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THE GROWTH AND FAILURE OF U. S.
MANUFACTURING PLANTS*

TIMOTHY DUNNE
MARK J. ROBERTS
LARRY SAMUELSON

This paper examines the patterns of postentry employment growth and failure
for over 200,000 plants that entered the U. S. manufacturing sector in the 1967-1977
period. The postentry patterns of growth and failure vary significantly with observ-
able employer characteristics. Plant failure rates decline with size and age as do the
growth rates of nonfailing plants. The expected growth rate of a plant, which
depends on the net effect of these two forces, declines with size for plants owned by
single-plant firms but increases with size for plants owned by multiplant firms.

I. INTRODUCTION

It is well recognized that a given change in total employment is
composed of substantially larger shifts of individual workers
between employment and unemployment as well as movements in
and out of the labor force. This has given rise to substantial research
on the decisions of workers to move between labor market states
and the characteristics of workers that affect these choices. From
this research has grown a greater appreciation of the important role
that worker heterogeneity and the worker-employer matching pro-
cess play in generating employment turnover.!

While much of the existing research on labor market turnover
has focused on the supply side of the labor market, several recent
empirical studies have begun to examine the turnover arising from
fluctuations in labor demand. Leonard [1987] and Dunne, Roberts,
and Samuelson [1989] examine the gross employment flows arising
from the opening, expansion, contraction, and closing of individual

*The authors are particularly grateful to Avner Ben-Ner, John Creedy, Saul
Estrin, David Evans, Paul Geroski, P. E. Hart, John Hause, James Heckman, Boyan
Jovanovic, Robert McGuckin, Joseph Terza, and an anonymous referee for helpful
comments. The authors alone are responsible for any errors or omissions. This
research was supported by NSF grants SES-84-01460 and SES-86-05844 and was
conducted at the Center for Economic Studies of the U. S. Census Bureau while the
first two authors were participants in the American Statistical Association/Census
Bureau Research Program. We are grateful to James Monahan for substantial
assistance with the data. Any opinions, findings, or conclusions expressed here are
glose of the authors and do not necessarily reflect the views of the NSF or Census

ureau.

1. The distinction between net and gross employment flows of individuals is
analyzed in Hall [1972] and Clark and Summers [1979]. The theoretical and
empirical models of individual labor supply are reviewed in Pencavel [1986] and
Killingsworth and Heckman [1986]).
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plants. A uniform finding of these studies is that the gross employ-
ment flows generated by employer turnover are substantially larger
than the resulting net change in employment. What is missing from
this research is the study of the employer’s decision to enter, change
its size, or exit from the market and the characteristics of the
employer that affect this decision. These patterns of turnover
among heterogeneous employers are a necessary element in under-
standing the patterns of employment turnover.

In this paper we examine the patterns of plant growth and exit
that underlie the gross employment flows for the U. S. manufactur-
ing sector for the 1967-1982 period. Attention is directed at iden-
tifying a set of plant characteristics that are systematically related
to the patterns of employer turnover. The findings are then used to
construct stylized employment histories for employers with dif-
ferent characteristics.

The process of employer growth has been examined empiri-
cally by Hart and Prais [1956], Mansfield [1962], Hymer and
Pashigian [1962], Singh and Whittington [1975], Ijiri and Simon
[1977], Leonard [1985, 1987], Evans [1987a, 1987b], and Hall
[1987]. These papers focus primarily on the relationship between
the firm or plant’s size, generally measured by employment, and
rate of growth. With the exception of Evans and Hall, they are
generally restricted by their data to analyzing the growth rates of
successful plants or firms and thus implicitly treat the growth
process as independent of plant or firm failure.

Rather than being treated independently, growth and failure
are better viewed as outcomes of a single economic process of
industry or market development. We use the theoretical model of
Jovanovic [1982], which relies on employer heterogeneity and
market selection to generate patterns of employer growth and
failure, as the basis for the empirical work in this paper. The
empirical model is used to analyze the employment growth and
failure patterns of over 200,000 plants that entered the U. S.
manufacturing sector in the 1967, 1972, or 1977 Census of Manufac-
tures. The empirical work examines plant failure rates as well as the
mean and variance of the distribution of realized growth rates for
two groups of plants: all plants in operation at the beginning of each
time period and all plants in operation that do not fail.

The empirical results indicate that plant size, age, and owner-
ship type, as well as interaction terms, are determinants of plant
growth and failure. Failure rates decline with increases in plant size
and age and differ with ownership type. If attention is limited to
successful plants, the mean growth rate declines with size. When
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the failure probability is integrated into the analysis, however, the
relationship between plant growth and size is negative for plants
owned by single-plant firms but positive for plants owned by
multiplant firms. These findings reflect a tradeoff between the rate
of growth of nonfailing plants and probability of failing. For
single-plant firms the decline of the growth rate of successful plants
with size overwhelms the reduction in the failure rate. Expected
growth rates then decline with size. For plants owned by multiplant
firms, the decline in the failure rate with size is the dominant effect,
and expected growth increases with size.

The remainder of this paper is divided into seven sections.
Section II provides summary measures of plant growth rates that
distinguish the growth of successful plants from the growth of all
plants. Section III outlines the theoretical model of growth and
failure and derives a set of testable predictions. Sections IV and V
describe the data set, empirical model, and estimation method. The
sixth and seventh sections report the empirical results and derive
stylized plant histories for plants with different characteristics. The
final section discusses some labor market implications of these
results.

II. THE MEASUREMENT OF PLANT EMPLOYMENT GROWTH

The analysis of plant employment growth begins with the
discrete-time growth rate for individual plants.2 Between period ¢
and t + 1 this is defined as g; = (S,,; — S;)/S,, where S, is the
plant’s size in period ¢ and S, , is the plant’s optimal size in ¢ + 1 if
exit was not possible. Let j (g’| x) be the probability density function
for g’ for plants with a given set of characteristics x. It will be
referred to as the distribution of potential growth rates.

The theoretical model developed in the next section predicts
that if a plant’s growth rate falls below a critical level, denoted g*,
the plant will exit. If the plant exits, then its period ¢t + 1 size equals
zero, and the plant’s observed or realized growth rate is —1. The
realized growth rate g, is then defined as

g =g if gi=g* and g --1 if gi<g*

Let f(g|x) be the density of realized plant growth rates for all plants
with characteristics x in operation in period ¢ including ones that

2. Many studies use continuous-time growth rates, which are measured as the
difference in the logarithm of the firm or plant’s size over time. Plants that fail have
growth rates of — . This convention makes it impossible to calculate and analyze the
mean or variance of the distribution of realized growth rates across all plants.
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exit before t + 1. The density f(g|x) is defined over the interval
[—1, «) and will have a mass point at —1 representing the propor-
tion of plants that fail between the two periods. The density f(g | x)
reflects the net effect of the interaction between the distribution of
potential growth rates j(g’|x) and the failure condition. Finally, let
h(g|x) be the density of realized growth rates for all nonfailing
plants. The density h(g|x) is f(g|x) except with zero probability
attached to the growth rate —1.

