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EXECUTIVE SUMMARY 

tN'l'B.ODUCTION 

One factor long considered an important influence on regional growth 

and rural town development has been the nature of the transportation networks 

which serve the region or rural town. While it is ~idely agreed that eco

nomic growth is a function of a variety of human and natural resources, it 

is also widely assumed that transportation systems serve to facilitate the 

use of the resources extant in a given area. As a part of our research into 

the influence of transportation syste~ on rural towns, this study undertakes 

the task of evaluating some of the economic influences of the transportation 

system on rural towns. 

PROBLEM STUDIED 

The aim of this study is to evaluate the influence of the transportation 
, 

system and of altecations in that system on the growth of the economic base 

of towns in a rural region. The approach employed involves describing and 

evaluating a manufacturing growth model which incorporates transportation 

variables derived from the concept of regional infrastructure. The measures 

of growth are fluctuations in manufacturing employment in towns in a rural 

region over a 14 year period. 

The study concentrates on a region impacted by the construction of 

Interstate 10, a major interurban link connecting Houston and San Antonio. 

Manufacturing employment data for forty rural communities in the region were 

collected for 1960 and 1974 (pre and .post 1-10) by a survey conducted through 

the Cbambers of Commerce in'~arious towns in the area. A multiple regression 

program were then used to establish the statistical relationship between the 

differences in employment with the following independent variables: 

(1) 

(2) 

(3) 

(4) 

distance to the nearest SMSA, 

population, 

acc.usi;Uit.y to 1-:'1, 

accessibility to rail, 

~ 
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(5) distance to next larger town, and 

(6) accessibility to other major U. S. Highways. 

RESULTS ACHIEVED 

Data were gathered on the dependent variable (manufacturing employment 

gains) on forty towns in the region between San Antonio and Houston by a 

survey of local Chambers of Commerce and from the Texas Directory of Manu

facturers when information could not be supplied by a Chamber of Commerce. 

Accessibility to highways was measured in terms of travel time to a given 

network, while access to rail was measured in terms of the number of main 

trunk line. serving a given town. 

A multiple regression program, using the stepwise mode, was applied to 

various combinations of the six independent variables, producing 10 modele, 

the last set of three being selected as the most applicable based on 
2 

(1) the value of R , (2) the computed T-value of the coefficient., and 

(3) the F-ratio of the equation. While the last set of three equations was 

chosen as the best set of models for predictive purposes, each of the other 

models was helpful in (1) developing the final set and (2) shedding light on 

the influence of each of the variables on manufacturing employment growth. 

The first model, for example, which incorporated the complete 40 town 

data base, illustrated a problem of multicollinearity between the population 

variable and the distance to the next larger town variable. Thus, in subse

quent models the latter variable was dro~ped to avoid an inaccurate predictor 

equation. 

The final model essentially consists of three equati?Ds, each fitting a 

subset of the 40 town data base representing a determined population r~ge. 

The equations for each pOP91ation range are shown below along with a summary 

table of the significance tests. 

FINAL MODELS 

Population (50 - 700) 

+ .3290 

+ .0327 
-1.3622 

-1.3688 

(Change in manufacturing employment) - 19 

(Distance from SMSA) 

(Population 1960) 
(Travel time to next nearest U. S. Highway 

(Travel time to nearest U. S. Highway) 



Population (701 - 3,000) 

+ .7658 

+31.5542 
• 

(Change in manufacturing employment) • 33 

(Distance from SMSA) 

(JW.1.1ink) 

- 5.0899 (Travel time to nearest U. S. Highway) 

- 4.5359 • (Travel time to next nearest U. S. Highway) 

Population (3,001 - 10,000) 

-2.8143 

+ .0192 

-8.2911 

. 
(Change in manufacturing employment) - 327 

(Distance from SMSA) 

(Population 1960) 

(travel time to next nesr~st U. S. Highway) 

FINAL MODELS: SIGNIFICANCE TESTS 

No. No. of 
R2 

Standard Mean Dep. Standard 
P!:!J!ulation Towns Variables F-test Error Variable Deviation 

50 - 700 15 4 .6760 5% 14 17 20 

701 - 3,000 16 4 .8083 1% 33 62 66 

3,001 - 10,000 9 3 .7994 5% 75 187 121 

From the evolution of the models the following observations were made: 

(1) access to transportation facilities is an important influence on 
the growth of economic base; 

(2) in the case of towns with population from 50 - .700 and 701 - 3,000 
the single most influential factor in aiding economic base growth 
was increased accessibility afforded by proximity to more than 
one major highway··link; 

(3) proximity to an SMSA encouraged economic base growth in the 
larger rural towns (pop. 3,001-10,000); 

(4) proximity to an SMSA tldiscou;ragedtl economic base growth in 
smaller rural towns (pop. 50;700); and 

(5) the combined rail and highway influence was most evident in the 
middle range of towns (~op. 701 - 3,000), suggesting the growth 
stimulus potential of such a combination at this stage of rural 
town development. 
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UTILIZATION 

It is hoped that this study will be helpful in providing insight into 

the arowth of manufacturing and the role of transportation in rural areaa. 

The report should be useful 
(1) a8 a transportation-manufacturing growth model for projected 

regional impact evaluation, 

(2) for local transportation need assessment, and 

(3) in developing growth probability and constraint factors in 
larger models. 

CONCLUSIONS 

-This stu~ examines the spatial pattern of growth in manufacturing 

eaployment in a rural region and correlates that growth with recent trans

portation improvements, the existing transportation system, and the hier

archical characteristics of the towns. This study differs from many othera 

in that it is not limited to aggregated data at the county or regional level, 

but rather attempts to delineate manufacturing growth on a town-by-town baaia 

in a rural area. Although not purporting to prove a cause/effect relation

ship, the study n~ertheless indicates a manufacturing growth pattern 

correspondin& to linear relationships with the variables studied. These 

reaults suggest the adaptability of measuring projected shifts in basic economic 

growth within the context of these Variables • 

. -' 



PREFACE 

This is one in a series of Research Reports describing the activities 

and findings of the research project entitled, "Transportation to Fulfill 

Human Needs in a Rural/Urban Environment"; it is the fourth report issued as 

part of the work conducted under the topic, "The Influence on the Rural 

Environment of Interurban Transportation Systems." 

This report investigates the correlation betw~en the transportation 

infrastructure in a rural region and the growth of manufacturing employment 

in the small communities of that region. The study also capitalizes on 

the concept of hierarchical relationships among towns in a region. , 
The resulting models suggest tha~ the factors in the study are adaptable 

for use in evaluating possible economic impacts of changes in transportation 

networks in rural areas and for the development of a planning tool to gauge 

the economic growth potential of small communities. 
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I. INTRODUCTION 

The goal of ~his project is to present and test a manufacturing growth 

model which incorporates transportation variables derived from the concept 

of regional infrastructure. The measures of growth are fluctuations in 

manufacturing employment in towns in a rural region. Hopefully, the 

results may prove valuable in assessing the benefits of proposed trans

portation links at the level of regional planning: 

The study concentrates on a region impacted by the construction of 

Interstate 10. a major interurban link connecting Houston and San Antonio. 

HanUfacturing;employment data for forty rural communities in the region were 

collected for 1960 and 1974 (pre and post 1-10) by a survey conducted 

through the Chambers of Commerce in various towns in the area. A multiple 

regression program was then used to establish the statistical relationship 

be~een the differences in employment and the following variables! 

(1) distance to the nearest SMSA central city, 

,(2) population, 

(3) accessibility to I-10, 

(4) accessibility to Tail, 

(5) distance to next larger town. and 

(6) accessibility to other major US Highways. 

The role of the rural town in America and its fate in a nation of the 

megapolis is a serious question in the formulation of national ~rban growth 

policy. The 1970 Housing and Urban Development Act commits the U.S. to 

ttthe establishment of a national growth policy, to encourage and support 

the proper growth and developmenr of our states, metropolitan areas, cities, .. ' 
counties and towns ••• n 

Legislative wording in recent years has tended to favor the small town 

as a necessary and viable component of national growth, but there have 

been questions raised not only as to t~e most effective method to encourage 
4 

the economic participation of small towns in the national scheme, but as to 

the ultimate ability of rural America to compete with large urban centers 

1 
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1 in a rapidly changing society. 

One factor long considered an important influence on regional growth 

and rural town development has been the impact of improvements in the 

transportation sy~tem. Straszheim suggests, "The instrument which seemingly 

affords the most potential for pursuing regional objectives is the redirec-

tion of investment in transport infrastructure. ,,2 The reallocation 

of productive forces by effecting changes in the transportation system 

vas an assumed result in the Appalachian highway program. 

The extent to which a given network influences the distribution of 

basic industry in an area can be an important factor in the long-run develop

ment patterns of the towns involved. Locational economic effects may 

be measured in'various ways. Heretofore they have been viewed in terms of 

increases or decreases in land value or business starts and closings at a 

very localized level. This has told us little about the larger regional 

effects of changes in the transportation infrastructure. 

Transport itself may not produce economic growth; however, transport 

networks are recognized as important factors in facilitating the use of 

the resources which may exist in a region. 3 
, I 

The notion of transportation as one of several influences on economic 

growth as opposed to being a producer of economic growth is essential to 

understanding the role of the transportation planning process. Economic 

growth in a given region is a response to a variety of factors such as " 

human resources, natural resources, and regional demand. The availability 

of and accessibility within the transpo~tation system, however, may have an 

influence on location decisions and over time be a key to long-term 

1 For a summation of Congres~ional attitudes see, for example, 
Norman Beckman and Susan RaFding, "National Urban Growth Policy: 1972 
Congressional and Executive Action," American Institute of Planners 
Journal, Vol. 39, No.3 (July, 1973),'.pp. 229-243. 

