
THE INCIDENCE OF RETAIL/SERVICE ESTABLISHMENTS IN
ARIZONA COMMUNITIES: A CROSS-SECTIONAL ANALYSIS.

Item Type text; Thesis-Reproduction (electronic)

Authors Wallace, Marian Louise.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:25:50

Link to Item http://hdl.handle.net/10150/274767

http://hdl.handle.net/10150/274767


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor, MI48106 





1320815 

WALLACE, MARIAN LOUISE 

THE INCIDENCE OF RETAIL/SERVICE ESTABLISHMENTS IN ARIZONA COMMUNITIES 
A CROSS-SECTIONAL ANALYSIS 

THE UNIVERSITY OF ARIZONA M.A. 1983 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml 48106 

Copyright 1933 

by 

WALLACE, MARIAN LOUISE 

All Rights Reserved 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 

1. Glossy photographs or pages 

2. Colored illustrations, paper or print 

3. Photographs with dark background 

4. Illustrations are poor copy 

5. Pages with black marks, not original copy 

6. Print shows through as there is text on both sides of page 

7. Indistinct, broken or small print on several pages 

8. Print exceeds margin requirements 

9. Tightly bound copy with print lost in spine 

10. Computer printout pages with indistinct print 

11. Page(s) lacking when materia! received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages 

15. Other 

University 
Microfilms 

International 





THE INCIDENCE OF RETAIL/SERVICE ESTABLISHMENTS 

IN ARIZONA COMMUNITIES: A CROSS-SECTIONAL ANALYSIS 

by 

Marian Louise Wallace 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF GEOGRAPHY AND REGIONAL DEVELOPMENT 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF ARTS 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 8 3 

Copyright 1983 Marian Louise Wallace 



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgement of source is made. 
Requests for permission for extended quotation from or reporduction of 
this manuscript in whole or in part may be granted by the copyright 
holder. 

SIGNED: )7, 
/' 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

Gordon F. Mulligan 
Assistant Professor 

Department of Geography and 
Regional Development 



ACKNOWLEDGEMENTS 

The completion of this thesis could never have been realized 

without the help of many people. I would like to express my 

appreciation to Dr. Gordon Mulligan whose direction, patience, and 

constructive criticism have been invaluable through every phase 

of this project. I would also like to thank Dr. David Plane and 

Dr. Richard Reeves who have given so unselfishly of their time and 

advice. 

The other members of the Geography Department, faculty and 

graduate students alike, also deserve my thanks. Their encouragement 

has kept me going when the task seemed endless and their suggestions 

have been of enormous help. To Rhoda, who has spent many hours 

typing and editing, I also owe an enormous debt of gratitude. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES vi 

LIST OF ILLUSTRATIONS viii 

ABSTRACT ix 

1. INTRODUCTION 1 

2. URBAN SYSTEMS ANALYSIS IN REVIEW 6 

Classical Theory 6 
Empirical Studies 15 

Hierarchial Studies 15 
Spatial Behavior Analysis 

Summary 24 

3. RESEARCH DESIGN 27 

The Regression Model 28 
Independent Variables 30 

Demographic Variables 30 
Economic Variables 34 
Locational Variables 35 

Collinearity Between Variables 36 
Dependent Variables 38 
Expected Relationships Between Variables 44 
Summary 44 

4. INTERPRETATION OF RESULTS 47 

Two Regression Approaches 48 
Expected Versus Observed Performance 50 
Residual Analysis 57 
Representation Levels 50 

Analysis of Three Functions 51 
Summary 56 

iv 



TABLE OF CONTENTS—Continued 

Page 

5. MULTIPLICATION OF FIRMS 68 

Multiplication Rates at the Community Level 69 
Comparative Analysis of Multiplication Rates 74 
Summary 78 

6. THRESHOLD ANALYSIS 82 

Estimation Techniques 83 
Berry and Garrison' 84 
Marshall 84 
Reed Meunch 85 
Present Analysis 88 

Analysis of Results 89 
Summary 97 

7. CONCLUSIONS 98 

APPENDIX A: DATA AND SOURCES 103 

APPENDIX B: STEPWISE REGRESSIONS 110 

APPENDIX C: COMMUNITY REPRESENTATION LEVEL 128 

APPENDIX D: MULTIPLICATION RATES FOR ESTABLISHMENTS .... 137 

APPENDIX E: COMMUNITY THRESHOLDS 143 

REFERENCES 149 

v 



LIST OF TABLES 

Table Pa9e 

1 Col linearity Between Variables 37 

2 Towns in the Data Set 39 

3 Expected Relationships Between Variables ^ 

4 Ranges and Total Numbers of Establishments 

in the Data Set 51 

5 Regression Constants, Coefficients, and 

R^'s for Selected Functions ' 52 

6 Significant Variables and Their Signs 54 

7 Community Representation Levels - Physicians ^2 

8 Community Representation Levels - Taverns 

9 Community Representation Levels -

65 Jewelry Stores 

10 Multiplication Rates for Grocery Stores 71 

11 Multiplication Rates for Taverns 72 

73 
12 Multiplication Rates for Lawyers 

13 Comparison of Two Models for Determining 

Multiplication Rates 76 

14 Comparative Statistics for Single and Multi

variate Equations 77 

15 Hypothetical Region Demonstrating Marshall's 

Threshold Estimation Technique 86 

vi-



LIST OF TABLES—continued 
Table Page 

16 Hypothetical Region Demonstrating the Reed-Meunch 

Thresholds Estimation Technique 87 

17 Community Thresholds for Taverns 91 

18 Community Thresholds for Jewelry Stores 92 

19 Community Thresholds for Physicians 93 

20 Thresholds as Determined by Various Techniques 95 

Vii 



LIST OF ILLUSTRATIONS 

Figure Page 

1 Christaller's Market Areas 10 

2 Losch's Economic Landscape 11 

3 Individual Demand Curves 13 

4 Distance Demand Relationships 13 

5 Price and Output. Conditions for the 

Individual Producer With No Competition 

and Free Entry 13 

40 6 Data Points in Arizona 

7 Multiplication Rates for Taverns -

Single Variable vs. Multivariate Models 79 

8 Multiplication Rates for Grocery Stores -

Single Variable vs. Multivariate Models 80 

9 Multiplication Rates for Lawyers -

Single Variable vs. Multivariate Models 81 

viii 



ABSTRACT 

The allocation of selected retail and service establishments 

in non-metropolitan Arizona communities is modeled, employing a 

multivariate regression approach. Thresholds and multiplication 

rates for seventeen central functions (e.g. service station and 

grocery store) are estimated using twelve socio-economic, demographic 

and locational characteristics as independent variables. Community-

specific thresholds are derived, demonstrating tremendous variation 

between places. The results of this analysis are compared to those 

achieved by other estimation techniques (e.g:, Marshall or Berry and 

Garrison) relying on population as the sole determinant of functional 

complexity. The coefficients of determination for the equations 

range from 0.19 to 0.91 when only significant variables are retained. 

Statistical analysis suggests that this multivariate approach yields 

more reliable estimates than population-based models although the 

discrepancies are relatively small for communities in the data set. 

To facilitate community policy-making, the study also attempts to 

define accurate levels of representation of each function in 

individual places. 

ix 



CHAPTER 1 

INTRODUCTION 

In his utilization and occupation of the earth, man has 

created cities. These cities have become the focal points of ever 

increasing communication not only between nations, but also among 

regions within nations. They are the "arenas" for interaction 

between political, as well as intellectual and technological elites. 

"In short, cities are where the action is" (Meadows and Mizruchi, 

1976, p. 1). 

While it could be argued that each city is essentially 

unique, there is theoretical and practical merit in studying the degree 

to which cities share common economic, social, demographic and location-

al elements. Locational patterns of communities and allocational 

patterns of activities are repeated so frequently that broad general

izations about their interrelationships can and should be formulated. 

This study focuses on the allocational patterns of service activities 

in a set of Arizona non-metropolitan communities during the late 19701s 

and 1980's. 

Urban geographers are frequently concerned with examining and 

explaining spatial distributions, and the urban or city "system" 

provides an ample conceptual framework for carrying out many of 

these studies. In recent years the term urban system has come to 

mean a set of interdependent cities comprising a region or nation 

.1 
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(Bourne and Simmons, 1975, p. 3) and it is in this context 

that the term is used throughout this study. In its narrowest 

sense then, the urban system refers to a set of cities in a region 

and the attributes of these cities (e.g. size or function). When 

the systemic concept is more fully developed, the urban system 

still focus on cities and their attributes but also emphasizes 

relationships to surrounding areas (e.g. commuting fields) and 

especially linkages between these nodes (e.g. inter-metropolitan 

migration). 