There is an explicit link between the means of f (g|x) and
h(g|x). The mean growth rate of all successful plants, written as a
function of x, is

(f_fgh(glx)dg)

(1) Mh(x) = P (x) ’

where P,(x) = f“‘h(glx)dg.

1

The denominator of (1) is the probability that a randomly drawn
plant does not fail. Recognizing that f(g|x) has a mass point at —1,
the mean growth of all plants including failures is

@  wx) = ["ef(glx)dg - mx)Plx) — (1 — Pulx)).

The mean growth rate of all plants equals the mean growth rate of
all successful plants, weighted by the probability of success, minus
the probability of failure. u;(x) will always be less than or equal to
ur(x), and the two will be equal only if there is no failure.?

Several earlier empirical studies have utilized data on success-
ful plant growth rates to analyze how the mean and variance of
h(g|x) vary with plant or firm characteristics.! Equation (2) indi-
cates that variation in u, with x is an accurate indicator of how u;
varies with x if and only if plant failure rates do not vary with x. To
see how they might differ, suppose that u;, (x) diminishes with plant

3. A similar relationship can be developed between the variances of f(g|x) and
h(g|x). The variance of the observed growth rates of all plants in operation in period
tis

af (x) = j: (& — () f (glx)dg = ah(x)P,(x) + (1 + my(x))* (Py(x))(L — Py(x)).

4. Evans [1987a, 1987b] and Hall [1987] examine how the mean and variance of
j(g'|x) vary with plant or firm characteristics. They recognize and control for the
fact that plant failure introduces sample selection bias in the distribution h(g|x).
They find that controlling for the sample selection bias in their data does not greatly
affect their inferences about the relationship between plant characteristics and the
growth process.
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size, as virtually all studies have found. If the survival probability P,
(x) rises with an increase in size, it can offset the reduction in g, (x);
and then y;(x) may increase, rather than decrease, with size. Large
plants, on average, may thus grow faster than small plants even
though large nonfailing plants grow more slowly than small nonfail-
ing plants.

To illustrate the difference, Table I presents estimates of uy, uy,
and plant failure rates for U. S. manufacturing plants.’ Table Ia
presents the average growth rate for all plants that do not fail,
disaggregated by size and age. The values for most size and age
categories are positive. They decline with plant size, for each of the
three age categories, and with plant age, for every size class. Plant
failure rates are reported in Table Ib. Small plants fail more often
than large plants, and young plants fail more often than old plants.
Table Ic reports the average realized growth rates for all plants,
including failures. These mean growth rates are negative for all size
and age categories, reflecting the fact that the total employment of
each cohort of plants diminishes as the plants age. More impor-
tantly, the relationship between growth rates and size is U-shaped,
indicating that growth rates initially decline and then increase with
size. This holds in the aggregate for each age category and sharply
contrasts with the pattern of successful plants. A similar U-shaped
pattern appears for the effect of age on growth in total, although for
most size classes growth increases with age.

The implication of the table is that failure rates are correlated
with factors such as size and age which are also systematically
correlated with the growth rates of successful plants. The interac-
tion of these two factors produces the realized growth rate patterns
for all plants.

III. A MODEL OF PLANT GROWTH

Many previous empirical studies follow Ijiri and Simon [1977]
and begin with assumptions about the stochastic behavior of growth
rates. The empirical model in this paper is based on the theoretical
model of industry evolution developed by Jovanovic [1982]. This

5. The data pertain to all manufacturing plants with five or more employees
which first appear in either the 1967, 1972, or 1977 Census of Manufactures. Each
plant is classified according to its employment size and age category in year
t(t = 1967, 1972, and 1977) and then its employment growth rate from period ¢ to
t+1(t+1=1972,1977, and 1982) is calculated.
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treats stochastic forces as determining plant characteristics and
then exploits market behavior to generate plant growth rates.®

The key to the model is the presumption that plants have
different efficiencies and hence different cost levels. A plant cannot
observe its efficiency level and learns its cost only gradually through
production. To capture these factors, let the cost of period ¢t output
level g, for an arbitrarily chosen plant be given by v(q,) 0(c + ),
where v(q,) is a strictly convex cost function and 6(c + ¢,) is a “cost
multiplier” reflecting the fact that plants may be of differing
efficiencies. Within 0, ¢, is a random variable with zero mean and c is
an unknown parameter. In order to preclude the possibility of
negative or arbitrarily high costs, 0 is assumed to be increasing with
lim, ,, 6(z) =60, >0 and lim,_._ 6(z) = 0, < ». The parameter c is
drawn randomly from a prior distribution gy(c). This prior is
updated each period using Bayes rule given the observed value of
C + €.

The industry is perfectly competitive, with a known time-path
of output prices {p,}]. Plants are assumed to be risk neutral and to
maximize expected profits. In each period ¢, plants begin with an
expected value of the cost multiplier 6,. They then choose output
levels, draw values of the independent random variables ¢,, observe
their profits, and update their expectations. Existing plants can
then exit, or new plants can enter, by paying a one-time entry cost,
and the process is repeated.

Jovanovic [1982] shows that in this model there exists a
decreasing function g,(f,) expressing the plant’s profit-maximizing
output, if it produces in period ¢, given an expected cost multiplier
of 6,. One possible shape for this function, which may be either
concave or convex, is illustrated in Figure L” For each period t
expectation 6,, the information-updating process gives a density
H(8,,,16,), which identifies the likely values of the period ¢ + 1 cost
multiplier. The density H(6,,,|6,), which is represented in Figure I,
has the property that E(9,,,6,) = 6, [Feller, 1966]. H(9,,,|6,) and
qi+1(0,,1) can then be used to derive a density J(q,,;|q;) which

6. Simon’s model is based on Gibrat’s Law, which states that growth is
independent of size. Leonard [1985] develops a model in which the evolution of plant
size over time is governed by a process of partial adjustment toward a fixed optimal
size with this process continually subjected to a random shock. The empirical studies
by Evans [1987a, 1987b] are based on Jovanovic’s model. Pakes and Ericson [1988]
also develop growth models that rely on producer heterogeneity.

