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I. Introduction

If technological constraints generate scale econ-
omies, the cost of achieving a more competitive
market structure may be the sacrifice of cost ad-
vantages arising from large scale production at a
single site. This trade-off has been described and
explored theoretically by Williamson (1968,
1977). Using a plausible hypothetical model, he
demonstrated that the social cost of forgone
scale economies could easily outweigh the social
gains arising from a reduction in the deadweight
loss generated by enhanced competition.

The seriousness of the trade-off between com-
petition and cost efficiency has not been well
documented.' Bain (1956) and Weiss (1976) at-
tempted to estimate the fraction of output which
is produced in plants of less than minimum
efficient production scale (MES), that output
level at which the average cost curve attains a
level close to its minimum. Bain concluded that

* Leonard Weiss graciously provided worksheets from his
earlier study of suboptimal capacity that were useful in the
present analysis. Helpful comments were received from par-
ticipants in the Applied Microeconomics Workshop at Van-
derbilt University, especially Cliff Huang. Financial sup-
port was provided by the Vanderbilt University Research
Council.

1. For a review of this literature see Siegfried and Wheeler
(1981).
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The economic cost of
suboptimal capacity is
estimated by fitting
cost curves to late
1960s data describing
the cost disadvantage
of plants of less than
efficient size and multi-
plying the cost disad-
vantage at each sub-
optimal scale by the
actual quantity of out-
put produced in plants
of that size. Minimum
efficient scale (MES) is
defined in terms of
both production cost
and production plus
transportation cost
minimization. The total
estimated economic
cost of suboptimal ca-
pacity is 2%-4% of the
value of shipments for
the 15 sample manufac-
turing industries. Rudi-
mentary empirical tests
of alternative interpre-
tations of the cost esti-
mates (e.g., that they
reflect technological
improvements that
have increased MES or
that less than MES
plants produce more
highly valued differ-
entiated products than
do larger plants) do not
undermine the results.
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the majority of manufactured goods were produced in plants of ‘‘rea-
sonably efficient’’ scale. He further claimed that there was a small
““inefficient fringe’” of firms that were responsible for 10%-30% of
industry output; however, the presence of this fringe did not seem to be
influenced by concentration levels or barriers to entry. Rather, its pres-
ence seemed to be related to the existence of single plant firms. Bain
concluded that the concern over sacrificing economies of scale in order
to promote competition was unfounded.

More recently, Weiss (1976) employed late 1960s estimates of
minimum efficient scale to update and extend Bain's analysis. He used
engineering interview estimates of the minimum efficient scale of
plants in 35 industries compiled by Pratten (1971), Scherer et al. (1975),
and himself (1976). Combining the MES estimates with census of
manufactures employee-size-class information on value of shipments,
Weiss concluded: *‘On the average, about half of total shipments in the
industries covered are from suboptimal plants. The majority of plants
in most industries are suboptimal in scale, and a very large percentage
of output is from suboptimal plants in some unconcentrated indus-
tries’” (1976, p. 141).

Bain's and Weiss’s analyses help to assess the trade-off between
scale economies and seller competition, but they are an inadequate
guide for public policy. Even though almost half of U.S. output in the
35 industries surveyed by Weiss may be produced in suboptimal
plants, it is conceivable that the cost elevation in these plants is rela-
tively small. In order to evaluate the social cost caused by production
in suboptimal .plants, it is necessary to approximate the value of the
additional resources that are devoted to production because of higher
than necessary unit costs, which is the goal of this study.

Our estimates provide a basis for evaluating the potential social gains
from a policy that discourages suboptimal plant construction. Any
such benefits, however, should be weighed against the allocative
efficiency losses generated by increased market concentration. Unfor-
tunately, empirical studies of the welfare cost of monopoly (e.g., Har-
berger 1954; Schwartzman 1960; Kamerschen 1966; and Siegfried and
Tiemann 1974) do not provide sufficient information to evaluate the
trade-off because those studies all focus on the remaining welfare cost
congruent with the existing level of monopoly. Thus they provide guid-
ance regarding the social benefits that might be attained from greater
encouragement of competition. But what must be traded off against
suboptimal capacity cost is just the opposite—the additional welfare
loss that would result from a diminution of competition in order to
attain minimum efficient scale in all plants. Therefore, comparisons of
the estimated social cost of suboptimal capacity with estimates of the
current welfare loss due to monopoly do not directly address the tradi-
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tional dilemma of antitrust.” But such comparisons may still be useful
for focusing attention on the source of additional efficiency gains, even
though the costs of achieving these benefits are not easily measured.

Furthermore, the logic underlying the traditional dilemma of anti-
trust policy is ambiguous. Although the promotion of more competition
might prevent a sufficient agglomeration of sales to support certain
firms’ plants at the MES level, it also should reduce profit margins to
competitive levels, which would require firms with less efficient plants
either to expand to the efficient level of capacity or to leave the indus-
try. Thus the promotion of seller competition could yield a reduction in
the cost of suboptimal capacity as well as a reduction in the allocative
loss caused by pricing above marginal cost.

