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PREFACE

The purpose of this study is to explore the relationships
between various socio-economic phenom{h and highway distribution
in the State of Kansas. The hypothesis constructed is based
mainly on economic theory. Correlation and regression have been
applied to the analysis of the relationships. It is hoped that
the application helps to explain certain facets of spatial
development and produces results which may be useful for predicting

socio-economic development and for policy formulation.

I am grateful to Professor C.A. Keithley and Professor J. Selfridge,
Department of Regional and Community Planning, and Professor E. Russell,
Department of Civil Engineering for their helpful criticisms and

comments before preparation of the final copy.

February, 1976 Paul Wai-Hung Ho



TABLE OF CONTENTS %

PAGE

PREFACE
LIST GF FIGURES AND TABLES

LIST OF MAPS

Chapter
1. mTRoDUCTION * B 8 58 F 40 e 4S8 SN SN ESE RSP SESE NS E LSS TSN 1

2. THEORETICAL CONCEPTS OF HIGHWAY DENSITY AND
SPATIAL ECONOMIC DEVELOPMENT .euuvessssssasssocasassasasscns 3
The Dimensions of Highway Density and
Spatial Economic Development ..seeccccscescassssssse I
General Theory of Highway Density and Differential
of Development cesieasssssininindessnavinissonsavassn O
Highway Development and Population Distribution ..e.veues 7
Impact of Highway Density on Industrial
DEVEIODIEITE s s muawmmne o 5 pweawhs § § VEEEaes s s suvusscs e B
Highway Density and Agriculture Activity .c.ieseeennsacsall
Summary of HypothesSis ..seveeeccccsssscscssrsssscsssnansesld

Definition of Dependent VariableS ....ccesesesesscsssssesld

3. METHODOLOGY 2 8 2 B 64 B0 S RNV ESREE SRS AR AEPP RS AS A ST FETEE TR PR 18
REgIESSiOR Analysis [EE IS B A B R RS S B AT B U B R B BN B RN I BN B BB 18

Study Area and Data Input S esss st sNeNsdasnseRaRREDNS 18

4, EMPIRICAL EVIDENCE ..cesccvecsasvoncnscosssssasvosanssevescn 21
The Spatial Distribution of Highway Density ..eveseeesss 21
Corralation ANAIYB1E suewerssmensans s sarasws s sunmnssse &8
On the Choice of Regression Model ...cceeevenscessscases 27

Analysis of Residuals viw ¥ o s & wam w8 sacaaa i § R DO

5. EMPIRICAL ANALYSIS R EE RN A AN RTINS BT B A IR B I B B g 40

Population DimensSion scsessssssassasassssssosacsosssansas 40



6.

7.

Highway Density and Spatial Variation of Employment .....

Agriculture Industry

IMPLICATION OF HIGHWAY DEVELOPMENT TO POLICY

FORM‘JI.IATION AND PIANNING 49 % 8 98T EQSE SRS Rae

Population Distribution and Economic Development ..cececss

Growth Control

CONCLUSION

FOOTNOTES .
BIBLIOGRAPHY

LIE I B S B BT RE RC R BN O A BB BN U BCIE BN BN R R S NN I ]

TP 8809808 00S90EDN B SANSENSYRNEan

LIS BB RC R B A B RO B B BB B N R SR N N N N ]

40 40848 0SS AT ARBEIEVTEREESEDEEE S

58 8099 829 BB IS TS TS EEE SRS PSS EABARENE TS

P asesesEsBsdS AN

smsssssegnaassa

43
48

35
35
37

59

62
65



List of Figures and Tables

PAGE
Figure

1. Market Areas Where Firms Have Identical Production

and Transport COSES .susessecccesssersscccvessasanee I
2, Market Areas When Producers Have Different

TransSport CoOSES wwwus s esaenensnsssmeiwesssvengsess 10
3. Population Density -- Highway Density Relationship ..... 42
4., Employment in Manufacturing -- Highway Density

Rolationship .cuwwviwessis vwens anss sonaassssseeones s onld
5. Employment in Different Industries -- Highway Density

RelationshipP .eesususeesnsosssancosscassnsassssase &7
6. Average Farm Size -- Highway Density

RelationshipP .s.cececsesscennssssssssccnassssonnsss 22

7. Percent of Labour Force of Different SectOr ..scesesnss 34

Table
1. Summary of Arithmetical Regression Models .......cec00s 25
2. Summary of Chosen Regression Model ..eeeusesscancasoesas 29



Map

7.

9.

10,

List of Maps

Spatial Distribution of Highway Density ..secesacesnss
Regions and Sub-regions of Kansas ...eeessssecssscnsass
Highway Density -- Population Density,

Residuals from the Regression Model ...vsavesnsas
Highway Density -- Employment in Manufacturing,

Residuals from the Regression Model ....cevvveaes
Highway Density =—- Average Farm Size,

Residuals from the Regression HModel ..;..........
Highway Density —- Average Farm Size, ‘

Residuals from the Regression Model (South-west

Region) ...... i s A 8RR & LR e e e 8 S
Spatial Distribution of Population Density ..eescsencs
Spatial Distribution of Employment in

Hanufacturing AR 68 R § e s e E e e
Spatial Distribution of Employment in

Agriculture ..seseessecsassasssasnsrssssnansnscnce

Spatial Distribution of Average Farm Size ...cveveenes

PAGE

22
23

35

37

39

41

45

49
51



Chapter 1

INTRODUCTION

One of the approaches in highway planning is based on demand
criterion. Resources are allocated according to the distribution of
demand recognized through the existing or projected information. Another
approach is on supply criterion. Transportation investment is regarded
as a policy tool for inducing development. Traditionally, this approach
is related to Hirschman's strategy of development via social overhead
capital investment,l and the policy formulated in this way is often a
reaction to the problem of spacial development and disequilibria among
regions or areas. Appalachian and Rocky Mountain Projects are examples
of this approach. In addition to the above, a relatively new dimension
of transportation planning has recently been developed. Instead of
reducing disequilibria, emphasis is on managing growth. In many cases,
highways have been manipulated by planners to influence the location
of development, to control land use and growth especially in counties
or areas with a relatively fast growth rate. Therefore, no matter what
the purpose is, implicit in these approaches is the recognition of the
impact of highway network on the geographical pattern of spatial
development.

