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Abstract

This dissertation contains two independent but related papers which investigate theo-

retically and empirically qualitative aspects of firms’ behavior in dynamic settings.

CHAPTER 1.
ENDOGENOUS ATTRITION OF FIRMS:
An Investigation with COMPUSTAT Data

Chapter One develops a dynamic programming model of firms’ attrition and investi-
gates econometric aspects of firms’ exit decisions. Structural econometric analyses of exit
decisions of firms involve rather naturally a number of qualitative dimensions. This chap-
ter investigates the exit decision empirically by means of panel data from COMPUSTAT
for U.S. manufacturing firms which are publicly traded. A number of different techniques
are employed, which include Poisson models, structural form models and duration models.

Our findings show that observable characteristics of the individual firms are important

in understanding the dynamics of firm’s attrition. Cyclical effects and macroeconomic
g y



variables have also a strong impact on bankruptcies, liquidations and reorganizations.
Unobserved firm heterogeneity, modeled by means of random effects, is not significant in
explaining exit decisions by firms. Firms’ attrition is more likely to result from random

events at the time of exit.

CHAPTER 2
AN EMPIRICAL INVESTIGATION ON THE
DYNAMICS OF QUALITATIVE DECISIONS OF FIRMS

Chapter Two focuses on qualitative aspects of financing, investment and output de-
cisions of firms. Such dimensions can be modeled econometrically by means of dynamic
limited dependent variables models. We develop a partial equilibrium dynamic stochastic
programming problem of investment, dividend and financing decisions for a typical firm
and we use it to examine firms’ behavior under exogenous borrowing constraints.

We use panel data from COMPUSTAT for publicly traded U.S. manufacturing firms.
We apply limited dependent variable models’ techniques to study the discrete decisions of
whether or not firms pay dividends, or whether they use borrowing or equity issue financing
for investment. We study the pattern of transitions over time across various regimes that
represent alternative modes of finance while controlling for individual heterogeneity with a
general stochastic structure for unobservables. Structural form models show considerable
success in explaining the dynamics of such decisions, with individual characteristics of
the firms which include firm fundamentals, and lagged values of the decisions, showing a
strong explanatory impact. The dynamics of the estimated models reveal high persistence
in manufacturing firms to repeat their last period’s decision. Firm heterogeneity modeled

by means of random effects, explains also a significant part of firms’ qualitative decisions.
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Chapter 1

ENDOGENOUS ATTRITION OF FIRMS:
An Investigation with COMPUSTAT Data:
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1 Introduction

Structural econometric analyses of exit decisions of firms involve rather naturally a number
of qualitative dimensions. A full understanding of such dimensions requires modeling by
means of dynamic limited dependent variable models. Research to date has obtained
only a limited, at best, understanding of these dimensions. This may primarily due to
unavailability of econometric techniques of sufficient flexibility and generality. This is no
longer the case. The present paper explores endogenous attrition of firms by utilizing
COMPUSTAT data. Attrition is an important aspect of firms’ behavior for which limited
dependent variable models are indispensable modeling devices, and which may not have
an exact analog to individuals’ behavior. That is, firms may disappear as economic units
because of a deliberate decision to exit (e.g., bankruptcy or other possibilities) or to merge
with or to be acquired by other firms. ?

Studies of endogenous attrition include the contributions by Meghir (1988), who uses
reduced-form models, and by Olley and Pakes (1991) and Pakes and Ericson (1990), who
conduct structural form estimations. The endogeneity of the exit decision has received
comparatively little attention, with the work by Pakes and Ericson (1990) and Olley and
Pakes (1991) being extraordinary exceptions. Recent work by Hopenhayn (1992) provides
comparative statics for average q values in a dynamic model which allows for endogenous

entry and exit. Hopenhayn observes that the distribution of average q values is affected

2To be sure, the formation and dissolution of households provide, in some sense, analogs to the pattern of
modal changes in the identities of firms and may well have a serious economic motivation, as the literature
on the economics of the household has shown. Nonetheless, such changes may not be considered truly
economic transactions in the same way that changes in the ownership of firms are. Personal bankruptcy,
on the other hand, bears some similarities to corporate bankruptcy in that individuals may seek the
protection of the courts from creditors.



by self-selection as result of changes in technology parameters and uncertainty. Jovanovic
(1982) develops a model of incomplete information and observes the evolution of firms in
an industry where the efficient firms survive while the inefficient ones decline and fail. His
findings associate firms’ entries and exits with size, rates of return and concentration on
the industry.