II. Estimation Methodology

Overview of the Procedure

An exact measure of the cost of suboptimal capacity in an industry
requires a comparison between the production costs actually incurred
in all plants within the industry and the production costs that could
have been achieved had all output been produced in plants of optimal
(or larger) scale. Since neither of these cost measures are readily avail-
able, we estimate their values indirectly.

The estimates of optimal and actual production costs are derived
from three sets of data that (roughly) provide the following information
about each industry:

1. (a) the size (dollars of sales) of a plant at which all economies of
scale are exhausted (MES); (b) the cost disadvantage suffered by a
plant of size equal to 4 MES, measured as the percentage deviation
between average cost of a plant of size equal to 4 MES and average
cost of a plant of size equal to MES;

2. the total sales originating in plants of various size groups; and

3. the industry-wide profit per sales dollar.

Since only the cost disadvantage suffered by plants of size equal to %4
MES is known, it is necessary to estimate magnitudes of cost disadvan-
tages suffered by plants of other sizes. We do this by assuming that the
cost disadvantage suffered by a plant of a smaller size than MES can be
represented by a specific continuous and monotonically declining func-
tion of plant scale (§). The parameters of this ‘‘cost elevation func-
tion’” are chosen so that the estimated cost elevation of /s MES equals
the reported cost disadvantage of a plant of size equal to s MES, and

2. This criticism also applies to the use of estimates of the percentage of value of
shipments produced in suboptimal size plants to draw inferences concerning the trade-off
between allocative and cost efficiency such as those made by Bain (1956) and Weiss
(1976).
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the estimated cost elevation at MES equals zero. Since this procedure
yields results that depend on the assumed nature of the cost elevation
function, alternative functional forms are employed, each of which
corresponds to a cost function commonly used in empirical work.

Under the assumption that the estimated cost elevation function
(CEP[ S)) accurately represents the percentage elevation of production
cost above the production cost of an MES plant, 1 + CEP(S) repre-
sents an index of average production cost as a function of plant scale.
This index is combined with shipments data to derive an estimate of the
industry-wide percentage of cost elevation due to production in plants
of suboptimal scale. The industry-wide profit data are combined with
the cost index and shipments data in order to estimate the actual level
of average production cost in plants of optimal scale. This number is
then used to calculate the dollar estimate of excess cost due to subop-
timal capacity.

Determination of Minimum Efficient Scale and Production in
Suboptimal Plants

Estimates of minimum efficient scale as a percentage of 1967 value of
shipments and the percentage cost penalty suffered by a plant of a size
equal to Y3 MES are reported for 12 industries by Scherer et al. (1975).
These estimates were based on in-depth interviews of industry en-
gineers and managers. Similar estimates of minimum efficient scale are
provided for other industries by Pratten (1971) and by Weiss (1976).
The Pratten and Weiss MES estimates are accompanied by estimates
of the percentage cost penalty suffered by a plant of 2 MES (rather
than %5 MES). Complete data requirements for estimating the cost of
suboptimal capacity as outlined in the previous section were available
for nine of Scherer’s industries, three of Pratten’s industries, and three
of Weiss’s industries. These industries’ MES levels and cost penalties
at Y5 or %2 MES are reported in table 1.

An estimated tabulation of shipments by plant scale is derived from
data in the 1967 census of manufactures (U.S. Department of Com-
merce 1971).% These data report the total value of shipments originating
from plants in various size classes, and the number of plants observed
within each size class. (The census measures ‘‘size’’ by number of
employees.) We estimate the average production scale of plants within
one census size class by the average value of shipments per plant
originating from plants of that size class.* Following the procedure of

3. Although 1977 census of manufactures data are available, the latest estimates of
minimum efficient scale are for the mid- to late 1960s (U.S. Department of Commerce
1967, 1971). In our judgment consistency of the various data sources takes precedence
over timeliness.

4. A sufficient (but not necessary) condition that would insure that the average pro-
duction scale is proportional to average shipments is that the value of shipments originat-
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Weiss (1976), minimum efficient scale is estimated in terms of value of
shipments by multiplying percentage of sales required to achieve MES
by value of 1967 shipments.

An estimate of the value of shipments originating in suboptimal
plants may be derived by summing the shipments originating in size
classes smaller than the minimum efficient scale. This procedure en-
counters an ambiguity in counting shipments from plants in the size
class which includes MES. Since one size class may encompass a
substantial range of plant sizes, we divide sales originating from plants
in the size class containing MES into: (1) sales originating in plants of
smaller scale than MES and (2) sales originating in plants of larger (or
equal) scale than MES. Our method of allocation is based upon em-
ployment data provided with the census of manufactures shipment
data. This procedure is described in Appendix A.