However, highway development as a policy tool for promoting or
controlling growth is not as simple as it appears. Theoretically, there
are three different concepts relating to the issue : positive, permissive
and negative. In the positive case, an improvement in tramnsport capacity

permits a more effective abridgement of distance, It makes possible



faster, safer and cheaper service which in turn allows a greater
movement of goods and people per gnit of time. The speed factor helps
to reduce the time required as well as the iInvestment in transport to
provide the same amount of services and results in capital saving. The
safety factor stimulates greater utilization of the facility per time
period and reduces costs in the form of damage, loss or insurance. The
cost factor refers to the reduction of inputs required to move any given
quantity of goods or number of people between two points. In other
words, transportation improvement leads to a reduction in the total
resources required to produce and distribute a given volume and pattern
of output per time periodﬂassuminé that the released resources as a
result of reduced costs are to be employed productively. This will
induce an expansion of existing productive patterns or create the
possibility of entirely new activities and economic growth.

In the permissive case, the addition of highway mileage does not
have much effect on development. It only absorbs some portion of
scare resources that may be employed elsewhere. In terms of opportunity
cost, this investman; is less productive than some other alternatives or
below what it would have been if resources are used more efficiently in
other kinds of projects. Finally, in the negative case, an increase in
mileage does not induce development. On the contrary, it is argued
that the backwash effects tend to swamp the spread effects. In this
case, the detrimental impact on one segment of the economy is not
counter-balanced by an equivalent expansion elsewhere and this implies
that there will be set in motion a cumulative mechansism of growing

regional disparities.



However, each of the above cases, in fact, tells part of the
story and is based on particular assumptions which may be irrelevant
to particular situation or on certain criteria upon which the conclusion
may not be justifiably made. For instance, in the permissive case, it
is assumed that the transportation investment can be more effectively
employed in other projects which will have a better result in development.
However, this assumption is very questionable because what kind of
substitution can be more effective in inducing development than highway
investment is already a difficult question to answer. In the negative
case, isolated areas in underdeveloped counties are often cited as the
locations where adverse effect occurs. Indeed, this kind of example
can only represent extreme cases and it may be misleading. As some
economists argue, even in an adversely affected area, the adverse effect
would be, in the long run, offset if there are some mobility of factors
of production, some f}exibility in factor supply prices and some
entrepreneurial abilities, either local or imported. Therefore, the
relationship between highway development and socio-economic profiles is
not clear and there is much room for further investigation.

The major purpose of the paper is to analyze the relationship
between highway distribution and socio-economic development for the
State of Kansas. Spatial aspect of the association is emphasized
because one important dimension of development is through space. Kansas
counties are regarded as spatial units. In this way, various socio-economic
characteristics are included. The size of sample is large enough so that

the conclusion is not limited to a particular situation and the finding



would be more useful for practical application. Moreover, different
indicators of socio-economic development are used so that a
comparatively objective conclusion can be made and the result can
serve for the following purposes :

1. To identify the relationship between highway distribution
and socio-economic structure so that there are some
criteria upon which transportation planning in a
county level to regional level can be based.

2, The inherent nature of the regression model can help
to predict the future socio-economic development which
is of importance to planning, policy formulation and
decision making.

3. The finding of the research would be useful for managing
growth in particular to land use control which has
recently been at the top of the planning agenda in
county level, especially in the east and west coasts.
The result of the study may also help to discover
some of the possible contradictory policies in planning.
e.g. preserving agricultural land on one side and increasing
mobility by constructing highway on the other.

It is hoped that by the study, some questions in planning may be
answered. References for transportation planning in related to
development and growth control in region or in county level can be

provided.



Chapter 2
THEORETICAL CONCEPTS OF HIGHWAY DENSITY AND SPATIAL

ECONOMIC DEVELOPMENT

The Dimensions of Highway Density And Spatial Economic Development

There are several ways to express the highway development of
a county but by far "highway density" seems to be easier to define
and the one most often used. In this paper, highway density is simply
the average miles of highway per ten square miles of land afea in each
county. The turnpike is also counted as a rural highway. However, if
the county has no access to the turnpike, the mileage in the county is
excluded because it is assumed that the impact of the section of turnpike
on accessibility and connectivity of the county and thus growth is
insignificant.

On the other hand, the choice of economic development is a
wide one. Therefore,‘the variables chosen for the study are based on
their possible relationship with highway density. Broadly defined,
socioeconomic development may include population characteristics and
employment variables. The former may be represented by population density,
percentage of urban population and population of the largest urban center
of each county. These three measures will indicate, in  very broad
terms, the general changes of population characteristics from county
to county. On the other hand, the employment variables represented
separately by the number of employed persons engaged in different

sectors such as agriculture, manufacturing, retail, financial and



insurance, as well as professional and related services also constitute
part of the measure of the differential economic dimensions of counties.
In addition to this, the percentage of the employed population in
different sectors is also included as a variable. The existence of a
relatively high proportion of certain employment in relation to highway
density will give more information of the impact of it on the employment
structure. All the above indicators are by no means the only ones that
could be used but it is felt that they are more directly related with
highway density and reflect more important dimensions of the socio-

econonic development as well as planning in each coumty.

General Theory of Highway Density and Differential of Development

One conceivable approach to the theory of the relationship
between highway development and socio-economic development is te
examine the impact of the former in mobilizing growth determinants.

It is important because highway development as a policy issue is
concerned with the spread of economic growth impulses through space.
The major concern in this context is to influence growth differentials
among regions or areas.

Theoretically, restrictions in the mobility of growth determinants
are a primary cause for the spatial variations in development. The
greater the mobility of production factors (natural resources, labour,
capital and technology) between areas, the smaller the variation
between them, 5 and similarly, the greater the mobility of external economies,

the smaller the developmental variations. External economies are savings



resulting from interdependencies among different activities. They

can operate through the market mechanism between different production
activities via backward or forward linkages. In this case, their
mobility and spatial extension depend upon interdependencies facilitated
by the interregional transport development. However, if transport
development is only limited to an area, and thus binding growth
determinants to that specific locality, it will reinforce the development
of the area where it is applied and do little to improve the
differentials between regions. Therefore, implicit in this concept is
the impact of spatial distribution of transport development. The
higher the highway density in one area, the greater the mobility of
growth determinants and theoretically, the more economically developed

the area will be.

Highway Development and Population Distribution

The relationship between transportation development and population
distribution has been evident in many cases. Historically, the growth of
many urban centers depended much on the transportation routes such as
railroad towns. Today, the transportation structure has gradually changed
from railroad to highway and the impact of the latter becomes more
prominent. Therefore, it is expected that better highway development will
attract ﬁore population, assuming that people prefer the location which
provides better connectivity within the area and with the neighboring regions.
However, it is not the intention of the author to say that the transport
network is the whole cause for the patterﬁ of population distribution;

rather in some cases, it is both the cause and the consequence of



population settlement. When transportation creates new economic
oppoftunities, it attracts more people to the area and they will
demand more transportation facilities. However, in policy terms,
accessibility is essential as a necessary condition for industrial
development. Better accessibility and connectivity makes transportation
of goods and services chaper and makes the locality more attractive
for the location of economic activities and for population settlement
in the center of the network or the most accessible point. Locally,
it will encourage the agglomeration of population and development

of population centers. Therefore, it is hypothesized that the higher
the highway density, the higher the percentage of urban population

in each county. In addition to this, with more highway development,
people are more concentrated in the larger urban center which is
usually in the center of the local transportation network. Therefore,
the higher the highway density, the larger the size of the largest

urban center in each county.