Empirical studies on firm attrition have been very limited; they have typically been
concerned with specific or local industries or have used plant data. A recent empirical
study of exit of firms [Schary(1991)] uses data from the textile cotton industry for the
period 1924-1940 and shows that profitability is not important in explaining the form
of exit (that is, whether through merger, voluntary liquidation or bankruptcy) and that
random factors are quite important in determining exits. Dunne et al. (1988) provide
exhaustive analysis of stylized facts for exits (and entries), for the U.S. manufacturing
industries. They use a general framework which allows for industry switching as an exit
and entry phenomenon and they find persistent patterns for exits and entries which are
correlated with industry characteristics and performance of the firms. Deily (1991) uses
an ordered probit model for estimation of exit strategies for U.S steel firms and finds
that individual plant characteristics including size, revenues and costs explain a part of
plant-closing behavior.

We develop in this paper a partial equilibrium model of the firm and use it to examine
the dynamics of the exit decision. We investigate attrition in different ways by exploit-
ing the information in the COMPUSTAT data, including aggregated data using Poisson
models, structural, and reduced form models. Section 2 of this paper develops a standard
partial equilibrium, dynamic stochastic programming problem of the firm and introduces
the event of exit as a random event. We explore comparative dynamic properties of the

exit decision. A description of the COMPUSTAT data and the exit information is given



on Section 3. Section 4 provides a number of alternative econometric specifications for the
empirical analysis of attrition and discusses and compares the results across each specifi-
cation. Main conclusions can be found on Section 5. The Appendix provides information

on data construction.

To the best of our knowledge this is the first time that attrition has been examined
using COMPUSTAT data. Results with Poisson models and aggregated data on exits con-
firm a significant role for macroeconomic variables, especially interest rates. Results with
a number of different parametric duration models also give good results for cyclical vari-
ables. Estimation results with dynamic probit models confirm that unobserved individual
effects are not important explaining attrition whereas cyclical effects and macroeconomic

variables have a strong impact on attrition.

2 A Prototype Model of a Firm Facing an Exit Decision

The analytical core of the modern literature on investment behavior may be traced back
to models of firms’ behavior, introduced by Abel (1979; 1980) and Hayashi (1982), Those
models assume to maximize the expected value to its shareholders, that is the present value
of dividend payments after tax, subject to a cash flow constraint and to stock accumulation
constraints. We introduce below a model that is rooted in that tradition but, in addition,

accounts for the exit decision [Olley and Pakes (1991) and Pakes and Ericson (1990)].

2.1 The Standard Model

We follow a standard formulation of a firm’s decision problem, such as Abel and Blanchard
(1986), and adapt it to the case of uncertainty. First, we introduce notation to describe
the model of firms’ behavior. Let V; be a firm’s value, as of the beginning of time period t,

defined in the standard fashion as the expected value of a firm’s stream of net cash flows.



Let K, be its stock of the single capital good with which it produces in period t; I, its
corresponding period ¢ investment which is assumed to augment capital in the following
period. Let, in addition, a;, be the firm’s age; w;, a vector of parameters some of which
may be deterministic or stochastic, whose evolution over time is determined exogenously,
for simplicity, by a family of distribution functions Py = {P(- | w),w € W}; w;, the vector
of prices, with the price of the investment good being the numeraire; m;( Ky, at; we; we), the
restricted profit function, which gives current period profits as a function of the vector
of state variables and satisfies the usual properties [McFadden (1978)]; ¢:(1;, Kt; we), the
adjustment cost of undertaking new investment, a convex increasing function of I, and
K¢ 3, the firm’s discount factor, 0 < 8 < 1; D; be the period t net dividend payment to
the firm’s shareholders; X, net borrowing by the firm during ¢; B, the principal of its
outstanding stock of debt; (1 + 7,—1)B;, the principal plus interest due in the beginning
of period t and B;, the maximum stock of debt the firm may hold as of the end of period
t.3 E, is the expectation operator at time t and N; the information state as of time t.
This problem may be treated analytically by means of the theory of dynamic program-
ming. The Bellman equation for an incumbent firm can be written in terms of the firm’s
value function, V; = Vi( Ky, By, ay;we; Wi, ¢ | Ni), which is defined as the expected present
value, as of the beginning of time period ¢, of the stream of dividend payments to the

firm’s owners as follows:

Vi(K¢, By, ag;we; We, T |-) =

3There exist several alternative specifications of a firm’s borrowing constraints. It would be interesting
to consider the case where the firm may borrow unlimited amounts at a borrowing rate that increases with

the stock of debt outstanding.