Estimation of the Cost Elevation of a Suboptimal Plant

Let S represent the scale of a plant, measured in dollars of shipments
per year, and let C(S) represent the cost of producing S dollars of
shipments in a plant of scale S. That is, C(S) represents long-run total
production cost as a function of shipments. Thus, long-run average
production cost (i.e., cost per dollar of shipments) equals C(S)/S. It is
assumed that average production cost decreases with increased scale
for all S less than the minimum efficient scale and that average cost
remains constant for all § greater than MES. Let §* designate the
minimum efficient scale, and let ¢* designate the average production
cost (per dollar of shipment) of a plant of minimum efficient scale.
Define the *‘production cost elevation’’ of a plant of suboptimal scale
as the elevation of average cost suffered by that plant, expressed as a
percentage of average cost of a plant of efficient scale. That is,

C(S)IS — C(S*)/S*
C(S*)/S* '

By the assumed nature of the cost function,
CEP(S) > 0 S < §*
CEP(S) = 0 S = §*.

The estimation procedure requires the assumption that, for values of
S less than §*, CEP(S) can be approximated by a specific function

CEP(S) = (1

ing in each plant is proportional to the scale of the plant. This condition in turn would be
satisfied under the following sufficient conditions: (i) all plants have equal capacity
utilization; that is, the ratios of actual production to the optimal scale of a plant are equal
for all plants; (ii) inventory fluctuations are uniform across all plants; that is, the ratios of
the change in inventory to the level of production are equal for all plants; and (iii) output
from each plant is sold at the same price.
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g(S). The form of the function g(§) must be assumed, with two param-
eters to be determined by the data. These parameters satisfy the con-
ditions that the estimated cost elevation function, when evaluated at
§ = Y53 §%, equals the reported value of CEP at /4 MES and that the
estimated function equals zero at § = S$*.° That is, the parameters of
the function g(.5) must be chosen so that:

ell)s°] = P

g(85%) = 0,

The estimates of the cost of suboptimal scale were calculated with
two alternative forms of the function g(S§). The first and simplest form
assumes that long-run average cost declines linearly with increased
scale, up to the minimum efficient scale. This form of average cost is
illustrated in figure 1. In this case, g is a linear function:

g1(S) = a; — b,S. (3)

The second functional form assumes production to be characterized
(over the relevant range) by returns to scale of constant order greater
than one. The assumed form of the average cost function is illustrated
in figure 2. The function, g, that generates this form is a hyperbola:

g:S) = a,§%» 1 — | by, < 1. (4)

(2)

5. For Pratten (1971) and Weiss (1976) industries the % MES is replaced by 2 MES.
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The constants a; and b; are determined so that g;(S) satisfies both
conditions in (2).°

Estimation of Total Industry Cost Elevation

Assuming the estimated function g(S) accurately represents the true
production cost elevation of a plant of scale §, average production cost
in such a plant is given by equation (5):

C(S)

= c*[1 + g(S)]. (5)

The industry-wide cost elevation due to suboptimal scale can be
calculated from this equation. Assume the jth plant in an industry
is of scale §;.” Then, total production cost incurred in the jth plant

6. Estimates were also performed under the assumption that long-run total cost may
be approximated by the sum of a fixed cost, which is independent of plant scale, and a
variable cost, which is proportional to plant scale. That is: g4(5) = (as/§) + bs. This cost
function generates an extremely high cost elevation for plants with relatively few em-
ployees, since the cost function rises asymptotically toward the vertical axis. Several
industries have plants with only a few employees, and the extremely high cost elevation
estimate therefore generates huge cost estimates. The very large cost ele vation estimates
at small plant sizes are likely to be misleading, since the estimated equation is based
principally on two data points that describe the cost relationship between MES-sized
plants and plants of % (or 2) MES. The very small plants are likely to employ substan-
tially different technologies than even the 4 MES size plants and to produce products
that are significantly differentiated from the larger plants’ products (either geographically
or characteristically). Consequently, these plants may be misclassified. Therefore, only
estimates based on eq. (3) and (4) are reported.

7. A measure of the true scale of every plant within a size class is not available.
Therefore (except in the case of the MES size class), it is assumed that the cost elevation
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equals ¢*[1 + g(5,)1S;. Total production cost incurred in the industry
is the sum of production costs incurred in each plant in the industry,
2c*[1 + g(S5)]S;. But if all production had occurred in plants of size
greater than or equal to MES, production costs would have equaled
2;('*51'.

Industry-wide percentage production cost elevation is defined as the
difference between actual production cost and minimum potential pro-
duction cost, expressed as a percentage of minimum potential cost:

E'J'(.*“ ok R(S;)]SJ - EJ,‘C*SJ'

CEP™ = 6
2;c*S; @
Equation (6) may be rewritten as:
i 21(5)18; _ < [ S; }
ind _ <J AN — NA oL C: J
CEP S m %8S 5—=— |- (7)

Equation (7) indicates that the industry-wide percentage production
cost elevation is simply a weighted average of individual plant cost
elevations, with each plant’s weight equaling its share of industry
sales.® S

Equation (7) expresses industry-wide excess cost as a percentage of
minimum potential production cost. In order to convert this percentage
cost estimate into an estimate of actual dollars of excess cost, one
needs an estimate of the minimum potential average production cost
(¢*), which can be derived from industry-wide profit margin data. The
margin data are taken from Statistics of Income: 1967 (U.S. Depart-
ment of the Treasury 1971) for the IRS “‘minor industry’’ that most
closely approximates the respective standard industrial classification
(SIC) industry. Although the SIC four-digit industries and the IRS
minor industries are considerably different, these margin estimates are
probably the best available for the SIC industries. We cannot use mar-
gins calculated directly from the census of manufactures because it is
not possible to exclude advertising and certain other fixed expenses
from the margin estimate. Thus our margins would be grossly over-
stated and inappropriate for use in estimating the gross cost of subop-
timal capacity.

