SCALE AND “INDUSTRIAL
REORGANISATION” ECONOMIES OF
TRANSPORT IMPROVEMENTS

By Herbert Mohring and Harold F. Williamson, Jr.*

I. INTRODUCTION

The ability of a firm to exploit manufacturing scale economies can be limited by the
cost of transporting its output to the markets it serves.! An improvement that lowers
unit transport costs can therefore yield two types of benefits. First, it provides “direct”
benefits by reducing the costs of distributing the previously established output levels
of existing manufacturing facilities. Second, by making efficient a more transport-
intensive means of producing and distributing the product, it can lead to “reorganisa-
tion” benefits.
_This twofold impact of transport improvements has long been recognised. Consider,
for example:
The division of labor . . . must always be limited . . . by the extent of the market.
When the market is very small, no person can have any encouragement to
dedicate himself entirely to one employment . . .
By means of water carriage a more extensive market is opened to every sort of
industry than what land carriage alone can afford it ... A broad-wheeled
waggon, attended by two men, and drawn by eight horses, in about six weeks
time carries and brings back between London and Edinburgh near four ton
weight of goods. In about the same time, a ship navigated by six or eight good
men, and sailing between the ports of London and Leith, frequently carries and
brings back two hundred ton weight of goods ... Were there no other com-
munication between these two places, therefore, but by land-carriage, . . . they
could carry on but a small part of that commerce which at present subsists
between them, and consequently give but a small part of that encouragement
which they at present mutually afford to each other’s industry ([10], chapter 3).
'The benefits that transport improvements bring by effecting industrial reorganisa-
tion and otherwise altering the spatial configuration of economic activity have been
further examined in a number of recent studies.? In many of these studies the effects
of transport improvements on the spatial organisation of economic activity have been
categorised as “social” or “non-user” benefits:

*Most of the work reported in this paper was undertaken with the financial support of the U.S.
Bureau of Public Roads while we were Research Associates of the Transportation Center at North-
western University. Although we are indebted to both the Center and the Bureau, they do not
necessarily subscribe to the views we espouse.

IThis trade-off between economies of scale and distribution costs is the basis for the development
of networks of markets or systems of cities in location theory. See [8], chapter 10.
2See, for example, [3, 4, 11, 12].
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[A] vast array of benefits associated with highway improvements accrue to urban
and rural communities in terms of their land use, land value, investment and
output . . . These nonuser benefits include rearrangements of resources, changes
in modes of production attributable to rearrangements, and various internal
and external economies that are not associated with user saving ... The ana-
Iytical material mentioned [in the report being summarised] indicates that the
restructuring of households, commerce, and industry influenced by highway
improvements engenders other advantages to the community-at-large over and
above the savings in transportation cost [12], p. 78.
Because of reorganisation benefits, transport improvements are regarded in much of
this recent literature as being in some way unique. That is, it is suggested that to
estimate benefits completely would require information and evaluative techniques
that are qualitatively different from those relevant in estimating the benefits of, say,
constructing a dam or a steel mill or introducing a new variety of hybrid corn: that
while, for these latter activities, benefit estimation would require only information on
the demands for electricity, steel and corn, and on pre- and post-investment produc-
tion costs, comparable information would be insufficient to do the job for transport
improvements.

In the next section the invalidity of this commonly held view is at least partially
demonstrated. More precisely, it is shown that the commonly used consumer’s
surplus measures of benefit are just as valid in dealing with transport as with steel
mill investments. In the third section a simple model is developed to provide rough
estimates of the relative magnitudes of “direct” and “reorganisation” benefits. This
model is applied in the fourth section to data derived mainly from the 1947 input-
output table for the American economy.

II. THE NATURE AND MEASUREMENT OF
REORGANISATION BENEFITS

Suppose that a business firm has a monopoly over the production of widgets, a
commodity it distributes over a wide geographical area. Government regulations
require that whatever delivered price it sets must be charged to all customers,
regardless of transport costs. At the price charged by the firm, the quantity demanded
is the same in each square mile of its market area; and it equals W, units per year
for the area as a whole.