{Isu)?} : Dy 4+ BE Vig1( K41, Beg1, @415 We41; We1, Te1 | 1)} (1)
ty t

subject to the equations of motion for aging

41 = a4 + 1, (2)

and for capital accumulation

I{t.;,.] = (1 —6)Kt+[t. (3)

Dividends, investment and borrowing in each period are related through the cash flow

constraint:

D; = mi( Ky, ag;wi; we) — co(ds, Keswe) — I + X, (4)

We do not allow for firms to issue new shares and thus constrain dividends ¢ to be non-

negative:

Dy > 0. (5)

Borrowing in period t is constrained by:

Xg S Bt - (1 + Tt—l)Bt- (6)

*Tax considerations are in practice extremely important and should be reflected in the definition of the
dividend payments and of the various entries in the cash flow constraint. Standard formulations by several
authors including Fazzari et al.(1988), Himmelberg(1990), Whited(1988) and others provide a correction
for 3, and the amount of dividends the firm pays to its shareholders, by incorporating the tax rate on
dividends and capital gains, the latter being always smaller at least for the U.S. tax system.



Finally, the accumulation equation for debt? is:

Biyr = (14 1421) B + X (7)

Some remarks are in order. First, the sup operator inside the large brackets in the RHS
of (1) defines the investment and borrowing decisions. Also, the following transversality

condition ensures that the problem is well defined:

Prob {tl_ig]oﬂ‘B, < 0} =1

This condition ensures that the debt of the firm should not increase “too fast” as time

goes on; i.e. the firm should pay all its debts as time goes to infinity.6

2.2 Attrition

We now come to consider the exit decision and through that the consequences of en-
dogenous attrition. Authors writing in this area are not unaware of the consequences of
endogenous attrition. This is evidenced by the care such researchers have taken in split-
ting the sample to potentially constrained and unconstrained firms, or by taking extreme
precautions, such as Hayashi and Inoue (1991), to avoid using data that are subject to
endogenous attrition.

We also note the care with which endogenous exit has been modeled by Pakes and

5Note that in effect the debt accumulation equation may also stand for accumulation of liquid assets
which may earn the same rate of return as that paid on debt.

5For a detailed description of transversality conditions in a more general setup see R.R. Wright (1987).
Kamien and Schwartz (1981) discuss the transversality condition for several cases in a continuous time
setup while Ekeland and Scheinkman (1986) have a very detailed treatment of the dynamic problem
transversality condition in discrete time.



Ericson (1990) and Olley and Pakes (1991). Both of these studies employ powerful non-
parametric techniques. These techniques may be useful with even more ambitious models
involving, e.g., attrition due to bankruptcy which may be caused by a multitude of factors,
which reflect the combined impact of idiosyncratic, industry-specific and cycle-specific fac-
tors. An important issue here that requires utilization of data on market valuations of
firms is whether the model may be used to detect the extent to which bankruptcies are
“anticipated” by the market. In fact our model is aimed at elucidating this possibility.

There may be many reasons for firms to exit. In the COMPUSTAT Merger List,
prepared by Bronwyn Hall, several categories of exits are distinguished. We discussed
them in detail in Section 3 below. The importance of attrition follows by recognizing that
all those discrete events examined earlier are defined conditionally upon a firm’s being in
existence.’

We may introduce exit by modifying the problem introduced in (4) above, as follows.
A firm exits and never reappears again when @, the value to the firm from exiting, exceeds
the firm’s value.® We do not, for the time being, distinguish the reason for exit but note
that this basic model may be extended to account a rich set of possibilities. We discuss
such extensions later in this paper.

We consider the firm’s optimization problem in its simplest form, that is in the absence

of any constraints. The firm’s objective function is the expected present value of cash flows,

conditional on the firm’s existence:

"See Pakes (1991) for an extensive discussion of the measurability conditions this imposes.

