Xit

Vit

]

= α0+αW ·ln
[

Wit

W∗

]

+α3m ·R3m
it +α$ ·Cit−1+αM ·Mit+ατ ·ln [τit]+ασ ·ln

[σit

σ∗

]

+ǫ̃it on a sample of

share repurchase programs from SDC Platinum that covers period from 1985 to 2014. Xit is an autho-

rised size of the share repurchase program with the stock that has expected daily trading volume Vit,

expected price level Pit, expected daily return volatility σit, and expected trading activity, Wit. R3m
it

is log-return during 3 months prior to the repurchase announcement. Cit−1 is cash of the company for

the quarter before the repurchase announcement from Compustat. Mit is market capitalization of the

company. Tit is duration of the repurchase program (number of days between announcement date and

end of repurchase program date). The benchmark stock has expected daily volume of 1 million shares,

expected price level $40, expected daily return volatility of 2%, and expected trading activity W ∗.

Panel A reports estimates of the regression with standard errors clustered by industry, regression R2

and number of observations. Panel B reports R2 of regression with imposed constraint of αW = −1/3

and zero coefficients on corresponding control variables.