The industry-wide profit per sales dollar equals the ratio of the sum
of profits generated in all plants to the sum of sales originating in all
plants:

E{;'(S,i = COStj)

Il =
E'_ESJ'

(8)

of the average size plant within a size class provides a reasonable estimate of the average
cost elevation of each plant within that size class.

8. When employing eq. (7) to estimate industry-wide cost elevation, shipments from
plants in size class k are treated as originating in n, plants each of scale equal to VS;"*/ny.
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Assuming that: (i) all costs other than those required for production are
insignificant, and (ii) g(S) accurately represents the true production
cost elevation function, equation (5) may be rewritten as:

Eij {1 = ¢l + g(SJ)]}

= %;S;

This equation may be solved for ¢*:

. _ 580 =1
5,51 + g1

With this estimate of average cost required by a plant of efficient
scale, the production cost which would have been required had all
plants been efficient may be estimated as the product of total industry
value of shipments and minimum average cost. Finally, total industry
excess cost due to suboptimal capacity is estimated by the product of
the industry-wide percentage of production cost elevation and
minimum potential industry cost.

Total Excess Production Cost™ = CEP™ c* zSJ-. (10)
7

9)

The excess cost due to suboptimal production capacity is divided by
total sales revenue in order to produce a cost estimate that is compara-
ble to the estimates of the allocative efficiency welfare loss due to
monopoly pricing.

The Problem of Transportation Costs

The previous analysis assumes that all costs other than production
costs are trivial. Although this assumption may be valid for some in-
dustries, it is certainly questionable for others (e.g., cement). In indus-
tries in which a significant fraction of costs is due to activities other
than production (such as research and development and advertising),
the assumption results in an exaggerated estimate of average produc-
tion cost (¢*) and therefore an exaggerated estimate of the dollar
amount of excess cost due to suboptimal capacity. As long as these
overlooked costs are independent of individual plant scale, however,
the estimate of the excess cost expressed as a percentage of minimum
potential cost remains unbiased.

If other costs are both large and dependent upon plant scale, a more
serious problem arises. In such cases, the plant scale which minimizes
average total costs may be different from the scale which minimizes
average production cost. Therefore, our estimates of optimal scale and
excess costs would be distorted.

A likely source of this type of error is transportation costs. Increased
output from a plant must be shipped to more distant customers. Aver-
age transportation costs thus increase with plant scale. The plant scale
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that minimizes the sum of average production cost and average trans-
portation cost may, therefore, be considerably smaller than the scale at
which production economies are exhausted.’

In order to determine the magnitude of the corrections necessary to
account for transportation costs, we employ rough estimates of trans-
portation costs to recompute optimal plant scale and the costs of pro-
duction in nonoptimal plants. Because of the crude nature of our esti-
mates of transportation costs, the results of this exercise should be
treated as suggestive rather than definitive numbers.

Specifically, it is assumed that increased output from a plant must be
shipped to more distant customers. Transportation costs therefore,
increase monotonically with plant scale. An estimate of transportation
cost per mile shipped and an assumption about the geographic distribu-
tion of demand for each plant’s product are employed to derive a
relationship between the scale of a plant and average cost required to
ship the output of that plant. This estimate is combined with the proce-
dure of the previous section to estimate total (i.e., production plus
transportation) cost as a function of plant scale. Details of the assump-
tions and calculations employed in this analysis are reported in Appen-
dix B.

The assumptions that transportation costs increase monotonically
with plant scale and that production costs are constant for outputs
exceeding minimum efficient production scale together imply that total
costs (both production and transportation) are minimized at a unique
output level. That is, costs are assumed to exceed minimum potential
costs at output levels both below and above minimum efficient overall
scale, generating excess costs due to supraoptimal as well as subop-
timal capacity. The main purpose of the transportation cost analysis is
to determine what proportion of production cost disadvantages due to
suboptimal production scale is offset by corresponding transportation
cost savings. Therefore only the excess cost attributable to suboptimal
capacity is reported in the empirical results.

III. Empirical Results

Production Costs Alone

Estimates of the percentage of shipments from suboptimal plants are
reported in table 1 for the 15 sample industries, which account for
12.0% of the 1967 value of U.S. manufacturing shipments. Our method
for converting employment-size-class boundaries to shipments-size-

9. If there exist fixed transportation costs (i.e., transportation costs that are indepen-
dent of quantity or distance shipped), then average transportation costs may decrease
with increased scale. In such cases, the plant scale that minimizes the sum of average
production cost plus average transportation cost may be greater than MES.
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class boundaries causes some of the differences between Weiss’s esti-
mate and our estimate of the percentage of total U.S. output produced
in suboptimal plants.'’