The urban system is not really a new concept. The recent 

importance placed on it reflects a growing concern on the part of 

scholars and public officials towards problems at this level of 

aggregation (Bourne, 1975). Part of this concern is due to an 

awareness of the increasing role of tertiary and quaternary activities 

in post-industrial societies (Bell, 1973; Gottman, 1962). These 

activities are, of course, largely urban based. Concern also results 

from the realization that many problems at the community level are 

manifestations of, or manifested in, problems at a broader regional 

scale. 

The exact configuration this urban system takes is still 

unresolved. Although certain analytical procedures (e.g. rank-size) 

argue for a continuous distribution of cities based on population, 

many urban geographers find it more useful to think of cities as 

being arranged in a series of distinct size classes. A pyramidal 

hierarchial distribution is often postulated. There are greater 



3 

numbers of smaller cities than larger ones, yet at successively 

higher levels functional complexity increases. By adding a 

geographic dimension, the notion of an urban hierarchy becomes an 

important organizational part of an urban system. 

Identification of such a hierarchy at the regional level 

(e.g., Arizona) is not a major priority here - one is assumed to 

exist in some form. This study represents a cross-sectional analysis 

of structural characteristics and growth potential for a section of an 

urban system. The primary level of analysis is the city of 3,000 to 

15,000 people, located somewhere in the middle of the regional 

hierarchial structure. At this scale, intra-urban relationships 

are not examined. For example, linkages between economic sectors 

within any one city have been excluded. Naturally, the growth pattern 

in any community is related to its role in the larger region, but 

that subject can be more adequately developed elsewhere. 

This study is an attempt to improve present techniques for 

determining thresholds and multiplication rates for establishments 

for selected central place functions in urban areas. A multiple 

regression model is calibrated employing community specific demo

graphic, socio-economic and locational factors. Previous analyses of 

thresholds at the community level have been based almost exclusively 

on population while disregarding the additional variables incorporated 

in this study. It is hypothesized that while population is an 

important factor, thresholds will vary significantly when allowing 
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for local fluctuations in income, population age breakdown, 

location, etc. 

The literature is also apparently lacking from an applied 

perspective. In order to facilitate community policy-making this 

study attempts to define accurate levels of representation of each 

function in individual places. Studies on the level of representa

tion of shopping opportunities in central places have been more 

amenable to employing other variables than have threshold analyses. 

Yet, without exception, these studies have examined absolute numbers 

of establishments in a town of a given size without consideration of 

the individual functions. Thus, it may be possible with current 

procedures to determine that a city can viably support 100 estab

lishments, but the number of grocery stores, service stations, or banks 

have not been estimated. The statistical model being developed is 

an attempt to fill these gaps in in the literature and give 

applicability to a rather theoretical concept. 

The main questions which this study attempts to answer are 

outlined below: 

1. Is population by itself an adequate determinant of 

the number of establishments a community can viably 

support or does the inclusion of other socio-economic, 

demographic, and locational variables yield a more 

reliable model? 

2. Which variables are significant in the estimation 



of the appropriate number of establishments, and are 

these variables different for different central place 

functions? 

3. Are the towns used as the data set for this study 

overrepresented or underrepresented in the provision 

of selected goods and services? 

4. What is the rate of multiplication of establishments 

and does this rate remain constant for each place within 

an urban system? 

5. Can community-specific thresholds be estimated in 

addition to regional ones, and how do those generated 

using the multiple variable model compare to estimates 

generated by other techniques? 

6. Do the statistical models as outlined perform better for 

certain kinds of cities, as classified according to 

demographic characteristics, size, or functional 

similarity? 

These questions form the framework on which this paper is 

built. 



CHAPTER 2 

URBAN SYSTEMS ANALYSIS IN REVIEW 

The literature dealing with central place theory shows two 

traditional approaches: classical theory and empirical (largely 

behavioral) studies. The theory itself is concerned with the spatial 

distribution of goods and services, given the location of consumers 

in rural areas and in towns and cities at various levels of the urban 

hierarchy. It attempts to account for the size and spacing of specific 

city functions in terms of economic processes. In addition to pro

viding a rationale for settlement.location the theory casts 

considerable light on the allocation of retail and service activities 

among towns. 

Central place theory is a relatively new phenomenon in the 

geographic literature, confined exclusively to the twentieth century. 

Although the ideas were espoused in the 1930's and 1940's, the 

emergency of quantatative and normative modeling appeared first after 

World War II. The "quantatative revolution" gained momentum and 

emphasis switched from theoretical construction to empirical inductive 

studies as researchers responded to criticisms of the theory's 

utility and underlying assumptions. In this chapter special emphasis 

is placed on the spatial elements of consumer behavior upon which 

the theoretical structure hinges. 

Classical Theory 

The theoretical basis for analyzing city systems derive from 

6. 
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two main sources - European geographers and American rural sociol

ogists. Classical central place theory was first formulated by the 

German economist/geographer Walter Christaller in the 1930's, 

although the ideas were anticipated almost twenty years earlier by 

Charles Gal pin, an American sociologist. Christaller (1966) 

presents the most comprehensive theoretical system of analysis, 

covering centers from the largest cities to the smallest market 

centers. He, and other European geographers and economists influenced 

by him, give their attention to functional attributes and the spatial 

arrangement of centers. Gal pin (1915) and subsequent sociologists have 

been primarily concerned with the social relations between farmers and 

other trade area inhabitants. 

Christaller attempts to build a deductive theory to explain 

the size, number, and distribution of urban settlements based on his 

analysis of towns in southern Germany. A set of conditions or 

assumptions under which the theory operates is proposed. It includes: 

o an isotropic surface with physiographic uniformity 

o a farming population of constant density 

o constant disposable income and identical demand 

o equally unrestricted travel in all directions with 

transport costs directly proportional to distance 

o perfect competition with unrestricted market entry. 

Potential locations for establishments offering goods are 

controlled by two important economic constraints. First, there is 
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always some minimum level of consumer demand necessary for any firm to 

maintain normal profits and remain in existence. Second, the 

effective size of this demand is determined by the maximum distance 

consumers will travel before going elsewhere to obtain the good. 

These two concepts are known as "threshold" and "range" respectively. 

When the additional constraint is added that excess profits 

are not allowed, trade areas for establishments offering a common 

good become equivalent in size. Firms engaged in the same function 

will therefore space themselves equally over the market system 

surface. Because travel is unrestricted in all directions from any 

point, the ideal trade area shape is circular. Even when tangentially 

arranged to pack the maximum number into a place however, circles will 

either overlap or leave interstitial areas unserved. Residents of 

the interstices would thus patronize markets whose trade area they 

do not inhabit and excess profits would be earned. To insure that 

every place is served by one and only one market, each trade area 

needs to be a radially symmetric, space-filling polygon. Christaller 

choses hexagons-over squares and equilateral triangles - as the 

nearest approximation to circles (Mulligan, 1981). 

For a detailed discussion of the geometry of location the 

reader is referred to the original work. It will suffice here to say 

that Christaller hypothesizes that the largest centers (those 

supplying goods with the highest thresholds) will be spaced equi-

distantly over the plane. Once their locations are known, the next 

largest places will locate exactly at the midpoint between three of 
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of the largest ones. For each successively smaller center, locations 

are determined at the midpoints of three larger centers. In this 

way communities will be optimally arranged to achieve equivalent 

trade areas (See Fig. 1). 

Despite Christaller's use of a uniform transport plane to 

reduce the vagries of geographic reality, Berry and Pred (1961, p.5) 

see the presence of such a surface as necessary for a settlement 

hierarchy to exist. Curry (1962) maintains the same viewpoint. 

Johnson (1966) and Marshall (1964) agree that the constraint of even 

population distribution and purchasing power in the interstitial 

areas is also a necessary condition for the appearance of a hierarchy. 

August Losch (1944) examines the geometry of hexagonal trade 

areas in much greater depth and grounded his work more solidly 

in economic theory than Christaller. Losch constructs a hierarchy 

from the smallest place up so-that once the basic triangular lattice 

of centers is established, all higher order goods have to locate in 

existing centers. He demonstrates that a wide range of different 

sizes and alignments of trade areas are required to support the 

various goods. Since market areas comprise complex activity sets, 

the single optimum pattern should be determined from the average of 

all conceivable arrangements. To find this optimal solution, 

Losch geometrically rotates the entire range of networks on a base 

set of the smallest centers until maximum coincidence of location 

is achieved (See Fig. 2). 

In the Loschian scheme, large centers do not necessarily 

provide the complete range of goods found collectively in smaller 
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Figure 1 

Christaller's Market Areas 



Figure 2 

Losch's Economic Landscape 
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places as they do in the Christallerian model. In addition, the 

functional structures of centers are such that centers of similar 

size do not necessarily offer the same goods and services. 