7. The concavity or convexity of ¢,(d,) depends on the first three derivatives of
v. See Jovanovic [1982, p. 652]. If the cost function is quadratic, then q,(8) is
convex.
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summarizes the probabilities of different period ¢ + 1 sizes given
that period ¢ size equals g,. This density is pictured on the vertical
axis of Figure 1. Because the plant’s discrete growth rate, given
period ¢ size, is a linear transformation of gq,,,;, the change of
variable theorem [Kmenta, 1986, p. 220] ensures that the density of
growth rates is identical to the density J with a relabeling of the
axes. In general, the shape of J(q;,:|q;) depends on the curvature of
g:+1(0,,,) as well as on the shape of H(4,,,10,).5

Figure I can be used to illustrate the way that period ¢ size and
age affect the period ¢ + 1 size of the plant. First, period ¢ size
affects the location of H(6,,,|6,) along the horizontal axis. Plants are
large in period t if 6, is small. This in turn affects the location of
J(q.411g,) on the vertical axis and hence the likely period ¢ + 1 size
of the plant. Second, age alters the variance of H(6,,,|6,). Because
older plants have more previous observations on their cost level,

8. The shape of J determines the shape of the population distribution of
potential growth rates. In general, J will not be symmetric both because H is not
symmetric and because q,,, (6,,,) is not linear.
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new information causes smaller revisions in cost expectations. This
reduces the variance of H(6,,,|6,) and in turn reduces the variance
of J(qr.11q0)-

Jovanovic also shows that for each plant age there exists a
failure boundary 6%, ;, which is illustrated in Figure 1. Plants with
cost expectations exceeding 67, ;, and therefore optimal sizes less
than g¥,,, will exit.’ This critical size can be expressed as a critical
growth rate, conditional on q,, g = (¢, — ¢.)/q,. If the firm’s
optimal growth rate is less than g¥, it will exit and generate an
observed growth rate of —1.

In general terms, the selection model predicts that both a
plant’s age and size will affect the failure rate and growth rate
distribution. Some sign predictions can also be derived. First,
failure rates should be a decreasing function of plant size. This
occurs because the larger is g,(6,), the smaller is 6,, and hence the
less likely is 6,,; to exceed the failure boundary 6%, ,. Intuitively, a
large plant is one that has received favorable cost information, and
subsequent information is less likely to be unfavorable enough to
induce exit. Second, failure rates should be a decreasing function of
plant age. Older plants have relatively precise estimates 6,, and this
reduces the likelihood that 6,,, is substantially different from 6,
and thus reduces the likelihood that 6,,, lies above the failure
boundary.*

Some sign predictions concerning the effect of size and age on
the mean and variance of f(g|x) and h(g|x) can also be derived from
the selection model. Consider the mean and variance for nonfailing
plants u, and 2. The mean growth rate of nonfailing plants should
be an eventually decreasing function of current size, holding age
fixed. This prediction relies on the fact that the efficiency level of
nonfailing plants is bounded in the interval [0,, *]. This implies
that the plant’s size is bounded and that as a plant increases in size

9. In general, the failure boundary 68}, will decrease with plant age. This occurs
because expected profit is a convex function of the expected cost multiplier. With no
change in market conditions, expected future profits are higher than current profits.
As the plant ages, the difference between expected future profit and current profit
diminishes because the increased precision of the plant’s information causes the
distribution of expected future profit to collapse around current profit. As a result, a
given cost multiplier induces a lower future profit expectation as the plant ages. This
would cause 0}, to decrease, and thus increase the failure rate, as plants age. Pakes
and Ericson [1988] discuss conditions needed to sign this effect.

10. This is only true if the failure boundary does not decrease too rapidly with
age. In the empirical results reported below, failure rates always decline with age
which suggests that the former effect is dominant. To simplify the remaining
discussion and predictions, we shall treat the failure boundary as if it were fixed with
variations in plant age.



680 QUARTERLY JOURNAL OF ECONOMICS

there is less (more) room for further increases (decreases).!’ A
second prediction is that plant age should have a negative effect on
o7 holding size fixed. This arises because, as a plant ages, the
variance of H(6,,,|6,) falls. This leads to smaller changes in plant
size as the plant ages and thus a smaller variance in growth rates.'
Predictions concerning the effect of size on o7 or age on u, depend on
the convexity or concavity of q,(d,) and are ambiguous. Finally,
implications of plant size and age for the mean and variance of
f(glx) can be derived from equation (2) and the equation in
footnote 3. Because they generally depend upon P,, u;, and o2, they
involve conflicting forces and thus yield ambiguous predictions.

IV. DATA

This empirical analysis of plant growth and failure employs a
new, comprehensive data set on individual plants in the U. S.
manufacturing sector. The Census of Manufactures collects
detailed data on each of the more than 300,000 U. S. manufacturing
establishments in operation in each census year. The records of the
individual manufacturing plants have recently been matched across
the last five censuses, which cover the years 1963, 1967, 1972, 1977,
and 1982, to provide a longitudinal data set that is useful for
analyzing plant entry, growth, and exit."®

There are several unique aspects of this data set. First, the data
provide complete coverage of the manufacturing sector, including
small manufacturing plants. Because of data availability, most
earlier growth rate studies were restricted to large firms. Second,
the matching of plants across census years is based on plant
identification numbers that allow us to identify many of the plants
which undergo ownership changes. For these plants, ownership
changes that simply change the name of the firm owning the plant
will not be incorrectly measured as plant entry and exit. Finally,
because of the multiple observations on a plant over time, it is
possible to observe plants whose size in one census differs from their
size in the initial census in which they appear. This makes it

11. Because this relies on the fact that plant size is bounded, it does not
guarantee that the predicted negative relationship between size and the mean
growth of nonfailing plants is monotonic. _

12. A reduction in the variance of H(f,,,|8,) ensures that the variance of
J(q.,1]q.) falls as long as q,.,(0,.,) is not too nonlinear.

13. The Census of Manufactures covers all manufacturing establishments that
have registered with the IRS to pay Social Security tax for their employees. Dunne,
Roberts, and Samuelson [1988] discuss the construction of the data set in detail and
provide summary measures.
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possible to separately control for the effects of a plant’s current size
and its initial or entry size on its growth and failure rates.