Impact of Highway Density on Industrial Development

The location of economic activites are determined by many
factors some of which are ascertainable in measurable terms while
others are merely the result of historical accident. However, there
seems to be a general agreement that the principal factors include
market, raw material, labour and transportation. Whatever the correct

weighting may be, it is reasonable to say that transportation is
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Figure 2 : Market Areas When Producers Have

Different Transportation Costs
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one of the major factors influencing the location of industrial activities
because of its direct impact on transport cost and time as well as its
effect on mobilizing other factors or growth determinants. On the one
hand, higher highway density will improve linkages and accessibility
among localities. These will reduce the total distribution cost and lead
to the reduction of production cost. This in turn will make a higher
output possible or lower delivered price to consumers, allowing increased
savings and an internal capital accumulation, and inducing additional
production or new plants which will increase the employment. Similarly,
a reduction in procurement cost also yields transfer economies which
ultimately leads to the increase of demand for 1abour.8

Another impact of higher highway density is on the inducement of
specialization of firms. Better interconnection and accessibility to
other industries or firms make it economical to specialize the production
process. Therefore, it will reduce the average per-unit cost of
production. Again, the effect of this internal scale economies will
also lead to the demand for more labour. Moreover, the lower production
cost of a firm will reduce the input cost of another, resulting in
higher production of the other firms. Furthermore, the direct reduction
" of transport cost as well as the input cost will attract more new
firms, increasing the demand for labour again.

On the other hand, highway density will also affect industrial
development by enlarging the market area for a firm or an urban center.
Suppose, there are two companies or factories A and B which have the

same production cost represented by the height of the vertical stems



of the figure and transportation cost depicted by the gradient.

(Figure 1) ? In this case, the market for these two firms is actually
evenly divided and X or the line X X' marks the market boundary

because of the equal delivered prices represented by the curve.
However, 1f there is a change in tramsportation cost because of

better accessibility or linkages, the boundéty of the market will
change. The resulting market areas for the two firms and their
corresponding delivered prices will be different (Figure 2). 10 Firm A
captures a larger market area because of lower tramnsportation cost.
Therefore, larger demand will finally lead to increase in production
and in demand for labour. In the above case, transportation cost

is referred to as a criteria for transportation advantage. As a matter
of fact, other advantages such as safety and time saving are also
obtained as a result of better highway network. Central places or
urban centers can also be substituted for firms in this illustration.
In this case, better accessibility and linkages will attract more
customers and strengthen the function of the central place so that
there is a general growth of industries.

The theoretical concepts discussed in this section depict clearly
the relationship between highway density and employment distribution.
Therefore, in addition to the three hypotheses concerning the meaning
of highway density in terms of population distribution, it is also
hypothesized that the higher the highway density, the more employment

in manufacturing and in other tertiary industries in the county.

Highway Density and Agriculture Activity

The traditional concept of the spatial distribution of agricultural
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activities and transportation was formulated initially by Von Thunen
in 1826 and was made more explicitly by Dun (1954), Losch (1954) and
Isard (1956). 12 The main thrust of the model was the recognition
of the controlling influence of economic rent on agricultural land
use and of the spatial order in rent patterns imposed by transport
cost together with the cost of transport. 13 Though the regularities
in the agricultural land use pattern described by Von Thunen are less
evident in today's complex society, his concept that the land
adjacent to urban centers is farmed at the highest intensity remains
true in many cases. Gottmann's classic study of Megalopolis is one of
the examples.

With reference to the above concept, it is expected that highway
density and farm size are negatively correlated. This hypothesis is
made on the basis of the disruptive effect of highway on agricultural
land. On one hand, a highway uses a lot of farmland and actually
bisects many farms so that it will disrupt the regular agricultural
activities and may make extensive farming difficult. On the other
hand, highway development generally encourages urbanization and leads to
urban sprawl. The land that is expected to become urbanized will have
“a higher value because of the anticipated change to urban land use and
many lots will be held for speculation. The high value of farmland
will make it umeconomical to practise extensive farming. Instead, farms
will use smaller areas and be more specialized, with emphasis on market_
gardening, dairying and poultry husbandry which generally have better
profit returns. Therefore, it is hypothesized here that the higher

the highway density, the smaller the average farm size in each county.
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As to the employment in agricultural industry in relation with
highway density, there are two hypotheses to be made :
first, highway density and percent of labour force
in agricultural industry in each county are
negatively correlated,
secondly, highway density and employment in agricultural
industry are positively correlated.
It is recalled that the relationship between highway density
and urbanization as well as the employment in different sectors
is, at least theoretically, positive. 1In tkis sense, the percentage
of labour force in counties with higher highway density is also larger
in manufacturing and tertiary industries but the percentage of

employment in agricultural industry is smaller.

Summary of Hypothesis

This section summarizes the hypotheses that have been made.
The first three are concerned with the characteristics of population
distribution. The next five are related with the absolute number
of employment in different sectors. Hypotheses 9 considers farm size
while the rest (10 - 14) hypothesize the relationship between highway
density and the percent of employment of different sectors in the total
labour force.

It is hypothesized that highway density is positively correlated

1. with the population density in each county,

2, with the percent of urban population in each county,



with the size of

15 .

the largest urban center in each county.

with the total employment in manufacturing in each county.

with the total employment in retail industry.

with the total employment in financial and insurance industry.

with the total employment in professional and related service.

with the total employment in agricultural industry.

negatively correlated

9.

v- 10'

with the average

with the percent

positively correlated

11.
12,

13.

