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ABSTRACT

Simulation models for alternative stochastic processes of firm growth
are presented. Gibrat, Mansfield, and size-independent growth mech-
anisms are investigated, both with and without inclusion of birth and
death processes. The resulting firm size distributions are compared
with the trend of observed distributions in the high-concentration
region, and with minimum efficient scales of plant in the low-concen-
tration region. Size-independent growth combined with certain birth
and death criteria leads to skewed firm size distributions, suggest-
ing that entry and exit conditions can play a xole in contributing to
the skewed distributions observed in practice. This latter develop-
ment makes possible the use of stochastic models to generate families

of firm-size distributions which match empirical observations.

1. Introduction

Firm~size distribution in many industries

is known to be highly skewed. Firms in the
high-concentration tail of such typical skewed
distributions control a disproportionately
large percentage of their industry's total
sales, whereas the low-concentration tail con-
tains a relatively larger number of firms,
each accounting for a substantially smaller
portion of industry sales. Table 1 shows an
example of this situation as encountered in
the steel industry, using production capacity
data rather than sales data® The frequency
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Producer Capacity
U. S. Steel 38.7
Bethlehem 17.1
Republic 11.3
Jones & Laughlin 8.5
National 6.8
Youngstown 5.2
Armco 4.8
Inland 4.2
Colorado Fuel & Iron 3.8
Wheeling 3.4

Table 1. Capacities of 10 Leading

Steel Producers on January 1, 1954

o]
Millions of Tons per Year

*Alternatively, the measure of concen-
tration might be assets, profits, etc.

with which such patterns are encountered in
empirical investigations ogcurs for many other
economic variables as well? This suggests the
existence of some underlying mechanism which
explains the regularity of-the findings. Such
a mechanism would, in general, depend upon the
phenomenon being examined, although there
might be parallel mechanisms at work in other
areas.

It might be thought that economic theory, when
brought to bear on the question of firm-size
distribution, would lead to satisfactory in-
terpretation of its shape. Yet this is not
the case. Microeconomic theory in this area
is based upon cost curves and optimal scales
of plant. As Simon and Bonini have pointed
out, such static analysis can indicate the
minimum size of firm in an industry in certain
circumstances, but makes no predictions about
the distributions of firms by size? The re-
sult of this is that investigators have turned
to alternative theories based on stochastic
models of the processes by which firms change
in size.

One goal of the modeling process is to search
for a preferably "weak" (i.e., relatively un-
restrictive) set of assumptions which are con-
sistent with the known facts in as wide a
range of cases as possible and which, despite
their weakness, lead to model output in agree-
ment with empirical observations. For the
case at hand, such processes as changes in
size of existing firms in an industry, entry
of new firms, and death of old firms are
relevant contributors to the explanation of



the behavior of firm size. Each of these
three processes, in turn, can generally be
described by independent sets of assumptions.
Hence, a wide variety of alternatives exists
for constructing stochastic models for pre-
diction of firm-size distributions.

Our objective is to investigate a combination
of birth-growth-death assumptions which are
economically realistic and to compare their
predicted firm-size distributions with each
other and with the general trend of observed
distributions. One of the growth mechanisms
explored, heré termed Mansfield growth, has
to the best of our knowledge not been pre-
viously used in the modeling process. It is
a "weaker" assumption than the more customary
Gibrat condition, and produces highly skewed
firm-size distributions. In addition, a par-
ticular birth-death process used in conjunc-
tion with size-~independent firm growth is
shown to lead to moderately skewed size dis-
tributions. This suggests that, if a combina-
tion of mechanisms is in effect and if their
relative contributions to the overall evolu-
tion of size distributions are appropriately
weighted, then a wide variety of empirical
distributions can be rationalized by the
stochastic modeling approach.

2. Summary of Some Previous Findings

Some background information concerning pre-
vious work on the size distribution of firms,
much of it pertinent to later discussion of
the models being presented in this paper, will
now be summarized.

1. It is well known that when the fraction of
total industry sales accounted for by the
largest firms is plotted on a double-logarith-
mic scale against their rank in the industry,
a linear relationship is frequently observed.