Consequently, certain areas contain dense distributions of centers 

while others are relatively sparce. 

Comparison of Christaller's and Losch's work suggests 

different intentions behind each. Losch's intention seems to be more 

normative. He attempts to derive optimal patterns and to show what 

town patterns ought to be if reality were rational. In contrast, 

Christaller explicitly attempts to explain and predict the actual 

pattern of an urban system (Webber, p. 15). 

Although the classical central place theory has not changed 

much since its original conception, elements of it are still being 

discussed in the literature. Of particular interest are the relation

ships between the microeconomics of production and consumption. 

Mulligan and Reeves (1983) demonstrate the intimate relationship 

between the economic characteristics of a firm and its spatial 

characteristics. One point on which Losch departs from Christaller 

is the traditional downward sloping individual demand curve shown in 

Figure 3. This curve is modified to consider what happens to individ

ual demand as the consumer's location changes relative to the point 

of production (See Fig. 4). For a selected price Px a given quantity 

Qv will be demanded at the production site. The further from this 

point the consumer is located, the greater the actual cost of a 

good will be due to transport costs. The reduction in individual 

demand will continue (in the absence of competition) until distance 
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Dx where it falls to zero. Figure 4 shows two additional distance 

demand functions for other f.o.b. prices. 

When the individual demand function is known, the market demand 

curve for a single producer can be determined. Sometimes known as 

the "free spatial demand curve" this function is shown in Figure 5, 

Parr and Denike (1969, p. 569) demonstrate that given the original 

assumptions, this curve will be convex rather than concave as Losch 

asserts (1944, p. 106). Figure 5 also shows an average cost curve, 

AC, representing the cost to the producer of each unit of output. 

This cost is assumed to include a normal profit. As the figure 

indicates, profits per unit decline as output increases. Optimum 

price and output levels are shown where the marginal cost curve and 

marginal revenue curves intersect. 

The relevance of this diagram to the spatial characteristics 

of establishments lies with the realization that the above situation 

is subject to change since there are no limits on the entry of 

producers into the market. As long as the initial firm is unchalleng

ed, its profit-maximizing behavior leads to a situation where price 

exceeds marginal costs and excess profits are earned (Mulligan and 

Reeves, 1983). These profits are shown by the shaded area in Figure 

5. The opportunity to earn excess profits entices other producers 

to enter the market. This will ideally continue until only normal 

profits remain. The demand curve of the first producer changes from 

D to D, and he loses consumers at the market edge. The output and 
o l 

price for each producer will be Q-j and P-j, respectively. The final 
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equilibrium price will be higher due to a reduced scale of 

production, and output is lower than when there was a lack of 

competition. As a result, the ideal range of the good is not 

reached since the boundary is restricted by a competitor's 

market area. The new market boundary lies at a distance known as 

the real range (Christaller, p. 54). 

Empirical Studies 

Empirical, inductive studies of urban systems emerged in 

the late 1950s as researchers responded to criticisms about the 

theorys utility and its underlying assumptions. One main 

criticism levelled against the classical theory is that it is determin

istic and rigid (Davies, 1976; Dacey, 1966). The theory has also been 

thought to be deficient for not incorporating important urban 

activities like manufacturing. The regularities apparent in the size 

and spacing of urban settlements are most conspicuous in communities 

supported almost exclusively by retail and service functions (See 

Nelson, 1944; Maxwell, 1965; Harris, 1943; Berry, 1967). Classical 

theory also ignores the important advantages of agglomerative 

tendencies and economies of scale (Dacey, 1966). The work cited in 

the remainder of this chapter is divided into two sections - studies 

attempting to establish the nature of hierarchial orders and those 

concerned with spatial patterns of consumer behavior. 

Hierarchial Studies 

Because theory postulates stepped and clearly defined 

hierarchies much of the early research effort has been expended 
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seeking them. The literature points to a considerable controversy 

over the hierarchy postulate - that there exist discrete classes of 

places and associated functions. Brush's work in Wisconsin (1953) 

shows three unique divisions of places: hamlets, villages and towns. 

In criticizing Brush's classic work Vining (1955) argues that "there 

is no evidence...that exactly three natural partitions may be 

observed..." He implies that Brush's central places are differ

entiated along a functional continuum rather than arranged in a 

hierarchy and that the divisions are made prior to analyzing the 

data. 

A landmark study in Snohomish County, Washington (Berry and 

Garrison, 1958a) provides further empirical evidence for the existence 

of a hierarchy. Three groups of places are delineated, using 

population size and numbers of central activities. The definition 

of a "group" is that each member must be closer to another member 

than to a member of another group. The results of an investigation in 

rural Yorkshire (Johnson, 1966a) show that variations in settlement 

patterns there preclude development of a hierarchial geographic 

structure. Instead, the author hypothesizes that the settlement 

pattern of a region has a decisive influence on the distribution of 

central functions and places within a hierarchy so the goods may be 

absent even when the total population of an area could support them. 

There may be, therefore, no correlation between settlement importance 

and population size as many studies have indicated. Rowley (1971) 

concludes that in southwest Wales there is no general coincidence of 

trade areas between different orders, in contradiction to 
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observations made in Iowa (Berry, Barnum, and Tenant, 1962). In 

Wales the market areas of similarly ranked places overlap whereas 

the trade areas of lower centers do not generally terminate within 

these zones of imbrication. 

Berry and Garrison (1958 a,b,c) conducted much of the early 

empirical work on the form of city systems. Their work indicates 

that central place theory is more applicable and understandable when 

reformulated in simple concepts and released from the constraint of 

excess profits. They assert that the interrelationships between 

threshold and range are sufficiently regular to lead to hierarchial 

differentiation of centers though not to a formal arrangement of 

trade areas (Berry and Garrison, 1958c). This somewhat freer inter

pretation with its emphasis on structures of centers rather than 

market area patterns is founded in empirical research itself and 

has been adopted as the major framework for a majority of recent 

empirical studies by other scholars. 

Another study by Berry (1967) not only continues to develop 

theory but also upgrades the quality of empirical work. He attempts 

to evaluate the properties of a Midwest central place system by asking 

farmers and urban residents where they shop for certain goods. The 

trade area size and population served are estimated for each place 

and each is located within a five-tier hierarchy. Much of the work is 

an exercise in curve-fitting, graphing trade area size, number of 

establishments, number of business types, and population against each 

other in an effort to determine and compare properties of various 

sized places within the system. Berry makes several observations 
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about market areas: (1) they seldom overlap except in a limited 

peripheral "zone of indifference;" (2) "centers" are indeed 

close to the geometric centers of their markets; (3) as scale 

requirements fall entrepreneurs can exploit consumer desires to 

minimize travel by squeezing smaller centers between larger ones; 

and (4) small centers perform only a limited number of small scale 

activities whereas large centers perform a range of activities and 

serve a variety of areas of different sizes (pp. 11-13). 

While the debate over a hierarchial ordering of goods and 

urban places versus a continuum may never be resolved, Berry sees 

compatability between the two. The hierarchy is more apparent 

at the regional level. At the national level however, a continuum 

of places becomes evident. 

Spatial Behavior Analysis 

Central place and subsequent studies are concerned with the 

spacing, size, and distribution of cities in an urban system. The 

theoretical structure, however, is partially contingent on assumptions 

about the spatial elements of consumer behavior. It is therefore 

important to know how far actual behavior patterns deviate from their 

proposed form. If this behavior is a major factor in the potential 

structure of urban places, as asserted by Curry (1967), Berry (1968), 

and Nystuen (1967) then 

the most obvious deficiency in the growing volume of 
literature on central place theory and central places 
is the lack of direct information on the actual spatial 
movements and expenditures of individuals (Go!lege, 
Rushton, and Clark, 1966, p. 261). 
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This is not to deny that "economic man" has been an important tool 

in model development. Rather, the emphasis on individual decision

making reaffirms that the behavioral approach is concerned with 

identifying regularities in actual, not optimal»l>ehavior. Variations 

in individual and group behavior have a clear impact on the provision 

of goods and services, as well as the locations from which firms 

operate. 

In an effort to provide some of the deficient data on 

individual behavior within an urban system, Rushton, Gollege, and 

Clark (1966) conducted interviews to ascertain the minimum and 

maximum distances consumers travel to purchase certain goods. From 

their results it appears that a "least-effort" principle dictates 

behavior. Even though consumers travel similar mean distances for 

different commodities, the variability in distances for these goods 

(measured in standard deviations) differs substantially. The study 

also questions the validity of the distance minimization postulate. 