The weighted (by value of shipments) average percentage of subop-
timal shipments was 64.0% by the Weiss method and 63.6% after our
adjustments. On their surface, these estimates suggest the existence of
serious social costs arising from too small plants. However, we now
have an explicit (albeit rough) estimate of the importance of these
COStS.

The estimated aggregate excess production cost due to suboptimal
capacity for the 15 industries is approximately 4.7% of minimum
efficient scale costs using the linear cost function [g,(5)], and 6.7%
using the nonlinear cost function [g,(5)]. The estimated relative cost
penalty resulting from suboptimal production varies considerably
across industries. The estimates based on linear cost curves range from
a low of .4% for cigarettes to a high of 23.6% MES costs for cement.

The importance of extending estimates of the percentage of ship-
ments from suboptimal plants into an average cost elevation estimate is
revealed by comparing the industry-by-industry estimates reported in
table 2. Several of the industries with high percentages of output from
suboptimal plants incur relatively low costs from their suboptimal pro-
duction capacity. This occurs because either (1) the cost disadvantage
of suboptimal production is not very large or (2) most of the output
from suboptimal capacity is produced in plants only slightly smaller
than MES. For example, although 37.9% of the value of shipments in
the cigarette industry is produced in suboptimal plants, costs relative
to value of shipments are only about 0.3% greater because of this
suboptimal production. On the other hand, the cost disadvantage of
suboptimal capacity relative to value of shipments for the synthetic
fiber industry is 0.9%, and only 15.1% of these shipments come from
suboptimal plants. The simple correlation coefficient between our esti-
mate of the percentage of shipments produced in suboptimal plants and
the relative excess cost based on the linear cost curve is .44. That this
is not significantly greater than zero at the .05 level supports our con-
tention that the simple calculation of the percentage of shipments from
suboptimal plants can be a misleading indicator of potential sources of
efficiency gains. "’

10. A major discrepancy occurs only in SIC 3632, refrigerators and freezers. Weiss
apparently used only refrigerators to compute the MES value of shipments level and
applied this estimate to the total refrigerators and freezers industry in determining the
volume of shipments from plants exceeding MES capacity. Our estimate is derived by
applying Scherer’s MES physical output estimate to the total refrigerators and freezers
industry value of shipments to determine the value of shipments of an MES plant. Given
the similar production technology of refrigerators and freezers, this seemed to us to be
the more reasonable procedure.

11. The corresponding simple correlation coefficient between the percentage of ship-
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The estimated annual economic cost of suboptimal production ca-
pacity ranges from $9.9 million in cigarettes to $1,223.2 million in inte-
grated wide-strip steel works and totals $2.8 billion (using the linear
cost curve). The total estimated economic cost (using the linear cost
curve) is approximately 4.2% of the 1967 value of shipments of the 15
industries in the sample.

Production and Transportation Costs

The estimates of the cost of suboptimal capacity when both production
and transportation costs are used to determine minimum efficient scale
are also reported in table 2.

The importance of considering costs other than production costs is
illustrated vividly by the cement industry. For cement, the cost of
suboptimal capacity when transportation costs are included in the anal-
ysis reveals that over half of the estimated production cost disadvan-
tage due to plants of less than MES is offset by estimated transporta-
tion cost savings, so that the estimated net cost of suboptimal capacity
is around 8.7% of the value of shipments for the industry.

Overall, the estimates of the percentage increase in cost due to sub-
optimal capacity are reduced from 4.2% to 2.6% of the value of ship-
ments for the linear cost curve and from 5.9% to 4.1% for the nonlinear
cost curve when transportation costs are included in the analysis.'
However, the estimates remain substantial, constituting around $1.7
billion annually from the 15 industries alone (using the linear cost
curve).

Costs of Suboptimal Capacity versus the Welfare Loss
Due to Monopoly

The economic cost of suboptimal production cannot be considered as
the cost of promoting competition, since (1) plant size is not necessar-
ily correlated with firm size and market concentration because of the

ments produced in suboptimal plants and the excess cost based on the nonlinear cost
curve is .43, also not significantly different from zero.

12. The cost of nonoptimal capacity (suboptimal plus supraoptimal) when transporta-
tion costs are included in the analysis is $1,889 million using the linear cost curve and
$2,926 million using the nonlinear cost curve. The total estimated cost of supraoptimal
capacity is only 8.6% of the suboptimal capacity cost if we use the linear cost curve and
5.5% in the case of the nonlinear cost curve. However, the importance of supraoptimal
costs does vary by industry, ranging from 0.1% of suboptimal costs for paints and
varnishes to 52.1% of suboptimal capacity for petroleum refining. For nine of the 15
sample industries the increase in costs attributable to supraoptimal capacity is 3.6%—
13.6%. The general conclusions of the analysis are unaffected by the consideration of
supraoptimal capacity. It is omitted in the text in order to facilitate direct comparisons
with previous estimates of suboptimal capacity and to err in the direction of a conserva-
tive estimate, there being reasons to believe that the supraoptimal capacity cost esti-
mates may be exaggerated, since such costs could be avoided by constructing multiple
plants.



