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Relations Between Transportation and 
Production 

WILLIAM L. GARRISON AND REGINALD R. SOULEYRETTE II 

Ways in which transportation improvements enhance production 
are investigated in this paper. The production of residential hous
ing is used as a case in point. Several approaches to analysis are 
proposed. The one adopted emphasizes productivity improve
ments from technological change. After considering several ways 
that transportation services may relate to technological change, 
the authors provide an analysis of the diffusion of wallboard 
construction. Overall, the study concentrates on methodology 
and magnitudes. It provides a way of thinking about transpor
tation and production relations, and indicates that service 
improvements may yield social savings of large magnitude. 

The concern here is with the ways that transportation 
improvements enhance the uses of old resources and make 
new ones available, expand the scopes of markets and labor 
sheds, provide new production and consumption choices, and 
generally shape and improve social and economic aspects of 
life. To simplify, the word "production" is substituted for 
these transportation-related activities and the relations between 
transportation and production are analyzed. 

The inquiry is unusual in two ways. First, the objective is 
to explore taken-for-granted relations in a crisp, analytic fash
ion. That is much easier said than done as this report on the 
work will indicate. Beginning with conventional analytical ap
proaches, paths are explored through a maze. The path fol
lowed to its end related transportation services to innovation 
and innovation diffusion processes. 

The inquiry is also unusual because its concern is with the 
ways that transportation services energize non-transportation 
activities. This is in contrast to today's situation in which 
transportation is mainly regarded as a necessary evil, and the 
evil is emphasized. It is evil because it gobbles energy, insults 
the environment, and takes money and time. In response, 
analyses, technologies, projects, and policies are developed 
to reduce costs and enhance safety, control environmental 
insults, and improve energy efficiency. 

This study did not set out to quarrel with today's emphasis 
on costs and the consideration of externalities because such 
emphasis is always appropriate. It seeks to go beyond that 
emphasis to richer views of the necessity-demand side. We 
would like to fill in the blanks in statements such as, "Reduce 
costs or improve service quality in order to -----
A slice of production, the construction of residential housing, 
is used as a case in point, which was eventually narrowed to 
the use of wallboard in housing construction. Although factual 
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rather than fictitious, the housing production study should be 
read as a parable. It is intended to explore and illustrate 
principles. 

The presentation begins by providing some information on 
the housing production industry. Next, several paths for for
mal analysis suggested by conventional analytical approaches 
are reviewed. However, examination of the data suggested 
formulating a new approach, and our formulation of a new 
approach is discussed in light of the data and the study's main 
objective. The analysis and findings follow. The closure reflects 
on the study. It suggests expanding existing principles to include 
transportation's role in innovation and productivity changes, 
comments on today's relations between transportation and 
production, and asks for a richer consideration of the needs 
for transportation improvements. 

A simple statement of the conclusion is that in one small 
instance, transportation improvements enabled social savings 
measured in billions of dollars. That is part of our message, 
for it says that transportation improvements do consequential 
things for production. However, the larger part of the message 
has to do with methods. This is why the text to follow stresses 
the ways the problem was approached, how the analysis treated 
an instance from some larger set of relations, and the infer
ences derived from our results. 

RESIDENTIAL HOUSING PRODUCTION 

Housing production was selected as a case for study because 
it is an old, large, and ubiquitous activity. Housing is necessary 
for everyday life, and a housing problem is widely recognized. 
Housing production is transportation-intensive, and housing 
is produced using a complex of technologies. Dowall and 
Lynch refer to it as disp::rsed, diverse, discontinuous, and 
detached (J). Production is undertaken by many scattered 
firms of varied size, and the product and its environment vary 
(dispersed and diverse). it is a job-to-job business, sometimes 
seasonal (discontinuous). It uses contract labor and compo
nents produced away from the housing production sites 
(detached). 

Modes of Production 

In the United States, about 5 percent of residential construc
tion uses modules. The modules are constructed at a factory, 
transported by truck, placed by crane, and assembled on-site. 
Somewhat similar is panelized construction, accounting for 
12 to 22 percent of production. Panels for walls, floors, roofs, 
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and so on, are prepared in a factory and assembled on-site. 
More work is done on-site than is the case for modular con
struction. Manufactured or mobile home type construction 
accounts for about 12 to 22 percent of production. Site-built 
homes account for 51 to 74 percent of housing units . Classi
fications overlap because some prefabricated units are used 
in almost all construction . This and variations among 
classifications account for the ranges of percentages (1 ,2). 

peculation, or con tract builder. , produ.ce one or a few 
units at a time. Larger production builders purchase large 
tracts of land, subdivide it, and produce the housing product. 
In all cases, specialized crew work on-site installing framing, 
plumbing, and so on. The amount of work done n- ite varies 
by mode of production, of course. 