Because the Census of Manufactures is only taken at five-year
intervals, it is not possible to observe plants that enter and exit
between census years. Plant failure rates constructed across adjoin-
ing census years will then underestimate the actual amount of plant
failure. It is also not possible to measure the exact year of entry for
any plant in the data set, but plants can be classified into age
categories based on the census in which they first appear. In the
empirical work age is treated as a categorical variable. Finally, it is
not possible to identify all plant ownership changes that occur over
time. This can result in a failure to identify some plants that
continue in operation across census years, and this will lead to an
overstatement of plant exit rates and the size of subsequent entry
cohorts. For reasons discussed in detail in Dunne, Roberts, and
Samuelson [1988], these matching errors will be concentrated
among small plants owned by single-plant firms.

In order to minimize the effects of this potential measurement
error, the smallest plants in the manufacturing sector are deleted
from the analysis. The sample of data used in this paper is limited
to manufacturing plants that entered in the 1967, 1972, or 1977
census and that have at least five employees in at least one census
year.!* There are a total of 219,754 different plants included.
Because of the multiple time periods there are a total of 326,936
plant/year observations. In each census year plants with at least five
employees account for approximately 64 percent of the total num-
ber of plants but over 98 percent of the total census year
employment.’®

14. Plants that have fewer than five employees are also handled differently in
the data collection process. The data for most of these plants are not based on actual
Census canvassing but rather are imputed from information reported by the Internal
Revenue Service. This exclusion does not affect the implications of our analysis for
gross employment flows because the included plants account for virtually all of a
cohort’s employment.

15. Once a plant enters the sample, it remains in the sample even if it falls below
five employees. This is necessary to correctly measure plant exit rates. Otherwise, a
plant whose size fluctuates around five employees over time would be recounted as
entry or exit each time it shifted from one side of the five-employee cutoff to the
other. Instead, to be counted as an exit, a plant’s employment level should drop to
zero. In general, small plants are imputed a number of employees equal to the ratio of
plant payroll they report to the IRS and the average wage reported in the industry.
While the reported figures should only apply to hired employees, they may include
the plant owner. For this reason, any plant that falls to either zero or one employee is
treated as an exit. A small number of plants, representing approximately 0.8 percent
of all census establishments, are missing in one census year but reappear in later
years. This can occur because of an error in matching plants across time or because
the plant is closed in the missing years. These plants are included as entrants in the
year in which they reappear if they have more than five employees.
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V. EMPIRICAL MODEL

In this section an empirical model is developed to examine the
patterns of employment growth and plant failure in U. S. manufac-
turing establishments.

1. Measurement of Plant Growth and Exit Rates

Observations on individual plants are grouped into cells based
on the plant’s current size, age, two-digit industry, year of observa-
tion, establishment ownership status, and initial size. The mean
growth rate of plant employment, the variance of the growth rate,
and the exit rate are measured for each cell using the observations
on the numerous plants within the cell. The empirical model then
examines how these summary measures of the growth rate distribu-
tion vary across cells.

Each plant in census year t is assigned to a cell based on the
following set of characteristics:

(1) Three age categories: 1-5 years, 6-10 years, and 11-15
years. These are denoted as age categories 1, 2, and 3.

(2) Five current-size classes that measure a plant’s employ-
ment in period ¢: 5-19 employees, 20-49 employees, 50-99
employees, 100-249 employees, and more than 250 employees.

(3) Twenty two-digit SIC manufacturing industries.

(4) Two ownership categories: single-unit plants (SU) and
multiunit plants (MU). The former are plants owned by single-
plant firms, while the latter are plants owned by multiplant
firms.'®

(5) Three initial-size classes that compare the plant’s period ¢
employment size class with its size class in its first year of observa-
tion. These identify the plant’s initial size class as less than, equal
to, or greater than its current size class.

For each data cell five sample statistics are constructed: the
failure rate, the mean growth rate for all plants and for nonfailing
plants, and the variance of growth rates for both all plants and
nonfailing plants.'” The failure rate for plants in cell ¢ is constructed
asF, =1 - M,/N,, where M,, is the number of plants in the cell in

16. Plants which switch from single-unit to multiunit status over time are
classified as multiunit plants throughout the entire time period. Across the last five
Censuses of Manufactures there are 819,631 different manufacturing plants. Of
these, 83.16 percent were always single-unit plants; 16.03 percent were always
multiunit plants; and only 0.85 percent (6,891 plants) changed ownership status.
Virtually all of the changes that do occur are from single- to multiunit status.

17. Plants in each of the three entry cohorts can be classified into 200 possible
cells in the first time period in which they exist (20 industries, 1 age, 2 ownership
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period ¢ which survive until period ¢ + 1 and N, is the total number
of plants in period ¢t.

Let g§, represent the discrete employment growth rate of
establishment ¢ in cell ¢ between census years ¢t and ¢ + 1. The
sample mean of the growth rates for all establishments in cell ¢
between t and ¢ + 1 is calculated as

_ 1\ Qe
et = (m);gin

where N, is the number of plants in the cell. If the plant fails before
year t + 1, then gf, = —1. Similarly, the sample mean growth rate
for all surviving plants can be constructed using only the growth
rates for the M, surviving plants. The sample variance of the
growth rates for all plants in cell ¢ between ¢t and ¢ + 1is

2 1 uE — 2
ot = (ﬁct'_—l) ; (85 — 8%

where failing plants again have gj, = —1. The variance of growth
rates for nonfailing plants is similarly constructed from the growth
rates of surviving plants.

2. Empirical Model

The five summary statistics provide consistent estimates of the
corresponding population parameters for the distributions f(g|x)
and h(g|x) within each data cell. A regression model is now
developed to examine the across-cell pattern for each summary
statistic Y,, (= g.;, S%, or F,;). The regression model is written as

60 18
(3 Yo =) aDi+ ) BiDi + €ur
i1 k-1

where D; and Dj, are dummy variables that distinguish cell charac-
teristics or interactions among characteristics and ¢, is a random
disturbance with zero mean and variance o?.