It appears that the consumers patronize the nearest center offering 

a good only when it falls into the "convenience good" category. 

The assumption is much less satisfactory when consumers are buying 

shopping type goods. In another study the same authors examine the 

behavior of the rural Iowa population and conclude that the 

hypothesis that consumers patronize the nearest center offering 

the desired good leads to a correct prediction of only 35% of the 

towns people chose for their major grocery purchases (Rushton, Gollege, 

and Clark, 1967). 
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Working in New Zealand on a similar study, Clark (1968) 

tests two hypotheses: 1) that consumers purchase goods at the 

nearest center and 2) that there is no significant difference in the 

distances travelled for the same good from different sizes of centers. 

He, too, concludes that fewer than one-half of the consumers will go 

to the nearest center. The study also indicates that consumers 

will travel significantly greater distances to get to the central 

business district of a city or to larger centers. Not unexpectedly, 

the proportion of the sample using the nearest store is higher for 

low-order centers. These findings support Christaller's assertion 

that "the range of a good is greater when it is offered in a larger 

central place than whe it is offered in a smaller central place" 

(p. 50). Although it may be appropriate to reject the hypothesis 

that the ranges of identical goods distributed from different order 

centers are the same, this does not mean that there is no order in 

spatial behavior. 

Analysis of consumer travel behavior has proceeded under the 

auspices of the range of a good within the general urban place 

framework. Christaller hypothesized that four factors influence 

consumer travel: 1) the size and importance of a central place; 

2) the "price willingness" of a buyer; 3) subjective economic 

distance; and 4) the type, quantity, and price of a good. According 

to Murdie (1965) subsequent research suggests that instead of 

Christaller's categories, a better classification of forces influencing 

consumer travel would include: central place importance, cost factors 
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socio-economic status, and time-effort. Consumers of different social, 

economic, and cultural backgrounds select different levels of the 

hierarchy from which to obtain goods. For example, low income custom

ers shop in small local centers, and infrequently travel to higher-

order centers for more specialized functions (See Rushton, 1969; Yeates 

and Garner, 1976). High income customers, on the other hand, are more 

likely to purchase both shopping and consumer goods on multipurpose 

trips to larger centers (Murdie, p. 212-213). 

One view of the central place system sees it as the inter

action of the factors of supply and demand of goods and services. 

Murdie's study examines the demand side; specifically, it is a 

comparative analysis of factors influencing the travel behavior of 

Old Order Mennonites and "modern" Canadians living in the same area 

of Ontario. The Mennonites were selected inasmuch as they represent 

the opportunity to study a group of consumers who maintain the 

characteristics of an earlier time in spite of increased incomes and 

improved transportation. In a stratified random sample, Mennonite 

and Canadian households were interviewed concerning places and 

frequency of purchase and selected goods and services. Travel for 

"modern" goods produces the most similar behavior patterns between 

the two groups. These include those higher order functions (banks, 

appliance stores, etc.) which developed after the old Mennonite 

culture was first established. Sharp contrasts show up on maps 

indicating travel behavior for clothing and shoes. Travel by "modern" 

Canadians follows established notions of behavior while Mennonite 
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travel is highly localized. Murdie concludes that the range of a 

good is best expressed by centrality but that inter-group differences 

in behavior suggest that socio-economic influences on mobility 

should also be considered. Similarly, French Canadians in Ontario 

patronize markets in towns containing predominantly French-speaking 

inhabitants while English Canadians shop where most people are 

English-speaking (Ray, 1967). 

Spatial behavior is not only influenced by the character

istics of the consumer, but also by the environment in which the 

decision-making unit operates. According to Lentnek, Lieber, and 

Sheskin (1975), the characteristics of this environment are a 

function of the level of economic development. Letnek et. al_. 

use comparative analysis in areas with significantly different devel

opment levels - Iowa and Auguscalientes, Mexico. Their findings 

indicate that rural Mexicans place a higher premium on distance than 

do rural Americans when making purchases. Rural Americans demonstrate 

a greater propensity to substitute larger town size. The suggestion 

is made that each group lies at a different stage in an evolutionary 

cycle and that as levels of development change so will consumer 

behavior. 

The behavioral studies cited above suggest that there are 

many factors contributing to the spatial behavior of consumers, 

which in turn affects the distribution of shopping opportunities. 

Studies investigating the linear relationship between the number of 

establishments and numerous independent variables have been conducted 
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in many regions. Gibson and Reeves' work in Arizona (1974) suggests 

that orderly relationships between town size and functional com

plexity do exist even though settlements differ in several respects 

from those prevailing in an ideal central place landacape. The 

number of establishments is determined to be a function of highway 

distance to the nearest town of greater functional complexity, 

out-of-state traffic volume, assessed property value, population of 

the town and its hinterland, and percentage change in town population 

between 1960 and 1970. Together these five independent variables 
? 

yield an R of .938. It is important to remember though, that the 

dependent variable is number of establishments and no consideration 

is given to the nature of the functions. 

Ferber (1958), using a sample of 51 Illinois communities 

forms regression models relating retail sales with factors such as 

income and population of the community, the distribution of wealth 

among local families, distance to the nearest larger community, 

and distance from both Chicago and St. Louis (the central cities of 

the area). Only distance to the next larger city and population 

were statistically significant among independent variables. Population 

and traffic volume have also been used to determine trade volume in 

rural palces in western Illinois (Clements, 1978). Their predictive 

power is considerable although the presence of a metropolitan core 

somewhat destroys the utility of traffic volume as a correlate. 

According to Stafford (1963), the relationship between the number of 

establishments and population size in small towns in southern Iowa 
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is very close (R = + .892). The best fit regression line shows a 

curvilinear relationship indicating that variations in town size 

in the smallest centers are associated with disproportionately large 

variations in the number of functions. Conversely, in larger towns, 

comparatively fewer functions were added with each increment of 

population growth. This is essentially the same relationship Thomas 

(I960) finds in Iowa. 

Carter, Strafford, and Gilbert (1970) use Wales as a study 

region for investigating properties of an urban system. Because of 

the area's physical and historical complexity, it was suspected that 

a low degree of correlation between the number of establishments and 

population might result. The conclusions show these suspicions to 

be unfounded. On the other hand, the relationship is "too good" 

because it holds not only when towns function as retail/service centers 

but also with the introduction of extra-local functions which should 

theoretically produce significant deviations. 

Summary 

Researchers attempting to analyze the characteristics of 

an urban system, and particularly the allocation of retail and service 

functions within such a system, have frequently relied on tenets of 

central place theory. Since the 1930s when Walter Christaller 

espoused the main ideas of this body of theory, the concepts and 

theoretical constructs have been debated, modified, and expanded to form 

one of the most substantial literatures in the entire geographic 
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discipline. In recent years more emphasis has been placed on 

empirical studies trying to relate theory to real urban systems in 

a useful way. Much of the work is classified as behavioral in nature, 

in that the rigid assumptions about consistent, rational "economic 

man" are modified. 

Despite voluminous amount of research, some serious gaps 

still appear to remain. Studies in spatial behavior suggest numerous 

consumer characteristics having an impact on shopping location, yet 

other researchers have been limited in their inclusion of such 

variables. Linear regression has been used frequently to predict the 

number of establishments in an urban place, but functional types have 

been ignored. The idea of representational levels for functions does 

not even appear in the literature. 

Two additional phases of this project are not highly visible 

in the journals and periodicals. Threshold analysis is one of these. 

Many of the studies cited are predicated to some extent on the concept 

of a threshold and most devote a paragraph or two to its definition, 

yet only a very few develop a technique for estimating its value. 

The methods used by Berry and Garrison (1958), Marshall (1969) and 

Haggett and Gunawardena (1964) are presented in Chapter 6. 

The second interesting though much neglected element of 

locational analysis is the multiplication of firms. A major assumption 

underlying central place theory is that a producer of a certain good 

will attempt to locate as far from his competitors as he can. A 

second body of literature, however, presents arguments on why firms 

find it advantageous to cluster (Hotel!ing, 1929). In any case, the 
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existence of numerous establishments performing the same function has 

been confirmed in a considerable number of studies. This phenomenon 

is of interest in that it seems to contradict existing theory. Parr 

and Denike (1970) point out that one of the salient features of Losch's 

model is the existence of a single producer for each good offered at 

a place. They argue, however that Losch's underestimation of demand 

may lead to excess profits sufficient to entice other producers into 

the market. This subject is dealt with more completely in Chapter 6. 