As the sketch suggest , there is considerable variabiJity in 
production ranging from near-complete on-site to near-com
plete off-site . The timing and place of material and labor 
inputs vary accordingly. On average, off-site employment of 
labor in construction is about 13 percent of on-site labor 
employment, and labor required to install manufactured prod
ucts comprises about 90 percent of on-site employment (1,3). 

In Trouble 

It is widely agreed that productivity gain are nil, if not neg
ative, in housing production and construction in general. There 
is agreement despite the difficulty of measuring prodm:tivity 
and product.ivity changes in these activities. The industry is 
diverse , and data collection is difficult. Housing is not <t highly 
standardized product. There are regional and other differ
ences in the product and its inputs at any time. The housing 
product has changed over the years. 

It appears that productivity gains occurred from about the 
end of World War II to the late 1960s, and declined subse
quently. One source reports construction productivity 
improvements of 3.4 percent per ye;ir hetween 1948 and 1965 
with a decline of 1.8 percent per year thereafter ( 4). Another 
source reporting on housing estimated an increase of 2.4 per
cent per year from 1950 through 1968 and a decline of 2.8 
percent per year from 1969 through 1978 (5). In both cases, 
the rate declined 5.2 percent per year. Similar trends in 
highway construction productivity are well known to the 
transportation community. 

The structure of housing production yields limited research 
and development, difficulties of transferring technology, and 
a varied market for products and processes. These are cited 
as the main causes for the productivity problem. Increases in 
land, energy, and capital costs, and the loss of economy of 
cale are al o cited as causes. Declining productivity adversely 

affects real costs and housing prices . Deyond that, the decline 
adversely affects improving living standards and real eco
nomic growth. 

Interestingly, transportation services are seen as a minor 
part of the housing productivity problem. Services get minor 
mention when manufactured housing is discussed, and if ser
vices appear at all in other discussions, they are far down 
laundry lists of problems. Yet reflecting on past changes in 
the indmtry, it is clear that transportation improvements had 
much to do with the availability of materials and with the 
mobility so important to the assignment of tools and spe-
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cialized labor to on-site tasks. The past is out-of-sight and 
out-of-mind. 

TRANSPORTATION AND HOUSING 

As the brief sketch suggests, housing production provides rich 
topics for the transportation analyst. Working from existing 
principles and conventional methods of analysis, three 
approaches to topics will now be discussed : investigating rela
tions between transportation and land for housing, the hous
ing production system, and the producer's choice of produc
tion mode. Although these approaches were not followed in 
this work, it is important to say why they were not. Also , our 
approach was complementary, and future work combining 
approaches might be fruitful. 

General principles have been stated here and there. For 
instance, Adam Smith pointed out in 1776 that transportation 
improvements yield increased specialization and associated 
efficiencies ( 6). Based on an extensive review, Ringwalt's 1888 
study yielded 14 conclusions about transportation in the United 
States (7). His conclusions took the form: "Where ever a 
railroad goes, ... " There is also DuPuit's insight of 1844: 
"The ultimate aim of a means of communication must be to 
reduce not the costs of transport, but the costs of production" 
(8). Although statements are available, there apparently is 
no systematic list of principles that might provide a starting 
point for this work, so the authors proceeded by stating 
problems for analysis and imagining principles that might be 
appropriate. 

Land Use Relations 

There is the well-known relation between land rents and trans
portation services; the relation ties transportation services to 
the supply and value of land at different locations. Land costs 
are, say, 15 to 25 percent of housing production costs, so 
matching transportation and land supply to housing markets 
is an important matter. 

The interpretation of changes in location rents n.s a me3sure 
of something transportation does that is worth doing has been 
of long-standing interest to transportation professionals. The 
1956 Interstate legislation calling for a cost allocation study 
asked that there be investigations of the user (on-system) and 
nonuser (off-system) benefits of highway investment. That 
call yielded st•.Idies of user cost savings and studies of nonuser 
benefits, the latter under the rubric of highway impacts on 
land development. But even at that time, the impact studies 
and the conjecture that funding might be tied to impacts were 
hardly new. They date at least from George Stevenson's 1856 
remarks on the developmenl uf Lhe Lum.ion-Birmingham rail
road and the 1790 funding scheme of George Washington and 
Thomas Jefferson for the development of Washington, D.C. 
(9,10). 

Today, att.::ntion to the relation has reemerged under the 
rubric of value capture . Land owners whose property values 
are enhanced by improved transportation services are expected 
to contribute to facility investment cas'• . That was not the 
result of the 1956 study. It ignored nonuser benefits and 
emphasized user costs and the impact of vehicles of different 
types on facility costs. 
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The impact studies triggered by the cost allocation study 
triggered , in turn , reexamination of the theory of location 
rents. That theory leave. no room for nonuser benefit as 
something apart from user benefits: nonuser benefits appear 
as consumers' surplus created by transportation improve
ments (J /).Th · modern debate , to the extent there i. debate, 
may be no more than a debate about who gets the surplus. 