2. The law of proportionate effect has often
been invoked as the mechanism by which firms
in an industry change in size. This law, for-
mulated by Gibrat? states that the distribu-
tion of percentage changes in firm size from
period to period is independent of firm size.
That is, a firm which had, say, 20,000 units
in sales in a given year has as good a chance
of growing by 15% in the next year as a firm
which had, say, 2,000 units in sales in the
given year. This law is defensible on at
least two grounds. First, it has been found
in some cases to be in agreement with empir-
ical data? (This is not true in all in-
stances, however. See Points 6. and 7. below.)
Second, under an often-used assumption of con-
stant returns to scale, it would be expected
that a firm's increase or decrease in size
would be proportional to its present size.

3. Under the assumption of Gibrat's law of
proportionate effect, coupled with the as-
sumption that new firms enter the smallest
size-class in the industry at a relatively
constant rate, the Yule distribution can be
derived? In the upper tail, the Pareto dis-
tribution is a good approximation to the Yule.
(For an excellent summary of the properties
of the Yule, Pareto, and other discrete or
discretized distributions, see Reference 6.)
The Pareto distribution, converted to loga-
rithms, yields a linear relationship consist-
ent with the empirical observations noted in
Point 1. above.

4. When Gibrat's law is used without the as-
sumption of new-firm birth, tge log-normal
distribution can be developed?

5. When the strong form of Gibrat's law
stated in Point 1. above is replaced with a
weaker form to the effect that total change in
size of firms within various size strata is
independent of strata, it is also possible to
develop the Yule, Pareto, and log-normal
distributions?

6. Ijiri and Simon point out that there is
serial correlation in growth rates of firms?
In the source cited, they propose a model with
serial growth correlation and the possibility
of new~firm birth, but not old-firm death, and
show that the resulting firm-size distribution
is approximately linear on a double-logarith-
mic graph.

7. Mansfield takes objection to Gibrat's law
on three counts? He points out that the law
of proportionate growth can be formulated in a
variety of ways, depending on how the death
process and the size-independent assumption
are viewed. In the paper cited, these three
alternatives are considered and theirx valldlty
is seriously questioned on the basis of empir-—
ical evidence:

a. Suppose that the law of proportionate
effect applies to firms in their last years
before death. In seven of ten cases
examined by Mansfield, this supposition
fails to hold.

b. Assume that the law applies only to
firms not leaving the industry. For four
of ten cases examined, the evidence fails
to support the assumption.

¢. Postulate that the law is restricted to
those firms operating above some minimum
efficient size. Here, the postulate fails
to hold in six of ten cases examined.

Mansfield further points out that smaller
firms tend to have more variation in their
growth rates than larger ones. He suggests
that the distributions of the percentage
change in firm size should have a common mean
but that their standard deviation should vary
inversely with the size of firm.

8. In a study of the percentage change in
size of 369 firms among the Fortune 500 be-
ween 1954 and 1960, Scherer found the percent-
age changes to be normally distributed with a
mean of 6% and a standard deviation of 16%/

9. Bain estimated minimum feasible plant size
(i.e., the size beneath which unit costs are
no longer approximately constant but rise rap-
idly).as a function of percent of industry
salesv A portion of his results is shown in
Table 2.

3. Characteristics of the Growth, Birth,
and Death Processes Used Here

Growth Processes

Gibrat Growth 1In Gibrat growth, each
firm's size in the next year is the product
of a sample drawn from the N(1.06,0.16)
distribution (the normal distribution with
mean 1.06 and standard deviation 0.16) and
the firm's sales in the current year. Use
of the N(1.06,0.16) distribution is con-
sistent with Shexrer's findings reported in
Section 2, Point 8.