CHAPTER 3 

RESEARCH DESIGN 

The concepts and ideas summarized in the previous chapter sug

gest that consumer demand is spread over space in an orderly and 

knowable fashion, and that this demand is satisfied by the appearance 

of establishments providing various goods and services. Thus the 

allocation of establishments providing these goods and services can be 

understood if the various socio-economic, demographic, and locational 

factors influencing it can be identified. To operationalize the task 

of simultaneously considering these variables, linear regression can be 

used. This statistical technique has a historical precedent of use in 

this research area as evidenced in Chapter 2. Furthermore, regression 

has the advantage of being able to take a series of data from an 

unorganized, chaotic world and simplify it so that some ordered 

pattern appears (Blalock, I960). This aspect is essential to the 

model's utility as a planning and policy-making tool. 

Regression analysis attempts to discover the relationships 

between variables and to state the nature of that relationship 

precisely in mathematical terms so that the value of one variable can 

be predicted on the basis of the value of others. In this study, the 

dependent variable being predicted is the number of establishments of 

a given function. The independent variables used to arrive at this 

number are the twelve community-specific demographic, economic,'and 

27 
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locational characteristics which are discussed iri the next section 

of this chapter. The rather unique data set of Arizona communities, 

and the seventeen retail/service functions used as dependent variables 

are also discussed. 

The Regression Model 

The basic regression model as developed here thus takes the 
A A A 

following form: E = + e2X2 +...Bn(Xn) 

where E = the estimated number of establishments of a given 

function 
A 

B0 = estimate of the intercept (regression constant) 
A A 

$1...6n = estimated coefficients 

X-j.. .Xn = variables 

n = the number of variables determined to be 

statistically significant where the maximum 

n-value is 12 

Hypothetically, each function could have an individual equation 

where n=12. More realistically, however, each will have a unique 

equation containing only perhaps four or five variables which have 

been shown to be statistically significant in a step-wise regression 

procedure. Once the constant and coefficients have been determined 

using the entire data set, it becomes a relatively simple matter to 

enter the values for any community and ascertain the level of service 

it should be able to provide for any function. The disparity between 

what can be expected and what actually exists can become the basis for 

polity-making for companies or local development agencies. 
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In formulating hypotheses concerning the spatial association 

of the dependent variable and selected independent variables it is 

important to keep the notion of a threshold in mind. In order for an 

establishment to remain in existence, consumer demand for the goods must 

be sufficient. This suggests that some measure of demand should be 

incorporated into the model. Demand, in related studies, has usually 

been measured in terms, of population. Ideally, wealth or total market 

area income would be used but the data are often hard to obtain. 

Population, in almost all cases, is subjected to a logarithmic trans

formation (See Berry and Barnum, 1962; Berry, Barnum and Tenant, 1962; 

Gibson and Reeves, 1974) because of empirical evidence suggesting the 

rationale of it. 

A second central place notion that needs to be considered in 

the construction of such a model is the range. People will travel 

only so far to obtain a good before purchasing it at another location 

or foregoing its consumption. The attraction of another place may be 

due either to its proximity or to its provision of more services. 

Again, there has been a strong historical tendency to incorporate some 

measure of these into predictive models. 

The inclusion of additional variables has been suggested pre

dominantly by the work of the behavioral geographers. The degree to 

which they prove to be an adequate explanation of area! variation 

between phenomena is revealed by the analysis in Chapter Four. More 

than forty variables were subjected to preliminary investigation. 

Of these, some have been rejected because of insufficient data at a 

community level while others have been eliminated to avoid duplicate 
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measurement of the same factor. 

Independent Variables 

Ths list of variables discussed below indicates those 

demographic, economic and locational factors presumed to have the 

greatest impact on the allocation of trade establishments. The codes 

in parentheses are the computer name for each variable and the 

abbreviation by which each will be called hereafter. 

Demographic Variables 

Population (LGPOP). 

In theory, functional complexity is assumed to be a function 

of aggregate demand, which in turn is a function of population. That 

a large place serving many people will have more establishments than 

a small place is intuitive. Just as it has more total stores, so it 

should have more of each type of establishment. This relationship 

has been demonstrated in numerous studies (See Berry, 1967; Ferber, 

1958; Gibson and Reeves, 1974; Carter, Stafford, and Gilbert, 1970; 

Clements, 1978). Ideally, population data will include not only the 

settlement population but also that of the hinterland. Although these 

data are hard to obtain with any degree of accuracy, where a 

"community" is actually comprised of two or more individual towns 

functioning as a single economic unit, the population of each is in

cluded. Because most towns in Arizona are relatively isolated and 

do not support the dense hinterland populations found elsewhere, 

this omission is not seen as serious. 
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The population estimates have been subjected to a logarithmic 

transformation for several reasons. Berry and Garrison (1958b) have 

suggested that because of economies of scale and other aggregative 

advantages, any increase in the number of stores is largely related 

to population growth and will fit an exponential relationship. More 

people are needed to bring the third establishment into a place than 

the second, etc. In addition, by using the transformation, results 

are not biased by a few large places. Finally, comparisons can be 

made with previous studies using this logarithmic transformation on 

population. 

Population Under 15 Years Old (POP!5). 

This variable is designed to account for the influence of the 

family unit and is suggested by factorial ecology. It is assumed that 

a large number of children implies a large number of families. Larger 

family units necessitate the more frequent purchase of particular 

goods. Other durable goods usually appearing once in a household 

(e.g. major appliances) will be purchased less often in a place of 

few large families than in one of many smaller families. This variable 

is measured in percentage form rather than as in absolute form so as 

to allow for size differentials between communities. 

Population Over 65 Years Old (P0P65). 

The importance of using age breakdowns when considering 

consumer behavior is demonstrated by Dodd (1950). Although he used 

age in the construction of a gravity model, its applicability still 
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holds. Another suggestion that life-cycle stage is an important 

variable in cultural differences is its frequent inclusion in city-

classification schemes (Berry, 1972). The elderly will also avail 

themselves of certain goods and services (doctors, for example) with 

greater frequency than other groups. Again, the model is calibrated 

for the percentage of the total population that is over 65. 

Population Male (PMALE). 

This variable does not explicitly appear in another study 

but is hinted at in work with gravity models (Carrothers, 1956). It 

has been included to account for the assumed differences in shopping 

behavior between men and women. The variable used in the equations 

represents the percentage of the population in each community which 

is male. It is interesting to note that of all the variables, this 

one changes the least over the data set; it has a range of approx

imately four percentage points (48% to 52%). 

Population Hispanic (PHISP). 

Murdie (1965), in investigating shopping behavior found 

significant variations between two cultural groups - Mennonites 

and "modern" Canadians. In the Arizona context, a more desirable 

variable is one that reflects the proportion of the population which 

is nonwhite. Arizona census data report persons of Spanish origin 

in such a way that they may be classified as either white or non-

white. Consequently, the variable in the equations is registered as 

the percentage of the population which is Hispanic without regard 
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to the question of race. Because of the difficulty in obtaining 

time-series data which are comparable, 1980 census data have been 

used on the assumption that such proportions will not have fluctuated 

much during the brief time span of the study. 

Population Indian (PINDN). 

The Indian population represents the only other substantial 

ethnic group in Arizona whose shopping behavior may influence the 

functional complexity of places. Indians are included for the same 

reasons as people of Spanish origin - to allow for cross-cultural 

variations in behavior - and they are entered into the model in the 

same way. 

Chanae in Population Over the Last Five Years (CHANG). 

Population change tries to account for the changing nature 

of settlements, something Christaller's static theory does not. Berry 

and Garrison (1958a) suggest that the acquisition of services and 

retail establishments may lag behind population expansion. Towns which 

are growing quickly may have fewer establishments than their size would 

indicate. Conversely, towns rapidly losing population may tend to 

have more businesses than expected. Gibson and Reeves (1974) demon

strate a negative relationship between establishments in Arizona towns 

and population change between 1960 and 1970. It is hypothesized here 

however, that more recent growth will be seen as encouraging further 

growth and lead to more establishments* Thus a positive relationship 

can be anticipated as readily as a negative one. Change is measured 

between 1970 and 1975 or 1975 and 1980, depending on the survey date 
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for each community. 

Economic Variables 

Median Family Income (INCOM). 

Income is used as a surrogate to take into account the effects 

of the spatial variation of wealth upon aggregate demand. Christaller, 

in the development of his theory, discusses the significance of 

variable income (1966, p. 34-35). Although he realizes that all 

people do not have equal income he chooses to ignore the variable for 

lack of an appropriate measure. In the construction of an empirical 

model such an assumption is unrealistic. Stewart (1958) finds that 

a higher standard of living allows consumers to purchase more manufac

tured goods and services. Gibson and Reeves (1974) use assessed 

property value to allow for variable wealth and also obtain a posi

tive relationship. Ideally, the model should be calibrated for the 

total market area income. Clearly, this will be strongly influenced 

by population size so family income is used to avoid measuring 

population twice. 