®Olley and Pakes (1991) and Pakes and Ericson (1990)] are two of the few works in the literature that
discuss exit. The value associated with exit may, in general, be a function of other variables, such as
capital stock and the information available as of that time.



max {(I), sup} . By !z ﬂ‘m(](t,at;wt;wt) —c¢(It, Kyywy) — It] } . (8)

{Ie,X, =

The max operator in the RHS of (8) defines exit behavior. We proceed to formulate this
problem as an optimal stopping problem.

We simplify matters by assuming that the random variables that enter into the re-
stricted profit function m¢( K, as; we; wy) are independently and identically distributed over
time. This is, of course, a very strong assumption. Let us suppose further that the only
remaining uncertainty is with respect to the price of output and all other elements of w;
are deterministic. The uncertain price of output will, for simplicity, be referred to as wy;
it becomes known in the beginning of period ¢, before that period’s investment and other
decisions are made.® For technical reasons we assume that the support of w; is a countable
set.

We assume that 7,(-) is monotonically increasing and convex in w;, and is weakly
concave and increasing in K. Since the adjustment costs for investment are convex and
increasing, we can easily justify a technical requirement that cash flows in every period
are bounded upwards and downwards by scalars. We show, by using results in Bertsekas
(1987), Sections 5 and 6, that a unique solution to Problem (8), subject to constraints (2)
- (7), exists. This is accomplished by expanding the state and decision spaces in order to
include a termination state. That is, consider a state variable Y;, Y; € R U {¢}, where ¢
denotes the termination state. We define, respectively, the decision d; as, either the amount
of investment d; = I;, I; € R, or the discrete decision associated with the termination

state: d; = exit. Once the system has entered the termination state, it remains there. The

®The probability distribution function of w: may depend on K and I. but not on its own prior values
We—1, ..., wo. We do not pursue this here.



evolution of the state over time is described as follows:

S, if dy=exit, or Y; = ¢;
Y = (9)
(1-6)K;+ I;, otherwise.
We use Y41 = FP(Y;) to refer to the evolution of the state (9) concisely. The period ¢

reward function for the firin’s optimization problem is defined as:

T Kty agywy) — e(Iey Ki) — I, if Yy # <, and d; #exit;
9:(Ye,diyw) = { &, if d; =exit and Y; # ¢; (10)
0, fY:=s.
The firm’s optimization problem now becomes: Find a policy {do,d;,...}, where the
decision at the beginning of period t is function of the state and of the realization of wy,

di(Y:,we), so as to maximize the sequence of problems

N
gt[)/t’dt(}/t’wt)th] + Nh—I>noo H Ewk,k=t+1,... { Z ﬁk—tgk[ykadk(ykawk)’wk]} )
k=t+1

subject to the state evolution constraints (9). This statement of the problem allows us to
apply the powerful theory of dynamic programming. In particular, under our assumptions,
the key results in Section 5.1, Bertsekas (1987), apply and so do their extensions in Section
6.3, tbid. We appeal to Proposition 2, ibid., p.184, and write the Bellman equation for the

value function and the associated optimal policy:

Vi(Ye,wr) = max : 9e(Ye, diywi) + BEu,y, {Via (FY(Ye),wee1) ) - (11) |

This statement of the problem implies a form for the exit rule. In view of (10) and
(11), the exit rule is defined in terms of a function =;( K4, a:), which defines a threshold

value for the price of output, such that

10



exxt, if [ S Et(Kt at)'
dt - b 1 (12)
I;( K¢ we,ay), otherwise.
It is convenient to define the exit rule in terms of an indicator function 1(.), where 1(C) = 1

if condition C is true, and 1(C) = 0, otherwise. That is:

T(t) = 1((1) —sup : Wt(‘K’t, Apy Wi} Wg) - Ct(It, Kg) - It + ﬂEwH—l {Wi—l} > 0) (13)

I

The firm exits if the sell-off value exceeds the value from staying in business.

The exit rule =;(-), the value function V/¢(:), and the associated optimal policy are, in
general, very difficult to obtain in closed form. Comparative statics—type results are often
easier to obtain from the stationary version of the Bellman equation, and it is to such a

special case that we now turn.