2 ' Mahlon Straszheim, "Researching the Role of Transportation in 
Regional Development," Land Economics, Vol. XLVIII, No.3 (August, 1972), 
p. 212. . • 

3 See, for example, John Friedmann and Barbara Stuckey, "The 
Territorial Basis of National Transportation Planning," in Perspectives on 
Regional Transportation Planning by Joseph S. DeSalvo (Ed.), Lexington, 
Massachusetts: D. C. Heath and Co., 1973, pp. 141-175. 
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evolution of the rural towns in a region. 

In the evolving transportation planning process as applied to interur

ban areas, there are three essential components built into the evaluation 

syat •• : the projected environmental impacts, social impact~ and economic 

tmpacts. Underlying this study is the concept that economic impacts must 

be evaluated and understood within the infrastructure extant in a given region. 

Infrastructure is used here to mean the hierarchy of cities and towns and the 

transportation system which links that hierarchy.~ 
The second section of this study deals with previous research in the 

area. The third section describes the basis for including hierarchical 

components in the study and the importance of manufacturing growth as a key , 
to long term economic development. Section four describes preliminary models, 

while section five presents the final models in detail. The last section con

sists of general conclusions and recommendations. 

II. PREVIOUS RESEARCH 

This section deals with studies which investigate transportation infra

structure and its influence on economic and demographic growth. 

Transportation Impacts and Manufacturing 

Approaches to evaluating economic impacts of highway improvements may 

generally concern themselves with one of three areas of impact: (1) selected 

interchanges, (2) the transportation corridor, or (3) the network and/or 

system. Economic changes then are changes wnich occur in a determined 

spatial structure. At the interchange level, impacts on_land values and 

land use may constitute a new spatial organization, albeit on a very small and .. 
perhaps temporary scale. _Impacts at this level are well documented and are 

5 generally comprised of commerical starts. Furthermore, in a study of rural 

4 This term is used frequently to ,denote the systemic relationship 
between the transportation structure aild the "nodes," i.e., cities, located 
within that structure. See, for example, Straszheim, ~. cit. 

5 See, for example, Lidvard Skorpa, et al., Transportation Impact 
Studies: A Review with Emphasis on Rural~reas, The Council for Advanced 
Transportation Studies, The University of Texas at Austin, October, 1974. 

3 
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interchanges along interstate highways in Pennsylvania, Sauerlender noted 

that almost no industrial development occurred on land contiguous to the 
6 interchanges but, rather, occurred in or near towns in the vicinity. 

Examination o~ transportation corridors in their entirety has involved 

essentially the same variables as interchange analysis but includes a 

specified area on both sides of the route to be studied. The approach has 

be~n utilized in urban or developed areas to predict relocation of residen-
7 tial and commercial land uses. 

Approaches to manufacturing location on a regional scale have been, for 

the most part, based on traditional location theory, although the role of the 

transportation system has largely remained an unintegrated variable, at least 

in ~pirical studies in the U. 5.8 The technique most often applied involves, 

first, a short term before-and-after documentation of plant starts or relo

cations on a given transportation route and, second, a survey of locational 

preferences. This kind of approach has tended to underscore but not quantify 

the directive force of transportation forms and point to other important 

variables in location choice within a limited geographic area. In a predomi

nantly urban context, Bone and Wohl studied the relocations of industries in 
" 

the Boston area subsequent to the completion of a 25-mile segment of Route 

128. Although it was perhaps influenced by other factors, there was a signifi

cant shift of industries in the Boston area, specifically from the central 

city to locations on the new highway. Through survey studies they deter~ 

60wen H. Sauerlender, Robert B. Dortaldson, Jr. and Robert Twardk, 
Factors That· Influence Economic Development at Non-Urban Interchange Loca
tions, Research Publication Number 48, Institute for Research on Land and 
Water Resources, Pennsylvania State University, 1966. 

7 
Skorpa, ~ a1., ,2E.. ~. 

8 ' 
Work has been done for developing countries, although application of 

findings may be of doubtful use in the U. S. See, for example, B. J. L. 
Berry, An Inductive Approach to the ReSionalization of Economic Develop
ment, University of Chicago, Department of Geography, Research Report 62, 
1960. 

9A• J. Bone and Martin Wohl, "Massachusetts Route 128 Impact Study," 
Bulletin 227, Highway Research Bo~rd (1959), pp. 21-49. 
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mined that the four most important factors considered in relocation were 

(1) land for espanaion, (2) availability of labor, (3) employee accessi

bility, and (4) commercial accessibility. Voorhees, in his study of the 

&r~th of .anufacturing in ten large cities in the U. S., also found 
10 

"available land" as the most important variable. Accessibility was also 

Doted. Breese, however, looked at transportation as one of many factors 

in a comparative analysis of plant locations of a partly rural county in 

New Jersey and concluded that the transportation.system was the primary 

influence on. industrial plant location and that taxes .and utilities 

were of only marginal importance. ll This conclusion was based primarily on 

the coincidence of plants and networks and on the homageniety of other 
" comparative factors throughout the ceunty. 

The coincidence of manufacturing location and transportation change 

was also noted by Rhodes, who found that of all the manufacturing concerns 

that located in Indiana between 1957 and 1960, 44 percent located within a 
12 

distance of 22 miles from the Indiana Turnpike. In Alameda County, 

California, following the construction of the Eastshore Freeway, 43 percent 

of the total new industrial development occurred within an 'area "most 

subject to highway influence," comprising only 9 percent of the acreage of 
13 the county. Industrial expansions along the New York State Thruway have 

also been noted. 
14 

As for predominantly rural areas, Burch noted the overall benefits 

derived from secondary road improvements in North Carolina and suggested 

the improved network accounted in part for the fact that, at the time, 

25 percent of the new industries locating in North Carolina were choosing 

---ro-
Alan M. Voorhees, "Urban Gro!"th Characteristics," in A Geography of 

Urban Places, by Robert Putnam, Frank Taylor and Phillip G. Kettle, (Eds.), 
London: Methuen Publications, 1970; pp. 81-87. 

llGerald Breese, Industrial Site Selection, The Bureau of Urban Research, 
Princeton University, 1954. 

l2Farwell Rhodes, "Toll Factors for the Indiana Turnpike," Traffic 
Quarterly, Vol. 14, No. I, (January,'~960), pp. 26-35. 

13 Highways and Economic and Social Changes, U. S. Department of Commerce, 
Office of Research and Developmebt, November, 1964, p. 54. 

l4Ibid., p. 54. 
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rural areas. lS 

Hansen found a significant correspondence between rural counties 

classified as "consistent fast gainers" in population and proximity to an 

Interstate Highway. or other limited access divided highway, although he 

emphasizes the concomBitant influence of the nearness to a Standard Metro-
. 16 
politan Statistical Area. 

In terms of location preferences and the importance of transporta

tion, Kiley did a survey of 4,000 firms in the United States which had 

changed, expanded or located during 1955-56 to determine the most important 

factors in the location decision. 17 Thirteen location factors were tested 

in ~he survey. Access to good highways was ranked as the first in impor-
,,, 

tance in 11 of 22 manufacturing S. I. C. classifications, and access to 

rail service was ranked fifth overall. 

Greenhut, too, found transportation, in terms of transport type and 

cost, to be an important factor in the location of several manufacturing 
18 

concerns in Alabama. There is also evidence tha~ for some firms, a 

combination of modes is an important influence. Bowersox interviewed six 

manufacturing in~ustries in Michigan to determine the importance of accessi

bility to a major highway in the location decision and found it to be an 

increasingly important variable since most of the firms were relying more 
19 heavily than ever on motor transport. Although only one of the firms set 

15 James S. Burch, "The Secondary Road Program in North Caroiina,1t 
Bulletin 147, Highway Research Board (1956), 27 pp. 

16 Niles Hansen, The Future of Nonmetropolitan America, Lexington, 
Massachusetts: D. C. Heath and Company, 1973, pp. 25-28. 

17 'Edward Kiley, "Highways a8 a Factor in Industrial Location," 
Highway Research Record Number 75, Highway Research Board, 1964, pp. 48-52. 

18 
Melvin Greenhut, Plant Location in Theory and Practice, Chapel 

Hill: North Carolina University Press, 1956. 

19 
Donald S. Bowersox, "The Inf1u~nce of "Highways on Selection of 

Six Industrial Locations," Bulletin 2613, Highway Research Board (1960), 
pp. 13-28. 
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specific standards for a highway facility to be considered. none would 

consider locations which did not offer "adequate" highway facilities. 

If transportation serves to organize areas, and attract industry as 

well, the~conversely. the lack of sufficient transport facilities has been 

blamed for the lack or loss of manufacturing base. In March of 1965 the 

Appalachia Redevelopment. Act was passed, the major portion of expenditures 

being earmarked for the construction of a major highway network linking the 

depressed region internally and with more prosperqus areas. The underlying 

premise for highway funds was that the lack of economic development had 

been to some extent the result of inadequte accessibility of areas in the 

lntra- and in~erregional transportation system. It is significant that 

between 1965 and 1969 46 percent of the 1,149 new industrial plants locat

ln, in the Appalachia region located within 10 minutes of an interstate or 
20 

development hi,hway. 

The thrust of these studies has been, at the least, to document 

location and ~elocation in light of improvements to a transport network and, 

at most, to suggest some of the influences on the location decision. State

ments on the spatial impacts of this process, however, have been limited. 

As mentioned. Bone and Wohl noted in passing the outshift of industries from 

Boston to locations on Route 128. This trend to "decentralize" was also 
21 

observed by Reinemann in Chicago. He found that between 1946 and 1954, of 

all the relocations of manufacturing concerns, 16 percent moved out of the 

metropolitan area altogether to locate in nearby small towns. However, 

causative factors and transportation linkages have not been analyzed. 
/ 

Decentralizing tendencies have also been noted in a number of studies under

taken for the Department of Commerce. Bureau of Public Roads, but again 

with no specific inferences to a ,larger spatial order • 22 

. . ' 

20 
Carl W. Hale and Joe Walters, "Appalachian Regional Development and 

the Distribution of Highway Benefits,1! Growth and Change. Vol. 5, No.1 
(February, 1971), pp. 3-11. 