Even so, this study began witb the thought that there ' as 
more to the principle of nonuser benefits· that al though user 
(on-sy tern) benefi ts overlapped with nonuser (off-sy t m) 
benefits, disti nctive nonu er benefit · existed that ought to be 
recognized in theory and practice. A close investigation of 
well-known principles would clarify the situation, principles 
such as these: transportation makes land available for hous
ing; it offers opportunities for labor , tool, and product spe
cializati n ; and it enables the mo ement of products for final 
assembly at the construction site. 

Production and Economy of Space 

There is no choice about where the final housing product will 
be produced; it is produced at the market. But as the brief 
discussion of housing production noted, a range of spatial 
production modes exists. Toward one extreme, the mobile 
home, almost all production is done off-site. On-site produc
tion is toward another extreme. These "toward-extremes" 
production formats are realizations from a tree-like produc
tion pattern. As noted, off-site processing may yield modules. 
finished units, or prefabricated components. On-site produc
tion largely skips these production paths, although there is 
much preprocessing off-site. 

To what extent can analysis using the principles be inves
tigated in the frame of the spatial structure of production? 
An approach based on concepts from spatial economics, 
regional science, and geography seems appropriate. The pro
duction space is endowed with markets and resources. With 
the usual assumptions, production location and output deci
sions interacting with resources and markets yield an optimal 
production pattern. The analytic task is to specify the pro
duction system in an equation system and investigate how 
transportation services affect the system. 

Choice of Production Mode 

As mentioned, the housing producer may choose among pro
duction modes-use of modules, panelized construction, and 
so on. Once the first choice of production mode is made, 
choices follow of a make-or-buy character (e.g., subcontract 
foundation work or not), choices among products to be installed, 
and choices among and about the specialized labor to be used. 
A choice analysis is suggested, a nested choice analysis of the 
type used in transportation mode choice analysis. 

Choices are made among products and inputs, and in model 
specification it seems important to include space and time 
considerations because the production requires significant 
amounts of space and time, and these parameters may bear 
on choices made. Transportation services might bear on space
accessibility and enter in a logistics-time way, in addition to 
direct relations to available inputs. 
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FIRST EMPIRICAL INVESTIGATIONS 

Having identified approaches to analysis, exploration began 
on the history of housing production and data sets that might 
be brought to formal system specifications. Two results were 
expected. First, production is complicated by the many paths 
and products in the production stream, and, second, there 
are sharp limitations on data availability. These expected re
sults were to be dealt with through in-depth exploration of 
fragments of information. 

Unexpected Information 

Although the fragments of information were explored, the 
ambitious plan to treat the system as a whole was set aside 
when the data began to suggest relations that did not fit the 
process specifications very well. It is not practicable to repro
duce the mass of data here , so examples of unexpected results 
will be given. (Occasionally data were found specific to res
idential construction; most available data are for construction 
of all types.) 

Examining the labor inputs to production revealed a num
ber of trends similar to those shown in Figures 1 and 2. [The 
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FIGURE 1 Carpenters per million 1967 dollars building value . 
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FIGURE 2 Total workers in six specialized trades (per million 
1967 dollars building value). 
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curves shown in Figures 1-5 were calculated from Census 
Bureau data (12,13).] It was expected that the use of auto
mobiles and small trucks to move labor to and among con
struction site · would improve the efficieocy of labor input·. 
lndeed, a 1921 report on the advantages of motor vehicle use 
stated that contractors' use of vehicles increased productivity 
by 51 percent (14). But that is much less than the almost 
order-of-magnitude improvement suggested by the figure . 

Figures 3 and 4 display another unexpected result. Trans
portation improves access to resources and increases com
petition, so lower materials prices were expected. However, 
the figures display a long term increase in real prices, with 
variations around a set point si nce about 1950. Again, these 
data are fragments from a larger set. 

Explaining the Unexpected 

One option for dealing with these unexpected results was to 
return Lu lhe process specifications and begin to introduce 
plausible factors that might have yielded the findings. In the 
case of materials, for instance, one might suppose that real 
income increases, working with demand for improved quality, 
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FIGURE 3 Real price of millwork (index: 1967 = 100). 
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FIGURE 4 Real price of construction materials (index: 
1967 = 100). 
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might have interacted with transportation's provision of 
increased access to products to yield increasing materials costs. 

But two considerations pressed for another option. The first 
was the symmetry between realizations of transportation ser
vices and realizations of housing's production input processes. 
Examining truck service, for instance, suggests a rough cor
relation between the period of its rapid deployment and changes 
in inputs to housing construction. (Compare Figure 5 with 
previous figures.) In addition to such aggregate relations, bits 
and pieces of fragmentary data link the realizations. For 
instance, the development of canals enabled the marketing 
of building stone far from quarries, with labor at the quarry 
providing for stone finishing. This process ran as canals were 
deployed, and its realization must have tapered as the canals 
tended to full deployment. Housing producers shifted to a 
more expensive, higher quality product. Preprocessed, the 
product reduced demand for on-site labor. Though not dis
cussed here, many similar relationships appeared for the rail, 
water, and highway modes. 