Inputs are available at prices independent of both the locations and the outputs
of individual widget factories. The manufacturing process entails increasing returns.
At a given plant, however, output can be expanded only by increasing the plant’s
market area and thus the average cost of transporting widgets to the final consumer.
Given the assumptions about input costs and demand, the manufacturer would
minimise total costs by determining the output per plant, say w*, which minimises
average manufacturing plus distribution costs and then establishing W,/w* factories?
distributed through his market area at equal intervals.

3If W,/w* is not an integer, each plant clearly cannot be of size w*. This problem is ignored here,
though the analysis could be extended to handle it.
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Figure 1
Cost characteristics of a single plant

Figure 1 shows the cost characteristics of a single plant. The curves ADC;, APC,
and ATGC; refer respectively to average distribution costs, production costs and
total costs before a transport improvement is made. As the figure is drawn, aver-
age total costs first decline through a range where the increase in unit transport
costs as output increases is more than offset by the decrease in unit manufacturing
costs. Beyond output w;*, however, reductions in unit manufacturing costs as out-
put increases are less than the associated increases in unit transport costs. The level
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of output at which the total of unit production and distribution costs would be a
minimum for an individual manufacturing facility depends on a number of factors.
Of particular importance are the geographical density of demand for the product,
the magnitude of scale economies, and the level of transport costs.*

A reduction in unit transport costs would clearly lower the costs of distributing
W, widgets from the initially specified set of manufacturing facilities. In addition, it
would make efficient a more transport-intensive means of producing and distributing
the product. Suppose, to be specific, that a transport network improvement reduces
the average distribution, and hence the average total, costs of a factory to ADGC,
and ATGC; respectively. With such a reduction in total costs, the cost-minimising
output of an individual plant would increase from w* to w,* in Figure 1. If the
demand for widgets is fixed, this increase in optimum plant size could be realised
only by eliminating some production facilities and, at the same time, relocating and
expanding the output of others. This being the case, the aggregate benefits to the
firm of a transport improvement can best be shown by referring to a second type of
diagram.

Alternative total manufacturing costs associated with the firm’s assumedly given
output are plotted vertically in Figure 2a. The level of these aggregate costs depends
(to repeat) on the sizes of the firm’s individual production facilities. The larger the
size (and hence the smaller the number) of individual plants, the lower the firm’s
total manufacturing costs will be. Individual plant sizes can be increased, however,
only by increasing both their marketing areas and the amount of transport under-
taken. Transport inputs, measured in terms of some homogeneous unit such as ton-
miles, are plotted horizontally in this figure.

In Figure 2a the line WoW, is a transport input/manufacturing cost isoquant.
It shows the alternative combinations of transport inputs with outlays on manu-
facturing inputs that would be required to produce and distribute W, widgets to the
firm’s customers. That W, W, is drawn with the sort of curvature commonly assumed
for isoquants reflects two assumptions about the relationship betweeen production
and distribution implicit in Figure 1. First, scale economies attenuate as plant sizes
increase, or, more exactly, successive equal increases in output produce successively
smaller reductions in average production costs. Second, the number of transport
inputs required to distribute each additional unit of output increases as output at
each plant increases.

Suppose that the price (if the firm uses common or contract carriers for distribu-
tion) or the cost (if it carries out its own distribution) of transport service is initially
t dollars per ton mile, an amount that is independent of both the length and the
size of widget shipments. The straight line MiR;, drawn with a slope of #;, then
represents the alternative combinations of production and transport inputs that

41t is entirely conceivable that no point such as w;* would exist. If scale economies are substantial
and if unit transport costs are small, the average total cost curve might well decline over a range of
output sufficient to minimise the firm’s total production and distribution costs by serving its entire
marketing area from a single plant. Under such circumstances, a transport improvement would not
lead the firm to increase its use of transport services. It would benefit only through reduction of the
cost of transport already undertaken. Measurement of this benefit is a straightforward matter.
Attention will therefore be restricted here to cases in which a point such as w;* does in fact exist.
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can be purchased with a total budget of OM; dollars. Since MR, is tangent to W, W,
at Ry, OM; is the minimum cost of manufacturing and distributing W, widgets.
At Ry, the firm spends OS; on manufacturing inputs and # - OT; = $;M; on
transport inputs.