types, 5 current-size categories) and 520 possible cells in each subsequent time
period (20 industries, 1 age, 2 ownership types, 13 current-size-initial-size catego-
ries). Of these 2,160 cells, 163 never contained any plants. Fifty cells have a failure
rate equal to one, and forty-seven have no failure. In order to calculate the moments
of the growth rate distributions described below, it is necessary to have at least four
surviving plants and one failing plant per cell. There are a total of 1,627 cells: 703 for
single-unit plants and 924 for multiunit plants, with sufficient observations.
Together these cells cover 99.6 percent of the plant-year observations in the data set.
This will be the group of data cells used in the empirical analysis developed below.
On average, these cells for single-unit plants contain 326 plants, and these cells for
multiunit plants contain 104 plants.
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The dummy variables D; (i = 1...60) represent each of the
twenty industries in each of the three time periods. Industries
undergo expansions and contractions at different points in time,
and the complete set of industry-time dummies is needed to control
for this variation. The dummy variables D (k = 1. .. 18) include 14
dummy variables to represent the 15 current-size-age combina-
tions. The theoretical model predicts nonlinear effects of size and
age on growth as well as interactions between size and age. Model-
ing these interactions requires fourteen dummy variables rather
than simply four dummies for the current-size categories and two
for the age categories. The base category is a new plant in the
smallest size class. The remaining four dummy variables are used to
distinguish whether the current-size class of age group 2 and 3
plants (6-10 and 11-15 years) is greater than or less than their
initial-size class. The theoretical model assumes that there are no
adjustment costs so that all information about a plant’s history is
summarized by its current size. In practice, size adjustment may be
slow due to the fixity of some inputs or financial constraints. The
base group in each age category is the plants whose current and
initial-size classes are equal.

The model is applied separately to the single-unit and multi-
unit plants. This recognizes that the importance of the learning
process at the plant level, and thus its effect on plant growth and
failure rates, may depend upon whether the firm which owns the
plant has experience from operating other plants. Regression equa-
tion (3) is estimated using weighted least squares for each of the five
summary measures of the growth rate distributions. The var(e,) is
not constant across cells but can be estimated using the multiple
observations on plants within each cell.

Failure Proportion. When applied to failure proportions, the
empirical model given by equation (3) is used with Y, = F,, and
var(e,) = F,,(1 — F,,)/N,,. Weighted least squares regression in this
case is equivalent to the minimum chi-square estimation method
[Maddala, 1983, p. 28].

Mean Growth Rates. Equation (3) is estimated with Y,, = g.,.
The within-cell variation in plant growth rates and number of
plants is used to estimate var(e,) = S%/N,. When examining the
growth rates of successful plants, the denominator of var(e,) is M.,
and the numerator is the estimated within-cell variance for nonfail-
ing plants. The heteroskedasticity in this regression equation
occurs because both ¢2 and the number of observations in a cell vary
across cells.

Variance of Growth Rates. Equation (3) is estimated with
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Y, = S%. The var(e,) is estimated as (u§ — (N, — 3)/(N,, — 1))
(S%)?), where u is the estimated fourth central moment of g¢,. This
is equal to (1/N,) (S}, — 4., (Zg)) + 6(g87) (2g%) — 4(82) (3g,) +
N,, g%), where all summations are over N,, [Wilks, 1962, pp. 76 and
199]. Similarly, summations are over M,, when examining nonfail-
ing plants.

3. Comparison with Alternative Estimation Methods

The methodology employed here groups plants into data cells
and uses the multiple observations within each cell to consistently
estimate parameters of the distributions of realized growth rates for
all plants f(g|x) and for nonfailing plants h(g|x) within the cell. A
regression model is then used to summarize the across-cell variation
in these estimates. The basic assumption is that all plants within a
cell are homogeneous up to a random disturbance with a zero mean
and constant, cell-specific variance. No assumption is made about
the specific form of the distribution of potential growth rates
Jj(g'|x).

An alternative methodology for examining the mean of f(g|x)
and h(g|x) is available which is based on Tobit estimation [Tobin,
1958] of the distribution of potential growth rates j(g’|x).
As developed by Maddala [1983, Ch. 6], Heckman [1979], and
Amemiya [1984], j(g’|x) could be treated as a latent-variable
distribution. When combined with the failure rule, this generates a
censored sample of plant growth rates. By making specific assump-
tions about the form of the latent variable distribution, the condi-
tional mean of j(g’|x) can be estimated. This is the procedure used
by Evans [1987a, 1987b] and Hall [1987] to study firm growth rates.
The effect of variations in x on the mean of f(g|x) and h(g|x) can
then be examined using the information gained from estimation of
the parameters of the latent variable distribution [Maddala, 1983,
p. 158]. This procedure requires a distributional assumption for the
latent variable. The usually invoked assumption of normality is
inappropriate for this study and would result in inconsistent
parameter estimates because the population distribution of discrete
growth rates is highly skewed and, as a result of the truncation of
plant sizes at zero, is truncated at —1. While the Tobit model can be
used with latent variable distributions other than the Normal, the
details are less well developed [Lee, 1982; Maddala, 1983, p. 187].

The grouped data techniques used here provide several advan-
tages over the standard Tobit model for examining the distribu-
tions of realized growth rates. Distributional assumptions are
avoided. A great degree of (piecewise) nonlinearity is allowed in the



686 QUARTERLY JOURNAL OF ECONOMICS

failure rates and the mean and variance of the observed values. This
allows us to avoid the difficult issue—which arises in the Tobit
framework—of separating sample selection, heteroskedasticity,
and the nonlinear effects of the explanatory variables on the
conditional mean of the latent variable distribution. There are two
costs to using this procedure. First, as with any grouping procedure,
there is a loss of information. However, in this case all of the
explanatory variables except the current and initial size of the plant
are qualitative variables, and there is no information lost on these
qualitative explanatory variables by grouping. Second, the proce-
dure does not allow identification of the parameters of the latent
variable distribution j(g’'|x) separately from the selection rule.
However, given our focus on the plant growth patterns that underlie
the observed employment flows, knowledge of the latent variable
distribution is not necessary.

VI. EMPIRICAL RESULTS

This section reports results of the estimation of equation (3).
Table II reports the regression coefficients for plant failure rates.
All coefficients represent deviations from an establishment
appearing in its first census with a size between 5 and 20 employees.
Separate coefficients are reported for regressions on plants owned
by single-plant and multiplant firms. For plants owned by multi-
plant firms, examined in column two of the table, two patterns are
present. First, within any age category the failure rate declines with
increases in the plant’s current size. This can be seen by noticing
that the age—current-size coefficients decrease with current size
while holding age fixed. The second pattern is that the failure rate
declines with a plant’s age, holding current size fixed. In every size
class the regression coefficients decline as the plant ages, indicating
less failure. Examining the results for single-unit plants, the nega-
tive effect of plant age on the failure rate is again present. However,
the effect of plant size on the failure rate is less apparent for these
plants. In general, there is a downward trend in the failure rate with
increasing plant size, particularly for age groups 2 and 3, but it is not
monotonic.'®