Suboptimal Manufacturing Capacity 69

existence of multiplant firms, and (2) the promotion of additional seller
competition would not generate the currently existing level of costs
attributable to suboptimal production capacity, but presumably would
generate a marginal increase in such costs. It is that increment in costs
attributable to suboptimal capacity that must be compared to the
benefits of any proposed improvement in seller competition. Our esti-
mates do not provide direct guidance regarding the magnitude of such
an increment. Nevertheless, a comparison of the estimated deadweight
welfare loss due to monopoly with the economic cost of suboptimal
capacity estimates is instructive.

Siegfried and Tiemann (1974) computed the deadweight welfare loss
due to monopoly for the narrowest industry classifications and nearest
time period to the present analysis. Their results are reported in table
2. They used Internal Revenue Service ‘‘minor industries’’ rather than
SIC four-digit industries. The use of IRS data, which are classified on
the basis of the primary product of each firm rather than on the basis of
establishments, means that the industry definitions are not compara-
ble. In order to assess industry comparability, we computed the ratio
of the value of shipments for the 15 1963 IRS industries that best
correspond to the 15 SIC industries to the 1963 value of shipments of
the respective SIC industries. Only paints and varnishes and cement
had substantially the same value of shipments in the IRS and SIC
industry, and even for those industries we cannot determine if the
composition of the totals is similar. The ratios ranged from .11 for iron
foundries to 1.09 for cement. Nevertheless, there is undoubtedly more
comparability between these sets of industries than between the 15 SIC
industries and the total manufacturing sector. From these data it ap-
pears that there are substantially greater costs associated with produc-
tion in suboptimal plants than are associated with the existing level of
monopoly power in the U.S. economy. Indeed, the suboptimal capac-
ity costs as a fraction of value of shipments are about two orders of
magnitude greater than the estimated allocative efficiency losses due to
monopoly, with the exception of cigarettes and synthetic fibers. The
deadweight welfare loss relative to value of shipments is .06% for the
15 industries together while the lowest corresponding fraction for the
15 industry cost of suboptimal capacity is 2.6%.

IV. Conclusion

If the 15 industries analyzed in this study are representative of all
manufacturing, the existence of suboptimal capacity is likely to repre-
sent a theoretical cost to the U.S. economy between $14 billion and $23
billion (1967) per year in the manufacturing sector alone (after netting
out transportation cost savings). Although scale economies are not
likely to be as important in agriculture, construction, services, trade,
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and finance as they are in manufacturing, there may be some additional
costs of suboptimal capacity contributed by these other sectors of the
economy. Particularly striking is the huge cost of suboptimal capacity
vis-a-vis recent estimates of the welfare cost due to monopoly.

There are many assumptions and limitations that underlie this esti-
mate of the cost of suboptimal capacity. For example, the industries
examined were not chosen randomly; we have assumed that capacity
utilization and X-inefficiency do not vary with plant size; and the func-
tional form of the estimated cost curves is arbitrary. The plausibility of
the assumptions varies. Nevertheless, the finding of a difference be-
tween the cost of suboptimal capacity and the deadweight welfare loss
estimates attributed to monopoly that exceeds two orders of magnitude
in most cases leaves substantial room for compromise on assumptions
without tampering with the general impression that one obtains from
the numbers.

A more important criticism of the estimated cost of suboptimal ca-
pacity concerns the interpretation of the findings. When we observe
more than half of all output produced in suboptimal plants, we might
want to ask why this occurs. One possibility is that transportation cost
savings from smaller, dispersed plants partially compensate for the
production cost inefficiencies of the smaller plants. Our results suggest
the importance of product shipping costs, and our estimated costs of
suboptimal capacity are adjusted for this consideration.

There are other rationales, however, that might equally plausibly
explain the “‘cost’’ of suboptimal capacity in ways that are not undesir-
able. For example, if there has been technological progress that has
altered the minimum efficient scale, many of the plants that are
classified as below MES in 1967 may have been efficient when they
were built, and vice-versa.'? Thus the estimated cost of suboptimal
capacity may not necessarily reflect poor management decisions. In-
deed, we would want suboptimal plants to be replaced only if the total
costs of a replacement plant of MES were less than the variable costs
of continuing to operate the suboptimal plant. Consequently the con-
tinued operation of suboptimal plants may be efficient. In this case the
cost of suboptimal plants is really the savings that society might expect
to enjoy once long-run equilibrium is attained congruent with the tech-
nological change.