2L i I! . ~ IMart n Reinemann, The Pattern and Distribution of Manufacturing in 
the Chicago Area, I! Economic Geography, Vol. 36, No. 2 (April, 1960), 
pp. 139-144. , 

22 
Highways and Economic and Social Changes, op. cit., pp. 58-60. 
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Infrastructure and Growth 

Certain studies further suggest the applicability of approaching 

transportation impacts from a hierarchical perspective. Garrison et a1 point 

out that an important result of transportation innovation has been the 

process of specialization: 

Unifying large territories politically, relieving congestion, 
opening new economic areas, and other motivating factors in 
transportation developments were all worth-whi1e because they 
introduced efficiencies in the form of specialization: armies 
could specialize, governments specialize. farmers and manu
facturers could act as speca1ized production agents, and 
routes themselves were specialized as efficient carriers. 
Individuals and groups2~f individuals specialized at places 
to serve larger areas. , 

This seems to be supported by empirical studies in rural areas. Stroup and 

Vargha studied the effects of highway improvement in six rural counties in 

Kentucky and found an increasing tendency for business to consolidate and 

centralize •. 24 Stores once found in the "open country" tended to relocate 

in towns and at interchanges, and some specialization occurred in the 

goods offered in each town over a relatively short period of time. C. C. 

Zimmerman found a ,similar concentration in his study of rural areas of 

Canada. 24 ROlb and Polson noted the areal interdependence of growth in" 

their study of rural towns in Wisconsin, with larger centers growing rapidly 

from having absorbed many of the functions of smaller towns .. 26 

A study was undertaken by Hale and Walters to predict economic benefits 

from an overview of the regional infrastructure of Appalachia. 27 They 

suggest that the non-Appalachia cities ih the lIimmediate environs" of 

23 . 
William L. Garrison, ~ al., Studies of Highway Development and 

Geographic Change, Seattle: University of Washington Press, 1959, p. 5 • . . '. 
24 Robert H. Stroup and Louis A. Vargha, "Economic Impact of Secondary 

Road Improvements," Highway Research Record Number 16, Highway Research 
Board, 1963, pp. 1-13. 

25 C. C. Zimmerman, The Cbanging CQmmunit1, New York: Harper, 1938 • 
.,j 

26 Garrison, .!:! a1., ~. cit., p. 12. 

27 ' Hale and Walters, ~. cit •. 
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Appalachia have become more economically linked to the extended Appalachia 

region than the Appalachian cities, and, "since these non-Appalachia cities 

are already better linked to the rest of the nation than the Appalachian 

cities, it is likely that a preponderance of the benefits associated with 

the ARC (Appalachia Redevelopment Commission) highway development program 

will accrue to the non-Appalachia cities ••• ,,28 Their methodology was to 

develop essentially a growth potential matrix which incorporated (1) an index 

of accessibility and (2) an index of economic potential (EP). For 35 cities, 

SOlie of which are contiguous to the Appalachia region, accessibility was 

determined by travel times between towns and the EP was derived from a gravity 

model. Increases in accessibility were denoted by reduced travel times 

between citie, (from 1955 to 1972), and the EP was derived On a per capita 

interaction based on the formula 

1 n 
EPi - (P/n)+j~l Pj/dij 

where "i" refers to the city being analyzed; there are j-1 .• , n other 

cities, and "dij" refers to the economic distance (travel time) between city 

"i" and each of the other cities. Hale and Walters concluded that the 

peripheral non-Appalachia cities will benefit more from the highway program. 

Although empirical data on manufacturing is not presented, short term popula

tion data are used to indicate the validity of their hypothesis, 

An empirical analysis of manufacturing location also using the gravity 

concept, although not including transportation as an explicit consideration, 

is that of Duncan. Duncan gathered data on percent of labor force employed in 
29 manufacturing industries for 100 non-metropolitan SEA's in the V.S. for 1950. 

Locating the nearest metro center, Duncan grouped the population into totals for 

concentric bands with radii of 150 miles and divided the population total by 

the distance from the metro center 'to the midpoint of each successive band . .' 

28 Ibid., p. 4. 

H " . Beverly Duncan, Population Distribution and Manufacturing Activity: 
The Non-Metropolitan U.S. in 1950," Pajjers and Proceedings, Regional Science 
Association, No.5, 1959, pp. 95-103. 
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to arrive at a "population potential" index. Using the population potential 

and a control variable which represented "degree of urbanization" in a regres

aion analysis, she found that the percentage of total labor force involved 

in banufacturing employment varied inversely with distance from a metro 

center and directly with the population potential. 

However, using data aggregated to the county level, a Department of 

Transportation report classified the counties of nine planning regions in 

Iowa as either "central place ll or "hinterland" counties and comparing manu

facturing employment growth from 1960 to 1970 found a more rapid relative 

growth of manufacturing employment in the hinterland counties. 30 

. A recent attempt was made to adapt a simulation model for evaluating 

proposed cha~ges to the transportation network. Putnam describes a model 

used to predict changes in the spatial distribution of economic and demo

graphic activity in light of transportation alterations in the northeast 
31 corridor of the U. S. The model measures economic activity by (1) employ-

ment totals (both basic and non-basic) and (2) personal income. The model 

begins with a large-scale econometric model, which sets "control totals" for 

a small interre,~onal input-output, which in turn sets control totals for an 

intersectoral area model. Transportation as a variable is measured in terms 

of accessibility in a rather different way from gravity models. It is a 

function of impedance, i.e., (1) the costs involved in obtaining inputs for 

production and (2) the costs of transport to market. The region involved 

in this model is extremely large, and the model has been only partially 

tested. A similar model was developed.by Amano and Masahisa, but its major 
32 

concentration was on traffic generation and land use impacts. 

30 Engineering Research Insti~ute, Iowa State University, Integrated 
~nalysis of Small Cities Intercity Transportation to Facilitate the Achieve
ment of Regional Urban Goals, prepared for the U. S. Department of Transpor
tation, June, 1974. 

31S. H. Putman, uDeveloping and Testing an Interregional Model", 
Regional Studies, Vol. 4, No.4 (December, 1970), pp. 473-490. 

31<. Amano and F. Masahisa, "A LOng Run Economic Effect Analysis of 
Alternative Regional and National Tra~sportation Facility Plans," Journal 
of Regional Science, Vol. 10, No.3 (December, 1970), pp. 297-323. 
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III. DEVELOPMENT OF THE MODEL 

This section develops the conceptual franlework for the model to be 

presented and tested in this project. It examines (1) the importance of 

eentra1 place in the dynamic process of the growth of economic base, (2) the 

independent variables to be tested and their value to the model, and (3) the 

area to be studied. 

The Dependent Variable - Growth in Manufacturing Employment 

The notion of viewing cities and towns as a hierarchy of nodes in a 

transportation system has been employed by economists, geographers and 

planners to identify and study a variety of phenomena. There are two sorts 

of interrelated criteria which are ge,neral1y associated with hierarchy 

studies: (1) functional organization and (2) spatial distribution. 

Christa11er presented a central place model which incorporated the notion 
33 

of an "ordering principle" in the distribution, size and number of towns. 

The functional organization was determined by the order of goods supplied 

by a given place. In the Christal1er model, the resulting spatial distribu

tion was essentially uniform, with higher order central places more widely 

spaced than lower order places, and with the lower order places "nested" in the 

trade areas of higher order central places. This trade area is based on 

the range of goods and services which was later defined in more detail by 
34 

Berry and Garrison. The resulting spatial distribution, a system of 

nested hexagonal trade areas, has been supported to some extent in empiri

cal studies, although it is generally agreed that this configuration is a 

too rigid reflection of the abstract concept of ideal market areas based on 

33As quoted in R. J.'Chor1ey and P. Haggert (Eds.), Models in Economic 
Geography, London: Methuen and Co., 1967, pp. 307-315. 

34 B. J. L. Berry and William L. Garrison, "A Note on Central Place 
Theory and the Range of a Good," Economic Geography, Vol. 34, No.4 
(October, 1958), pp. 304-311. 
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35 unreal assumptions of demographic and geographic homogeneity. 

Losch elaborated on Christaller's hexagonal model to allow various 

spatial distributions of lower order places and posited a sectional pattern 

of development wh~re there is a concentration of settlement into pie shaped 

sectors separated by interstitial areas in which settlement in less dense. 36 

Functional organization was also amended to the extent that Losch asserted 

(1) higher order places do not necessarily provide all the functions typi

cal of lower order places and (2) settlements performing the same number of 

functions do not necessarily provide the same kind of function. 

Functional differentiation and size have already been noted in the 

study of Ko1b and Po1son. 37 Davidson, also, found a correlation between town 

size, function and distance from an urban center for retail services. 38 

Logan found areal development in small towns in the midwest, although the 

correlation of growth to urban center was less clear. 39 Schnore, who looked 

mostly at areas close to urban settlements, posited the evolution of two 

distinct functional types of lower order communities: "suburbs of consump-
40 tion" and more outlying "satellites of production." 

Friedmann and Miller incorporated the basic premises of central place 
• I 

theory into a more realistic and less rigid overview of urban development 

in their description of the urban field. They observed the tendency 

.. 
35A study which to some degree supports the hexagonal configuration 

is that of P. Haggett. Locational Analysis of Human Geography, London: 
Methuen and Co., 1965. For other studies see B. J. L. Berry and Allen Pred, 
Central Place Studies: A Bibliography of Theory and Applications, Regional 
Science Research Institute, Bibliography Series I, 1961. 

36In Chorley and Haggett, op. cit., pp. 314-320. 

37 .. 
See Garrison, !! a1.·, op. cit., p. 12. 

38 Claud M. Davidson. A Spatial Analysis of Submetropolis Small-Town 
Growth, Research Monograph, Bureau of Business Research, The University 
of Texas at Austin, 1972. 

39 ,,' " M. I. Logan, The Spatial Dimen,ions of Economic Development, 
Regional Studies, Vol. 4, No.1 (May, 1970), pp. 117-125. 