14,

with the percent
with the percent
with the percent
industry.

with the percent

related service.

farm size of each county.

of labour force in agricultrual industry.

of labour force in manufacturing .

of labour force in retail industry.

of labour force in finaneial and insurace

of labour force in professional and



Definition of Dependent Variables

Population density:
number of people per square mile.
Urban population: 7
It comprises all persons living in urbanized areas and in
Places of 2500 inhabitants or more outside urbanized areas.
Farm size:
average area of farm in acres.
Manufacturing industry:
furmmiture and lumber and wood products,
machinery, except electrical,
electrical machinery, equipment and supplies,
transportation equipment,
other durable goods,
food and kindred\products,
textiles and fabricated textile products,
printing, publishing and allied industries,
chemicals and allied products,
other nondurable goods,
Retail industry:
food, bakery and dairy stores,
eating and drinking places,
general merchandise retailing,
motor vehicle retailing and service statioms,

other retail trade,

16
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Financial and Insurance:
banking and credit agencies,
Insurance, real estate and other finance,
Professional and related services:
hospitals,
health services, except hospital,
elementary, secondary schools and colleges, both government
and private,
other education and kindred services,
welfare, religious and nonprofit membership organizations,
legal, engineering and miscellaneous professional services,
Agricultural industry:
fisheries, forestry,
‘agricultural production,
agricultural services except horticultural,
horticultural services,
forestry,
fisheries,

agriculture, forestry and fisheries.
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Chapter 3

METHODOLOGY

The purpose of the paper is to examine the relationship between
highway distribution expressed by highway density of different counties
and the spatial economies and to see if it is true that highway
distribution is correlated with the spatial pattern of socioeconomic
structure between counties. The method used for the study is regression

analysis.

Regression Analysis

Essentially, it is a method for finding the linear relation
between two variables, Y and X which are sometimes called dependent
and independent variables respectively. In this case, Y is represented
by the different socioeconomic indicators while X is referred to

highway density and their relationship can be written in equation form:
Y=a+b X

where a is the intercept and b is the regression coefficient. By the
regression method, the relationship between the dependent variables
and highway density can be shown. The hypotheses can be justified and

the regression models can be used for prediction.

Study Area and Data Input

The State of Kansas is chosen for the study of the relationship

between the dependent variable and highway density. In the study, one
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hundred and two counties were selected. Three counties including
Johnson, Leavenworth and Wyandotte are excluded in the study mainly
because whole or part of these counties are in the metropolitan
area of Kansas City. The calculation of highway density in these
counties will be misleading.

The data for the population and employment variables are based
on the 1970 census published by the Bureau of the Census and other
available resources while the highway density is acquired by dividing
the 1970 total mileage of highway in each county by the total area of
the county and the area unit is expressed in ten square miles. &
Then every dependent variable will be regressed on the independent
variable separately by using the SPSS computer program.

Theoretically, data used in the regression analysis are assumed
to be normal but in real world, this is not always the case. Therefore,
before the actual com?utation, all data are tested for their normality
by plotting on papers. Generally speaking, the data of highway density
were more toward normality than the rest though positive skewness was
still obvious. Therefore, it is expected that transformation of the
data of dependent variables would probably improve the regression equation.
In the first run, regression equations were obtained by using raw data.
Then the result would be analyzed. If there is any indication that
transformation of data will improve the model, a logarithmic transformation
will be performed on the raw data. To certain extent, transformation
in this way is based on reasoning. However, in reality, it may be regarded
as trial and error.

Accompanied with the equation, several statistical information
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essential to the interpretation of the result were obtained. These

include the simple correlation coefficient which measures the mutual

relationship between two variables, the coefficient of determination
which indicates the proportion of variance that can be explained by

the regression model, the F-value which tests the significant level

of the correlation and the residuals which help to indicate the

deviation of spatial distribution from the expected wvalue.
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Chapter 4

EMPIRICAL EVIDENCE

The Spatial Distribution of Highway Density

Before the statistical analysis, a brief study of the present
spatial distribution of highway density may help us to understand the
relationship between the density and the dependent wvariables. Map 1
shows the pattern of distribution of highway density in the State of
Kansas. It indicates a basic west to east increase of mileage with
a general high density in subregion 012 of East Central, South East
Central and in subregion 051 of South West Central. (refer to Map 2
for the region) The highest density occurs in Shawnee and Sedgwick
Counties followed by Jefferson, Rice, Crawford,Barton, Paqnee, Montgomery,
Gearj and so on. On the contrary, a trough of low density is foumd in
the south section of Flint Hill Region. Then beyond South Central
Region, there is a marked decreaée in density in the west half of the
State. In particular, the north-west and the far west are the regions
with the lowest density. However, in subregion 072 of Far South West
Region, there are a few counties with comparatively high density and
-appear as the sub-foci of the hierarchical system of the whole highway

network.
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Correlation Analysis

Simple correlation coefficients (r) showing the association
between highway density and all dependent variables were tabulated
in Table 1. The measure of association is applied to thé entire
area under study and is used for describing the degrée of spatial
correspondence among the areal variation of the variables as measured
of the validity of hypotheses constructed.

It is recalled that all input data of the first run is without
logarithmic transformation. The correlation coefficient between highway
density and dependent variables is on the whole not véry high. However,
statistically, the level of association is still acceptable. This
judgement is mainly based on the fact that the study is a cross-section
study In spatial correspondence to areal variation whose coefficient is
usuaily not so high as that of longitudinal study. Secondly, the
degree of correlation is also affected by the large range of mazimum
and minimum data under study. Population density, for instance, ranges
from 348 people per square mile in Sedgwick County to two personsper
square mile in Greeley County. Similar case is also found in the percent
of urban residence, from 90.5 to 0 and in other such as manufacturing
data as well as financial and insurance data. In addition to these, the
contrast in local characteristics in each county alsc makes the data
comparatively more scattered and thus reéults in a lower coefficient .
Therefore, in interpretating the result, these points may help to ﬁake
a more objective evaluation.

The correlation coefficient in Table 1 shows that highway density



Table 1 : Summary of Arithmetic Regression Models

(data without transformation)

Regression equation r > F
Yl = -31.90 + 26.543 X 0.53 0.28 38.24
Y2 = -7.408 + 18.200 X ) 0.55 0.30 43.64
Y3 = -12865.696 + 10640.523 X 0.40 0.16 18.58
Y4 = -2328,852 + 1623.658 X 0.39 0.15 18.47
Y5 = -1469.749 + 1255.677 X ) 0.46 0.21 27.48
Y6 = -524.369 + 379.868 X 0.44 0.19 23.38
Y7 = -1819.678 + 1510.733 X 0.46 0.21 27.07
¥8 = 363 + 164.656 X 0.50 0.25 33.60
Y9 = 1357.001 - 300.13 X - 0.65 0.42 74.45
Y10 = 39.241 - 8.279 X - 0.68 0.46 85.88
Yll = -1.008 + 5.123 X 0.61 0.37 59.61
Y12 = 17.839 - 0.015 X 0.00 0.00 0.002
Y13 = 2.324 + 0.432 X 0.26 0.07  07.46
Y14 = 10,117 + 4.936 X 0.23 0.05 05.50
Y1l : population density of each county
Y2 : percent of urban population of each county