Unemployment Rate (UNEMP). 

The unemployment rates are included in the model as measures 

of economic stability or instability. High unemployment rates suggest 

lower incomes although the effect is discounted by compensation 

programs. In a town where many people are out of work, expenditures 

will be confined to the more necessary goods and "luxury" establish

ments will not fare well. There is, however, presumed to be a certain 

amount of lag time, much the same as with growth rates. 
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Locational Variables 

Distance to the Nearest Larger Market (DLMKT), 

Much of the research done on urban systems has been conducted 

in areas of uniform topography simulating the isotropic surface 

established in theory. Arizona, however, is an area of highly diverse 

topography and resource allocation so communities are not evenly 

distributed. The distance factor attempts to account for this fact 

and allow for consumers.' willingness to travel further to shop in more 

functionally complex centers (Rushton, Go!lege, and Clark, 1966; 

Rushton, 1969; Murdie, 1965; Lentnek, Lieber, and Sheskin, 1975.) Towns 

with fewer than expected functions may also be influenced by proximity 

to metropolitan centers (Berry, 1960), although the actual size of the 

larger market is not incorporated into the model. 

Distance to the Nearest Interstate Interchange (HIWAY) . 

Gollege, Rushton, and Clark (1966) assert that behavior is 

dictated by a "least-effort" principle. This means not only the 

distance consumers must travel between places but also the ease of 

accessibility. Arizona communities are typically dispersed and the 

small shopping opportunities of hamlets and villages do not exist as 

they do in Iowa (Berry, 1967) or Washington (Berry and Garrison, 1958a, 

b,c). The more difficult a place is to reach, the fewer potential 

customers it will have. The distance to the highway, in miles, 

attempts to measure this ease of access. 



36 

Nonlocal Traffic (NLOCT)^ 

Christaller assumes a closed system without exogenous in

fluences or external income. In the real world, however, such external 

factors cannot be ignored in the construction and testing of a model. 

The use of non-local traffic is an attempt to measure the impact of 

one of Arizona's important externalities-tourism. This variable is 

especially important to highway-oriented businesses such as gas 

stations or hotels where nonlocal demand is felt more strongly than 

other service establishments. Nonlocal traffic includes both commer-

ercial vehicles and cars without Arizona license plates. The number 

will be slightly underrepresentative since in-state travellers are 

not recognized. It is also generally assumed that local commerical 

traffic does not represent significant consumer demand. 

Col linearity Between Variables 

One basic characteristic of scientific inquiry is that simple 

one-to-one relationships are rare. Attempts to understand a phenom

enon as complex as the allocation of functions typically involve 

investigation of a series of causally-related variables. If, for a 

series of places, a number of variables are measured, each will usually 

be associated to some degree with the others. A correlation matrix 

has been generated to test for col linearity between the dependent 

variables (Table 1). A coefficient of 1.0 indicates that two variables 

are measuring the same thing. A value approaching 1.0 would also tend 

to suggest that certain local characteristics are being accounted for 

more than once. 



Table 1 

Collinearity Between Variables 

LGPOP INCOM DLMKT HIWAY POP!5 P0P65 PHIST PINDN PMALE UNEMP NLOCT CHANG 

LGPOP 1.00 

INCOM .33 

DLMKT .19 - .21 

HIWAY - .15 - .41 .29 

P0P15 - .01 .17 - .10 .06 

P0P65 - .14 - .15 - .02 - .08 - .90 

PHISP .16 .24 - .21 - .26 .07 - .25 

PINDN - .07 1 •
 ro
 

CO
 

.04 .23 .51 - .46 - .13 

PMALE - .12 - .00 .23 .07 .40 - .39 - .32 .44 

UNEMP - .17 - .18 .14 .20 - .29 .44 - .31 - .33 - .38 

NLOCT - .16 - .33 .38 - .07 - .19 .08 .01 .28 .23 .23 

CHANG .01 - .42 .23 .64 .18 - .19 - .42 .30 .22 .15 
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As the table shows, the only significantly high relation

ship is between P0P15 and P0P65 (R = - .90) This is not unexpected; 

it is natural that as the proportion of older people increases, the 

proportion of young people will decrease accordingly. The inclusion 

of both variables does not appear to be a serious flaw as later dis

cussion indicates. The relationship between PINDN and P0P15 is also 

fairly high, suggesting that many Indians tend to be young. The 

correlation is low enough, however, to assert that the same feature 

has not been doubly weighted. The coefficients between the remaining 

pairs of variables fall within acceptable limits implying that the 

measures chosen for expressing the local character variations are 

appropriate to the model. 

Dependent Variables 

The primary data set serving as the basis for the regression 

equations' dependent variables (number of establishments) includes 

a list of all businesses operating in 22 Arizona communities (See Table 

2 and Figure 6). The data have been collected regularly by students 

in the University of Arizona's Department of Geography and Regional 

Development. The towns included in this set were all surveyed between 

1975 and 1981. Three communities appear in the data set more than 

once. Significant changes in size and structure in each case allow 

them, however, to function for all intents and purposes as two 

separate observations. 

The methodology by which the data are collected has been 

consistently maintained. Each community is divided into sections which 
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Table 2 

Towns Included in the Data Set 

Town Year Surveyed 

Benson^ 1977 
Bisbee 1975, 1981 
Chandler 1981 
Gilbert 9 1978 
Hoi brook 1976 
Lake-Havasu City 1978 
Page 1976 
Parker 1978 
Payson L 1976 
Safford 1976 
Sedona 1976 
Showlow j- 1977 
Snowflake 1977, 1981 
Springerville 1977 
St. Johns 7 1977, 1981 
Verde Valley 1976 
Wickenburg 1977 
Will cox 1977 
Williams 1978 

1. Includes St. David 
2. Includes Joseph City 
3. Includes Glen Canyon 
4. Includes Pima and Safford 
5. Includes Taylor 
6. Includes Eager 
7. Includes Cottonwood, Clarkdale, Jerome, Rimrock 

and Camp Verde 
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are completely canvassed on foot to count each business, including 

those operating out of private residences and in inconspicuous 

locations. An interview is conducted at each establishment and 

information is collected on employment, primary function, location 

of customers, etc. For the purposes of this investigation, only 

the data on primary function have been used. In the event that an 

establishment is closed or the manager refuses to grant an interview, 

its presence is still accounted for by a partially completed 

questionnaire. Lists of establishments in each town are checked 

against telephone directory and Chamber of Commerce listings (where 

available) go guarantee total coverage. 

The classification scheme for primary functions follows that 

presented in the U.S. Office of Management and Budget's Standard 

Industrial Classification Manual which specifies establishments to a 

four digit level. The retail and service sectors in the manual 

encompass several hundred functions. Constraints of time and practi

cality preclude the determination of a separate model for each. For 

this reason seventeen functions have been selected for investigation. 

These functions are: 

Hardware Store (SIC 5251) 
Grocery Store (SIC 5411) 
Service Station (SIC 5541) 
Men's Apparel Store (SIC 5611) 
Women's Apparel Store (SIC 5621) 
Shoe Store (SIC 5661) 
Appliance Store (SIC 5722) 
Tavern (SIC 5813) 
Sporting Goods Store (SIC 5941) 
Jewelry Store (SIC 5944) 
Florist (SIC 5992) 
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Hotel (SIC 7011) 
Dry Cleaner (SIC 7216) 
Photography Studio (SIC 7221) 
Physician (SIC 8011) 
Optometrist (SIC 8042) 
Lawyer (SIC 8011) 

These functions were selected to include goods and services 

representative of the entire spectrum of consumer behavior. Empirical 

studies by Berry and Garrison (1958a), Borchert and Adams (1963), and 

College, Rushton and Clark (1966) all identify hierarchical orders of 

goods within particular study areas. The findings are similar but 

whereas Berry groups functions into three orders, the others use seven. 

The set of functions to be used here includes at least one out of 

every hierarchical order presented in each study. Once the methodology 

has been established it can easily be applied to other functions. 

Several types of establishments have been eliminated because 

of problems in the classificatory nature of the SIC manual. For 

example, banks are classified by type of charter and membership in 

the F.C.I.D. Furniture stores are differentiated on the basis of 

whether the merchanidse sold is new or used. Each function chosen has 

only one SIC number under which it can be categorized. The other 

restriction placed on the selection of functions is that each must 

appear in a relatively large number of communities. This Serves to 

eliminate unique functions in which representation would be heavily 

biased in favor of the characteristics of one place. 