Consideration of forces prevailing during the period that 
the transportation and housing development proces ·es have 
been at work also pressed for an alternative approach. This 
was a period of great technological change . apturing 1hose 
changes in the proces ·pecifications co.nsidered in the pre
viou ection of thi · paper would require an exhaustive inven
tory of past and present processes. Models would need to be 
constructed to incorporate choices of one process or another 
and one production pl;ir.~ or onothe.r. At first approximation, 
that is a vast task. Suppose, for instance, 50 processes in the 
production stream might take place in 50 places. This yields 
5050 po sible arrangements of processes. That number is an 
upper bound because processes are interdependent; some feed 
to others. 

TRANSPORTATION AND TECHNOLOGICAL 
CHANGE IN HOUSING PRODUCTION 

An investigation of the evolution uf housing production tech
nology was made to explore how technological change might 
enter the analysis. 
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FIGURE 5 Motor truck freight as a percent of all intercity 
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Inventory and Classification 

Assuming that useful insights about transportation-housing 
production technologies would emerge from examining exam
ples, the housing technology investigation began with an 
inventory of housing innovations. About 225 innovations were 
identified, beginning with the transition from earth- to sill
mounted footings about year 1200 and ending with today's 
interest in robotics. As would be expected, the completeness 
of the list was not known, and entries were variable in type 
and importance. Some technologies were clearly derivative 
of earlier ones; double counting was a problem. 

Attempting to make the list usable, classifications were 
imposed. First, entries were arrayed on a time line. As men
tioned, some technologies are derivative of others. This was 
found to be the case, and transportation relations entered in 
mixed ways. For instance, wallpaper became popular in the 
early 1700s, a development turning on fashion trends and the 
innovation of printing with transportation making the product 
available. The development of the Howe truss about 1840 
followed earlier developments of truss framing and knowledge 
of the behavior of structures. The need for transportation 
structures no doubt played a role in its innovation. 

A time line was also used because the authors were curious 
about the presence of innovation bursts and their relations to 
transportation and long wave theory. Invention is a contin
uous process, but invention-based innovations occur in tem
poral bursts (15). In turn, these bursts are related to long 
waves in the economy (16). One explanation for the relation 
is that economic down-cycles and depressions create oppor
tunities for innovations. The resulting burst of innovations, 
followed by demand for new products and increased employ
ment and investment opportunities, then drives an up-cycle 
in the economy. The empirical and theoretical underpinnings 
of long wave theory are much debated; transportation inno
vation and deployment have no special place in the debate. 
A line of inquiry was suggested, but not pursued. Even so, 
it was briefly mentioned because the concepts are discussed 
again later in this paper. 

A second classification was attempted, one on process
versus-product technologies with an effort to scale transpor
tation intensiveness within those categories. This effort was 
not very successful. Some technologies could not be neatly 
assigned to the process or product categories. The question 
of transportation intensiveness was fuzzy; an example illus
trates the problem. The powered-nail gun is a product, yet it 
is a product for use in the construction process. It is easy to 
transport, so at first glance, assign it to a not-transportation
intensive category. But on second thought, that assignment 
is not so neat. Surely the development and marketing of a 
specialized product of this type turns on transportation access 
to a large market. Its efficient use at a site is tied to transport 
and use of labor. The ability to move the gun from site to 
site also makes for its efficient use. 

Processes of Innovation 

Problems encountered in striving to develop useful classifi
cations turned attention to considerations of processes of 
innovation and diffusion. The classic view of the innovation 
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process has a design flair: building blocks are arrayed in a 
new design. Stevenson's first railroad, for example, combined 
physical building block from tramways and steam engines 
with canal and road common carrier concepts and franchise 
and financing concepts from public works generally. In a sense, 
the building blocks are clay, and they are molded into bricks 
(17). 

That classic view applies in a straightforward way to the 
transportation modes (18,19). Extending it to products trans
ported for use in housing production i one option· that is, 
think of transportation services as a building block for prod
ucts, a transportability building block. This may be reflected 
in the size and weight characteristics of a product, in a com
panion packaging innovation or in the product design. A 
product, such as an automatic washing machine i built to 
survive the fore acting on it as it is u. ed and when it is 
shipped. How do improved transportation services result in 
product innovations and improvements? 

It has been pointed out that railroads were the first of the 
large modern businesses, and many ra11road innovation were 
adopted in subsequent business developments. Railroad orga
nization, corporate control, and uses of information have 
received particular attention (20). The subject is much broader, 
however. The development of transportation spawned generic 
public utility law; product testing, standards, and certification 
procedures; large scale financial markec.; governments' roles 
in safety and labor affairs; accounting procedures; and many 
other things. All such innovations threaded their way through 
the economy. So another question that may be posed relates 
to the ways transportation innovations have been shaped and 
used in non-transportation sectors. 