Minimum Feasible

Industry Plant Size*
Flour and Milling 0.05 to 0.25
Cement 0.4 to 0.7
bistilled Liquors 0.2 to 0.3
Petroleum Refining 0.4 to 0.9
Rubber Tires and Tubes 0.35 to 0.7
Rayon 1.0 to 3.0
Scap and Glycerin 0.2 to 0.3
Cigarettes 1.0 oxr less
Fountain Pens 1.3 to 2.5
Typewriters 5.0

Table 2. Estimated Minimum Feasible

Plant Sizes in Various Industries

*
As Percent of National Market

Mansfield Growth In Mansfield growth, each
firm's size in the next year is determined
as it is for Gibrat growth, except that
sampling is from the N(1.06,SIGMA) popula-
tion, where SIGMA varies inversely with the
firm's fraction of total industry sales in
the preceding year. Let FXN be the firm's
fraction of total industry sales. Then
SIGMA varies with FXN this way:

For FXN<0.10, SIGMA = 0.32
For 0.l10< FXN<{0.34, SIGMA = 0.42 - FXN
For FXN. 0.34, SIGMA = 0.08

Hence, in Mansfield growth, the standard
deviation of the percentage-change popula-
tion is (.32 for firms having 10% or less
of the market, 0.08 for firms having 34% or
more of the market, and varies linearly
between 0.32 and 0.08 for market shares
between 10% and 34%. This functional de-
pendence follows the gualitative suggestion
made by Mansfield as reported in Section 2,
Point 7. Note that for both Gibrat and
Mansfield growth, change in industry size
is the sum of changes in sizes of individ-
ual firms making up the industry (except as
modified when death occurs; see "Death
Process” below).

]

Size-Independent Growth When growth of
firms is size-independent, the industry's
size in the next year is taken as the pro-
duct of a sample from the N(1.06,0.16) pcp-
ulation and the industry's total sales in
the current year. This change in size is
then distributed over the industry's firms
by the following procedure. A pre-scaled
change in firm size is determined, firm-by-
firm, by sampling from the symmetric tri-
angular distribution with vertices at
(0,0), (.5,2), and (1,0), then multiplying
the resulting factor (a number between 0
and 1) by the industry's change in size.
The ratio of total industry change to the
sum of such pre-scaled firm changes is then
used as a factor to normalize the pre-
scaled changes.

Birth Processes

Whenever the growth in total industry sales
from one year to the next is 14% or more, one
firm enters the industry the following year.
Hence, growth of the industry as a whole by a
sufficiently large amount acts as a signal to
potential entrants that the industxy is prof-

itable. Note that, for Gibrat and size-
independent growth, this sets the level of in-
dustry attractiveness at a year-to-year growth
rate of one half or more standard deviations
above the mean. The supporting economic theory
rests on two assumptions. First, the industry
involves all firms operating above the sales
level at which minimum long-run average cost
is in effect; and second, the cost curve is
horizontal for all relevant ranges of output
above that point. Alternatively, these as-
sumptions can be replaced by assuming that
firms practice sales-maximization or some form
of satisficing which puts emphasis on sales.

When a firm enters the industry, its sales
during its first year of life are determined
by either one of two approaches:

Expected-Condition Entry In expected-con-
dition entry, the new-born firm is given
sales in its first year equal to those
initially assigned to firms existing in
year one, but compounded by 6% from year
one to the year of entxry. Hence, because
each firm initially in the industry is
given sales of 1,000 units, a firm entering
in year 5 would be assigned initial sales
of 1,000(L.06)4. This time-dependent
initial sales concept assumes that the min-
imum point of long-run average cost rises
over time as firms grow. The rise in
initial-year sales is compounded at 6%, in
parallel with average annual £firm growth.

The new firm's initial-year sales are not
simply added to the industry's total sales
for the year. Rather, firms previously in
the industry are forced to "give up" a
portion of their sales that year to fully
account for sales captured by the entering
firm. This reflects the increased compe-
tition offered by the entrant. In expected
condition entry, established firms give up
sales to the newcomer in proportion to
their share of the market. This is equiva-
lent to arguing that existing firms feel
the effect of the newgomer in a manner rel-
ative to their size.

Current-Condition Entry In current-con-
dition entry, sales of the new-born firm

in its first year are set equal to 75% of
the average firm's sales in that yeer. This
approach ties entering firm sales tc the
industry's actual current experience. In
contrast, the expected-condition approach
ties new-firm sales to the expected cur-
rent experience of existing firms. If, in
the expected-condition approach, only a

few or perhaps not any firms have experi-
enced the expected growth pattern, then the
entering firm starts with an unrealistical-
1y high rank. This is not likely to happen
with Gibrat or Mansfield growth, but can
happen with high probability when the size-
independent growth mechanism is invoked.
Hence, current-condition entry is designed
to correspond to the nature of size-inde-
pendent growth.