The data being used in this study still have several 

limitations despite efforts to minimize these problems. The original 

survey forms for many communities are no longer available so no 
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cross-checking can take place. It is felt that this is not a serious 

obstacle since only the presence of establishments rather than 

employment data are being used. Classification of establishments 

presents another potential drawback. Although the SIC manual is very 

explicit, the ambiguous nature of some establishments may have 

rendered the identification decision subjective. One particular 

example is the restaurant which sells liquor as well as food, where 

neither activity is clearly dominant. This problem has been minimized, 

even if not eliminated, by the selection of only "simple" functions. 

The two problems mentioned above are not presumed to be as 

significant as a third-the variant nature of establishments. In 

smaller communities especially, certain establishments provide a 

variety of different services - functions which will not appear as 

existing because of classification by primary function. A gas station 

which does repair work and maintains a small market or snack bar 

will have the same SIC number as one which provides only self-

service gasoline. A convenience store will fall into the same category 

as a grocery store even though it does not carry a full line of fresh 

produce, meat, etc. 

One additional caution is necessary where the models are 

concerned. The communities on which they are constructed range in 

size from 3,000 to 15,000 people. The smallest sized Arizona towns 

are therefore not represented in the sample. The possibility of adding 

them by referrencing telephone directories has been rejected because 

experience shows only a fair level of accuracy in such a method. 
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These places have not been surveyed in the field because even though 

it could be accomplished given enough time and personnel, secondary 

data for such small places are not available. 

Expected Relationships Between Variables 

The original hypotheses about the anticipated relationships 

between each retail/service function and the independent variables 

are shown in Table 3. A "+" means that the direction of change in the 

number of establishments is expected to be positive while a shows 

an expected negative relationship. Where neither symbol appears, 

the variable is anticipated to have an insignificant affect on the 

number of establishments. In essence, what Table 3 shows are the 

specific dependent variables expected in each regression equation. 

Examination of the table shows that some variables should 

perform consistently throughout the study (e.g. LGPOP and INCOM) 

while others should not. Only five of the twelve variables are 

expected to be statistically significant in each model. Some of the 

reasoning behind these expectations has been suggested in the 

discussion of each independent variable. They are also commented on 

more completely in Chapter Four where the actual relationship signs 

and significant variables are presented. 

Summary 

Operationalization of a multiple variable model for estimating 

thresholds and multiplication rates seems most adequately handled by 

regression techniques. This method allows the simultaneous inclusion 

of several independent variables which have been suggested by the 



Table 3 

Expected Relationships Between Variables 

LGPOP POP!5 P0P65 PHALE PHISP PINDN INCOH UNEHP DLHKT HIWAY NLOCT CHANG 

Gas Station + + + 

Grocery Store + + + -

Hardware Store + + + -

Hotel + + + + 

Appliance Store + - + + -

Jewelry Store + - + - + + -

Optometrist + + + + -

Tavern + - + + + + -

Physician + + + -

Shoe Store + + + + -

Hen's Apparel + + + + -

Women's Apparel + - + + -

Dry Cleaner + - + + -

Sporting Goods + + + + -

Photographer + + + -

Florist + - + + -

Lawyer + + + -
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empirical studies of numerous geographers but which, until now, have 

not all been incorporated into a single model. The twelve variables 

hypothesized to have the most significant influence on the allo

cation of functions have been broken down into three categories: 

demographic, economic, and locational. Their inclusion, in most cases, 

is justified by previous studies in which they contributed to urban 

system analysis. Hypotheses about each variable's performance have 

also been stated. 

These hypotheses are being tested using a data set which 

consists of twenty-two Arizona communities. The indepent variables 

are the numbers of each type of retail and service functions found in 

each of these places. In the interest of time and space, only seven

teen functions are included in this study, but once the methodology 

has been perfected, it can be applied to any other function. 



CHAPTER 4 

INTERPRETATION OF RESULTS 

Using the SPSS computer program regression routine, the 

hypotheses put forth in the last chapter are tested. Two types of 

procedures are used: stepwise regression and regular multiple 

regression. Stepwise regression includes all independent variables 

and defines the maximum "explanation" the model can achieve. Multiple 

regression allows us to put limits on the T statistic and thus 

eliminate those variables not reaching chosen levels of statistical 

significance. A discussion of these models constitutes the initial 

part of Chapter 4. Once the models have been shown, the residuals 

from regression are analyzed to ascertain if any biases exist. In 

other words to see if the predictive capabilities are better for 

certain types of cities. 

In Chapter 3, the expected relationships between variables 

were shown. In this chapter, the actual associations between the 

dependent and independent variables are reviewed. Differences between 

actual and expected performance are noted and possible reasons for 

the discrepancies are suggested. 

Throughout this study, applicability has been emphasized as 

much as theoretical construction. In the final section of this chapter 

the community-specific values for the appropriate variables are entered 

into the models and the number of each type of establishment each 

47 . 
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community should have is estimated. The results for selected 

functions are shown. Community and/or corporate locational decisions 

may be based on the difference between the number of shops a place can 

accomodate and the number it has. 

Two Regression Approaches 

Regression models were calculated two ways. Initially, 

stepwise regressions were derived for each function in an effort to 

explain as much of the variation in retail/service establishments as 

possible. In the stepwise procedure the first variable entered 

explains more variation in the dependent variable than any other; 

the second one entered accounts for more of the remaining variation 

and so on until all variables have been entered and the maximum 

explanatory capability has been realized. Persons wishing to utilize 

the procedure but wanting to obtain only minimal amounts of data can 

thus choose to include only those variables in the steps they feel 

will given them satisfactory results while eliminating the rest. The 

stepwise equations for each function are presented in Appendix B. As 

might be expected, LGPOP is entered first more often than any other 

variable. DLMKT is also frequently the first variable entered. 

Because of the way the program is set up, variables which contribute 

essentially nothing to the equation are omitted and thus do not appear 

as steps in some instances. 

The amount of variation in the number of establishments ex

plained by all variables ranges from 44% for photography studios to 
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94% for physicians and for hotels. Five functions have R values 

less than .70. In each case the good or service is of a relatively 

high order, suggesting that perhaps this method for determining repre

sentation levels is more suited to low order functions. It should be 

2 noted, however, that each function with a low R is absent from many 

communities and makes up a very small proportion of the total number 

of establishments in the sample. A larger data base including more 

towns on the lower and higher ends of the size spectrum would likely 

yield more reliable results. 

A second set of regression equations was calculated for each 

function still trying to account for as much variation as possible 

but keeping only those variables determined with an T statistic 

significant at the .05 level. Stepwise procedures controlling T 

parameters and the original hypotheses on variable performance were 

combined in a more or less judgemental basis to achieve the best 

equation for each function. These equations are presented below. 

Multiple regression is a descriptive tool which shows how the change 

in a set of independent variables will affect a change in the dependent 

variable. The procedure presupposes that there is in fact some varia

tion in the dependent variable requiring explanation. Although the 

functions chosen were considered common enough to be located almost 

ubiquitously, six of them exhibit insufficient variation in the 

frequency of appearance to justify analysis. Those functions which 

have consequently been omitted from the study are: sporting goods, 

men's apparel, shoe stores, appliances, photographers, and dry 
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cleaners. Although the total number of establishments offering a good 

may attain an acceptable level, the range between the minimum and 

maximum number of establishments in any community for those six 

functions is zero to four (See Table 4). The best equations for the 

remaining functions are shown in Table 5. 

The concept of threshold focuses on the idea of demand. 

As stated previously, in order for establishments to remain in business 

consumer demand for their goods must be sufficient. Yet in several of 

the equations no measure of demand was determined to be significant. 

In this study, the only variable actually accounting for demand is 

L6P0P. Income can often be used as a surrogate except that here 

income is measured as median family income rather than total income in 

the market area. Traffic volumes may also be indicative of demand 

except that they are measured in percent. Population was determined 

to be insignificant in several of the functions omitted, which is 

not unexpected. For two other functions, hardware stores and women's 

clothing stores, the lack of a demand variable is also a reasonable 

finding inasmuch as the explanatory capabilities are poor. Hotels, 

however, prove to be unusual. INCOM, P0P15, PINDN, PMALE, and CHANG 

explain over 87% of the variation in the number of establishments with 

no apparent logic and no measure of the magnitude of demand. 