Y3 : size of the largest populaﬁion center of each county

Y4

-

employment in manufacturing industry of each county

Y5

employment in retail industry



Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13

Y14

employment in financial andrinsurance industry
employment in professional and related services
employment in agricultural Industry

average farm size of each county

percent of labour force in agricultural industry

: percent of labour force in manufacturing industry

percent of labour force in retail

: percent of labour force in financial and insurance

percent of labour force in professional and related services

26
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has a highér correlation with Y9 (famm size), Yll (percent of labour
force in manufacturing), Y10 (percent of labour force in agricultural
industry). Then next to this group are Y1 (population density), Y2
(percent of urban population) and Y4 (employment in manufacturing) while
the simple correlation coefficient of the rest are below 0.5 with Y12
(percent of labour force in retail industry) the lowest. All dependent
variables except farm size and percent of labour force in agricultural
industry are positively related with highway density. In the two cases,
the negative nature of the function were also hypothesized. The Table
also summarizes the regression equations for each dependent variable
and other statistical tests. The result of each test supported every
hypotheses, except Y12, that were constructed. Though in some cases,
the level of explanation is not high, the F-value are also significant
at the 0.05 and 0.01 level which indicates that the hypotheses, except

Y12, are statistically accepted.

On the Choice of Regression Model

One of the assuﬁptions of the preceding regression models are
linear and the data are normally distributed but in many cases, the
relationship between two variables may nmot be linear and the data are
not in normal curve. As it has been pointed out before, plotting shows
that most of the data of the regression model tend to form a skew
frequency distribution and quite a large proportion of data is clustered
in the lower values and as a result of this, the placing regression line

is unduly influenced by a relative few high wvalues. This suggests that
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a simple linear relationship between highway den;ity and other dependent
variables may not be able to indicate vividly the real relationship
between variables. Rather, the relationship that exists has a closer
approximation to some other non-linear function, so that the " best-fit "
regression line is in fact a curve which can be defined by a mathematiecal
expression. Therefore, all data of each dependent variable were
transformed into logarithms. In this case, the semi-logarithmic model
indicates that the dependent variable will increase at an increasing
rate, However, for some variables such as employment in agricultural
industry, reasoning seems to favour different rate of change. e.g.
increase at a decreasing rate. Therefore, in order to get an in-depth
analysis, relationships were also investigated in terms of logarithmic
transformation in addition to semi-logarithmic.

~ The transformation of the data of the dependent variable does
help to improve the regression model. Almost all of the correlation
coefficient of each model have increased. Consequently, the coefficient
of determination is raised and therefore the variation that can be
explained by highway density has significantly been improved. In the
case of employment in manufacturing, the coefficient of determination
‘has increased over 40 percent more than that of the arithmetic model.
Similarly, other models concerning population density, employment in
retail industry, employment in financial and insurance and employment
in profgssional and related services have increased more than 30 percent
while the increase of rz in other models ranges from one to thirty.

Beside coefficient of determination, other statistical information



Table 2 : Summary of Chosen Repgression Models

29

Dependent variable Equation

population density of each log Y1 = 0,312 + 0,371 X
county

percent of urban population log Y2 = 0.309 + 2.391 log X
of each county

size of the largest urban center log Y3 = 2.988 + 0.293 X
in each county

employment in manufacturing log Y4 = 1.158 + 0,591 X
of each county

employment in retail industry log Y5 = 2,108 + 0.329 X
of each county

employment in financial and log Y6 = 1.210 + 0.385 X
insurance industry _

employment in professional and log Y7 = 2,047 + 0.362 X
related ‘services

employment in agricultural log Y8 = 2.693 + 0.440 log X
industry

average farm size of gach log Y9 = 3.020 - 0.820 log X
county

percent of labour force in log Y10= 1,741 - 0.229 X
agricultural industry

percent of labour force in log Y11= 0.482 + 1.293 log X
manufacturing

percent of labour force in log Y13= 0.353 + 0.057 X
financial and insurance

percent of labour force in log Y14= 1.152 + 0.053 X

professional and related

services
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Equation correlation coefficient of F
coefficient determination (r2)
Y1l 0.77 0.59 146.59
Y2 0.58 0.34 51.65
Y3 0.57 0.33 49.17
Y4 0.76 0.58 132,68
Y5 0.72 0.52 106.21
Y6 0.68 0.46 87.48
Y7 0.73 0.53 112.87
Y8 0.51 0.26 35.89
Y9 0.71 0.50 100.58
Y10 0.69 0.48 92.11
Yii 0.70 0.49 94.70
Y13 0.29 0.08 9.14
Y14 0.32 0.10 11..27
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and observation are also of importance to the evaluation of the
validity of regression models such as the F-value, the intercept

of the equation, sign of the equation and the reasoning of the change
between independent and dependent variables. The final.regression
models to interpretate the relationship between highway density and the
dependent variables were summarized in Table 2. The selection is based
on different aspects mentioned above. For instance, in the regression
model for population density (Y1), the semi-logarithmic regression
equation is much higher than that of the arithmetic one and the power
of explanation of the variance of population density has increased
significantly. The F-value which tests the significant level of the
correlation between X and Y variables is also higher. This semi-
logarithmic regression equation has the same advantage over the
logafithmic equation with both variables transformed. In addition to
this, the rate of change in Y in response to per unit change in X is
more toward reality because the.semi—logarithmic equation indicates

an increase at an increasing rate. Similarly, the choice of the agricultural
employment modelé is based mainly on reasoning as well as the trend of
development of agricultural industry in the State because the simple
correlation coefficient, r2 , and F-value are very close. Of the three
forms of equation, they indicate the same positive relationship between
X and Y variable but in terms of rate of change, the arithmetic model
shows a constant increase of employment, the semi-logarithmic model
shows an Increase at an increasing rate while the logarithmic equation,

on the contrary, indicates an increase at a decreasing rate. Therefore,
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with reference to the trend of development of agricultural employment
as well as the higher coefficient of determination, the logarithmic
model was chosen.

Among the selected regression models, there is no arithmetic
one included because it has been shown that transformation makes the
curve fit the data better particularly the semi-logarithmic models
which are characterized by their change at an increasing rate if the
relationship between X and Y is positive and at a decreasing rate if
the relationship is negative. Indeed, this form of relationship tells
much about the space economy and highway density which will be

discussed next chapter.

Analysis of Residuals

Most of the spatial patterns of economic landscape are highly
complex and apparently result from the interplay of different wvariables.
Owing to the purpose of the study, only one independent variable is
used to explain the variation of space economy in the State. Therefore,
there is need to assess the efficacy of the regression model developed
and to examine the empirical and conceptual relevance by mapping and

'analyzing of the residuals so that more confidence can be realized in
using the regression model to explain and estimate the distribution of
economy .