As in the case of expected-condition entry,
previously existing firms are forced to
contribute a portion of their sales in the
year of entry to the entrant. For current-
condition entry, however, old firms con-
tribute uniformly to the pool that makes up
the entrant's initial sales. This assumes



that the new firm will be relatively more
competitive with existing small firms than
with larger ones. The contrast between
"ourrent—-condition entry with uniform take-
away" and "expected-condition entry with
proportional takeaway" should be noted.

Death Process

The minimum efficient scale of plant in the
first year of the simulation is assumed to be
750 sales units. (Recall that in year one of
the simulation, each existing firm is given
sales of 1,000 units, or 33% above this min-
imum scale.) It is also assumed that the min-
imum efficient scale grows at a compound rate
of 3% per year. Whenever a firm's sales in a
given year slip below this minimum, the firm
immediately leaves the industry. This cri-
terion is applied, however, only after a firm
is three or more years old.

Note that death can also occur independent of
minimum plant scale, whether or not a "formal"
death process is in effect. Sales can £fall to
or beneath zero in the case of Mansfield
growth, where small firms sample from the
N(1.06,0.32) distribution and a negative per-
centage change can result. This might also
happen on occasion when an existing firm -is
forced to yield its alloted quota of sales to
an entering firm.

4. Conditions Under Which the Simulation
Runs Were Made

The various growth-birth-death combinations
used in the simulation runs reported here are
presented in Table 3.

These were the several parameter values in ef-
fect for each combination studied:

1. There were 25 firms initially in the in-
dustzry.

2. Each of the 25 starting firms was assigned
sales of 1,000 units for the first year of the
simulation.

3. The industry was allowed to mature for 100
years.

4. For each growth-birth-death combination
studied, the industry was allowed to mature 25
times.

The random variables whose distributions were
estimated are listed below:

1. Relative share of market for each of the
12 top-ranked firms.

2. Relatiye share of the market for each of
the 5 firms with lowest rank.

3. Number of firms in the industry.

4. Number of original firms still in the in-~
dustry.

As indicated above, each of the distribution
estimates is based on a sample of size 25.
Estimates of the distributions were made at
yvears 20, 40, 60, 80, and 100.

5. Discussion of Simulation Results

Tables 4. through 9. display selected statis-
tics from the various models. The information
in these tables will be briefly discussed,
table-by-table.

Table 4 shows results produced for Gibrat
growth without death, with birth but no death,
and with both birth and death. Note these
points:

a. Growth of the top-ranked firm continues
throughout the 100 years when neither birth
nor death are allowed (the "1" columns). On
the other hand, the fifth-ranked firm's
market share is between 6 and 7 percent
throughout the simulation.

b. The differential effect of birth with-
out death (the "2" columns) is to increase
competition and reduce market shares of
firms in the industry. The effect is most
pronounced for the top-ranked firm. At
year 100, the top firm has 22.6% of the
market, vs. 32.9% with no birth allowed.
Lower-ranked firms are not as severely
affected. The results for all ranks appear
to have stabilized by year 60.

c. The differential effect of death on the
growth-birth combination is to increase the
market share of the surviving firms (the
"3" columns). By year 80, the top-ranked
firm's share appears to have stabilized
about mid-way between its share without
birth or death and its share with birth but
no death. Change in the other firms"
shares, though modest, is in an upward
direction. In fact, the lower-ranked firms
do somewhat better on balance than when
neither birth nor death are allowed.

Table 5 is strictly analogous to Table 4., ex-~
cept that the growth process is Mansfield. The
pattern of results resembles Table 4:

Growth Birth Death

Combination Process* Process¥* Process*

1 Gibrat No Birth No .Death

2 Gibrat Industry-Independent No Death

3 Gibrat Industry-Independent As Described

4 Mansfield No Birth No Death

5 Mansfield Industry—-Independent No Death

6 Mansfield Industry-Independent As Described

7 Size-Independent No Birth No Death

8 Size-Independent Industry-Dependent As Described

Table 3.