40·" " Leo Schnore, Satellites and Suburbs. in Urban Sociology, Baali, 
Faud, et al. (Eds.), New York: Meredith Corporation, 1970, pp. 137-149. 
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of the dispersion of certain economic functions from urban center to the 

hinterland and beyond: 

The present dominance of the metropolitan core will 
become attenuated 8S economic activities are decentralized 
to smaller cities within the field or into the open 41 
country • • • • The urban field will be a coherent region. 

Berry suggests that one might view the nation as a whole as a system 

of cities each of which is a critical point in the collection and 
42 

circulstion of increasingly specialized goods proauced in its hinterlands. 

Fox suggests that this system has evolved in part due to the role of trans

portation: 

Since 1945 the automobile, the truck and the airplane 
have had a full generation to ex~rt forces that tend to 
strengthen the central place system. The automobile has 
strenathened the FEA (Functional Economic Area) pattern, the 

,regional shopping plaza, and the metropolitan subarea; the 
truck has strenathened central place patterns in wholesale 
distribution at the two hierarchical levels next above the 
FEA; and the airplane has strengthened central place patterns 
at the level of approximately 24 large regions •••• 43 

I 

In studying spatial distribution and socioeconomic characteristics of 

larae cities in the U. S •• Fox goes on to delineate 24 national metro-
44 politan regions, each with a central city. 

Little empirical analysis has been done, however, on the "function", 

of manufacturing in the hierarchy approach. Central place studies have 

been devoted almost exclusively to retail goods and services. Manufactur

ing has been assumed to be largely an urban activity given the ~ncreased 

.. 
4lJohn Friedmann and John Mtller, "The Urban Field," American Institute 

of Planners Journal, Vol.' XXXI, No.4, (November, 1965), pp. 312-320. 

42B• J. L. Berry, "Approaches to Regional Analysis: A Synthesis," 
Annals of the Association of American Geographers, Vol. 54, No. 1 (March, 
1964), pp. 2-ll. 

43 " 
Carl A. Fox, "Delimiting of Regions for Transportation Planning," 

in Perspectives on Regional Transportation Planning, by Joseph DeSalvo 
(Ed.), Lexington, Massachusetts: D. C. Heath and Co., 1973, p. 133. 

", 

44Ibid ., pp. 91-137. 
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concentration and growth of fast growing industries in urban centers over 

the last century. This concentration has been largely attributed to the 

benefits of external agglomeration effects. Agglomeration effects are 

those forces which reduce costs of production and/or increase market out

lets due to proximity to other industries and/or the market. These advan

tages accrue to a given industry when. for example. it locates near an 

auxiliary industry from which it purchases a service. The sharing of 

that service among many industries tends to reduce its cost. There are 

institutional agglomerative advantages as well. The availability of capital 

i~ urban centers, tax adjustments, and low interest rates are inducementa of 

an agglome;ation. Greenhut suggests that "these agglomerating advantages 

are the governing factors in location whenever transportation and labor 

differentials at alternative sites are relatively slight.,~5 Hansen 

criticizes traditional location theory for not illuminating sufficiently 

the extent of the impact of agglomeration: 

It should be emphasized that the advantages of larger urban 
areas F~not be simply explained by the traditional economic 
base approach because it really never came to grips with the 
dynamics of the process by which an area amasses overhead 
capital and by which it acquires new export bases. Similarly, 
classical location theory, including central place theory, 
relied too heavily on static analyses •.•• 46 .. 

More recent data, while not unqualified support of a reversal of this trend, 

suggest the viability and growth of c~rtain kinds of manufacturing in rural 

areas. Nationally, rural and partly rural counties, with only a tenth of 

the manufacturing jobs in 1960, accounted for about a ~ifth of the gain in 

manufacturing workers in the 1960-70 decade~7 'See figure 1. 

. ..- .. 

45 Greenhut, Ope cit., p. 11. 

46Hansen, Ope cit., p. 8. 

47 u. S. Department of Agriculture, The Economic and Social Condition 
of Rural America in the 19701 s,'prepared for the Senate Committee on 
Government Operations, 1971, p. 55. 
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Figure 1 

EMPLOYMENT GAINS FOR SOME INDUSTRY GROUPS 1960-197048 
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Between 1960 and 1970 the nonmetropolitan South actually outstripped the 

metropolitan South in absolute manufacturing employment gain8. 49 Further

. more, Duncan's study of the correlation of city size and 14 manufacturing 
I 

SIC c1assificatibna throughout the U. S. suggests some degree of hierarchical 
50 arrangement of cities, the tendency being most notable in the South. 

The growth of the manufacturing function in some rural towns and 

not others is. for the purpose of this study, presumed to be accounted for 

by a variety of factors, not all of which are tested by the model. There 

may be personal preference, production, or marketing factors which lie beyond 

the scope of this study. Within the context of urban hierarch~, however, 

what is being tested at heart is the relationship between functional 

organization and spatial distribution when the "functions" are defined as 

.. " 
48Ibid • 

49Ni1es Hansen, Factors Determining the Location of Industrial Activity 
in Metropolitan and Nonmetropolitan Areas, Discussion Paper Number 50, 
Center for Economic Development, The U~iversity of Texas at Austin, July, 
1972. pp. 17-20. • 

50 Dudley Otis Duncan, et al., Metropolis and Region. Baltimore: 
Johns Hopkins Press, 1960, pp.~5:75. 
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basic (export) economic activities. The importance of the role of the 

basic sector in stimulating the secular growth of areas has been suggested 

by Hoyt. who found strong correlations between manufacturing gains and 

population growth ,in predominantly urban areas in the nation as a who1e. 51 

Likewise, Thomas has described the dynamics of regional growth as a 
52 function of the development of its basic sector. This development en-

courages service sector growth as well as increased quality of service, 

which in turn attracts more industry. Garrison notes the positive multi

plier effect of the location of basic industry on rural towns in a study 
53 undertaken in Kentucky. 

The Independent Variables 

The variables used in this analysis, then, are essentially based on 

an assumption of interrelatedness between each rural town and its nearest 

SHSA and/or next larger town. Distance in terms of miles was chosen in 

part to avoid problems of multicollinearity among the accessibility vari

ables. It has, in any case, proven to be a useful measure in other studies. 

In terms of population growth, for example, DeAre and Poston found in their 

study of nonmetropolitan incorporated areas in Texas that nonmetropolitan 

incorporated areas closer to urban centers have shown a greater potential 

for growth due generally to "an economic link to that center ••• as a 

place of residence or it may attract activities away from the larger 

center • ,,54 

5lRomer Hoyt, "The Importance of Manufacturing in Basic Employment," 
Land Economics, Vol. XLV, No.3 (August, 1969), pp. 344-358. 

5~organ Thomas, "Reg~onal ~conomic Growth: Some Conceptual Aspects," 
Land Economics, Vol. XLV,' No. 1 (February. 1969), pp. 43-5l. 

53charles Garrison, "The Impact of New Industry: An Application of the 
Economic Base Multiplier to Small Rural Areas," Land Economics, Vol. XLVIII, 
No.4 (November, 1972), pp. 329-337. 

54 Diane DeAre and Dudley L. Postdn, Jr., "Growth of Non-Metropolitan 
Incorporated Places in Texas, 1960-1970," Texas Business Review, January, 
1973, p. 17. 
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Population is chosen for its importance to most growth models, and its 
55 correlation with manufacturing, already noted in Hoyt. Lachene describes 

a basic gravity model in which population and a notion of accessibility 

are the two essential determinants of growth in a delineated region. 56 

Bal. and Walters use essentially the same concept in their analysis of the 
57 Appalachia region. Davidson's study of small-town distribution and 

growth within 25 miles of the Dallas area, while finding some support for 

LOsch's theory of sectoral distribution, suggests that in the evolution 

of the infrastructure, proximity to a high order central place and popu-
58 lation were the two most important growth determinants. In this study, 

distance to the next larger town is included as a variable to identify 

lover order central place relationships which may exist in the area. 

Integral to the view of central place, urban field, and "functional 

economic area" is the interconnectivity of the hinterland and its central 

place. This notion of interconnectivity might be described as the ease 

with which goods, information, etc., can flow from hinterland to central 

place and the reverse. For this reason, while the distance to central 

place is measured in miles, access to the transportation networks is 

measured in terms of "functional distance." Lathrop and Hamburg found that 

at the metropolitan level development patterns were most accurately predicted 

by viewing accessibility not in gravity flow terms, but rather (1) on an 

assumption of growth from a central point and (2) on a measure of accessi-. 

bi1ity based on reduced travel times. 59 

Accessibility to U.S. Highways and the Interstate System is measured in 

terms of travel time from each town. This measure of accessibi~ity is only 

one of several possible measures. It measures accessibi~ity to key networks 

.. ' 
55 Hoyt, Ope cit. 

56 Rene Lachene, "Networks and the Location of Economic Activities," 
Resional Science Association Papers, Vol. 14, 1964, pp. 183-196. 

57 Hale and Walters, Ope cit. 

58 Davidson, Q£. cit. 

59George Lathrop and John Hamburg, "An Opportunity-Accessibility Model 
for Allocating Regional Growth," American Institute of Planners Journal, 
Vol. XXXI, No.2 (May, 1965), pp. 96-102. 
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of the transportation system itself. It is, to that extent, an absolute 

measure of accessibility to the infrastructure, not a relative index a8 are 

those regional accessibility indices which incorporate accessibility as a 

function of linkage to all other centers in a closed system. This is not 

inconsistent with the concept of urban hierarchy and along with the other 

variables will tend to aid in isolating ~tatistically the impacts on the 

improved network. 

Access to the rail network is measured in terms of the'number of main 

trunk lines which pass through each town. Although quality of service 

might afford a more sensitive measure, such data are hard to quantify. 

Moreover,links to rail lines are direct measures of links with markets 

and resources. 