A rough clue to the importance of technological progress in increas-
ing the MES of plants in the 15 sample industries is how firms are
adjusting their plant sizes. The survivor technique indicates (in a world
of perfect competition) the direction of changes in technological prog-

13. Technological progress can either increase or decrease the level of MES, although
it probably increases it.
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ress.'* A comparison of the relative share of value of shipments pro-
duced by plants of less than (1967) MES in 1963 with the share in 1972
for each of the 15 industries revealed three cases where the share of
suboptimal plants was declining over time and nine cases where it was
increasing.'® This suggests that some of the cost of suboptimal capacity
might dissipate as plants are replaced using state of the art technology,
but that this is not a serious flaw in our estimates.

Another interpretation of the results is that the suboptimal plants
produce different (specialized) products than the larger plants
classified in the same industry; in particular the smaller plants might
produce higher quality products. Consequently, firms with high cost
plants can remain viable, and indeed, might even be more ‘‘efficient’’
than firms with larger plants. Or, alternatively, the small plants might
have some other (nonproduction) cost advantage that offsets higher
production costs, such as lower wages due to monopsony power in
rural locations, or cost advantages derived from a strategic location
near raw material sources. If this were the reason for the higher pro-
duction costs of smaller plants we should expect to observe margins for
the smaller plants at least as great as margins for the larger plants.

A comparison of the price-cost margins of plants below MES with
the price-cost margins of plants at or above MES in 1967 revealed only
one industry where the smaller plants seemed to have a distinct com-
petitive advantage and nine industries in which the smaller plants
seemed to have a competitive disadvantage (lower margins).'® Conse-
quently this qualification to our findings does not appear to be of major
significance.

Although there are reasonable explanations for some or much of the
cost of suboptimal capacity, it is important to recognize the enormity
of this cost and to insure that the other benefits that might be derived
from a sacrifice of plant size (e.g., greater seller competition, increased
flexibility of assets, diversified decision making, etc.) are worth this
cost.

14. A comprehensive evaluation of the survivor technique is in Shepherd (1967).

I5. Data are found in U.S. Department of Commerce, Bureau of the Census (1967,
table 3, “*Selected Statistics by Employment Size of Establishments: 1963""): and U.S.
Department of Commerce, Bureau of the Census (1976, table 4, **General Statistics by
Employment Size of Establishments: 1972"). The relative share of value of shipments
produced in suboptimal plants declined from 1963 to 1972 in cigarettes, carpets, and iron
foundries. It was relatively stable in synthetic fibers, paint, and strip steel. We used a 2-
percentage-point change in the share of the less than MES plants as the criterion to
identify a qualitative change.

16. A detailed evaluation of the advantages and disadvantages of census price-cost
margin data is contained in Collins and Preston (1970). The data are from the U.S.
Department of Commerce (1971, table 3, *‘Selected Statistics by Employment Size of
Establishment: 1967"'). The only industry in which suboptimal plants had price-cost
margins at least | percentage point higher than MES plants was iron foundries. For five
industries, there was no difference exceeding 1 percentage point.
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Appendix A

Allocation of Sales within the Size Class Containing Minimum
Efficient Scale

Utilization of employment data to determine firm scale requires the assumption
of a functional relationship between employment and scale. It is assumed that,
for plants within the size class containing MES, the scale of a plant (§) (mea-
sured in dollars of shipments) may be approximated by a linear function of the
plant’s average annual employment (e¢). That is, for all plants in size class
containing MES,

S(e) = a + be, (Al)

where a and b are constants that must be determined. A consequence of
assumption (A1) is that the scale of a plant employing the average number of
employees (of the size class) equals the average scale of plants within that size
class.

Assumption (A1) and its implication are illustrated in figure Al. Suppose that
MES is contained in the ith size class. Let m; and M; represent the minimum
and maximum number of employees per plant in size class i. Furthermore, let
E® represent the total employment in all plants in size class i, and let VS
represent total value of shipments originating in all plants of size class i. Fi-
nally, let n; equal the number of plants observed in size class i. Assumption
(A1) implies that the function S(e) can be represented by a straight line that
passes through the point (E/'*/n;, VS/*/n;). That is,

1ot tot
S(E, )= vsi* (A2)

n; n;

S(e)

e

o e e = = =

g
= 4

Fig. Al
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Two of the infinite number of possible S functions are illustrated in figure Al.

Determination of the slope of the function S(e) requires a second assump-
tion, concerning the manner in which output per employee varies with plant
size. It is sufficient to set the rate of change of output per employee as plant
size (in this case measured by employment) varies between m; and M; employ-
ees. It is assumed that the average rate of change of output per employee
throughout size class i equals a weighted average of the rate of change of
output per employee between size class i — 1 and size class i, with the rate of
change of output per employee between size class i and size class i + 1. That
is;

[S(M)M;] — [S(m)imi] _ i Ml g Vs =M ey
M; — m; € — €| €41 — €
where:
ot
= VS;
tor °
E;
E‘ml
€ = J i
W
~1
el [ i 1 ] _
€ — €i—1 € — €1 Eir1 — &
-1
Wy = l [ ! + I ] J
€+1 — & € — €| €+1 — €

Assumption (A3) and equation (A2) provide sufficient information to calcu-
late the constants a and b in (A1). Therefore (A1) and (A3) together provide a
means of determining plant size (measured in dollars of shipments per year)
from plant employment (measured in employees per year).