Suppose that improvements are made to the transport system such that the cost of
producing ton-miles is reduced from ¢ to #,. If the firm provides its own transport,
it will receive this benefit direct. If it relies on common or contract carriers and the
transport industry is competitively organised, it will ultimately receive this benefit
through reduced rates. In either event, since a lower outlay is required to purchase a
ton-mile of transport, new and flatter expenditure lines of the sort depicted by
MYR, and M,R, become relevant. The expenditure line MR, shows the benefit
to the firm if it continues to produce at point R, in Figure 2a. At that combination of
manufacturing and transport inputs, the transport improvement would affect the
firm only by reducing the cost of OT; ton-miles from S;M; to S;M L. In the intro-
duction this saving was termed the “‘direct” benefit: the reduction in the cost of the
transport inputs purchased before the improvement.

This is not the only benefit that the firm can derive from the improvement. The
consolidation of production facilities implied by a move to R, in Figure 2a would
entail increasing transport purchases from OT; to OT> ton-miles and increasing
total outlays on transport from Sy 1 to $2M,. This increase in transport outlays
would be more than offset by the associated reduction of $;5; in the cost of the
manufacturing inputs required to produce and distribute W, widgets. Specifically,
the shift from R; to R, would result in an additional saving of M1; M in total costs.
This latter saving is termed the “reorganisation’ benefit of the improvement: the
reduction achievable by substituting transport for manufacturing inputs.

Figure 2b depicts the firm’s demand schedule for transport associated with the
shift from R; to R,. In this diagram, the area #; abs; is the direct benefit — the reduc-
tion in the cost of O T; ton-miles brought about by the reduction in their price from
t to t,. This area is equal to MM, in Figure 2a. The area abc in Figure 2b is equal
to MM, in Figure 2a, the reorganisation benefit. This assertion can most easily be
justified by pointing out that, with minor relabelling, Figures 2a and 2b could be
used to illustrate the behaviour of a consumer when, faced with simultaneous
reductions in his money income and the price of one of the commodities he buys,
he is left indifferent between the new and old sets of price and income.’ As it shifts
along the consumer’s WoW, indifference schedule from Ry to R; in Figure 2a, a
(Hicks-Slutsky) compensated budget line traces out an income-compensated or
utility-constant demand schedule in Figure 2b. The area t;act; under this schedule
between the new and the old prices would exactly equal the reduction in income —~
MM, in figure 2a — required to make the consumer indifferent between the new
lower and the old higher price and income levels.

As with the consumer, so too with the widget monopolist. Suppose that the
transport improvement only induces him to substitute transport for manufacturing
inputs in the production and distribution of W, widgets per year. The area fact,
under his output-constant demand schedule for transport inputs would then exactly
equal the cost saving which the transport improvement affords him. (Regarding

5See, e.g. [7], chapter VIIL.
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the improvement-induced reduction in outlays for manufacturing inputs, S$y.5; in
Figure 2a, as an additional benefit would constitute double counting and then some.)

Since the transport improvement reduces the marginal costs of manufacturing
and distributing widgets, it will also presumably lead to an increase in the mono-
polist’s profit-maximising output level and to a decrease in his profit-maximising
price. If he does, in fact, increase output, his changed utilisation of transport inputs
will reflect not only substitution effects but also what can be termed output effects.
Even so, however, the area under the firm’s demand schedule between the new and
old prices for transport services will provide an exact measure of the gain afforded it
by the improvement.® Suppose that the firm buys O 7T ton-miles a year at a price of z.
This indicates that, when appropriately combined with other inputs, the OTth
annual ton-mile yields additional revenues (net of outlays on other inputs) of
exactly ¢ dollars. Regardless of whether it reflects a fixed or a varying output level,
then, the monopolist’s derived demand schedule for transport inputs provides an
exact measure of the monoplist’s benefit from a transport improvement. The measure
is the sum over all ton-miles used of the difference between the price at which a
given ton-mile would have been purchased and the price actually paid for that
ton-mile.