The Study Area 

The towns chosen for study lie within an area which extends up to 

60 miles from Interstate 10 and stretches between San Antonio and Houston 

(see Figure 2). The area chosen is not const rued to conform to any 

notion of a region, and in fact is quite arbitrary. However, the choice of 

this area, while ignoring some production-market linkages, which some 

economists feel are basic to regional definition, nevertheless assures a 

certain validity to any findings of spatially differentiated growth patt,erns 

in the hierarchical scheme. Significantly, only about 15% of the industries 

in the area serve other than local or regional markets, and even in these 

cases it cannot be assumed that centrality or accessibility had no influence 

on their chosen locations. Likewise, the distinction between "hinterland" 

and purely interstitial agricultural areas, while not considered in de

limiting the area studied, ~ay nOnetheless evidence itself in the findings. 

Constraints considered in delimiting the area are based on the need for 

screening out variables not being tested. For example, towns near the 

Gulf Coast are accessible by water transport routes and may assume special

ized manufacturing characteristics. ~e towns were chosen because of their .. 
lack of homogeneous characteristics.'i.e .• their differential population and 

accessibility. 
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There are three SMSA's located at the peripheries of the area studied: 

San Antonio, Houston, and Austin, each with a population of over 150.000. 

Bryan and Victoria are located at the north and south edges of the area. 

respectively. with, populations of between 25,000 and 50,000 and are not 

considered as SMSA's in this study. Distance from town to nearest SMSA 

and next larger town was measured in miles from maps supplied by the Texas 

Highway Department. 

Highway 1-10, which links San Antonio and Houston, was begun in 1958. 

with the major portion near San Antonio being completed in 1966 and the 

portion near Houston in 1968. 1-10 was essentially an upgrading of the 

old U. S. Highway 90. The two measures of accessibility were computed as 

travel time by'secondary road network to 1-10 or to the nearest and next 

nearest U. S. Highway using 50 mph as the base speed. 

Data on manufacturing employment was obtained by several means. A 

survey was sent to Chambers of Commerce of selected towns to determine 

total manufacturing employment for 1960 and 1974. In almost all cases 

the respondents noted the procedure they used as direct telephone contact 

with industries in the selected town. In those cases where a town did not 
, I 

have a Chamber, a direct telephone survey was conducted by the authors with 

industries listed in local telephone directories. In some cases 1960 data 

were adjusted after cross checks with data from the Texas Directory of 

Manufacturers (data on the dependent and independent variables are in 

the Appendix, Tables 1-3). 

IV. PRELIMINARY MODELS AND INVESTIGATIONS 

Methodology 

A series of models was testea ,to determine the "best" model or set .. -
of models to explain the growth of manufacturing employment in the rural 

towns studied. Ten models in all were evaluated. The first four used 

data on the entire 40-town data base. The remaining two sets of three 

models were broken down to analyze town,s of different population ranges • 
.-

The second set was chosen as the most appropriate set of models. The 

.' 

dependent variable in all but Mod~l D was the net change in manufacturing 

employment from 1960-1974. In Model D, percentage change was tested. 
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The STEP-01 Regression Analysis 

Multiple regression analysis is a statistical tool which measures 

the linear relationships between sets of data. In this study, the object 

i. to determine the relationships, if any, between increases in manufactur

ing employment (the dependent variable), on one hand, and the factors (inde

pendent variables) discussed in the previous section on the other. 

Amona the criteria used to evaluate the resulting equations in this 

study is the coefficient of correlation, R2, whicp is calculated as 

Sum of Squares Due to Regression 
Total Sum of Squares About the Mean 

2 The-R expreSfoes the amount of variation of the dependent variable that is 
~ 2 

"explained" by the regression model. The R is expressed as a percentage 

from 0 to 1.0. The significance of the R2, i.e., whether it differs from 

&er~ due to randomnesa, can be measured by analysis of the F-ratio for the 

equation and its corresponding degrees of freedom. The R2 and this 

sianificance measure are overall indicators of the success of the model. 

The standard error is also an important measure of the model in 

that it expresses the accuracy with which the model generates estimates. 
2 In each of the models the R , the significance of the F-test, and the 

standard error for each equation are presented and analyzed. 

In addition, two other measures are utilized. The first is a 

measure of collinearity, i.e., the measure of correlation among the 

independent variables, which, to achieve a meaningful equation, must be 

minimal. The second, called the T-value, is a measure of the aignificance 

of the coefficients of the independent variables, much like the F-test of 

significance for the equation as a whole. It is computed for the coeffi

cient of each variable in each equation and is expressed as a level of 
, .' 

significance. The pertinent data for' each model are presented in the 

Appendix, Tables 4-13. 

Description of the Preliminary Models., 

Four models were tested using the entire 40-town data base. These 

models are referred to 8S A, B, ~ and D. It was determined that these 

models incorporated a wide population variance, and the data base was 
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subsequently divided into three population ranges and tested again with 

the variables in models A in order to isolate the effects of 1-10. 

The independent variables used in Models A, S, C, D and the E series 

are shown below: 

Model A 

Population 
Distance to SMSA 
Travel time 1-10 
Ran links 
Diatance to next 

larger town 

Model D 

Population 
Distance to SMSA 
Travel time 1-10 
Rail links 

Model B 

Population 
Travel time to next nearest 

U. S. Highway 
Travel time 1-10 
Travel time to nearest 

U. S. Highway 
Distance to SMSA 
Distance to next larger 

town 
Rail links 

}lodel C 

Population 
Travel time to next 

nearest U. S. Highway 
Rail links 
Distance to next town 
Distance to SMSA 
Travel time to nearest 

u. S. Highway 
Transgenerated variable 

E Models 

Population 
Distance to SMSA 
Travel time 1-10 
Rail links 

Distance to next larger town Distance to next larger town 

Model A, The Gen~!al 1-10 Impact Model 

The first regression model incorporated the entire 40-town data base 

and was developed with five variables: population 1960, travel time to 

1-10, distance ·from the nearest SMSA, number qf main rail line connections. 

and distance to the next larger town. After the first test, it was found 

that the population variable and the distance to next larger town variable 

were fairly highly correlated, suggesting a certain hierarchy of towns in 

the region. After further testing, the distance to next town variable was 

found to add less to the model and was dropped as a variable. The three 

variables found significant in th~ final equation were: .. ~ 
to 1-10 and distance to an SMSA. Thernodel produced an 

the population variable alone accounts for about .69 of 

population, access 
2 R of .7776, of which 

2 the R. Distance 

from an SMSA was positively correlated with growth, thus paralleling the 
60 findings of the Department of Transportptionts study in Iowa. Access to 

1-10 added about .07 to the R2 of the ;odel, suggesting that those towns 

60 Engineering Research Institute, Iowa State University, op. cit. 
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closer to 1-10 benefited slightly more than others in terms of manufacturing 

employment gains. 

It was felt that this model, while hlepful in describing the overall 

distribution of m~nufacturing gains in the region over the 14-year period, 

tended to understate the role of transportation in contributing to that 

growth. There were three possible reasons considered for this marginal 

influence: that (1) the access to 1-10 variable alone was inSufficient in 

delineating the accessibility of the towns in the region, (2) net manu

facturing change might not be the best indicator of trends, and (3) the 

r~nge of population of the towns (50 to 10,000) was so great as to bias 

the results. 

Model B? The Extended Accessibility Model 

Model B attempted to address the first possible reason noted above by 

introducing accessibility to other major highways in the region. Two 

variables were simply added to the equation: travel time to the nearest 

U. S. Highway and travel time to the next nearest U. S. Highway (1-10 was 
2 considered a U. ~. Highway). The resulting R of the model/increased to 

2 .8178. The impact of the population variable on the R declined slightly, 

to about .67, and the second most important variable became the accessibility 
2 to a second U. S. Highway, accounting for about .12 of the R. The impor-

tance of this variable suggested that accessibility to one major highway 

alone in the region was an insufficient measure in calculating the impact 

of highway accessibility on manufacturing growth. The significance of the 
, 2 

1-10 variable diminished in this model to less than .02 of the R • 
2 Although producing an increase in the R and a decrease in the 

standard error over Model A, Model.B incorporated the problem of auto

correlation between the I~!O variable. and the U. S. Highway variables where 

they coincide, and the model still exhibited a heavily weighted population 

variable. To eliminate the problem of auto-correlation, another model was 

tested, dropping accessibility to 1-10 as a separate variable. 
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Model C, The Refined Accessibility Model 

In Model C accessibility to 1-10 was dropped as a variable. Essen

tially, then, this model tested the importance of the accessibility of towns 

in the region to two major U. S. Highways (1-10 was counted as a U. S. 

Highway). 

An extra variable representing the sum of travel times to the nearest 

and next nearest U. S. Highways was also introduced and tested. This 

Ittransgeneratedll variable was tested as an index of highway accessibility 

but was found to be insignificant and was not entered into the equation. 

Population and access to a second highway still assumed about the 

same. importance as in Model B. Accessibility to rail links was the third 
~ 

significant variable although it added very little to the equation. This 

model tended to reaffirm the findings in Model B that the accessibility 

measures to one highway might be insufficient in the final model. The 

emergence of the rail variable also seemed to indicate that the combination 

of accessibility variables might be important in explaining growth. The 

variability of rail and distance to SMSA. i.e., the deletion of the distance 

to SMSA variable.~nd the emergence of the rail variable in Model C, also 

were felt to be indicative of their conflicting degree of importance to 

towns of various populations. However, before the data base was broken down 

into population ranges, another model was tested to address the question 

of whether percent manufacturing change might not be a better indicator 

of growth than net manufacturing change. 

Model Dt The Percentage Change Model 

: 

Model D substituted percent manufacturing employment increase for net 

manufacturing employment gain as the dependent variable (and used the 

original independent vari~b1es). This change was found to produce an un

satisfactory model not significant at·,any level according to the F-test. 

Skewed results derive most likely from the cases where small towns occasion

ally increased manufacturing employment by a small amount, which, due to 

the total or almost total absence of previous manufacturing employment, 
~ 

registered as an inordinate percentage growth (results are nevertheless 

presented in Table 7 in the Appendix). 