Growth~Birth-Death Combinations Modeled

*
See Section 3. for an Explanation of Terms




Year: 20 40 60 80 100
Combination: 1 2 3 1 2 3 1 2 3 1 3 1 2 3
1: {12.9{11.6{14.9{20.0|17.5}21.1 | 26.0}22.0}24.0 | 27.3|21.0}27.1 | 32.9}22.6}27.5
2: 9.3 8.6411.6 | 11.4{10.7]13.3 | 13.0}11.5]14.3 |15.0{12.4}15.1 | 15.0413.513.9
éy 3 7.817.4] 9.6 9.3] 8.7{10.3 9.7 8.9{10.6 | 10.4| 9.1|10.0 9.6] 9.5710.3
&l a4: 6.7| 6.5| 7.8 7.7] 7.3| 8.7 7.6 7.1} 8.9 7.61 7.7 7.7 7.5 7.7] 8.1
5: 6.11 6.01] 7.2 6.3] 6.3} 7.4 6.1] 5.8{ 7.2 6.7] 6.5 6.5 6.2 6.1 6.7
Table 4. Partial Results for Combinations 1, 2, and 3 (Gibrat Growth):
Percent Share of Market for 5 Top-Ranked Firms
Year: 20 40 60 80 100
Combination: 4 6 4 5 6 4 5 6 4 5 6 4 5 6
1:]25.8123.2128.9 138.7}29.8]37.5 | 45.5[41.7[|43.7 | 49.9]143.0}40.9 {55.9}/48.740.5
2: 116.0(13.8119.1 {22.8}19.3(24.1 {26.7(23.3{25.5 |32.0(24.6]27.3 {32.4]|23.8]|28.8
% 3: 111.6(20.3{13.7 [12.0|12.1{14.7 {13.3{11.5]|13.6 | 10.7]13.3/13.9 7.6|11.2]13.3
Ml 4. 7.81 8.3(10.1 7.9) 8.3} 8.8 5.1 6.7} 7.6 3.4} 6.4 7.0 2.3] 7.2} 7.1
LY 6.7{ 6.9} 7.9 4.8] 6.1} 5.0 3.0] 4.5} 3.8 1.5 4.7} 4.8 0.7 4.4} 4.4
Table 5. Partial Results for Combinations 4, 5, and 6 (Mansfield Growth) :

Percent Share of Market for 5 Top-~Ranked Firms

a. When neither birth nor death is allow-
ed, the top-ranked firm continues to grow
throughout the simulation (the "4" col-
umns). The top firm has 55.9% of the mar-
ket by year 100, in contrast to 32.9% for
the Gibrat-equivalent case. This is con-
sistent with the relative stability of the
percentage~change population from which the
top-ranked firm is sampling at least by
year 40 (market share exceeds 34%, dropping
the standard deviation to 0.08).

b. The differential effect of birth is to
decrease the market share of the top two
firms (the "5" columns). In contrast with
the equivalent Gibrat case, however, the
firms ranked 3, 4, and 5 have experienced a
noticeable improvement in their market
share. The reason for this is that there
are fewer firms still in the industry in
later years with Mansfield growth than with
Gibrat. With a standard deviation of 0.32,
some small Mansfield firms are eventually
dropping to zero in sales and therefore
"dying". This is true even though the for-
mal death mechanism (minimum feasible scale
of plant) is not in effect. In fact, at
year 100 there are only 9 firms left on av-

erage in the Mansfield industry (data not
shown in tables) even though, with birth
and theoretically no death, there should be
at least 25.

¢. When the growth-birth combination is
augmented by the death process (the "6"
columns) , £irms ranked 2 and 3 enjoy an im-
provement in market share, firms 4 and 5
are unchanged, and the top-position £irm
loses ground. On average, there are 8.4
firms in the industry in this case (data
shown in Table 8.) vs. 9 with the death
process excluded. There appears to be no
necessary reason why ranks 2 and 3 have
grown at the expense of rank 1. The result
might be attributable to randomness. The
standard deviation at year 100 of the mar-
ket shares of firms ranked 1, 2, and 3 is
8.7, 7.7, and 5.6, respectively {(data not
shown in tables).