Finally, transportation (and communications) plays a role 
in the diffusion of innovations. Many innovations are embod
ied in products, and innovations are diffused as products are 
transported. Considering diffusion and the ways transporta
tion may relate to the forms of products or services, one may 
think of transportation innovation as a companion innovation 
to innovations in other sectors. Transportation works with 
other sectors to provide new ways of doing things. 

WALLBOARD 

To move from generalizations to data-based analysis of the 
relations among transportation, innovation, and productivity 
gains, a case study was conducted of the substitution of wall
board for lath and plaster. 

Wallboard (gypsum plaster board or drywall) was patented 
in 1895 and began to substitute for lath and plaster interior 
wall construction in the 1920s. Its installed cost is approxi
mately one-eighth the cost of lath and plaster, and its cost 
comprises 5 to 15 percent of the cost of residential construc
tion, depending on the type of housing. Wallboard is one of 
several products, such as millwork, fabricated off-site for 
installation on-site . Relative to lath and plaster, its installation 
is rapid and uses low cost labor. 

Transportation relations bear in many ways. The patterns 
of gypsum mining, processing plants, and distribution are 
transportation dependent and have shifted as transportation 
services have changed. Today's product is a sheet of plaster 
covered with paper; it is sized 4 x 8 or 4 x 12 ft. The product 
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is larger than it was in earlier days, and its strength, cover
ing, and size appear to have responded to the transportation 
services available. 

Process Specification 

It was mentioned that transportation development might affect 
innovations in other ectors. Other ,ecto.r might emulate 
transportation innovations, configure products or services to 
the nature of the transportation services available, and/or use 
transportation to aid innovation diffusion. The innovation of 
wallboard appears to be affected in these ways. However, the 
emphasis in the analysis to follow is limited to the role of 
truck freight service in the diffusion of the wallboard inno
vation. This is a p"rtial invc tigation of the ways transpor
tation serves as a companion innovation to innovations in 
other sectors. A conservative, straightforward analysis was 
sought, one that could be compared with Robert Fogel's anal
ysis of the contribution of railroads to econo·mic growth (21) . 

Fogel posed the counterfactual hypothe is that river and 
canal services developed in the absence of railroad develop
ment. He then undertook a detailed geographical analysis to 
compare the cost of transportation by water-based services 
(fed by animal-drawn vehicles) with the co l of rail Iran por
tation. He concluded that railroads made only a minor dif
ference although water service cost was lightly higher than 
rail co t, some areas could not he eflsily . ervecl , and easonal 
flow disruptions on canals and rivers were bothersome. Amer
ican economic development would have been much the same 
without the aid of railroads. 

Fogel's emphasis was on settlement and agriculture, and 
his terms of reference and careful analysis leave little room 
for quarrel. However, great technological change occurred 
during the period Fogel studied. As Beniger pointed out, the 
railroad (and the telegraph) enabled continuous flow, large 
scale production, and the creation of large efficient industries 
(22). Basalla's discussion of the slow invasion of the market 
by the McCormick reaper points out that its wide adoption 
waited on railroad-based settlement (23). 

The following analysis proceeds in the style of Fogel. That 
is, the counterfact-ual hypothesis is posed that truck-highway 
service did not develop; shipment of wallboard was by rail 
and animal-drawn vehicles. With the McCormick reaper case 
in mind, it is assumed that the productivity gain from the use 
of wallboard would have pulled its eventual adoption. The 
question, then, is, What is the difference between the speed 
and degree of the achievement of wallboard-derived produc
tivity gains with and without truck service? 

Market Penetration Analysis 

To explore innovation diffusion rates and degrees of market 
saturation, a technology substitution analysis was made: How 
did wallboard substitute for lath and plaster construction? 
One estimate of social savings was made. To indicate how 
the quantity of social savings might change if assumptions 
used in the analysis were changed, the sensitivity of the result 
to model parameters was explored. 

The Fisher-Pry model, a three-parameter logistics equation, 
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was chosen for application (24) . The functional form of the 
model is: 

K 
X(t) - --- --

- 1 + exp( - at - 13) 

where 

(1) 

X( t) the value of the dependent variable al time ( t) 
(plaster or wallboard production for a given year), 

K = the aturatio11 value for the dependent variable X 
(total amount of plaster or wallboard) , 

a = a parameter controlling the rate of growth, and 
f3 a parameter positioning the function in time. 

Although the physical interpretations for the parameters 
given above are clear, the values for a and f3 are not intuitively 
apparent. To facilitate specification of parameter ranges, 
a transformation used by Nakicenovic was applied to the 
parameters (25). 