Models El, E2, El, The Population Sensitive Models 

In the preceding models the population variable carried by far the 

most weight in increasing the correlation coefficient. The shifting impor

tance of the distance to SMSA variable and rail link variable, as well 88 

the question of wide population variance (see below), suggested that a 

further breakdown of the data base into population groups might provide for 

a more insightful analysis. 

Variable 

Employment 
Distance SMSA 
Population 
Travel time to 1-10 
Rail links 

Mean 

68.8 
58.2 

2033 
20 
1.6 

Standard Deviation 

95 
21 

2,361 
16 
4.5 

The towns were then divided into three groups as shown below, based 

on ~960 populations: 

. '. 
50-700 701-)2 000 3 I OOl-10 t OOO 

Cistern Smithville Cuero 
Engle Flatonia La Grange ' 
Moulton Halletsville Rosenberg 
Warda Schulenburg Wharton 
LaVernia Katy Gonzales 
Fayettdville Nixon Edge Lake 
Belmont Ganado Yoakum 
Altair Floresville Brenham 
Kenney Waelder Columbus 
Industry East Bernard 
Garwood Sealy 
Clodine Hempstead 
Orchard Somerville 
Addicks Waller 
Hockley Brookshire 

Wel.mar .. ' 
It was decided to first 'test the ,three groups using the original 

set of variables to isolate the impact of 1-10. (This series will be 

referred to as E, with El being the population groups 50-700, E2 701-

3,000, and E3 3,001-10,000). 
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In Series E, access to 1-10 proved to be a fairly important variable 

in the resulting equations, accounting for between .13 and .22 of the 

increase in the value of a2. Population was still the most significant 

variable in each model. The series is summarized below: 

Variable 

Population 
Travel time to 1-10 
Distance to SMSA 
Rail links 
Distance to next 

l.arger town 

2 Total a 

, , 

El 

Increase in a2 

.2628 

.1401 

.1099 ____ 'Ie 

.5168 

The standard errors for the models are: 

El 

E2 

17 

41 

E3 84 

E2 

Increase in 

.2798 

.2204 

.2261 

.7262 

*----denotes insignificant coefficient 

E3 

a2 
Increase in a2 

.5391 

.1412 

.6802 

The F-test showed Models El and E2 significant at 5% and E3 not 

significant at either 1% or 5%. This is partially explained by the mix of 

variables used and also by the limited number of towns in the Croup (9). 

Nevertheless, the E series indicated differential importance of the 

variables for each population group. The size of the town was relatively 

less crucial to growth in manufacturing in the largest group than in the 

two smaller groups. Accessibility to 1-10 contributed significantly more to 

towns with populations of .791-3,000 .than to either the smallest or largest 

towns, suggesting a potential for st~ulation by improved facilities in this 

size town. In the case of the two smaller population ranges, the greater 

the distance from an SMSA the more manufacturing growth tended to occ~r. On 

the other hand, although exhibiting an.unreliable coefficient, the model 
~ 

still indicated that for the largest towns studied proximity to an SMSA 

was beneficial and that the manuf~cturing base of those larger towns 

farther from an SMSA increased less. 
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These models still failed to incorporate rail as a significant 

variable despite its appearance in Model C, and since in both Band C the 

accessibility to a second U. S. Highway was the second most important 

variable accounting for about 5% of the increase in the R2 in Band 10% in 

C. the next step was then to integrate these variables and to test more 

broadly the growth of manufacturing in the context of access to other major 

highways in the region. The next series (F) deleted 1-10 as a single 

variable and incorporated instead the two U. S. Highway variables. This 

combination of variables was found to produce significant increases in the 

a2 of each equation, as well as improve the corresponding F-ratio and 

reduce the standard error. This resulting Series F is examined in the 

following section. 

V. THE MODEL OF GROWTH IN MANUFACTURING EMPLOYMENT 

The next series of models is presented as the final set which best 

accounts for the growth of manufacturing employment in the rural area 

studied. The pertinent data of the models are presented first, and the 

interpretation of the findings follows. 

Description of the Models, The F Series 

The F Series incorporates the accessibility to more than one major 

highway as suggested by Models Band C and retains the population breakdown. 

which, as evidenced in the E series, points out the differing importance 

of the variables to towns of different sizes. 

Three equations have been generated from the F Series. EBch fits a 

subset of the total data base and corresponds to a population range as 

shown below. (Coefficients, sta~dard errors, etc., for each variable are 

in Tables 11-13 in the Appendix). 

Fl (50-700) 

+ .3290 
+ .0327 
-1.3622 
-1.3688 

(Change in manufacturing employment) • 19 

• (Distance from SMSA) 
• (Population 1960) ~ 
• (Travel time to next nearest U. S. Highway) 

(Travel time to nearest U. S. Highway) 
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: 

F2 (701-3,000) 

(Change in manufacturing employment) • 33 
+ .7658 · (Distance from SMSA) 
+31.5542 · (Rail link) 
- 5.0899 · (Travel time to nearest U. S. Highway) 
- 4.5359 · (Travel time to next nearest U. S. Highway) 

F3 (3.001-10.000) 

- 2.8143 
+ .0192 
- 8.2911 

(Change in manufacturing employment) • 327 

• (Distance from SMSA) 
• (Population 1960) 
• (Travel time to next nearest U. S. Highway) 

Given below ia a sUDlD8ry of the models, including the results 

for significance. 

SUMMARY OF FINAL MODELS 

No. Var-
R2 

Standard Mean of Dep. 
Model Towna tables F-test Error Variable 

F1 15 4 .6760 5% 14 17 

F2 16 4 .8083 1% 33 62 

F3 9 ,3 .7994 5% 75 187 

of the F-teat 

Standard 
Deviation 

20 

66 

121 

The relative weights of importance of the independent variables may 

be partially gleaned from an examination of the increase in the value of 

the correlation coefficient as the variable is added to the equation. For 

each of the coefficients of the independent variables of the three equations. 

the T-va1ue has been computed and a leve~ of confidence assigned using the 

double-tailed T-test: 6 ; 

Group I 

Variable Entered 

Travel time to next nearest"' highway 
Population 
Distance from SMSA 
Travel time to nearest highway 

Increase in R2 T-leve1 of coefficient 

.4169 

.1424 

.0503 

.0664 

.6760 

99% 
80% 
80% 
80% 

61 ' See George W. Shedecor nnd William G. Cochran, Stntistical Methods, 
Ames: Iowa State University Press, 1972. pp. 569-571. 
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Group II 

Variable Entered Increase in R2 T-level of coefficient 

Distance to next nearest U.s. Highway .6455 99% 
Diatance from SMSA .0530 90% 
Rail link .0524 95% 
Distance to nearest U .. S. Highway .0574 95% 

.8083 

Group III 

Variable Entered Increase in J1? T-level of coefficient 

Population .5391 80% 
Travel time to next nearest U.S. highway .1588 95% 
Diatance from SMSA .1015 80% 

_ 7994 
~---"-

Interpretation of the Results 

The reSUlting equations suggest that the growth of the manufacturing 

sector of rural towns may be described as a function of several factors 

relating to the position of that town in the hierarchy of the region and 
I • 

its accessibility to transportation facilities. The regression model does 

not, it must be noted, prove a causal relationship. Nevertheless, the 

linear relationship between the growth of manufacturing employment and the 

independent variables may be useful in describing and predicting growth· 

over time. 

The models show that the most important factor correlated with 

manufacturing growth differs with the size of the town. In the case of the 

smallest towns analyzed. the single most important factor was accessibility 

to a second U. S. Highway. The importance of this variable seems to derive 
... 

from the fact that the r~gion is quite well served by U. S. Highways. Upon 

examination it appears that most of the towns of all sizes are near or next 

to a U. S. Highway_ The analysis shows that those towns which enjoyed better 

access to a second major highway obtained a larger increase in manufacturing 

gains. In Model Fl, accessibility to 'U. S. Highways accounted fQJ:_approxi-.. --- . -~------
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2 mate1y .49 of the increase in the R for the model, with about .19 being 

accounted for by distance from an SMSA and population. 

In Models Fl and F2, which deal with the two groups of smaller towns, 

distance from an SMSA is positively correlated with manufacturing growth, 

while the larger towns (population 3,001-10,000) tended to benefit from 

proximity to an SMSA. This may be partly explained by the type of 

manufacturing concerns involved. 

A higher incidence of "footloose" and especially resource-based 

manufacturing growth might account for this correlation. Supportive 

findings were documented in a previous study of the area, where it was 

found that for the resource-based concerns locating in small towns proximity 

to the Houstdn SMSA was not a critical factor in 10cation.62 

In the case of the larger towns, the negative correlation between 

distance from an SMSA and manufacturing growth suggests growth of market

based, and perhaps transport-cost-sensitive concerns as well as the 

tlspin-off" effect supported by other growth studies. 
2 

The second model (F2) also exhibits a high correlation (.65 of the R ) 

between manufacturing growth and accessibility to a second U. S. Highway. 
-, 

Accessibility to transport in general (including rail) accounts for about 

.75 of the R2 observed. For towns 'of this size access to rail lines also 

becomes a significant variable. The smaller towns lack rail connections for 

the most part (a mean of .4 versus a mean of 1.25 for the second range): 

Population drops out as a significant variable in the F2 model. This may be 

partially explained by the fact that th~ population variable itself may 

represent to differing degrees a number of other variables, including the 

size, quality, and specialization of the service sector of the town. In 

the case of the second range, th~se underlying variables may not be 

sufficiently dissimilar in~ach of the towns to mitigate the effect of the 

population variable. 