Table 6 shows the effects of size-independent
growth without birth-death, and with birth-

death.

The no-birth, no-death case (the "7"

columns) bears out that, for the growth mecha-
nism in use, the firms have little tendency to
separate into sharply differentiated ranks.
When birth and death are introduced (the "8"

Year: | 20 40 60 80 100
Combination: 7 8 7 8 7 8 7 8 7 8
1: | 4.97.7 .5 6.7(11.1 8l12.4
2: | 4.707.1] 5.2 5.6| 7.8 6.1] 8.9 | 6.2]10.1
4 3: | 4.6|5.2| 5.0!6.6 8.3 9.2
& 4. | asls.1] 4.9 5.5 | s.205.0] 5.4 7.2 | 5.6] 8.6
5: | 4.5 |5.0 | 4.8 5.3 | 5.0|5.7| 5.3] 6.0 | 5.3] 8.2

Table 6.

Partial Results for Combinations 7 and 8 (Size-Independent Growth):

Percent Share of Market for 5 Top-Ranked Firms




Year: 20 40 1 60 5 80 100

Combination: | 3 | 6 | 8 317 6 | 8 ! 37 6 | 8 3| 6 | 8 3] 6 | 8
Last-4: 4.0| 8.0 16.2 3.6/16.61 5.4 I 2.9(17.8 | 5.6 2.2114.4 1 7.7 1.5]11.1 1} 8.4
é Last-3: 3.6 6.2 (5.6 3.2]10.3, 5.2 i 2.4t 9.515.0 1.8f{ 6.36.0 1.3 7.5 .
- 1
2 Last-2: 3.2 4.5 3.7 2.8 5.4 ; 4.4 ! 2.11 4.9 (4.3 1.6f 3.6 | 5.5 1.1} 2.3 16.4
Last-1l: 2.81 3.6 | 3.5 2.2} 3.7¢3.3 1.6 3.1 13.1 1.3: 2.21] 4.5 0.8] 1.5 [5.9
Last: | 2.2} 2.8 [3.3 | 1.8 2.0{3.0 |[1.2]1.4]2.8| 1.0/ 1.3]|3.0/ 0.5]/ 0.9 5.5
Table 7. Partial Results for Combinations 3, 6, and 8:
Percent Share of Market for 5 Smwallest Firms
Year: | 20 40 60 80 ' 100
. I i T T -
Combination: t“___3 [ 6 i 8 3 6 i 8 33 6 ;| 8 3 6 8 3 6 8

S L - |

A: 116.4} 9.8|22.9 15.3 | 8.1122.9

B: 215.9] 7.7|18.4 [13.9 | 5.0{15.6
P T T . A

15.8 (7.621.6 | 17.0 | 7.9|{18.8 | 18.5| 8.4 14.8
13.1{3.8|13.0 12.7{ 3.3(11.0 {12.5} 2.8 | 8.4

Table 8. Partial Results for Combinations 3, 6, and 8:
A: Number ofrFirms in Industry; B: Number of Original Firms Still in Industry

columns), a stronger tendency toward moderate
skewness is evident. With the growth process
used, combination 8 measures the ability of
the imposed birth-death processes to induce
skewness. Of course, the dominant concentra-
tion arising with Gibrat and especially Mans-
field growth does not arise here.

Table 7 shows the market shares of the 5 low-
est-ranked firms with birth and death in ef-
fect for each of the three different growth
processes. For Mansfield growth (the "6"
columns), the fourth firm from the bottom has
a substantial market share. This is because
the "fourth from the bottom" is also approxi-
mately the "fourth from the top" in the Mans-
field case, where only 8 to 10 firms survive
from year 20 forward. Other entries in Table
7. are in the 1 to 5 percent range, with some
falling below 1 percent. These values should
be compared with those in Table 2., where
market shares corresponding to minimum feasi-
ble plant size are shown for various indus-
tries. Table 2. supports Table 7. fairly
well, especially those parts of Table 7. cor-
responding to years later in the simulation.
It might be argued, however, that the death
condition used here was generally too severe.