The simplest way to obtain the. residual is to substract the

predicted or computed from the observed value. 16 In some cases,

however, researchers would favour the standardized residual to render
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the residual from magnitude free by putting in the standard error

of estimate as shown in the following formulae. B

Y-Y
; c

S
y

where Y = observed value of Y for the nth county
Yc= computed or predicted value of Y for the
'nth county.

Sy= standard error of estimate for Y.

Therefore, the positive value of the residual indicates that the
computed is less than the observed. It represents an under-prediction
wile a negative value denotes an over-prediction.

Residuals from selected regression models were mapped in Map 3
‘through Map 5. Since the predicted value were in logarithmic form,
they were retransformed back into absolute value. 1In other words, the
value is the antilog of the computed logarithm of dependent wvariable.

The residual frﬁm the regression model of population density
was mapped in Map 3. Of the one hundred and two counties, there were
ninety-five within one standard error and only seven counties were
beyond this limit. Sedgwick County was under-predicted by seven
standard errors, followed by Douglas (2.73), Shawnee (2.28), Riley
(2.05), Saline (1.05). Riley County was the only one that was over-
predicted. The reason for the under-prediction may be due to the

fact that every one of these six counties has a city with large
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population. For instance, the average population density of each
county in the State is only 24 but the population density of Sedgwick
County is 348, Shawnee is 283 and Douglas is 123. As to the other
ninety-five counties,-most of them were within 0.5 to -0;5 standard
error and only eight counties were within 0.5 to 1.0. Therefore, the
accuracy of the regression model can be reliable in these counties.
Residual mapping for the regression model of employment in
manufacturing (Map 4) revagled similar distribution pattern of
under-prediction., There were only three counties umder—-predicted :
Sedgwick (9.8), Douglas (1.0) and Reno (1.1). The large standard
error of Sedgwick County yields no surprise. In comparison with the
State average of manufacturing employment (1078), the extreme large
number of employment in manufacturing (36602) makes it an exceptional
case and same are the cases in Douglas (3906) and Reno (4950). As to
the rest of the cowmties, seven of them had a standard error within
6.5 to 0.9 or -0.5 to -0.9. Thef were Butler (0.835, Cowley (0.60),
Jefferson (0.62), Labette (0.55), Montgomery (0.66), Pawnee (-0.53)
and Shawnee (0.58). Then the other 92 were within 0.5 to -0.5. On
the other hand, an overview of all residuals shows that there appears
to be a teudency to over-predict those counties away from large urban
centers e,g. those in the far west and far north and under-predict
(with positive residuals) those close to large centers. This reflects
the impact of urban centers in the employment distribution. Therefore,
if in-depth analysis is required, the study area can be subdivided into

regions with different levels of manufacturing growth potential. This
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stratification may give more insight to the distribution of employment
in manufacturing.

As to the residual map of the average farm size of each county,
there were 22 counties predicted with more than one stanﬂard error, Of
these counties, 15 of them were located in the south-west region of
the State and all of them were under-predicted. This implies that the
average farm size in the region is different. This variation may be
due to the impact of other variables such as soil, climate and water
availabilit& in the area. Therefore, these twenty-one counties in the
region were separated from the rest and recompute the data. Two new
regression equations were obtained, one for the south-west region and

one for the other eighty-one counties.

Regression Equation r r2
South-west Region

log Y = 3.183 - 0,557 log X 0.74 0.55
Other eighty-one counties

log Y = 2,953 - 0.785 log X 0.78 0.61

The residual from the new regression model for the south-west
region was shown in Map 6. It shows that there were only two counties
with more than one standard error. One is under-predicted and another
is over-predicted. These two may be regarded as exceptional cases
because as it will shown later (Map 10), Morton County is one of the three

comties with the largest farm size in the State of Kansas,



Map 6 : Highway Density -— Farm Size (south-west region)

Residuals from the Regression Model

Ffawnee L
Hamitton |Kearny Finney Haa'gm:n Stafford
|
& Edward
L Fard
’ Pratt
Stonton | Grant | Hostel/ Kiowa
H Mortort] stavens | Seward ﬂaaﬂ'a_ﬂ Clark —— Barber
287 -wl3
standard error
over -1.5 -1.0 -1.0 to 1.0 to over 1.5
to 1.5 1.0 1.5
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Chapter 5

EMPIRICAL ANALYSIS

Population Dimension

It has been shown that highway density distribution is positively
correlated with population density, percent of urban population and
size of the largest population center. Sedgwick and Shawnee County
have the highest highway density and act as the center of their own
region. Other sub-foci can be found in the south-east region such
as Montgomery and in the south-west region such as Seward County and
Ford County, This pattern of distribution is consistent with that
of the population variables. Map 7 shows that Sedgwick and Shawnee are
at the top of the population hierarchy with the same population
sub-foci as the pattern of highway density in the south-west and the
south—east. The low population profile in the far west and the north-
west can also be reflected by the low_density of highway in these regions.
The relationship between the independent wariable and population
dimension was examined in terms of three different data transfofmation:
arithmetic, semi-logarithmic and logarithmic. The semi-logarithmic model
of population density indicates that relative to highway density, the
dependent variable increases at an increasing rate as shown in Figure 3.
This reflects the nature of the relationship and suggests a system not
in equilibrium (theoretical equilibrium would result in return to mobile

factors being everywhere the same.) mainly because of the fact that most of
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the coumties in the study area do not have large enough population
and activity concentrations to sustain population growth and thus the
response of these counties to the increase of highway density would
be inelastic while the more populated counties would function more

efficiently and attract more population and are more responsive.

Highway Density and Spatial Variation of Employment

The hypothesis that there is more employment in manufacturing in
counties with higher highway density was tested and éupported by the
nature of the regression line, coefficient of determination as well
as the significance level. The semi-logarithmic function also further
suggests that the number of people engaged in manufacturing would
increase, relative to highway density, at an increasing rate. In other
words, those counties with higher highway density will have a greater
increase in the emplogment than counties with low.density. This suggests
the effect of agglomeration economies. Better connectivity among
different localities will attract more plants as it was discussed in
the previous chapter. In addition, the new. . in-coming plant will
in turn attract other establishments owing to transfer economies.
Transfer economies are the savings in transportation costs which accrue
when firms locate close fogether. Therefore, the total distribution
costs will be reduced and the delivered prices to consumers lowered.
Demand for the goods will increase and same is the total revenue for
some or all businesses. Therefore, transfer economies encourage firms

to cluster. On the other hand, a reduction in procurement cost also
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yields transfer economies and is a further reason for higher
intefdependent buyers and sellers to minimize the friction in terms of
time or distance which can be reduced with better connectivity.