62 See Ronald Linehan, C. M. Walton and Richard Dodge, Variables in 
Rural Plant Location: A Case Study of Sealy, Texas, Research Memo 21,. The 
Council for Advanced Transportation Studies, The University of Texas at 
Austin, 1975. 
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The third model reincorporates the population variable which, in 
2 fact, accounts for the largest increase in the R (.54). Access to a 

second U. S. Highway and distance from an SMSA are the other two signifi

cant variables. As has been suggested, the development of a higher quality 

and specialized service sector to serve more market-oriented concerns may 

account for the re-emergence of the population variable and the reversal of 

correlation with the distance to an SMSA variable. The data suggest that 

this range of towns already has fairly extensive access to rail and highway. 

The E-Series models tend to show that the relationship between the 

improvement in the highway facility and the growth of manufacturing concerns 

is most tenuous in the case of larger towns. Likewise, the F Series indi-
, 

cates that what seems to be occurrin& in the area is manufacturing growth 

distributed fairly evenly among those towns situated on a U. S. Highway and 

having access to a second highway. This suggests that the growth of manu

facturing in towns closest to 1-10 has only slightly outstripped growth in 

other towns which have similar locations on U. S. Highways and similar acceS8 

to a second highway, rail, etc. This fact may be due to the relatively high 

quality of highways available in the area. The improvements to 1-10 have , 
not been of such magnitude as to greatly increase its ability to attract 

manufacturing employment relative to other major highways in the region~ 

Nevertheless, the importance of highway access is underscored in both the 

E and F Series models. 

VI. CONCLUSIONS 

Summary 

This study examines the spa~i~l pattern of growth in manufacturing 

employment in a rural region and correlates that growth with recent trans

portation improvements, the existing transportation system, and the hier

archical characteristics of the towns. This study differs from many others 

in that it is not limited to aggregated data at the county or regional level, 

but rather attempts to delineate manuf~cturing growth on a town-by-town 

basis in a rural area. Although not purporting to prove a cause/effect 

relationship, the study nevertheless indicates a manufacturing growth pat-
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tern corresponding to linear relationships with the variables studied. 

These results suggest the adaptability of measuring projected shifts in the 

basic economic growth within the context of these variables. 

Findinss 

The study shows that for rural towns of different sizes, different 

factors may assume more or less importance in influencing the growth of an 

economic base. Most outstanding of the examples is the importance of the 

nearest large population center or SMSA. Proximity to an SMSA is found to 

favor manufacturing growth in the larger rural towns while the reverse is 

true for smaller rural places (under 3,000). Likewise, the importance of 

raii is evident in that range of towns with a population of 701-3,000 while 

not differentially significant to manufacturing growth in the smaller or 

larger towns. Since in the larger towns studied rail service is ubiquitous, 

this suggests the developmental importance of the rail factor. Whereas 

highway access is most critical to smaller rural town manufacturing gains, 

gains in the larger rural towns were most influenced by population. Popu

lation, as has been noted, is a consistently important variable and may, 
, 

to a certain extent, represent the attractabil1.ty of the service sector of 

the town. 

Highway Impact and Manufacturing Growth 

One aspect of this study is the attempt to isola~e the impact of the 

upgrading of U. s. Highway 90 to Interstate 10. In general, the impact of 

upgrading the highway seems to have had only a slightly more positive 

effect on towns near 1-10 over and above the growth of manufacturing in 

towns on other U. S. highways in the region, and presumably over what 

would have occurred along the old U. S. 90. This result is attributable 

to the high quality transp~rtation infrastructure which already existed 

throughout the area studied before improvements began. This is not to 

undermine the importance of major highways in contributing to the growth 

of manufacturing employment. In fact, access to a second major highway 

proved to be an extremely important contributing factor to manufacturing 

gains in each of the final models. The accessibility to highways was 

relatively more important to growth in the smaller towns. 
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Recommendations 

It is hoped that this study will be helpful in providing insight into. 

the growth of manufacturing and the role of transportation in rural areas. 

The report should be useful 

(1) as a transportation-manufacturing growth model for projected 

. regional impact evaluation, 

(2) for local-plan transportation-need assessment, and 

(3) in developing growth probability and constraint factors in 

larger models. 

. ." 

"', 
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APPENDIX 

Table 1. 

TOWNS, POPULATION 1960, MANUFACTURING EMPLOYMENT GAINS 1960-1974 

Town 

Brookshire 
Waller 
Somerville 
Hempstead 
Sealy 
Floresville 
Nixon 
Katy' 
Weimar 
Halletsville 
Schulenburg 
Waelder 
East Bernard 
Ganado 
Smithville 
Flatonia 
Hockley, 
Cistern 
Altair 
Belmont 
Moulton 
Orchard 
Garwood 
Warda 
Clodine 
Addicks 
Industry 
Engle 
La Vernia 
Fayetteville 
Kenney 
Wharton 
La Grange 
Brenham 
Eagle Lake 
Cuero 
Rosenberg 
Gonzales 
Yoakum 
Columbus 

* Population 1960 

1339 
900 

1177 
1505 
2328 
2126 
1751 
1569 
2006 
2808 
2207 
1270 

900 
1626 
2933 
1009 

300 
150 
200 
100 
646 
200 
500 
120 
170 
120 
600 
250 
500 
394 

'200 
5734 
3623 
7740 
3565 
7338 
9698 
5829 • 
5761 
3656 

Manufacturing Employment 
Gains 1960-1974** 

3 
15 
12 
10 

122 
o 

20 
60 
62 

232 
172 

37 
65 

8 
70 

110 
7 ' 
7 
o 
o 

50 
6 

46 
15 
25 
31 

8 
62 

8 
o 
o 

112 
64 

134 
80 

200 
470 
188 
234 
200 

*Figures taken from The Texas Atlas, 1970. 

**Data from survey and Texas Directory of Manufacturers. 
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, Table 2. 
i 

~ TOWNS, DISTANCE MEASURES 

Town Distance to SMSA t Miles Distance to Next Larger Town I Kiles 
,Brookshire 35 12 
Waller 38 10 
Somerville 74 18 
Hempstead 48 20 
Sealy 48 25 
Floresville 30 25 
Nixon 48 26 
Katy 27 22 
Weimar 83 15 
Halletsviile 96 23 
Schulenburg 92 18 
Waelder 49 11 
East Bernard 45 10 
Ganado 88 32 
Smithville 38 20 
Flatonia 52 20 
Hockley 33 17 
Cistern 45 9 
Altair 68 7 , , 
Belmont 53 10 
Moulton 84 22 
Orchard 36 11 
Garwood 66 10 
\larda 50 8 
Clodine 19 8 
Addicks 15 12 
Industry 70 15 
Engle 92 7 
La Vernia 25 12 
Fayetteville 66 10 
Kenney 60 10 
Wharton S3 28 
La Grange 55 42 
Brenham .•. , 66 36 
Eagle Lake 60 15 
Cuero 78 28 
Rosenberg 30 30 
Gonzales 6S 32 
Yoakum 81 32 
Columbus 68 ... 21 
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Table 3 • 
. . 

TOWNS, ACCESSIBILITY MEASURES 

Travel Time Travel Time in Travel Time in 
in Minutss Rail Minutes to Nearest Minutes to Next 

Town to 1-10 Links u. S. HighwaI* Nearest U. S. Hishwal* 

Brookshire 4 1 4 19 
ValIer 15 1 0 30 
Somerville 48 2 12 24 
Hempstead 27 1 0 22 
Sealy 2 3 2 16 
Floresville 40 1 0 IS 
Nixon 30 0 0 22 
Katy 2 1 3 15 
Weimar 3 1 6 6 
Halletsvil1e 19 1 0 0 
Schulenburg 2 1 0 2 
Waelder 2 1 3 15 
East Bernard 17 1 0 10 
Ganado 62 1 0 28 
SJdthville 28 2 10 IS 
Flatonia 0 2 0 10 
Hockley 18 1 0 20 
Cistern 12 0 11 22 
Altair 8 0 6 12 
Belmont 9 0 6 13 
Houlton 9 0 6 8 
Orchard 16 1 9 9 
Garwood 19 1 5 10 
Warda 18 0 0 10 
Clodine 4 1 4 7 
Addicks 0 1 0 6 
Industry 29 0 15 ~1 

Engle 9 0 4 5 
La Vernia 18 0 0 22 
Fayetteville 20 1 12 25 
Kenney 23 0 , 7 35 
Wharton 35 . .' 3 0 19 
La Grange' 15 1 0 20 
Brenham 33 2 2 17 
Eagle Lake 13 0 0 13 
Cuero 55 1 0 0 
Rosenberg 17 3 0 0 
Gonzales 11 1 .. 0 0 
!oakum 40 1 Q 7 
Columbus 1 1 1 10 

* Travel times computed in minutes at 50 mph. 
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Table 4. 

Model A 

Variable No. Mean Standard Deviation 

Employment t 73 .. 6250 95.4040 

Distance SMSA 2 55.7250 21,3829 

Population 3 2121.20 2386.1519 

Distance Next Town 4 18 .. 525 9.0836 

Access 1-10 5 18.775 15.14288 

Access Rail 6 1.0500 .87559 

/ , Corre1stion Matrix 

Variable 
N\.Illber 1 2 3 4 5 6 

1 1.000 .216 .822 .533 -.002 .484 

2 1.000 .153 .206 .254 -.129 

3 1.000 .754 .320 .514 

4 . , 1.000 .402 .409 

5 1.000 .078 

6 1.000 

Variables in Eguation 

(Constant: 5.6144471) 

Variable Coefficient Standard Error Increase in 1.2 

Population + .03885 .00546 .6750 

Access 1-10 - 1.9602r 5.61594 .0784 .' . 
Distance SMSA + .77190 .38495 .0243 

.7776 

F. Ratio: 24.612 

Standard Error of Residuals: 47.5409 
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Table 5. 

Hodel B 

Variable No. Mean Standard Deviation 

l!'ap1oytEn t 1 73.6250 

Distance SMSA 2 55.7250 

Population 3 2121.20 

Access 1-10 4 18.1750 

Access Rail 5 1.0500 

Access 1st U.S.Highway 6 3.20000 
. 