Because the logistic function is symmetrical, the maximum 
rate of growth occurs at the inflection point, t50 , where 
the value of the function reaches half the aturaci n value, 
(X = 0.5 · K). Sub tituting into Equation 1 and . oJving for 
t gives t50 = - p/a. Nexl, a growth rate, 5,, is defined as the 
time required for the function to grow from 10 to 90 percent 
of the saturation value, lw - 110 • olving Equation 1 for 190 

(t at X = 0.9 · K) and 110(1 at X = 0.1 · K) yields S, = 
(in 81)/a = 4.394/u.111 lc::1111s of ll1e ·e more intuitive redefined 
parameters , the original parameters can be derived: 

ex = 4.394/o, 
4.394 · t50 f3 = ---~ 

o, (2) 

The equation may be normalized by setting X( t)I K = f( t) . 
This reduces the number of parameters to two if K is known. 
For the wallboard case, there has been simple substitution of 
one commodity (wallboard) for another (lath and plaster). 
The saturation value K is the size of the market (1.00), and 
f(t) and 1 - f(t) represent market shares for wallboard and 
plaster, respectively. 

Annual statistics for the production of gypsum and gypsum 
products were obtained from the U.S. Bureau of the Mines. 
To measure the magnitude of plaster and lath construction, 
figures for the production of building plaster were tabulated 
(26) . The definitions for building plasters changed over the 
time of interest. Definitions used included: stucco, plaster of 
paris, Keenes cement, prepared finishes, and neat, base-coat, 
molding, sanded, fibered, insulating, and mixed plasters (27). 
Although wallboard does not directly substitute for all these 
plaster applications, those it does not replace comprise only 
a small fraction of the total. Plaster used for partition tiles or 
for other tiles or blocks was not included . Production figures 
were given by weight (in tons) . 

Figure 6 presents data for production of plaster and wall
board from 1921 to 1985 in tons per building value. [The 
curves shown in Figures 6-8 were calculated from data obtained 
elsewhere (26).} Output was normalized to building value 
because of the wide variation in building volume over the 
time of interest. Although measures more appropriate for 
comparison of the two products may be specified (e.g., square 
feet of wall/ceiling covered or number of homes built using 
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FIGURE 7 Substitution of wallboard for plaster (by 
weight). 
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FIGURE 8 Gypsum wall building products market share 
(by weight). 

each product), due to the availability of data, weight was 
chosen as the comparison measure. It was assumed that the 
weight per ft2 for plaster and wallboard has not changed dur
ing the time of interest. Systematic error is therefore limited 
to the estimation of total market size for plaster and wall
board. Assuming one ton of wallboard replaces one ton of 
plaster, market shares may be computed. 
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Using ordinary least squares, the parameters of the logistic 
substitution model were estimated. The data were normalized 
by setting f(t) = X(t)I K. By the time of this study, wallboard 
had captured essentially 100 percent of the interior wall fin 
ishing market, therefore the value used for saturation value, 
K, was 1.00. Resulting parameters were calculated as: t50 = 

1950 (time at 50 percent substitution = 13·5,14.394) and 5, = 
43 years (time between 10 and 90 percent wallboard substi
tution = 4.394/o:). (See Figure 7; data for 1942-1945 were 
not used in the regressions because the relative production of 
plaster and plaster products seems to have responded to World 
War II needs for temporary buildings.) 

Wallboard construction took 33 years to penetrate 10 per
cent of the plaster and lath market (1895-1928) . The substi
tution of wallboard for plaster and lath then proceeded at a 
rapid pace, reaching 50 percent in an 22 additional years (in 
1950). Wallboard had attained 90 percent market saturation 
by 1972. 

A graphical interpretation of the analysis presented above 
is given in Figure 8 showing market shares for plaster and 
wallboard (actual and estimated by the model). 

Estimate of Social Savings 

Three parameters control the curve used to approximate the 
substitution of wallboard for plaster and lath construction. 
These parameters affect the rate (51), the placement in time 
(t50), and saturation value (K) of the substitution process. 
Social savings are calculated as the difference between the 
actual substitution curve (best fit) and a curve for a hypo
thetical case assuming the truck-highway system had not been 
deployed. While the exact shape of the hypothetical curve is 
uncertain , some conservative estimates can be made for its 
parameters. 

Over the last 70 years or so, wallboard substituted for plas
ter. Because wallboard and plaster/lath are relatively direct 
substitutes, construction cor.t savings can be taken as the moti
vation for substitution. So, it is appropriate to estimate the 
savings represented by the adoption of wallboard in the aver
age house. The cost of wallboard represents about 5 percent 
of the cost of the average new house. Plaster and lath costs 
about eight times as much . Assuming that the average new 
house costs $50,000 (constant 1989 dollars, conservatively low), 
the savings are calculated to be $17 ,500 . (Elasticity is ignored; 
the demand for higher-priced, plastered homes would be less 
than for lower-priced, wallboard homes.) 

As noted, substitution of drywall for plaster would have 
taken place even without the deployment ofthe truck-highway 
system. It is assumed only that had the truck-highway system 
not been deployed, the substitution of drywall for plaster 
would have proceeded less rapidly (5, = 50 yec>.rs instead of 
43 years), a few years later (t50 = 1955 rather than 1950), and 
to a saturation value of less than 100 percent (90 percent). 