2.3 The Stationary Case

The stationary version of the Bellman equation is:

Ve(Y,w) = Ir{ljm}x :g(Y,d,w) + BE, {VE(F*(Y),w')}.
In order to better understand the properties of the solution to this equation, we may
use the properties of the payoff function per period to rewrite the value function in the

stationary case.

For the threshold function =(K') we have:

Ve(K,Z(K)) = & VK. (14)
The existence and uniqueness of the value function V¢(.) is a direct implication of Theorem

9.12 in Stokey, Lucas and Prescott (1989). The Bellman equation may be written as:

11



@, if w < Z(K);
Ve(K,w) = max k) : T(K,w)~e(l,K)~1 (15)
+BE,{Ve((1 -6)K + I,w')}, otherwise.
The functions V¢(K,w) and Z(K ) are obtained by solving simultaneously the above
equations (14) and (15). The optimal policy in this stationary setting implies that the
probability ¢ that a firm exits is a function of K only. It is obtained in terms of the

probability distribution function for w, H(-), and of the exit rule Z(K') such that:

((K) = Prob{w < E(K)} = H(Z(K)).
The separability of the payoff function, with w; appearing only in 7; and I; not appearing
in 7, along with the assumption that investment becomes productive after one period
imply that optimal investment is a function of existing capital and not of the current
realization of wy, Iy = I(K}).

We now consider the existence and uniqueness of w = Z(K). Given that

F(I,K,w)=n(K,w)—c(I,K) - I

is a continuous convex and increasing function with respect to w, since 7(K,w) is convex,
increasing and continuous with respect to w, so is the maximum value function V¢(K,w).
Ve(K,w) is a one to one function with respect to w for given K, which implies that for

any ® and for a given K there is a unique w which is a function of K, w = Z(K') such that:

b=V (K,Z(K)).
Further insight into the properties of attrition may be obtained by using (15) to get

an expression for E,{V¢(K,w)}. That is:

12



E{V¢(K,w)} =

HIZ(K)]® + / 7 r(Kw) - e(I(K), K) - I(K)
2(K)
£ BE V(1 = 5K + I(K),0)} | h(w)dw, (16)

where h(.) and H(.) denote the density and cumulative probability distribution functions
of w, respectively.
If the probability of exit were independent of the realization of w and thus constant

and equal to (,!° then equation (16) above implies:

E{V‘(K,w)} =
o+ (1-Q)m(K,w)—c(I{K), K)=I(K)]+8(1-()E, {V((1 - §)K + I(K),w)}. (17)
It is interesting to note that the probability of survival modifies the firm’s effective discount
rate. In fact this provides a good way to visualize the impact of the likelihood of exit is
to think of it as reducing the effective discount factor. This intuition derives from the

problem of the consumer!! and continues to be useful in the case of equation (15) as well
as in non-stationary versions of the model.

We conclude by saying the impact of the likelihood of exit may be seen as making the
effective discount factor endogenous, e.g. a function of the capital stock K; as well as of
the realization of w;. Thus we should expect that the endogeneity of the firm’s discount

rate would be reflected in the firm’s fundamentals.

%One way to justify such an assumption would be that with a constant probability a firm loses its
ability to produce. Such an assumption has been made elsewhere in the literature. E.g., Pissarides (1985)
assumes that jobs break up with a constant probability.

"1t is essentially due to Cass and Yaari (1967), p. 262, and has been explored extensively by Blanchard

(1985).
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2.4 Dynamics with constant probability of exit

We now assume that the event that the firm may exit is independent from the firm
characteristics and has constant probability, (. Under this assumption and by defining

V(K4,.) to be the expected value of the firm conditional on the firm’s survival at the

current period, t, equation (17) can be written as:

V(K¢ we) =

{In}\gx }W(I(,,wt) - C([t(I\’t), I(t) - It(]\,t) + ,BE{C‘I’ + (1 - C)V(I(’t+1),wt+1)}. (18)

subject to the capital accumulation equation:

I(t+1 = (1—6)K¢+I¢ (19)

and to the initial condition that Ky is given.