To the degree that the transport improvement leads to a lower price, it also benefits
widget consumers. These benefits are not directly reflected in the monopolist’s
derived demand schedule for transport inputs. Suppose the widget industry had
been assumed to be competitively rather than monopolistically organised.” Then
both the magnitude and the ultimate incidence of the benefits implied by a firm’s
(or the widget industry’s) derived demand schedule for transport inputs would be
different from those suggested above for monopoly organisation. These assertions
would need to be amplified in a discussion of the benefit implications of changes in
the areas under derived demand schedules for different forms of market organisation.?
For present purposes, however, such a discussion is unnecessary.

The assertion just made is supported by the fact that Figures 2a and 2b can be
used to deal with matters other than the utility-maximising allocation of a consumer’s
budget between one commodity and all others available to him, and the cost-
minimising combination of manufacturing and transport inputs. With suitable
relabelling, the diagrams could also be used to discuss the choices faced by a pro-
ducer in selecting the cost-minimising quantity of any input used in his production
and distribution process. If “input 7 were substituted for “ton-miles” or “trans-
port services”, the conclusions reached would remain valid. A consumer’s surplus
type measure of transport improvement benefits would be accurate under precisely

®Note that this assertion does not hold for what would seem to be the most nearly analogous
consumer case: the area under a money-income-constant demand schedule for a superior good. In
this case, of course, the area under the demand schedule overstates the relevant compensating income
magnitude to the degree that it reflects income as well as substitution effects.

7Since it was the assumed existence of unexploited scale economies at individual manufacturing
sites which led to the substitution of transport for manufacturing inputs in the widget production
and distribution process, to assume also the existence of a competitive widget market would seem to
involve a contradiction.

8This subject is discussed at some length in [9], pp. 40-56.
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the same circumstances as would a similar measure of the benefits of any other cost
reduction.

This conclusion, it should be noted, is not restricted to a reduction in the cost of
an input already employed in a production process. It is equally valid for a cost
reduction which leads to the employment of an input which formerly was not used
— and, indeed, to input cost reductions that lead to the undertaking of entirely
new activities. Suppose, for example, that a reduction in the cost of digital computer
services leads the widget monopolist to incorporate them into his production process.
That the monopolist did not use computers at their old higher price presumably
implies that the revenues (net of the costs of other inputs) they would have generated
were less than their price. The benefit he derives from the price reduction is still the
sum over all units purchased of the difference between the price he would have been
willing to pay and the price he actually does pay. The only difference between the
computer services and the transport case is that with the computer services benefits
are entirely of the “reorganisation’ variety.

It has commonly been observed in under-developed economies that the extension
of transport facilities into areas formerly accessible only by foot leads to increases
in the value of cash crops marketed by inhabitants of these areas. In Liberia, for
example, large quantities of formerly unexploited land adjacent to newly constructed
roads have been devoted to the cultivation of rubber trees [5]. Here, too, only
information on the demand for transport services would be required to determine
the benefits of road construction. That no rubber was produced before road con-
struction is evidence that the revenues (net of the opportunity costs of inputs required
to grow and tap trees) that would have been derived from head-loading rubber to
market were less than the costs of head-loading. The road construction benefit
associated with any given pound of rubber, then, is the difference between the trans-
port cost at which that pound would have been marketed and the actual transport
cost incurred in marketing it.

III. THE BENEFIT ESTIMATION MODEL

In Section II a distinction was drawn between the “direct” and the “reorgani-
sation” benefits of transport improvements. At least in the United States, direct
benefits receive almost exclusive attention in such formal benefit/cost analysis as is
undertaken in connection with proposed highway improvements.® It is commonly
recognised that road improvements “generate” traffic; but, as the second quotation
in Section I suggests, the benefits associated with generated traffic and the reorgani-
sation of economic activity implied by it seem commonly to be classed as non-
vehicular benefits. Unfortunately, “It has not been possible to obtain measures of
non-vehicular benefits strictly comparable with measures of vehicular benefits” ([11],

p- 78).