The savings obtained by the substitution of wallboard for 
plaster in any particular year are given as: 

X(t) ·$17 ,500· U (3) 

where U is the number of housing units produced that year, 
and X(t) is the market penetration for either the actual or 
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hypothetical case. Summing these savings from the early years 
of substitution to the present for both cases and computing 
the difference gives the portion of social savings provided by 
the drywall innovation attributable to truck-highway service. 

Based on the hypothetical case parameters, it is calculated 
that the 1985 value of the social savings attributable to trucks 
for just this one housing innovation are $4.1 billion, and the 
savings since 1921 are $181 billion. (For comparison, $4.1 
billion is about 1.3 percent of the nation's annual freight trans
portation expenditures.) 

Figure 9 shows the actual substitution of drywall for plaster, 
the best fit technological substitution curve, and the curve 
demonstrating the substitution rate for the hypothetical no
truck deployment case. 

Critique of the Analysis 

The sensitivity of the results to the numerical assumptions 
may be easily stated. The magnitude of the savings is most 
sensitive to changes in the parameter t50 , time at 50 percent 
market saturation. For each change of one year in t50 , the 
savings change by $16.5 billion or 9.1 percent of the total 
(Figure 10). The calculations used 1955 as the 50 percent 
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FIGURE 9 Wallboard market penetration. 
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FIGURE 10 Sensitivity of savings to t50 (time at 50 percent 
market penetration). 
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market saturation without truck service, compared to 1950 
with truck service. That lag is regarded as reasonable because 
of the 30 years it took for the wallboard innovation to achieve 
10 percent market penetration and , especially, because the 
period of slow market penetration corresponds to the begin
nings of truck service, as shown in Figure 5. 

Of next greatest sensitivity is the parameter K. Each 1 
percent drop in the saturation level, K, results in nearly $7.5 
billion ( 4.1 percent) in additional cumulative savings (Figure 
11). The savings are least sensitive to the parameter !\, time 
between 10 and 90 percent substitution. Each year's increase 
in 81 results in only about $1.5 billion (0.8 percent) in total 
savings (Figure 12). 

A broad critique of the analysis is also straightforward. 
Several ways transportation might interrelate with innovation 
processes were stated. Seeking a conservative, simple anal
ysis, only one of these interrelations was investigated: the role 
of transportation in innovation diffusion. This limited analysis 
does not fully examine wallboard as a companion innovation 
to truck services. lt also does not consider how modern trans
portation enables the continuous flow wallboard production 
process. 

$250 

$200 

$150 

$100 

$50 

$0 '-----''----.1---L---'----' 
0.85 

penetration). 

$300 1 

$250 

$200 

$150 

$100 

$50 

0 .87 0.89 0.91 0 .93 0.95 

$0 '-------''--------'o-----'----'-----' 
45 47 49 51 53 55 

FIGURE 12 Sensitivity of savings to 81 (Time required for 
market penetration). 
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There are many arguable details of the analysis. For instance, 
housing producers' options were not limited to wallboard ver
sus plaster because wood planks were available and used to 
cover interior walls. It was not known how rail and collector/ 
distributor services might have evolved absent truck services. 
Only an estimate is available of today's difference between 
the costs of installing plaster and wallboard; yesterday's costs 
might differ. Many other points can be made. 

The many options for critique say that the estimate of social 
savings is very rough; it is a "ballpark" figure. The estimate 
of social savings might have been greater if the analysis extended 
beyond the diffusion process. The estimate might have been 
greater or less if better information was available on the rate 
of diffusion and the extent of market penetration absent truck 
services and if details of the substitution process had been 
included in the analysis. But even with these possibilities, the 
estimate points to a sizable relation; that is the important 
finding from the analysis. 

REFLECTIONS 

This section makes much use of such words as "perhaps" and 
"might" as it reflects on the study and strives for inferences. 

The introduction emphasized general statements or prin
ciples illuminating the "what transportation does that is worth 
doing" question; it stated that principles were being sought. 
As currently stated, perhaps the operative word describing 
principles is "organization." Improved services yield more 
efficient organizations; for instance, this resource is from here 
rather than there. Persons seeking employment can organize 
the search for employment differently, or customers can skip 
the corner store to shop for a greater variety of products in 
a large shopping center. Such changes as these are welcome 
because progress is made through better organization. 

But innovation is a major engine of progress, and perhaps 
a beginning has been achieved on principles that link service 
improvements to innovations. Perhaps the usual list of prin
ciples, such as the "bringing new resources to the economy" 
principle, ought to be followed by sentences of this sort: "In 
doing these things, transportation improvements permit doing 
old things in new ways, the diffusion of improved technolo
gies, and the carrying out of new combinations producing new 
products. It is in these ways that transportation improvements 
mainly contribute to economic and social progress." 