Let g; be the Lagrange multiplier corresponding to (19). Maximization of the above
expected value subject to the capital accumulation constraint gives a first order condition
of the form:

87r(Kt,.) Bc(It,Kt

e = 801 - ¢) | T - 2R L (1 g (20)

The Lagrange multiplier ¢, that adjoins the capital accumulation constraint (19), may be

interpreted as the marginal q [Hayashi (1982)]. It satisfies:

aC(It, Kt)

oI, 1)

g=1+

The first order conditions of the firm’s problem have the standard interpretation. A
firm should be indifferent between investing in last period ¢ — 1, or waiting to invest in the

present period, given the probabilities for exit from the market. Note that the effective
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discount factor in the present case is equal to 8(1 — () and thus is smaller because of the
effect of the probability (1 — ¢) that the firm will survive until period t.

The above system of equations provides very simple and interesting dynamic charac-
teristics. First, it is easy to show that the steady state value of marginal q is a function
only of the depreciation rate, é§ and of the parameters of the cost of capital adjustment
function. This result comes from the assumption that the cost function for investment,
¢(Ii, K4), is linearly homogeneous in K; and I;, which implies that the partial derivative
Oc(Iy, K;)/01; is a function of the ratio I;/K,; only. That ratio equals to é in the steady
state. It is clear, then, that the marginal q is independent of the probability of exit in the
steady state.

We can also make simple inferences for the steady state value of capital using equation
(21). Assuming smoothness conditions for the profit function, m(K3,.), capital in the
steady state appears only in the partial derivative of 7(.) with respect to K, 01 (K4,.)/0 K.
Reasonable market conditions imply diminishing returns to capital for the profit function,
which in turn imply that the steady state value of capital is a decreasing function of the
constant probability of the firm’s exit, (. This has a very straightforward explanation.
Firms in high risk environments optimize by maintaining a smaller capital, so that they

are more flexible in disposing or reselling it.
2.5 A Linear-Quadratic Example with Constant Probability of Exit

A quadratic profit function,

T(Ke.) = aoky — %K?, ap > 0,01 > 0,

and a quadratic adjustment cost of capital
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c(l, K¢) = %K_tt’ ¥y >0,

after some manipulation yield a first order optimality condition of the following form:

deer = B(1-0) ao—alm—%(qt—l)%(l—&)qt . (22)

We examine the solution of the system of difference equations (21) and (22). Working

with the steady state solution first, we see that the steady state value for q is given by:

g =1+4+~6.

That is, ¢* depends only on the following parameters of the model: the depreciation rate,
6 and the parameter of the cost of capital adjustment function, 7. In particular, it is
independent of the probability of exit. The steady state value for the capital stock is

given by:

K* = Clil l:(l‘f")’é) ((]. —-6)—- ﬁ) - %’)‘624-00:' .

We note that a higher probability of exit, (, implies a lower capital stock at the steady
state. Equivalently stated, this result says that higher probability of exit results in a lower
discount factor, 5(1 — (), the size of the capital stock in the steady state, will be lower.

We may also obtain an expression for the value of the firm in the steady state:

1 Qg 1 * 762 % }
VY(K*,.)= ————<|—+ K" — — - §| K o,

(K 1—ﬁ(1—-C){[a1+2 N R
Its dependence on ( is complicated. If ® is sufficiently low, then a higher probability of

exit results in a lower firm value in the steady state.
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It is also interesting to consider the dynamics of the system of equations (19) and (22)
near the steady state. We work in the standard fashion and linearize the system around

the steady state. The system, then, becomes:

s — L K* a1 ((1-68)(1++6)- 2%
. PO 5 PN 7Ty e
g4 -9 = (1-6)— %(q*_l)(%—l q7°) 1-26 (Kt-1— K7)

. SR . x -
K,— K= ;I\ (qt—l -q )+ (1 - 2(5)(1(:_1 - K )

It is convenient for the dynamics to write the system in matrix form:

. g - 2K a((1-8)(1-8)-2 .
qe—9q =7 ! 1-26 2) qt-1— 4
K, - K* %K* 1-26 K, ,-K*

The eigenvalues of the matrix

- 2K o ((1-6)(1-76)-1%)
1-26 1-26
Y& 1-26

fully determine the dynamics of the system near the steady state.

Depending on the

magnitude of the parameters of the model the above system may either converge to the

steady state, or diverge from it making the dynamics unstable. Further analysis of the
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eigenvalues shows that the signs and magnitudes may not determined without specifying

values to the parameters. Extensive explorations with a variety of numerical values did

not suggest any specific pattern.