The disequilibrium of employment in manufacturing industry is
quite obvious in Kansas because a large proportion of the total
manufacturing labour is located in a few counties (Map 8). There
are six counties over 3500 manufacturing workers : Sedgwick (36602),
Shawnee (8599), Reno (4950), Montgomery (3923), Douglas (3906), Butler
(3855). These counties together with a few other have the advantage
of economies of agglomeration such as economies of scale and economies
of labour specialization and will be more responsive to highway
development because mobility of these economies and other production
factors require good connectivity in transport network. On the contrary,
those counties with poor growth determinants will be at a disadvantage.
Therefore, the impact of highway development will not be so obvious.

Similarly, retail industry., financial and insurance industry as
well as professional and related industry are also positively correlated
with highway density at an increasing rate (Figure 6). This reflects
the similar kind of agglomeration experienced in manufacturing. In
-comparison, however, the slope of these three industries are not so
responsive to highway density as manufacturing mainly because of the
inelastic nature of these sectors and because of the fact that other
factors also play a part in explaining the distribution of the employment

of these industries.
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Agricultural Industry

One interesting finding is the relationship between highway
density and the employment level of agriculture. The slope of the
regression model indicates that employment will increase but at a
decreasing rate. According to the data of the Bureau of the Census,
agricultural activity includes farming, horticultural services, and
other agribusiness industries. The location of some of these activities
such as agricultural services or agribusiness industries are subject
to certain location principles. For imnstance, agricultural services
require a threshold market which éan be enlarged by better accessibility
and connectivity to different areas. Therefore, more agricultural
services will be found in the higher level of the hierarchy of network.
Secondly, the decline of agriculture laborers is mainly in crop
growing. Employment in agricultural services, meat production and

18 The development

dairy products are still increasing though slowly.
of these activities depend quite much on good transport network.
Livestock, for instance, will lose more weight if the delivery to the
central market takesra long time. Moreover, according to the information
of government publication, most of the shipments of crops and farm
products are centered in several cities such as Hutchinson, Salina,
Witchita, Topeka and a few other. 13 Therefore, it is reasomable to
expect that counties with these cities will have more people in
agricultural services. Finally, highway density encourages population

growth and urbanization, counties with more population will have more

employment in agricultural industry though the proportion of it to the
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total employment of all sectors is smaller in these counties.

However, it should be noted that the actual increase, as shown
by the curve in Figure 5 is very smaller. One unit change of highway
density only lead to an increase of 0.44 units in employment in this
sector. Indeed, the increase is actually at a decreasing rate and
implies that the trend will be levelled off. This reflects the decline
of farm operators but the population is maintained to certain extent by
the slight increase of employment in agricultural services, meat production
and dairy products. This trend of development is consis?eut with other
projections of the Kansas economy done by other studies. 20

Map lﬁ shows the spatial variation of average farm size of each
county. Generally speaking, most of the large farms are found in the
western part of the study area especially the South West Region. Average
farm size in Hamilton, Kearny and Morton is over 1,500 acres. On the
other hand, small farms are generally found in the east section of the
State where highway d;nsity is higher. Therefore, one may visualize
that the average farm size and highway density are negatively correlated.
As the regression model shows, the farm size declines at a decreasing
rate. This suggests the elasticity of farm size to the impact of
highway in counties with low highway density but in those with higher
density, the impact of the highway becomes relatively small mainly
because of the fact that given certain level of urban pressures, the
size of farm still has to be maintained to a level in order to be
economically feasible. Therefore, it is expected that farm size will

" levelroff " in response to higher highway density.
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On the other hand, thé percentage of employment in agriculture
will decline at a decreasing rate while the percent of labour force
in other industries increase (Figure 7). This indicates the significant
role of secondary and tertiary industries in counties with higher density
of highway. Similar to the nature of slopes in employment in secondary
and tertiary industries, the regression equations of the percent of
labour force in these two sectors also indicate an increase at an
increasing rate. However, this should not be emphasized because the

rate is very low and the curves are very close to linear (Figure 8).
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Chapter 6
IMPLICATION OF HIGHWAY DEVELOPMENT TO POLICY

FORMULATION AND PLANNING

An understanding of the relationship between highway density
and spatial variation of socioeconomic dimensions is essential for
analysis of the problem of development in many counties and for
formulation of policies and strategies to maintain their well being

and functioning.

Population Distribution and Economic Development

It is generally recognized that one of the problems that
constantly plague the economic health of many counties in the State
is the distribution of population. Some counties have experienced a
continuous decline in population while some other have a continuous
increase. The factor; for this trend are several such as change of
mechanization of agriculture production, better economic opportunities
in larggr centers, change of fﬁnction of the central place in the
county and so on., However, one general pattern that caﬁ be observed
is that counties with larger urban centers generally have gained
population while those that lost population are the rural counties
which according to the Bureau of the Census, have no population
centers with more than 2500 people. More specially, during the last
two decades, only a few counties with urban centers over 5000 lost-

population. Therefore, in policy terms, effort should be directed



56

to encourage the developmeﬁt of such centers because they are crucial
for the county to maintain certain level of economic activity which
has an impact on consolidating the population in the county. In this
case, strategy should be developed in such a way that highway construction
should be emphasized to hook up with the potential center such as the
county seat. This will help to concentrate economic activities and to
strengthen the functioning of the center and gradually enlarge the
market area and maximize urban threshold lewvel. This concentration is
of importance to the consolidating the county population and also
consistent with, though at different scale, the strategy of development
proposed by some economists. 21 However, in some rural counties, instead
of connecting the rural area to the center, the policy calls for the
connection with the major highway even outside the county. Such
development would, indeed, alter the space relationship between counties
and reduce the relative advantage of the original center because instead
of internal integration, the interaction with outside transport system
will increase and may reduce the size of market area of the center which
is already small. If the county has good resources, such as those in
the Far Séuth West Region which is rich in mineral resources, better
highway connectivity would help the development both population and
economical of the Region as it is now enjoying. 2 Otherwise, it will
lead the county to a disadvantage position.

Economic equilibrium theory states that the spread effect of
development will transmit the growth précess from the growth center widely

throughout the economic landscape and minimize the differentials of
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economlie development. Hick, for instance, argues that there are
three ways in which this process 6f " evening out " takes place.23

First, the demand generated outside the center for goods and services
will enable peripheral areés to grow rich. Second, the movement of
labour to the center in response to new employment opportunities will,

in the long run, result in a rise of wages and income there. Third,

the need for input from the periphery will promote a compensatory
movement of the capital accumulated in the center, seeking out profitable
investment opportunities. Though Myrdal and Hirschman afgue the
effectiveness of such spread effects in a national and regionai scale, 4
it is generally agreed that the spread effects exerted by the development
of a growth node are most effective in areas close to the center itself.
In this case, if the urban centers in the neighboring counties have
possessed certain level of population and economic development, their
growth policies should be developed to increase the linkages with the

center and direct the flow of growth impulse to these counties. The

growth of Butler, Reno and Harvey Counties is one example.