Finally, in order to divide shipments from plants of size class i into ship-
ments from plants of suboptimal scale and shipments from plants of optimal
scale, it is necessary only to assume a distribution of actual plants according to
employment size. Plants are segregated into two subclasses: those with fewer
than the mean number of employees (= ¢;) and those with more than the mean
number of employees. It is assumed that within each subclass, plants are
evenly distributed by employment size. Given this assumption, the proportion
of plants within each subclass may be calculated from the requirement that the
implied average number of employees per plant approximately equal €;. (One
can insure that the implied average number of employees per firm precisely
equal ¢ only by relaxing the requirement that the number of plants within each
subclass be an integer.) A typical such distribution of plants by employment
size is illustrated in figure A2. Assumed levels of employment in actual plants
are denoted by X.

Once the distribution of plant employment sizes and the relationship be-
tween employment and shipments have been determined, shipments from
plants smaller than MES and shipments from plants larger than MES may be
readily estimated.
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Fic. A2

Appendix B
Estimating the Relationship between Scale and Transportation Costs

To estimate transportation costs in each industry, the following assumptions
are made:

1. Within any industry, the average transport cost per dollar of shipments
incurred by a plant depends only on the distance over which its output is
shipped.

2. Within any industry, average transport cost per dollar of shipments per
mile shipped is a constant.

It is further assumed that each plant ships its output to a specific ‘*market
area’’ that has the following characteristics:

3. The center of each plant’s market area is located at the plant.

4. Demand for each plant’s output is uniformly distributed over its market
area.

Following Mohring and Williamson (1969), we assume that each market area
is square, and that products are shipped from each plant in north-south and
east-west directions.

Let p represent the density of demand in a plant’s market area (measured in
dollars of sales per square mile), let 7 represent the average transportation cost
per dollar of shipment per mile shipped, and let S represent the value of
shipments from a plant. Then assumptions 1-4 imply that average transporta-
tion cost per dollar of shipments [7(5)/S] equals:'’

TS _ g gn Bl
S , (B1)

where
0 = (V28)p t=.4T14p " 1. (B2)

For each industry, Scherer et al. (1975) provide an estimate of transportation
cost per dollar of shipment shipped over a standardized distance. These figures
are employed to derive estimates of average transportation cost per dollar of
shipments per mile shipped (7).

Demand density p is estimated by the average density of shipments through-
out the continental United States in 1967 (i.e., total value of shipments divided

17. Alternative estimates could be derived by assuming that all markets are circular,
and that products are shipped radially from each plant. Equation (B1) would still apply in
this case. However, eq. (B2) must be replaced by:

0 = 2B3)7w Yp~ Y = 3761p .
That is, average transportation cost would be proportional to the square root of plant

scale. The assumption of circular markets implies an average transportation cost approx-
imately 20% smaller than that implied by the assumption of square markets.
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by the area of the continental United States). This estimate would yield an
accurate measure of the density of demand for an individual plant’s output if all
demand were in fact uniformly distributed throughout the continental United
States and if all plants were located at equidistant points composing a uniform
lattice. Obviously, we cannot claim such an assumption to be realistic. How-
ever, one cannot predict a clear. direction of magnitude of the bias resulting
from this assumption. '

Under the assumption that all costs are composed of either production costs
or transportation costs, equation (8) implies:

- i 7 (B3)

y.C.
“"‘JSJ

which may be solved for ¢* as follows:

z;,-_?j[l -~ Tgsj) ~ HJ

S )
%[l + g(S)1S;

(B4)

Employing this revised estimate of ¢*, average total cost may be calculated
as the sum of average production cost plus average transportation cost. The
economically optimal plant scale, S, may be estimated as that scale which
minimizes average total cost. The total percentage cost elevation suffered by a
plant of scale §;, CET(S)), is then estimated as:

[C(S)/S;] + [T(S;)IS;] — [ ) o 19) ]
CET(S)) = : = 3 (BS)
cs) , 105
S S

The total percentage excess cost elevation suffered throughout the industry is
estimated as the weighted average of plant cost elevations:

CET™ = S, CET(S) ( \fis;\ ) (B6)

Finally, the total dollar value of excess cost due to nonoptimal capacity may
be estimated as the product of the industry-wide cost elevation and the total
industry minimum potential cost:

Total Excess Cost™ = [CETi""][ C(_S) + T{jS} ”ZS,} (B7)
S el

18. True market demand obviously exceeds average density in some geographic areas
and is smaller than average density in others. Areas with large density of demand,
however, are likely to be served by competing plants. In such cases, the density of
demand for an individual plant’s output must be smaller than the density of demand for
the product. Therefore, the relationship between the density of demand for a plant’s
output and the average U.S. density of demand for the product is ambiguous. This bias is
a major factor contributing to the tenuity of our transportation cost estimates.
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