3 Description of the COMPUSTAT Data

The data used in this work are based on the “Manufacturing Sector Master File: 1959-
19877 created initially by Bronwyn H. Hall [Hall (1988)] under the auspices of a National
Bureau of Economic Research project. The Manufactured Sector Master File consists of
a non-balanced panel of 2726 publicly traded firms with 90 variables for several years in
the period 1959-1987. There are 49,225 observations in all. The original data were ex-
tracted by Bronwyn Hall from the Annual COMPUSTAT Industrial and Over-the-Counter
Files for 1978 through 1987. Data items come from a variety of sources such as income
statements, balance sheets, flow of funds statements, etc. A detailed description of the
construction of the data is presented by Bronwyn Hall [Hall (1990), pp. 26-30].

The COMPUSTAT panel data set contains data from all firms traded on the New York
and American Stock Exchanges and a number of firms traded in over-the-counter markets.
Minimum requirement for inclusion of a firm in the current panel is the existence of data
for at least three consecutive years between 1976 and 1985.

The Manufacturing Sector Master File is supplemented by a list of all firms which
exited from the above panel between 1976 and 1987. Those data were obtained from the
Directory of Obsolete Securities and from the Capital Changes Reporter, and contains
information on acquisitions, bankruptcies, reorganizations, liquidations and mergers.

General patterns of firm entry and exit in U.S. manufacturing industries have been
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examined extensively by means of a variety of data sets. 12 Qur data on attrition in the
Manufacturing Master File [Hall (1990)] come from Bronwyn Hall. The COMPUSTAT
Merger File [Hall (1989)] contains the results of Bronwyn Hall’s investigations into the
whereabouts of every firm which disappeared from the Compustat Annual Industrial and
OTC Files between 1976 and 1987. The file at our disposal has been corrected and updated

from the August 1988 edition and exits that occurred in 1986 and 1987 have been added.

3.1 Attrition

In addition to information essential for the identification of each firm, such as its CUSIP,
the following information is available that pertains to attrition. First, the year in which
the actual acquisition, bankruptcy, liquidation, or name change took place. This is not
necessarily the year in which the firm exited from the file; often it is later. There will
be exits up until 1989, since data may disappear much earlier from COMPUSTAT (and
Hall’s sample consists of all firms for which we do not have data in 1987 and possibly
earlier years). Second, a code telling why the firm exited from the file.

The different categories of exits are listed below and distinguished by the character
code used in the data. The number of exits for each category as a percentage of total
exits are given in parentheses. M: the firm was acquired by another publicly traded firm
(48.26%); P: the firm went private (or was purchased by a privately held firm) (22.3%); PL:
the firm went private in a leveraged buyout (6.0%); F: the firm was acquired by a foreign
entity (9.17%); B: the firm went bankrupt. There is no real distinction between Chapter

7 and Chapter 11 in Hall’s data (3.46%); L: the firm was liquidated (3.38%); R: the firm

2Most noteworthy are a series of studies by Dunne and Roberts. See Dunne et al. (1988) for an excellent

suminary.
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underwent reorganization and may have later reappeared (1.35%). Some bankruptcies are
included here. NC: the firm changed its name. The new name and identification code
are shown as of the acquiring firm (0.29%). NO: After much investigation, no reason for
exit was found and the firm is still in existence (2.99%). D: the firm is still in existence
and still (at least to a certain extent) publicly traded, but it has been delisted from an
exchange and COMPUSTAT no longer carries its data (2.8%).

Further descriptive statistics for key variables are provided in Table 2. For the per-
centage of exits for all firms see the fourth column of Table 6. Also, additional aspects of

the data are described in the sections below.

4 Empirical Aspects of Attrition

The exit model of section 2.2 in combination with the basic model of Section 2.1 provide
a conceptual basis for examining exits of firms. Those models lend themselves readily to
estimation by means of dynamic discrete choice models.

We start with a structural model that follows closely the derivation in Section 2 above.
The discrete event ), of a firm’s exit, as a terminal state, is modeled as the outcome of a
comparison between the value from exiting, ®;, and the value from staying on past period

t, V£, defined according to (11) above as:
V= 1, if &, — V¢, (23)
0, otherwise.
We do not, for the time being, qualify the exact nature of a firm’s exit. Below we generalize
this model to account for two different types of exits.
As Section 2 indicates the value function is, in general, a function of observable state

variables, market characteristics and prices and a set of possibly unobservable character-
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