Access 2nd U.S.Highway 7 14.0000 

Correlation Matrix 

Variable 
Number 1 2 3 

1 1.000 .216 .822 

2 1.000 .153 

3 1.000 

4 

5 

6 

7 

Variables 

(Constant: 41.1918361) 

Variable Coefficient 

Population + .0290~ 

Access 2nd U.S.Highway ~2·.82494 

Access to 1-10 -1.20548 

Distance SMSA + .50017 

F Ratio: 25.153 

.. 

4 5 

-.002 .484 

.254 -.129 

.320 .574 

1.000 .078 

1.000 

in Eguation 

Standard Error 

.00464 

1.05379 

.59470 

.32722 

Standard Error of Residuals: 43.93 

38 

95.4040 

21.3829 

2386.1519 

15.1429 

.87559 

4.2317 

8.6824 

6 7 

-.385 -.616 

.108 -.200 

-.381 -.362 

.016 .296 

-.231 -.121 

1.000 .281 

1.000 

2 Increase in R 

.6750 

.1164 

.0186 

.0078 

.8178 
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Table 6. 
( 

Hodel C 

Variable No. Mean Standard Deviat10n 

Eaployaent 1 73.6250 

Distance SHSA 2 55.7250 

Population 3 2121.20 

Distance Next town 4 18.5250 

Access Rail 5 1.0500 

Access 1st U.S.Highway 6 3.2000 

Access 2nd U.S.Highway 7 14.0000 
# 

Transgenerated Highway 
Access 8 1.7200 

Correlation Matrix 

Variable 
lumber 1 2 3 4 5 6 

1 1.000 .216 .822 .533 .484 -.385 

2 1.000 .153 .206 -.129 .108 

3 1.000 .754 .574 -.381 

4 1.000 .409 -.411 

5 1.000 -.231 

6 1.000 

7 

8 
Variables in Eguation 

(Constant: 56.243435) 

Variable 

Population 

Coefficieilt' 

.02778 

Access 2nd U.S.Higbway -3.64943 

Access Rail 9.05464 

F Ratio: 22.242 

Standard Error 

.00585 

1.01719 

1.07396 

Standard Error of Residuals: 46.18 

39 

95.4040 

21.3829 

2386.1519 

9.0836 

.87559 

4.2317 

8.6824 

10.6751 

7 8 

-.616 -.653 

-.200 -.120 

-.362 -.446 

-.107 -.2S0 

-.121 -.190 

.281 .625 

1.000 .925 

1.000 

Increase 1n a2 

.6750 

.1164 

.0030 

.7944 



Table 7. 

Model D 

Variable No. Mean ~tandard Deviation 

Percentaae Change 
Employment 1 1.114 1.9149 

Distance SMSA 2 55.3829 21.3829 

Population 3 2121.20 2386.1519 

Dist.nce Next Town 4 18.525 9.0836 

Access 1-10 5 18.775 15.14288 

Access Rail 6 1.0500 .87559 , 

"Correlation Matrix 

VaZ'iab1e 
Number 1 2 3 4 5 6 

1 1.000 -.146 -.093 -.160 -.141 .142 

2 1.000 .013 .052 .243 -.228 

3 1.000 .751 .204 .600 

4 1.000 • 315 .437 . 

5 1.000 -.028 

6 1.000 

Variables in Equation 

(Constant: 1.853033) 

variable 

Access Rail 

Coefficient 

.57464' 

Standard Error Increase in a2 

.455971 . ." 

F Ratio: .690 

Standard Error of Residuals: 1.9541 

40 
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Table 8. 

Model E1 

Variable No. Mean Standard Deviation 

EIIlp10yment 1 17.66666 20.04438 

Distance SMSA 2 52.13333 23.17284 

Population 3 296.66666 184.21364 

Distance next town 4 11.2000 4.074309 

Access 1-10 5 14.13333 7.69848 

Access Bail 6 .400000 .50709 
, , 

Correlation Matrix 

. . Variable 
Number 1 2 3 4 5 Ii 

1 1.000 .352 .286 .119 -.374 .033 

2 1.000 .411 .078 .269 -.473 

3 . , 1.000 .654 .468 -.073 

4 1.000 .158 .028 

5 1.000 -.143 

6 1.900 

Variables in Eguation 

(Constant: 12.44783) 

Variable Coe f fie ien t Standard Error 
. 2 

Increase in It 

Population .06357 .04214 .2668 

Access to 1-10 1. 88426 .. .697185 .1401 ." . 
Distance SMSA .37762 .25834 .1099 

.5168 

F llatio: 2.280 

Standard Error of Residuals: 17.2150 
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Table 9. 
4 

Model E2 

.Variab1e No. Mean 

Employment 1 62.37500 

Distance 5MBA 2 55.68750 

Population 3 1715.8750 

Distance Next Town 4 19.18750 

Access 1-10 5 19.93750 

Access bil 6 1.2~QOO 

, 

Correlation Matrix 

Variable 
Number 1 2 3 4 

1 1.000 .518 .529 .097 

2 1.000 .283 .228 

3 1.000 .480 

4 1.000 

5 

6 

Variables in Eguation 

(Constant: -67.309734) 

Standard Deviation 

66.84397 

23.02960 

636.65583 

6.37932 

18.46246 

.68313 

5 

-.465 

6 
.243 

.173 -.046 

.008 .178 

.457 .080 

1.000 -.157 

1,.000 

, 

Variable Coefficient Standard Error Increase in R 2 

Population. .03507 .02069 .2798 

Access 1-10 -2.0713.t .69686 .2204 . ," 

Distance 5MBA 1.48408 .49580 .2261 

.7262 

F Rat io : 5 • 748 

Standard Error Residuals: 41.5945 
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Variable 

Employment 

Population 

Access 1-10 

Rail Access 

Distance 

Variable 
Number 

1 

2 

3 

4 

5 

, , 

No. 

1 

2 

3 

4 

5 

1 

1.000 

, , 

.Tab1e 10. 

Model E3 

Mean 

18.68888 

5882.6667 

24.4444 

1. 77777 

61.77777 

Correlation Matrix 

2 3 

.734 -.009 

1.000 .445 

1.000 

Variables in Equation 

Standard Deviation 

12.12687 

2109.5009 

17.19819 

.97182 

15.14742 

4 5 

.159 -.431 

.278 .125 

-.061 .225 

1.000 -.683 

1.000 

(Constant: -33.820974) 

Variable 

Population 

Access 1-10 

Coefficient 

.05599 .. 
-:3..18453 . 

F Ratio: 3.838 

... 

Standard Error 

.01680 

1.98413 

Standard Error of Residuals: 84.4025 
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.5391 
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table 11. 

Model '1 

Variable No. Mean Standard Deviation 

Eap10yaaent 1 17.66666 20.44388 

Distance SMSA 2 52.13333 23.17284 

Population 3 296.6666 18.42136 

Access 1st U.S.Highway 4 5.6666 4.65474 
: 

Access 2nd U.S.Highway 5 15.0000 8.66849 

Access Rail 6 .4000 .50709 
; 

, 
Correlation Matrix 

Variable 
Number 1 2 3 4 2 6 

1 1.000 .352 .286 -.280 -.646 .062 

2 1.000 .411 .433 .012 -.473 

3 1.000 .268 .135 -.073 

4 1.000 .361 -.121 

5 1.000 -.211 

6 1.000 

Variables in Equation 

(Constant: 18.989543) 

Variable Coefficient Standard Error 2 Increase in R 

Access 2nd u.s. 
Highway -1. 36224 .46484 .4169 

Population + .0327"3, .02217 .1424 . .' 
Distance SMSA + .32907 .19106 .0503 

Access 1st u.S. 
Highway -1.36877 .95611 .0664 

.6760 
..I 

, Ratio: 5.217 

Standard Error of Residuals: 13.7680 
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table 12 • 

Model F2 

Variable No. Mean Standard Deviation 

Employment 1 62.375 66.84397 

Distance SMSA 2 55.6875 23.02960 

Population 3 1715.875 636.6558 

Access Rail 4 1.25000 .683130 

Access 1st U.S.Highway 5 2.5000 3.81226 

Access 2nd U.S.Highway 6 15.5625 8.60208 
, 

Correlation Matrix 

Variable 
Number 1 2 3 4 5 6 

1 1.000 .518 .529 .243 -.192 -.803 

2 1.000 .283 -.046 .002 -.380 

3 1.000 .178 .148 -.464 

4 1.000 .410 -.037 

5 1.000 .101 

6 1.000 
. 

Variables in Equation 

(Constant: 33.211136) 

Variable Coefficient Standard Error 2 Increase in R 
Access 2nd U.S. 

Highway 

Distance SMSA 

Access Rail 

Access 1st U.S. 
Highway 

-4.53588 

.76588 
• c' 

31.55420 

-5.08989 

F Ratio: 9.690 

... 

1.22413 

.41633 

14.23303 

2.57261 

Standard Error of Residuals: 33.8627 
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Table 13. 

Model F3 

Variable No. Mean ~tandard Deviation 

Employment 1 186.8888 121.2687 

Distance SMSA 2 61.7777 15.14742 

Population 3 5882.66 2109.500 

Acces.s 2nd U. S. Highway 4 9.55S5 8.26303 

Access 1st U.S.Highway S .33333 .70710 

Access Rail 6 1.77777 .97182 
, 

Correlation Matrix 

Variable 
Number 1 2 J ~ 5 6 

1 1.000 -.431 .734 -.712 -.135 .lS9 

2 1.000 -.334 -.OS7 .171 -.683 

3 1.000 -.SOO , .125 .287 
4 1.000 -.328 .220 

S 1.000 -.061 

6 1.000 

Variables in Eguation 

(Constant: 32.689115) 

Variable Coefficient Standard Error 2 Increase in R 

Population .01922 .01464 .5391 

Access 2nd U.S. 
Highway -8.29116.. 3.52916 .1588 

Distance SMSA ..:2-; 81432 1. 76921 .1015 

.7994 

F Ratio: 6.641 

Standard Error of Residuals: 68.7049 
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