18. Inferences concerning the largest size class (=250 employees) for single-unit
plants are less precise because there are relatively few data cells with this combina-
tion of characteristics. Of the 703 data cells for these plants, only 19 pertain to the
largest size class. This compares with between 130 and 215 cells for each of the other
four size classes. Higher standard errors will be seen on the coefficients for large,
single-unit plants throughout the remainder of this paper.
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TABLE II
REGRESSION COEFFICIENTS FOR PLANT FAILURE RATES: 1967, 1972, 1977 ENTRANTS
(STANDARD ERRORS IN PARENTHESES)

Single-plant Multiplant
Intercept® 0.426 0.471
Age/initial-size (IS) versus current-size (CS) category
2 IS>CS 0.084 (0.012)* 0.104 (0.010)*
2 IS <CS 0.008 (0.010) 0.001 (0.007)
3 IS>CS 0.043 (0.020) 0.065 (0.021)
3 IS<CS 0.002 (0.016) —0.013 (0.012)
Age/current-size category
1 2 —0.035 (0.005)* —0.064 (0.006)*
1 3 —0.002 (0.009) —0.116 (0.006)*
1 4 0.055 (0.014) —0.206 (0.007)*
1 5 —0.039 (0.056) —0.306 (0.008)*
2 1 —0.061 (0.005)* —0.070 (0.009)*
2 2 —0.166 (0.008)* —0.158 (0.008)*
2 3 —0.151 (0.012)* —0.206 (0.008)*
2 4 —0.095 (0.019)* —0.271 (0.008)*
2 5 —0.174 (0.097) —0.356 (0.008)*
3 1 —0.087 (0.008)* —0.150 (0.018)*
3 2 —0.199 (0.013)* —0.238 (0.015)*
3 3 —0.180 (0.021)* —0.250 (0.015)*
3 4 —0.099 (0.037) —0.315 (0.014)*
3 5 —0.193 (0.179) —0.386 (0.014)*

Age categories: 1 = 1-5 years; 2 = 6-10 years; 3 = 11-15 years.

Size categories: 1 = 5-19 employees; 2 = 20-49 employees; 3 = 50-99 employees; 4 = 100-249 employees;
5 = =250 employees.

a. The reported intercept is the average value of the 60 estimated industry-time intercepts.

*Significant at the 0.05 level using Leamer’s ]1978] correction for sample size.

The pattern of age and size effects on failure rates can be
examined more closely by testing several restricted versions of the
model.”® The first hypothesis is that a plant’s current size has no
effect; the second is that plant age has no effect; the final hypothesis
is that there are no age-size interactions. The results of the tests are
reported in the first column (single-unit plants) and sixth column
(multiunit plants) of Table III. They indicate that current size and

19. All hypothesis tests employ the standard F-statistic based on the propor-
tional difference in the restricted and unrestricted sum of squared residuals. Because
of the large sample sizes, Leamer’s [1978, p. 114] correction to the critical value of the
F-statistic is adopted. Given the sample sizes used here, 703 observations for
single-unit plants and 924 for multiunit plants, the correction results in an increase
in the conventional 0.05 critical value by a factor of six or seven. This correction is
also made when reporting the significance of individual regression coefficients in
Tables II, IV, and V.
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age both have significant effects on the failure rate but there are no
significant interaction effects. In summary, failure rates are lower
for older plants, regardless of ownership type, and for larger plants,
particularly those owned by multiplant firms. The effects of size
and age are consistent with the theoretical selection model.

In addition to age and size effects, variables to distinguish the
initial size and current size of the plant as well as industry-time
effects are included as control variables. The parameter estimates
reported in Table II indicate that plants in age group 2 (6 to 10 years
old) which are in a smaller size class than their entering size class
have failure rates that are between eight and ten percentage points
higher than plants of comparable age that remain in their initial size
class. There is no evidence of lower failure rates for plants that have
expanded beyond their initial size class.

The significant effect of larger initial size indicates that there
may be some role for plant history in explaining current failure
rates. For example, a large initial size or employment level may
signal that the plant has installed a relatively large capital stock and
hence has relatively high fixed costs which cannot be quickly
altered. A plant with relatively high fixed costs is more likely to fail.
This also provides some evidence to support Jovanovic’s [1982]
suggestion that the fixity of capital as well as the selection mecha-
nism may affect the growth and failure process.

The final inference on failure rates concerns the importance of
both industry and year-specific factors. The test statistics reported
in Table III indicate that any attempt to restrict the full set of 60
industry-year intercepts for either single- or multiunit plants is
rejected. In particular, industry differences are found to be impor-
tant. Many previous studies do not control for these factors.

Table IV reports the regression coefficients for the mean and
variance of plant growth rates using only the information on
nonfailing plants. The first two columns report coeflicients for the
mean growth rate of nonfailing plants; while the third and fourth
columns report results for the variance of plant growth rates. The
pattern found in most previous studies—mean growth rates declin-
ing with size—is strongly evident for both the single-unit and
multiunit plants. Within each age category, growth declines mono-
tonically across virtually every size class as predicted by the
selection model. In addition, mean growth rates decline monotoni-
cally with increases in plant age for virtually every size class. The
only exception is for the largest plants. They show small, insignifi-
cant increases in growth rates as they move from age group 2 to 3.
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The hypothesis test statistics reported in Table III indicate that
age, size, and industry have significant effects on growth patterns.
Age-size interactions are also important for multiunit plants. Initial
plant size has no significant effect in these regressions.

While the pattern of size and age effects is virtually identical
for plants owned by single-plant and multiplant firms, the levels
differ. This can be seen by comparing the intercept and age-size
coefficients within each ownership group. For single-unit plants the
average growth rate of nonfailing plants is negative for the larger
size classes and older plants. For single-unit plants in the oldest age
category, only the smallest size class (5-19 employees) will have a
positive average growth rate for successful plants. In contrast, the
average growth rate of successful multiunit plants is positive for all
but the age = 2/current size = 5 category. On average, the patterns
of employment expansion or contraction for continuing plants will
thus differ with ownership type.

The regression results for the variance of the growth rates are
reported in the final two columns of Table IV. For both ownership
types the variance declines with both size and age. For the multiunit
plants differences in the variance across size classes are virtually
eliminated as the plants age, while small size effects persist as
single-unit plants age. The theoretical selection model predicts the
negative effect of age and gives ambiguous sign predictions for the
effect of size. The test statistics in columns three and eight of Table
III indicate that size, age, and size-age interactions are significant
factors; industry and year effects are not.