Growth Control

The previous discussion on development is based on the assumption
that urban growth is preferable. However, this assumption may not be
always true. On the contrary, the issue of control growth is ome of
the most discussed topic in planning in many counties across the nation

particularly on the east and west coasts as a response to the problems
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of rapid growth in the last two decades. Though the problem of urban
sprawl, loss of farmland or change of structure of agricultural
activities do not occur significantly in Kansas, the implication of
highway development to urbanization, farm size and possible change of
the function of a county is essential for policy formulation for those
counties planning to manage growth and preserve their agricultural
land. In many cases, highway development policy may be contradictory
with other policy such as preservation of agricultural land. In this
case, the practice of preferential assessment, tax exemption and even
tax deferral for the preservation purpose is made ineffective or
invalidated because if the highway construction has raised the value

or increased the urban pressure on the farm, the owner may take the
advantage of tax benefits and wait for the day to sell his properties.
The payment of back taxes can be easily recovered by charging a little
more on the land. Hbyeover, the disruption of new highway comstruction,
in some cases, makes farmers anxious to sellrtheir land early for its
conversion to urban use. Therefore, in growth control, these aspects
should be taken into consideration and the policy should be coordinated
with other planning strategies or policy may be formulated to delay the
provision of highway until other development plan can be well set up

if the urban growth rate is too fast in the county.
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Chapter 7

CONCLUSION

This study investigates the relationship between highway
development as determined by highway density and socio~économic
profiles for counties in the State of Kansas. The meaning of highway
density is expressed in terms of population density, urban residence,
agglomeration of population, and employment in different sectors. The
hypothesis constructed is based mainly on economic concepts and on the
assumption that the cost of overcoming distance is basic to human
activity. Activities tend to locate where the friction costs are
minimized and the process of growth tends towards a geographical
pattern minimizing the total cost of distance to the economy. Moreover,
better connectivity can mobilize the growth determinants and enlarge
the market area which is essential to the functioning of the center
and further development of counties.

Relationship are sought befween various measure of socio-economic
indices and highway density. Correlation and regression analysis is
used to test the hypotheses generated in the study. Cross-section
analysis reveals the importance of highway density as a variable to
explain the variation of socio-economic indices. Generally, the
independent variable has a higher correlation with population density,
employment of different sectors and farm size. The negative correlation
between farm size and highway density indicates the impact of the 1attgr
to the former.

On the other hand, it has been found that the response of
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socio-economic indices with highway density varies. The rate of
change indicates that some dependént variables increase at an increasing
rate while some at an decreasing rate and this reflects the different
nature of association between socio—ecoqomic dimensions with highway
density. In addition to this, the residual of farm size suggests that
there is also regional variation of correlation between the dependent
and independent variable. Submodels of farm size do improve the
power of explanation of the spatial variation.

Based on the empirical findings and the implication of the
result, suggestions on highway policy have been made and two aspects
of the issue were examined, On the development side, concentration
of development encouraged by highway ccnvefgence to a center seems to
be more appropriate as a strategy in the infant stage of development.
However, up to certain level of population agglomeration and to certain
degree of economic development, inflow of growth impulse will give
more momentum to the county. On the growth control side, highway location
may help to affect the spatial development desired and the degree of
growth. . However, it should be noted that the validity of these
suggestions depends much on local fac;ors. Moreover, the implication
of the finding of this study is nothing more than a reference for
policy formulation and by no means the role of the study is regarded
as a policy tool.

As it has been pointed out before, the pattern of socio-economic
structure cannot be fully explained bv one wvariable. Other may be

included to explain each dependent variable if in-depth analysis of
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each of them is desired. The study of farm size, for instance, may
include climate, soil, technological variables and so on. It is also
understood that each type of concept or theory explains the space
economy in a different way and with different emphasis.' In this paper,
one variable was chosen. This enables the research to simplify the
construction of concepts about the relationship between highway development
and socio-economic structure and to articulate the concept, theory or
implication related more clearly. Indeed, in spite of the diversity
among economic, social, political, resource endowment and history of
the study area, the simple regression models do work well in depicting
statistically the relationship and the concept derived from them also
appears to be valid. However, it should be clear that the finding
reported here is not intended in other states without relevant studies
of the same characteristics in those states. Moreover, it is also not
the intention of the researcher to claim that the results are in any
sense the most preferred test of the relationship. Rather they are
intended to be suggestive and to provide evidence for the issue of

development in planning.
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AN ANALYSIS OF THE RELATIONSHIP BETWEEN HIGHWAY
DISTRIBUTION AND SPATIAL DEVELOPMENT
IN THE STATE OF KANSAS

The major purpose of this study is to analyze the relationship
between highway development determined by highway density and socio-
economic profiles for the counties in the State of Kansas. Hypotheses
constructed are based mainly on economic concepts and on the assumption
that the cost of overcoming distance is basic to human activity.
Activities tend to locate where the friction cost is minimized. Better
connectivity can help to mobilize growth determinants and also to
enlarge the market aréa which is essential to the functioning of the
urban center and its respective county.

Correlation and regression models are used throughout to
demonstrate the relationship between socio-economic indicators and
highway density. Given the diversity among economic, social, politiecal
and resource endowment of the study area, the simple regression models
have been shown that they work well in depicting the relationship and
reveal the importance of highway density to explain the geographical
variation of socio-economic structure. They would also be useful in
assisting regional planners in predicting various development in each
county.

The analysis shows that highway density has a higher correlation
with some variables such as population density, employment of different
sectors and farm size, The negative relationship between farm size
and highway development indicates the impact of the latter to the former.

On the other hand, the rate of change between variables also varies.



Some dependent variables increase at an increasing rate while some
at a decreasing rate. This reflects the different response and nature
of association between socio-economic dimensions and highway density.
Based on the empirical findings, suggestions on highway
development policy have been made and two aspects of the issue were
examined. On the development side, concentration of development
encouraged by highway convergence to a selected center of the county
seems to be an appropriate strategy to help the county to maintain,
at least, its present socio-economic status., However, in a county with
growth potential, this strategy is less prominent. On the growth
control side, highway location may be used to influence the direction
of development and control the degree of growth of counties especially

those with a high growth rate.