The "mainly" in the second of the two statements is quite 
strong, and is meant to be. Transportation interacting with 
the wallboard innovation made a sizable contribution to l10us
ing productivity, and it seem likely that many other such 
contributions could be found in housing and other endeavors. 
Our "carrying out of new combinations" in the fir t sentence 
is from Schumpeter, and the second sentence responds to the 
increasing recognition of the role of innovation and techno
logical change in progress, Schumpeter s thesis (28- 31). Existing 
principles stre s improved organizations for existing activities 
but new combinations are a larger force for progress . 

The discussion mentioned innovation waves and the 
hypothe is that innovation waves are linked to long waves in 
the economy. Andersson has proposed that transportation 
technological revolutions occasion sharp increases in produc
tion (32). He suggests we would do well to think of the com-
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mercial and industrial revolutions as transportation revolu
tions. That seems proper from the timing of developments, 
and perhaps the linking mechanism is transportation's roJe in 
providing opportunities for innovation and innovation diffu-
ion. Perhaps too, transportation revolution drive or are 

driven by long waves of economic development. 
If transportation is in trumental in tecbnological develop

ment and diffu ion as is uggested here, the present situation 
in Iran portation is extremely tr uble ome. It is even more 
trouble ome if transportation drives long waves in the econ
omy, as the discussion above suggests. Transportation systems 
have well-defined technological structure , and many are well 
deployed in the more developed nation . Should the inference 
be drawn that the maturity of tran portation systems is lim
iting progress? Some inquiry might help define the extent to 
which that is true. Perhaps one would find that limiting-by
conditioning is the situation. Society runs on flows of mass 
and information, and the recipes for organizing and con
trolling flows are complex. At a time when information 
flow opportunities are increasing harply , lransportation' 
stagnation may be limiting and conditioning opportunitie . 

As it proceeded thi di cu sion con iderecl a number of 
direction for inquiry and teered along an ever-narrowing 
path . Paths not followed were not rejected, just not followed. 
Following them might be frui tful. lt might be useful for 
instance to re ·pecify the land relatio11 to recognize that tran -
portarion services may permit new combination of uses of 
land. lt might be u eful to examine ome ca es in which trans
portatio11 is an exp.licit building block for innovation , the off
shore drilling platform is an example, because how ir i to be 
tran ported and erected at the site bears on what can be done. 
In undertaking investigations, of course, one must avoid 
claiming too much. That there would be Li ttle ocial and eco
nomic development without transportation is not the is ue, 
becau e uch statements can be made about many thing . It 
is the marginal improvements in service that must be judged. 

With respect to bousing figures were presented showing a 
rough correlation between the deploymem of transportation 
and improvement in the hou ing production proce s. Surely 
the relation hip is not accidental. The parallel between today's 
situations in housing and transportation also may not be acci
dental: bousing production productivity gains are ni.l or neg
ative; land tran ·portation is technologically mature and facil
ities are largely deployed; and productivity gains are nil or 
negative (33) . This observation sugge t that today's housing 
problems are incompletely rated. Transportation ha. not 
offered opportunities recently, o it i out-of-mind. But per
haps it ought to be put on problem list and a good part of 
today s housing problem recognized as a transportation prob
lem. Perhap there are other sectors whose problems are 
transportation problems? Again the modern world runs on 
flow of mass and information and one might su pect that 
transportation problems are broad indeed. It was noted in the 
introduction that cost reductions or service enhancements steer 
transportation investments. One can not quarrel with that 
because efficiency is always desirable. Even so there may be 
a problem. 

It is understandable that the calculi of cost reduction or 
service improvements are applied to the traffic that can be 
seen and measured, and this focuses investments on the trans
portation uses of existing activities. There are few or no signals 
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for investments that might enhance doing old things in new 
ways or doing new things. So perhaps there is an unfortunate 
bias in investment programs; they preserve the old through 
ever-decreasing marginal improvements rather than enhance 
the new. Put another way, they enhance only one route for 
progress-greater efficiency of existing activities-and ignore 
innovation as the major route for progr·~ss. 

More incisive work on the demand for transportation seems 
merited. In theory, that could be done through increased 
attention to elasticity of demand, because such attention would 
flag new developments clamoring for service. But without 
some sense of the origins of new developments, such work 
would have a fishing-expedition character. So perhaps work 
on the demand for transportation should begin with innova
tion considerations, and perhaps policy should give greater 
emphasis to new transportation services rather than enhanced 
old services. In part, work might be done by paying close 
attention to and giving weight to new things creating new 
demands . It might also pay closer attention to general prin
ciples incorporating innovation considerations, and give weight 
to investments that enhance innovation possibilities. 

These suggestions are easy to make, but difficult to imple
ment. The vision of a link between transportation services, 
innovation, and productivity gains through the economy is 
not widely held, and the literature of innovation overlooks 
transportation (e.g., 34, 35). The situation is understand
able: relations are complex and the relative maturity of 
transportation systems places them out-of-view. 

Perhaps improved transportation services had their major 
impacts yesterday, and today's marginal improvements are 
rather irrelevant. How to energize transportation develop
ment in a way that energizes production relations is, perhaps, 
a large part of today's transportation problem . 
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