9For example, the standard reference manual for benefit studies in the United States, the American
Association of State Highway Officials “Red Book” [1], deals entirely with the savings various types of
improvements can be expected to provide to those who currently use roads on which changes are
planned.
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Since the indirect benefits of transport improvements appear to be regarded as
both important and difficult to measure, it would be of some value to obtain estimates
of the relative magnitudes of direct and reorganisation benefits. With this aim in
mind, consider the following simple model: ' o o

1. The production process involved in the manufacture of widgets is homo-
geneous of order 1/«. That is, if the amount of each input used at any given
manufacturing site is multiplied by the same positive fraction, 2, output will
increase by a factor of A% The price of inputs is independent of both the
specific location of a manufacturing site and the quantities in which inputs are
purchased at that site. Under these circumstances, it is quite easy to show that
the minimum cost of manufacturing W; widgets, M(W;), at plant i can bé

© written: ‘ : '
M(W;) = kW
where the coefficient, £, is a function of input prices, the form of which depends
on the specific nature of the widget production function.10 '

2. The cost of a widget-mile of transport services is ¢, regardless of both

- length of haul and size of shipment. Transport can take place either:

(a) in a straight line in any direction or : '

(b) only north-south or east-west along a rectangular grid of roads.

3. The price a widget consumer pays is independent of where he lives. At
that price, w widgets per year are demanded in each of the 4 sqiiare miles of
the widget producer’s market area. - :

As in Section II, the problem of maximising the profits derived from widget
production reduces to that of minimising the total costs of manufacturing and
distributing w4 widgets a year. Since demand is uniform and neither manufacturing
costs nor the price of transport depends on plant location, this cost minimisation
problem further reduces to that of establishing what number of plants, each of the
same size, entails minimum total costs of production and distribution. :

If an individual factory produces W widgets a year, it must necessarily distribute
that output over an area of W/w square miles. To minimise the costs of distributing
W widgets would require establishing a market area such that the cost of reaching
each point on its boundary is the same. A circle centred on the plant site will satisfy
this condition if transport can take place along a straight line in any direction.!!

10For a homogeneous production function : : :
AW — AL £ Xy, Xy) = f WXy, . . AX) (@)

it can be shown that the marginal rate of substitution between any pair of inputs is the same when
A X1% .. 2Xy° units of inputs are employed as when X1°% .. . X, are used (see, for example, [6],
pp- 62-63). Hence, the ratios in which factors are used will be independent of output levels if factor
prices are independent of the quantities in which they are purchased. Suppose that X%, .. .X,° is’
the input bundle which minimises the cost of manufacturing one widget. Then M(1) = 2 P;X;°
where the P; are input prices. From equation (a), W*X,°, .. . W®X,° input- units would yield W
widgets. Hence, the manufacturing cost of W widgets can be written M(W) = W*M(1) =
WX P;X°. ' ; . h
- HJf customers are evenly distributed, non-overlapping circular marketing areas will not serve all
customers. Hexagonal market areas, the most nearly circular ones capable of covering the entire
area, lead to similar results but to substantially more complicated counterparts of equations (3) and
(4) below. ‘ . : :
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Setting R equal to the radius of this circle,
nR? = Wlwor R = (W/|r w)!/?
In any given direction from the plant, the cost of delivering a widget increases at a
rate of ¢ per mile to a maximum of R¢. The total costs, T1(W), of delivering W
widgets a year from a given plant can then be visualised as w times a cylinder of
radius R and height Rt with a cone of the same radius and height removed from the
top:
T\(W) =w - nR*. Rt . 2/3 =2W?32¢[g(rw) /7]

Under the assumption that transport can take place only along a rectangular
north-south/east-west grid, a marketing area for each plant of the sort depicted in
Figure g would involve the same cost of reaching each point on its boundary. Each
side of this square market would be (W/w)!/? miles long and the distance from the
factory to any point on the boundary (e.g., O to E, O to S, or O to A to C) would
be the same, (W/2w)!/? miles. To determine total transport costs, consider the
rectangle based on the line, treated as the X axis, drawn northeast from the plant.
It contains an area of 'dX = X dx square miles and hence generates sales of wX dX
widgets. Each point in this area is 2!/2X road miles from the factory, and the distance
from O to D along the X axis is (W[w)'/2/2 miles. Hence, the total costs of transport-
ing widgets from the factory to consumers located in the triangle ODN can be found
by evaluating the integral:

1/2
2112 o fo(Ww) B2 x2 gx — (afw)12 wi2)ag

Since the entire marketing area of the plant is eight times the size of ODJ, the total
cost of distributing W widgets in the rectangular road network case is:

To(W) = (2fw)'/? tW302]3

Average costs for a given plant, and hence for the firm as a whole, are found by

adding total manufacturing to total distribution costs for a plant with an output of

W and dividing by W. For the circular and square marketing areas respectively,
these expressions are:

C(W) = kW*! + 2(W[r w)li2t[3 (1a)

C(W) = kW* ! + (2W/w)!/? t]2 (1b)

Differentiating equations (1) with respect to W, setting the resulting expressions

equal to zero, cancelling and rearranging terms yields the cost-minimising values of

w:
Wi* = [3(1 — o) k (7w)!2[1]? (22)

Wo* = [3(1 — o) k (2)'2/3]F (2b)
where B = 2/(3 — 2a).

By substituting equations (2) into equations (1) and multiplying through by the
total demand for widgets, wA, expressions for minimum total costs of production
and distribution could be found.!? However, somewhat simpler expressions can be
obtained by making use of the facts that, with both square and circular marketing

1245 in Section II, the problems arising when wd/W;* is not an integer are ignored.
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areas, the ratios of average total to average manufacturing costs, and of average
distribution to average manufacturing costs, for optimum size plants reduce to:

Gi(W:#) [ KW =3 —20 =y (3

[Ti(We*) | Wi*] [ k(Wi*)* ! = 2(1—~a) = § (4)

Dividing equation (4) by equation (3) yields the ratio of distribution to total costs.
Ti(Wi*) | Wix C(Wi*) = 3y (5)
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On substituting the appropriate values of W;* into k(W;*)*"!, multiplying equa-
tions (3) and (4) through by the resulting expressions to get equations for average
total and average distribution costs and, in turn, multiplying these results through
by total demand for widgets, w4, we find the followmg expressions for the cost-
minimising values of total costs and total distribution costs:

wACi(W*) =y w Akl Iy (¢/Bi)3I¥ (6)
w A T;(W#*) | Wi* = 8 w ARUY (¢/B;)8Iy )
where By = 3(1 — «) (nw)Y/2and B, = 3(1 — a) (2w)!/2

To repeat, equation (7) gives the outlay on transport inputs required to minimise
the total costs of manufacturing and distributing wA widgets. The firm’s derived
demand schedule for transport inputs when its output is held fixed at wA, D(TwA),
can be found by dividing equation (7) through by ¢, the price per w1dget-mlle of
transport: e

D(T|wA) = SwA Bi-3IY (kjt)/Y (8)

It was’ clalmed in Section II that the benefits the widget manufacturer would
derive from a reduction in the price of transport from, say, ¢ to et per widget mile
could be found by determining the corresponding area under the firm’s demand
schedule for transport inputs:

[ DTyt = v waBy R - i (9)

Comparing this result with equation (6). demonstrates the validity of this assertion,
at least for the case at hand. /

Equation (9) gives the tofal benefit to the widget producer of a reduction in the
price of transport. The direct benefit is simply (1 — €) times the amount, given by
equation (7), he would spend on transport inputs at a price of £. Dividing (1 — ¢)
times equation (7) by the expression for total benefits given by equation (g) yields,
after cancelling and rearranging terms:

direct benefits -
total benefits (1 o e) 8/[y(1 — 7)) (10)

Table I gives values of some of these equations for alternative values of «, termed
the manufacturing scale economies index. The second column shows the ratio of
distribution to total costs from equation (5). The third column presents the percen-
tage reduction in total costs that would result from a 25 per cent reduction in ¢
On dividing equation (9) by equation (6), this saving can be seen to be [1 — 3/Y]

where ¢ equals 0.75. The last column shows the ratio of “dlrect” to total benefits
derived in equation (10). -

- As might be expected, transport intensiveness —the ratio of distribution costs to
total costs —increases with increases in manufacturing scale economies, i.e., with
decreases in «. Hence, the impact on total costs of a reduction in the price of trans-
port inputs, ¢, is greater for small than for large values of «. The ratio of direct to
total benefits increases with increases in manufacturing scale economies. Regardless
of the specific value of «, this ratio is large. Even for the smallest scale economies
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TasLE 1
Cost ratios and benefits of a 25 per cent reduction in transport prices