These results can be summarized simply. The failure rate,
mean growth rate of nonfailing plants, and variance of the growth
rate of nonfailing plants decline with size and age for both single-
unit and multiunit plants. The mean growth rate for nonfailing,
single-unit plants in the larger size classes is negative which
contrasts with the positive mean growth rates of nonfailing multi-
unit plants across virtually all size and age classes.

The regression coefficients for the mean and variance of
growth rates over all plants are reported in Table V. Focusing first
on single-unit plants, mean growth declines with size for all but the
largest size class in age groups 2 and 3. The mean growth rate
increases between size classes 4 and 5 for age groups 2 and 3,
although the difference is not statistically significant. In general,
the mean growth rate of a randomly chosen single-unit plant will
thus be negative and decline with increases in the plant’s size. This
negative net effect appears because the decline in the mean growth



TABLE V

REGRESSION COEFFICIENTS FOR ALL PLANTS: 1967, 1972, 1977 ENTRANTS (STANDARD ERRORS IN PARENTHESES)

Mean growth rate Variance of growth rate
Single-plant Multiplant Single-plant Multiplant
Intercept® —-0.126 —0.051 1.503 2.09
Age-initial-size (IS) versus current-size (CS) category
2 IS>CS —0.106 (0.022)* —0.104 (0.017)* —0.073 (0.024) —0.001 (0.016)
2 IS<CS 0.043 (0.014) 0.012 (0.011) 0.094 (0.015) 0.033 (0.011)*
3 IS>CS —0.054 (0.036) —0.045 (0.034) —0.016 (0.039) —0.007 (0.026)
3 IS<CS 0.037 (0.023) 0.006 (0.019) 0.061 (0.020) 0.002 (0.016)
Age—current-size category
1 2 —0.143 (0.010)* —-0.132 (0.020)* —0.877 (0.048)* —1.197 (0.155)*
1 3 —0.278 (0.013)* —0.168 (0.019)* —1.093 (0.047)* —1.452 (0.151)*
1 4 —0.415 (0.017)* —0.143 (0.019)* —1.235 (0.047)* —1.606 (0.150)*
1 5 —0.458 (0.056)* —-0.116 (0.021)* —1.400 (0.054)* —1.730 (0.150)*
2 1 —0.072 (0.011)* —0.188 (0.025)* —0.801 (0.053)* —1.550 (0.153)*
2 2 —0.118 (0.013)* —0.173 (0.020)* —1.184 (0.047)* —1.595 (0.150)*
2 3 —0.212 (0.017)* —0.170 (0.020)* —1.274 (0.047)* —1.681 (0.150)*
2 4 —0.316 (0.025)* —0.144 (0.020)* —1.332 (0.049)* —1.734 (0.150)*
2 5 —0.234 (0.100)* —0.097 (0.021) —1.401 (0.073)* —1.812 (0.150)*
3 1 —0.090 (0.018)* —0.152 (0.041) —0.968 (0.058)* —1.663 (0.157)*
3 2 —0.149 (0.020)* —0.159 (0.027)* —1.279 (0.049)* —1.704 (0.151)*
3 3 —0.248 (0.028)* —0.144 (0.027)* —1.350 (0.049)* —1.732 (0.151)*
3 4 —0.360 (0.045)* —0.085 (0.026) —1.353 (0.055)* —1.774 (0.151)*
3 5 —0.156 (0.241) —0.058 (0.027) —1.205 (0.216)* —1.828 (0.151)*

Age categories: 1 = 1-5 years; 2 = 6-10 years; 3 = 11-15 years.

Size categories: 1 = 5-19

; 3 = 50-99 employees; 4 = 100-249 employees; 5 = =250 employees.

1

;2 = 2049

]
pioy

® The reported intercept is the average value of the 60 estimated industry-time intercepts.
*Significant at the 0.05 level using Leamer’s [1978] correction for sample size.

369

SOINONO0OA 40 TVNYNOr A THALYVNO



GROWTH AND FAILURE OF U. S. MANUFACTURING PLANTS 693

rate of nonfailing plants with increased size overwhelms the reduc-
tion in the failure rate with increased size.

The size pattern for multiunit plants is quite different. For
young plants the pattern is U-shaped with mean growth rates
declining with size for plants less than 100 employees and increas-
ing with size for plants over 100 employees. For plants over five
years old mean growth increases with plant size. This latter pattern
occurs because the reduction in the failure rate as we move to larger
plants outweighs the reduction in the growth rate of successful
plants. On average, the expected growth of a multiunit plant will
increase with size.

The net effect of age on plant growth is less uniform than the
effects of size. For single-unit plants mean growth declines with age
for the smallest group of plants but increases and then declines with
age for larger plants. For multiunit plants with less than 100
employees, mean growth initially declines with age but then
increases. Multiunit plants with over 100 employees show an
increase in mean growth rates with age. However, based on the test
statistics in Table III, these age effects are not statistically signifi-
cant for either group of plants.

In summary, the most striking characteristic of the results for
all plants is the effect of ownership status. Plants owned by
single-plant firms have mean growth rates that decline with size
and, to a lesser extent, with age. This occurs because the reduction
in failure rates with size and age is too small to overcome the
reduction in the growth rate of the nonfailing plants. The opposite
pattern characterizes plants owned by multiplant firms. Mean
growth rates for these plants tend to increase with size and age
because a substantial reduction in their failure rate overwhelms a
more modest reduction in the growth of nonfailing plants.

The final set of inferences relates to the variance of growth
rates over all plants. Here the pattern of size and age effects is
relatively simple. The variance for both single and multiunit plants
tends to decline with size and age. The test statistics reported in
Table III indicate that size, age, and size-age interactions are
significant factors.

VII. STYLIZED PLANT HISTORIES

The patterns of plant failure and growth rates of nonfailing
plants can be used to derive an expected employment history for an
average manufacturing plant in each ownership and initial-size
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category. After choosing an initial employment size for the plant,
the growth rates in Table IV can be used to construct the expected
size at ages 5, 10, and 15 years of a plant that does not fail. In
addition, the cumulative survival rate for these plants as they age
can be constructed using the information in Table II.

Table VI reports these average histories for manufacturing
plants with five different initial sizes. The initial plant sizes were
chosen to be approximately in the middle of each size class used in
the regression models. Within the group of single-unit plants, two
patterns are of interest. First, the differences in the 15-year survival
rates are fairly minor across plants with different initial sizes.
Between approximately one quarter and one third of the plants in
each size class survive 15 years. Second, the net employment change
after 15 years, for the plants that survive, decreases substantially
with initial plant size. On average, surviving small single-unit plants
expand while large ones decline over the period.