Table 8 shows the number of firms in the in-
dustry as a function of time, and how many of
those firms were initially in the industry

when it was born. Note that from year 20 for-

initial 25 firms remaining. Original firms
have the best chance of long-run survival with
a Gibrat growth process (the "3" columns). As
would be expected, Mansfield growth has elim-
inated about 70% of the original firms by year
20 (the "6" columns). Original firms still
make up over 75% of the industry at that time,
however. At year 100, 65% of the industry
consists of original firms for Gibrat, 35% for
Mansfield, and 57% for size-independent growth
processes.

Table 9 is included to give some general in-
dication of the dispersion of typical mean
values displayed in Tables 4. through 8. There
is considerable variation in the samples used
to compute the reported means. Hence, an in-
dustry rigidly adhering to one of these birth-
growth~death combinations might well evolve a
concentration pattern strongly dissimilar to
the mean patterns reported here. )

Figure 1 displays the xesults in the upper tail
of the distribution for model combinations. 3,
6, and 8 on a double-logarithmic graph. Also
shown in Figure l. is the corresponding por-
tion of the steel industry data from Table 1.
The tendency toward a linear relationship in-
dicated under Point 1., Section 2, is evident.
Also note:

a. Gibrat growth is the middle-of-the-road
case, producing a "good" approximation to a

ward, all combinations have fewer than the

Combination: 3 6 8
Standard Standard Standard
Mean Deviation Mean Deviation Mean Deviation
1: 24.0 7.1 43.7 12.0 9.0 7.6
v 2: 14.3 3.2 25.5 5.6 7.8 5.5
g 3: 10.6 2.2 13.6 5.9 7.0 3.7
mlg. 8.9 1.8 7.6 4.0 5.9 2.1
5z 7.2 1.1 3.8 1.7 5.7 2.0

Table 9. Partial Results

for Combinations 3, 6, and 8:

Sample Mean and Standard Deviation Associated with Percent
Market Shares for 5 Top—-Ranked Firms at Year 60 .

6



50 Legend
f1: Combination 6
4 ~ +4: Steel Producers]
~ A: Combination 3
©: Combination 8

Percent Share of Market.

1 2 3 4 5 6
Rank of Firm

Double~Log Plot of
Selected Statistics

Figure 1.

linear relationship. The steel industry
data parallels the Gibrat prediction quite
well for firms ranked 2, 3, 4, and 5.

b. Mansfield growth produces the greatest
skewness. If the line based on firms rank-
ed 2 through 5 were extended, however, a
relative market share exceeding 100% would
be predicted for the top firm.

c¢. The size-independent growth and Mans-
field growth bracket the Gibrat situation.
Except for the -top Mansfield firm, the num-
eric Gibrat results could be constructed
with a combination of the Mansfield and
size-independent results. With a different
functional relationship between the stan-
dard deviation of the percentage-change
population and market share in the Mans-
field case, the top Mansfield firm could
very likely also be brought into line.

6. Summary and Conclusions

1. Mansfield's gqualitative suggestion that
the standard deviation of the distribution of
percentage change in firm size should vary
with firm size has been given a quantitative
interpretation and implemented. The resulting
stochastic model produces highly skewed firm-
size distributions. Mansfield's proposed
growth mechanism is more realistic than that
of Gibrat. It is also more flexible because
of the ways in which standard deviation can be
functionally related to the market share of
firns.

2. A particular birth-death mechanism has
been shown to induce moderate skewness in
firm-size distributions.

3. Weighted combinations of Mansfield growth
and size-independent growth can be used to ex-
plain a wide variety of empirically found

firm-size distributions. The value in combin-
ing the two alternatives is that the underly-
ing assumptions can be given economic inter-
pretations. For example, the birth and death
processes in the models discussed here are
based on economic interpretations of level of
industry attractiveness and minimum efficient
scale of plant, respectively.

3. The differential effect of new-firm entry
into an industry is to lower concentration, as
is expected.

4. The differential effect of death is to
raise concentration without restoring it to
its levels before birth and death were imposed.

5. A model or models of this type could be
used by an individual firm within an industry
to help assess its future market position
under alternative hypotheses.

6. It is claimed that the models presented
here are more useful than their predecessors.
They produce similar results based on weaker,
more realistic assumptions. The various model
components are all intexpretable in economic
terms.
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