Manufacturing Ratio of Percentage Ratio of
Scale Economies Distribution Reduction in ““Direct”
Index to Total Costs  Total Costs to Total
Srom a 25%, Benefits
Reduction in t
o S/y 1 —0.75%Y  Equation (10)
% % %
0.95 9.1 2.6 88.1
0.90 16.7 4.7 89.0
0.85 23.1 6.4 89.7
0.80 28.6 7.9 90.5
0.75 33.3 9.1 91.2
0.70 37.5 10.2 91.6
0.65 41.2 11.2 92.2
o.60 44-4 12.0 92.6
0.55 47-4 12.7 93.0
0.50 50.0 13.4 93.3

index considered, « = 0.95, reorganisation benefits account for only 12 per cent of
total benefits.

Thus, if the simple model described in this section sustains generalisation to the
real world, accurate estimates of direct benefits capture the lion’s share of all trans-
port improvement benefits. Not much is lost by failing to quantify “indirect”
benefits.

IV . TRANSPORT IMPROVEMENT BENEFITS IN THE AMERICAN
ECONOMY: 1947

The ratios of distribution to total costs in Table 1 — and, indeed, all other entries in
the table — are functions of only one variable, the scale economies index, «. Thus, if
an activity satisfies the assumptions enumerated at the beginning of Section III,
information on the relative importance of distribution costs would suffice to deter-
mine not only the magnitude of manufacturing scale economies in the activity but
also the proportionate impact of transport price reductions on the delivered cost of
its output.

It proved possible to develop estimates on the ratio of distribution to total costs
from information provided by the Bureau of Labor Statistics.]*> These data were

13We are deeply indebted to W. Duane Evans, who was Assistant Commissioner of the Bureau
when most of the research underlying this paper was undertaken, both for providing copies of
unpublished tabulations and background information and for spending considerable time answering
our questions.

263



September 1969 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

developed in the study of inter-industry flows in the American economy during
1947 which the Bureau, other government organisations, and university research
groups undertook between 1949 and 1953. Although the study is dated, it still
provides the most detailed picture of the structure of the American economy that
has ever been assembled.

In the 1947 study, estimates were made of the value of shipments by each of
approximately 500 industrial sectors to each other sector. The transfer of a shipment
from a producing to a purchasing sector is a costly process, involving, as it may, the
services of one or more transport modes, warehouses, retailers and wholesalers, and
the payment of excise taxes of various sorts. Thus the value attached to any single
inter-industry transfer will generally depend on where it is measured in the process
of being transferred. In the 1947 study separate estimates were therefore made, for
each inter-industry transfer, not only of the values to both the producing and the
purchasing sector but also of the amount of each margin item contributing to the
difference between these two values. A tabulation of the total value of shipments by
each producing industry in both producers’ and purchasers’ prices, together with
the sum of the individual margin items entailed in these transfers, formed the basis
for our estimates of transport improvement benefits.

Unfortunately the table required several adjustments before it could be used for
this purpose. Data for the 1947 study were largely accumulated on an establishment
rather than on an activity basis. In particular, private trucking costs appear as a
cost of the industry providing them rather than as a margin item entailed in the
receipt of inputs or the delivery of products. Few data are available on the magnitude
of private trucking operations. In estimating it we therefore found it necessary to
place primary reliance on information published by the Office of Defense Transpor-
tation for the year 1944 [13,] pp 301-8, which provided estimates for private
trucking operations of gasoline consumed in transporting each commodity in a
quite detailed list. These commodity statistics were used to estimate the gasoline
consumption entailed in wholesaling, retailing, and each of the 163 non-service
industries in a 190-sector consolidation of the basic 450-sector inter-industry trans-
actions table from the 1947 study. The gasoline consumption estimates were then
used to prorate an estimate of the total 1947 receipts of a hypothetical private
trucking industry. This revenue estimate, in turn, was developed by (1) expanding
gasoline consumed in 1944 in private and hire trucking in accordance with ICC
statistics on the growth rates of ICC-regulated and non-regulated trucking between
1944 and 1947 ([2], p. 5) and (2) assuming that in 1947 the same revenue per gallon
of gasoline consumed accrued to private as to hire trucking operations. The estimate
of total revenue for the hire trucking industry used as a basis for this receipts-per-
gallon estimate was that provided by the 1947 inter-industry study itself.