The pattern of postentry growth and survival is substantially
different for plants owned by multiplant firms. First, the 15-year
survival rate increases substantially with plant size. It varies from a
low of 0.278 for a plant that begins with 15 employees to a high of
0.676 for a 400-employee plant. Second, while the growth rates for
successful multiunit plants vary substantially with initial size, the
resulting net change in plant employees does not. The net increase

TABLE VI
AVERAGE PLANT HISTORIES
Employment of Net employment
surviving plants at age change of
Initial (cumulative survival rate) surviving plants
plant employment 5 years 10 years 15 years over 15 years
1. Single-unit plants
15 22 (0.574) 23 (0.421) 23 (0.325) 8
35 42(0.609) 44 (0.447) 42 (0.346) 7
75 78 (0.576) 74 (0.418) 64 (0.315) —-11
175 165 (0.519) 150 (0.347) 122 (0.234) -53
400 331 (0.613) 300 (0.459) 296 (0.352) —-104
II. Multiunit plants
15 26 (0.529) 29 (0.363) 30 (0.278) 15
35 47(0.593) 54 (0.436) 56 (0.339) 21
75 90 (0.645) 97 (0.474) 101 (0.369) 26
175 194 (0.735) 200 (0.588) 209 (0.496) 34

400 410(0.835) 407 (0.739) 418(0.676) 18
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in the number of employees after 15 years varies from 15 to 34
across multiunit plants with different initial sizes. This reflects the
fact that small growth rates for surviving large plants can have as
substantial an impact on the level of employment as large growth
rates for surviving small plants.

A final interesting pattern present in Table VI is based on a
comparison of plants with different ownership types but similar
initial sizes. Small multiunit plants have lower survival rates but
higher growth rates if they survive than single-unit plants have.
Large multiunit plants, however, have both substantially higher
survival rates and growth rates if they survive than comparable
single-unit plants have. The postentry employment experience of
large plants thus varies substantially with ownership type.

VIII. CONCLUSION

The fluctuations in labor supply arising from the movement of
workers between employment and unemployment as well as the
movement in and out of the labor force have been extensively
studied. The analogous fluctuations in labor demand arising from
the entry, growth, and exit of individual employers have not. In this
paper we examine the patterns of employment growth and exit for
plants in the U. S. manufacturing sector over the 1967-1982
period.

We find that the patterns of plant growth and failure are
systematically related to the plant’s age, size, and ownership type.
In general, both the failure rate and the growth rate of nonfailing
plants decline with age. There is, however, variation in this pattern
with plant size and ownership type. Relative to small plants, large
plants have lower failure rates and lower growth rates if they
survive. Large multiunit plants have both lower failure rates and
higher growth rates if successful than large single-unit plants have.
The latter plants have negative average growth rates even when
they survive.

These empirical results have several implications for the way
we view labor market turnover. First, the U. S. manufacturing
sector is characterized by the continual turnover of large numbers
of employers. This turnover occurs even after controlling for indus-
try and time-specific factors, such as fluctuations in the demand for
the industry’s output. Second, the turnover is not randomly distrib-
uted across all producers but rather systematically related to
observable producer characteristics including size, age, and owner-
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ship type. The turnover patterns are generally consistent with those
predicted by the theoretical model of producer heterogeneity,
learning, and market selection developed by Jovanovic [1982].

This underlying producer turnover results in the continual loss
of existing employment opportunities as well as the creation of new
positions, even with little or no change in the total demand for
labor. This is evidenced by the fact that the gross employment flows
resulting from producer turnover are substantially larger than the
resulting net change in employment. This suggests that accounting
for the turnover of employment positions may be valuable in
explaining both employment fluctuations and the duration of
employment spells.?

To see the implication for the duration of employment spells,
suppose, for example, that there are two types of employers, one of
which has a higher probability of surviving than the other has. This
heterogeneity can give rise to a labor market in which significant
employment turnover coexists with a large number of long-duration
employment opportunities. This occurs because the plant turnover
takes the form of relatively high turnover rates that are concen-
trated in a small subset of employers. The continual entry and exit
of the high failure probability employers generates employment
turnover, while the high survival rate of the low failure probability
employers ensures that many employment opportunities are of long
duration. As a result, information on turnover rates alone will not
provide an accurate indication of the stability of employment
opportunities.?!

The systematic variation in the expected duration of employ-
ment opportunities with observable employer characteristics has
implications for the worker-employer matching process. If worker
quits are costly, then employers who have a high probability of
surviving have incentives to reduce their turnover costs by search-
ing for workers who are less likely to quit and by offering wage
premiums to secure these workers. As a result, firms that provide
relatively long-lived employment opportunities may offer relatively
high wages. Given the finding of this paper that exit is more highly
concentrated in smaller plants, this may help explain the observed

20. Leonard [1985, 1987] makes a similar argument and provides some
estimates of the effect of employer turnover on unemployment patterns.

21. Dunne and Roberts [1987] develop these implications in greater detail.
They estimate that, despite high rates of employment turnover, 54.7 percent of the
manufacturing positions present in 1982 will have a completed length of at least 20
years.
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positive correlation between plant size and wage rates [Brown and
Medoff, 1988]. Similarly, if workers differ in the value they place on
having a long-term stable employment opportunity, because, for
example, their opportunity cost of being unemployed varies, then
systematic sorting of workers and employers based on the probabil-
ity the employer survives could occur.

Finally, the results are also relevant to the debate on the
importance of new small businesses as the source of most new job
creation. Previous studies have observed that small plants grow
faster than large ones, and this has led to arguments that policies
designed to achieve employment growth should target small plants
and, more specifically, the formation of new small plants. The
results reported here reveal that small plants grow faster than large
ones, if they survive, but that they are much less likely to survive. As
shown in Table Ib, the average failure rate for plants with 5-19
employees is 12.7, 34.4, and 104.7 percent higher than for plants
with 20-99, 100-249, and more than 250 employees, respectively. In
addition, the results reported here indicate that small plants owned
by multiplant firms generally have higher rates of employment
growth than similar plants owned by single-plant firms. The rele-
vant question is thus not whether successful small entrants have
faster rates of employment growth than larger, older plants but
whether the growth rates of the small, often single-plant entrants,
are large enough to compensate for their higher attrition rates.
Finally, if the selection model captures the important aspects of the
growth and failure process, as the results suggest, then policies
designed to encourage the establishment of new plants may simply
elevate the level of small plant failure if the policy-induced entrants
are candidates who are less likely to succeed than their older
competitors.
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