The margin items which comprise the difference between producers’ and pur-
chasers’ values for any given transaction are of three types: taxes, transport inputs,
and inputs to other activities entailed in the distribution process, such as warehousing,
wholesaling and retailing. The model developed in Section III distinguishes only
two types of inputs: transport and all others. For this reason it seemed desirable to
ignore excise taxes and to treat the non-transport margin items as part of production
costs. The costs of private trucking operations appear to comprise a quite sub-
stantial part of two non-transport margin items — wholesaling and retailing. The

264



SCALE ECONOMIES OF TRANSPORT IMPROVEMENTS  H. Mohring and H. F. Williamson

ratio of the private trucking component of retailing activity to the activity’s total
output (developed in the manner described in the preceding paragraph) was there-
for used to separate the retailing margin for each of the sectors studied into transport
and non-transport components. A similar computation was made for wholesaling
margin items. The resulting estimates of private trucking activity are listed in the
third column of Table III.

The remainder of Table III contains the following information. Column 1 lists
total producers’ values from the original BLS table for each of the 163 non-service
industries studied. Column 2 adjusts column 1 by (1) deducting the estimated
values of direct private trucking activities and (2) adding the non-transport com-
ponents of wholesaling and retailing as well as the remaining non-transport margin
activities. Column 3 contains the sum of estimates of direct private trucking and the
private trucking components of wholesaling and retailing activities. The data on
hire trucking are as given by the original BLS table. The total transport column 5
contains the sum of the two highway transport estimates and the remaining transport
margin items from the original BLS data. “Purchasers’ values”, given in column 6,
exclude excise taxes. Column 7 contains the ratios of estimated transport inputs to
purchasers’ values. Finally (column 8), estimated values of the manufacturing scale
economies index were developed by entering “R” on the left of equation (5) and
solving for «.

The data in Table III are summarised in Table II. In addition, Table II contains
estimates developed through use of equations (9) and (10) of the direct, reorganisa-
tion, and total benefits of a hypothetical 25 per cent reduction in transport costs.
This table indicates that the 163 industry groups studied had gross 4 outputs of

TasrLe II

Existing use and reorganisation benefits of a hypothetical transport cost reduction: 1947

Total Gross Effect of a 25 per cent reduction
Manufacturing Number of Output in in unit transport costs
Scale Economics Industry Producers’ Direct Reorganisation Total Cost
Index (o) Groups Values Benefit Benefit Saving
($ million) ($ million) ($ million) ($ million)
0.975 and over 105 166,668 1,291 192 1,483
0.950—-974 36 63,905 1,040 149 1,189
0.925-.949 7 23,219 620 84 704
0.900—.924. 3 8,501 312 40 352
0.850-.899 i 17,335 899 106 1,005
Less than 0.850 5 8,489 910 76 986
Total 163 289,117 5,072 647 5,719
Percentage 88.7% 11.39% 100.0%,

14%Gross” because a considerable amount of double counting is represented in this figure:
producer’s value is the total value of output, not value added. Thus a given producer’s value figure
includes the values of inputs already counted as outputs of other industries.
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SCALE ECONOMIES OF TRANSPORT IMPROVEMENTS  H. Mohring and H. F. Williamson

$289 billion. Of this total, approximately $20 billion represented outlays for trans-
port services of all sorts. Thus, a 25 per cent reduction in the costs of these services
would provide an immediate cost reduction — a “direct” benefit — of approximately
$5 billion to these industry groups.

In addition, if (1) these industries all approximately fulfilled the conditions as-
sumed in developing the above model - or, more realistically, if the elements of
unreality entailed in these assumptions introduce errors that approximately cancel
each other out — and if (2) these industries had all reorganised the locations of their
producing facilities to take full advantage of the additional cost savings entailed,
they would have been able to lower their costs by approximately an additional
$650 million. They would, that is to say, have been able to effect additional savings
amounting to approximately 12} per cent of those directly entailed in the initial
reduction in transport costs. Therefore the concentration on direct benefits in most
highway economic analyses would not appear to lead to substantial under-estimates
of total benefits.
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