Expected Versus Observed Variable Performance 

The socio-economic, demographic, and locational variables did 

not perform entirely as expected. In many instances, variables 
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Table 4 

Ranges and Total Numbers of Establishments in the Data Set 

Range of Total. 
Number of Number 

of Establishments of Establishments 
in a Community in Data Set 

Hardware Store 1-5 48 

Grocery Store 5-20 181 

Service Station 3-31 250 

Men's Apparel 0-2 13 

Women's Apparel 0-9 51 

Shoe Store 0-3 16 

Appliance Store 0-6 28 

Tavern 1-11 107 

Sporting Goods Store 0-4 28 

Jewelry Store 0-16 76 

Florist 0-6 35 

Hotel 2-31 242 

Dry Cleaner 0-3 14 

Photography Studio 0-1 7 

Physician 0-9 66 

Optometrist 0-4 20 

Lawyer 0-9 65 



TABLE 5 

Regression Constants, Coefficients, and Rzs for Selected Functions 

Function Constant LGP0P P0P15 P0P65 PMALE PH1SP PINDN CHANG INCOH ENEMP DLHKT HIUAY NLOCT R2 

Hardware 6.00013 -.0083247 
(-2.28) 

-.00023 
(-3.32) 

.0273082 
(3.80) 

.0395117 
(-2.57) 

.58B 

Grocery -129.971 14.2455 
(4.57) 

.500197 
(2.11) 

.638871 
(2.74) 

1.34912 
(2.B7) 

.292940 
(3.19) 

-.0004249 
(-2.03) 

.652 

Service 
Station 

-U0.212 11.7991 
(3.06) 

.40788 
(2.82) 

1.65034 
(2.55) 

.252295 
(2.17) 

.661161 
(2.59) 

-.000792 
(-2.51) 

-.079577 
(-2.36) 

.716 

Women's 
flpparel 

1.03502 .028556 
(2.16) 

.190 

Tavern -38.0727 4.94914 
(2.82) 

-.291803 
(-4.15) 

.617533 
(2.24) 

.111163 
(2.62) 

.377437 
(2.84) 

.048984 
(2.91) 

-.035438 -
(-2.28) 

.067864 
(-2.88) 

.812 

Jewelry -26.12428 6.06275 
(3.53) 

.426054 
(5.0B) 

-.546509 
(7.45) 

.777 

Florist -2.79561 1.87795 
(3.37) 

-.095930 -
(-2.17) 

.981121 
(-2.32) 

-.0418316 
(2.47) 

-.00484B 
(-2.04) 

.0000834 
(1.92) 

.016725 
(3-93) 

.844 

Hotel -71.5135 -.723990 
(-5.82) 

2.30595 
(4.80) 

.98282 
(4.44) 

-.081444 
(-6.18) 

.00081371 
(-3.11) 

.874 

Physician -56.4711 13.7946 
(8.79) 

-.454622 -
(-3.67) 

.229878 
(-1.93) 

.572031 
(2.27) 

-.202681 
(-4.04) 

-.033549 
(-2.62) 

.913 

Optometrist -7.49655 2.13202 
(3.30) 

.0412467 
(2.15) 

.420 

Lawyer -43.7626 6.68712 
(7.80) 

.171138 
(5.54) 

.410715 
(2.69) 

.0471664 
(2.11) 

-.032875 
(2.33) 

.846 

Numbers tn parenthesis are T-score values. 

c_n 
no 
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hypothesized to have strong positive or negative relationships with 

the dependent variable are determined to be insignificant (See Table 

6). Other variables thought to be insignificant often show strong 

relationships. 

Population appears to be the most important variable, as 

theory suggests. It is statistically significant in the equations 

for eight of the eleven functions. In each case it also shows a 

positive relationship. Not only does this finding substantiate the 

hypothesis about LGPOP's performance but also indicates consistency 

in the bahavior of the variable. Several other independent variables 

show the same sign each time they appear in an equation (PMALE, PINDN, 

HIWAY, NLOCT) but they do not appear as frequently. Furthermore, 

none of these were expected to show such consistency. 

Two variables perform completely contrary to expectation. 

The first of these in INCOM. Income was originally assumed to show a 

strong positive relationship to the number of establishments on the 

basis that the more income people have to spend the lower will be the 

thresholds (in people, not sales) for each establishment and the 

greater will be the number of establishments a given number of people 

can support. INCOM is a significant variable for only five functions, 

and with the expection of florists the relationship has a negative sign. 

It may be that the functions elected represent income-inelastic goods, 

so people continue to purchase them even if incomes fall. Flowers, 

on the other hand, may be more of a "luxury" item. This should also 

hold true for jewelry stores except that INCOM is not in the equation. 



Table 6 

Significant Variables and Their Signs 

LGPOP POP15 POP65 PMALE PHISP PINDN INCOM. UNEMP DLMKT HIWAY NLOCT CHANG 

Hardware Store + -

Grocery Store + + + + + -

Service Station + + + + + - -

Women's Apparel + 

Tavern + - + + + - - -

Jewelry Store + + + _ + 

Florist + - - - + + -

Hotel - + + - -

Physician + - - + - -

Optometrist + + 

Lawyer + + + + • -
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CHANG is the second variable whose behavior is unexpected. 

The original assumption was that growth is looked on favorably 

and encourages new shops to locate. The variable is shown to be 

significant for four functions but for only one - jewelry stores -

is the relationship positive. This suggests that perhaps Berry is 

right about developmental lags. Another plausible explanation is 

that growth encourages economies of scale and several small grocery 

stores, for example, are being replaced by one large chain supermarket. 

Towns losing population will have more establishments because the 

decision to keep a failing business is easier to make than the decision 

to open a new one. Rapid growth may also be viewed as a sign of in

stability making entrepreneurs cautious not to get caught in the 

downward swing of a "boom-bust" cycle. 

Three variables were expected to be important for almost 

all functions but in fact turn out to be relatively inconsequential. 

Unemployment should correlate negatively with all functions due to 

an implied loss of income yet is significant in none of the equations. 

In this instance it may be necessary to consider the difference between 

short term and long term effects. Current unemployment rates may be 

less meaningful than those four or six months previous. Consumers will 

deplete savings for some period of time before changing shopping 

behavior. NLOCT also turns out to be less important than anticipated. 

It was intended to account for external demand, namely tourism, yet 

only hardware stores, bars, and lawyers offices show a significant 

relationship. All three have negative signs, indicating that local 

clientel is more important. Surprisingly, highway tourist-oriented 



functions such as hotels and service stations do not seem to be 

strongly influenced by the proportion of nonlocal traffic. Gross 

traffic volumes might yield substantially different results however. 

PHISP, PINDN, and HIWAY are of greater consequence than 

initially hypothesized. Both PHISP and PINDN were expected to show 

up strongly only in the equation set for taverns. This is not to 

suppose that they would not be significant elsewhere. Rather, not 

enough was known about their performance to formulate any initial 

assumptions. HIWAY was assumed to be important for tourist-oriented 

establishments where the traveller does not want to go far from the 

major road to make a purchase. This assumption holds logically for 

service stations but not necessarily for bars and jewelry stores. 

In addition statistical peculiarities appear in several of 

the equations. For example, the stepwise regression equation for 

hotels shows that the single most important variable is the percentage 

of nonlocal traffic - a reasonable finding. Yet in the best fitting 

combination it does not even appear. In another instance, the number 

of physicians and P0P65 have a positive relationship in a simple 

correlation matrix, but in the final equation the sign of that 

relationship becomes negative. 

Both P0P15 and P0P65 are significant independent variables 

in the final equations for three functions - grocery stores, 

florists, and physicians. As discussed in the preceeding 

chapter, the collinearity between them is .90. To ensure that the 

same phenomenon is not being measured twice, each of the four equations 

was calculated using just one of the variables. The only function 
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which shows the same relationships is physicians. The equation shows 

that P0P65 is only barely significant at the .05 level so it was 

2 omitted. R only decreases from .913 to .894. All other variables 

retain their significance and signs. When P0P15 is eliminated instead 

drops to .835 and HIWAY is no longer significant. When either P0P15 

of P0P65 is removed from the other functions, the changes in significant 

2 variables and reductions in R are much more extreme. These results 

lend credence to the suggestion that although POP!5 and P0P65 exhibit 

a high degree of correlation they do not measure the same population 

characteristics and that each has unique influences on the levels of 

retail representation. 

Residual Analysis 

One of the questions this study addresses is whether the 

regression models fit better for certain types of cities. The set 

of Arizona communities was originally examined on the basis of size. 

Residuals from the regression equations were plotted against community 

population to ascertain whether any size bias exists. The graphs 

indicate a lack of size bias so further analysis was omitted. This 

lack of bias means that small towns are not being underpredicted in 

terms of the number of establishments while large ones are being 

overpredicted, and vice versa. 

In another effort to assure an unbiased study, the towns 

were next grouped using a principal components technique. This method 

is used to reduce a large number of inter-related but distinct 

variables to a small number of indices. To illustrate, a substantial 
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number of variables such as total population, urban labor force size, 

and employment levels are highly related reflections of cities' total 

functional size or status in the national urban hierarchy (See Berry, 

1972). To facilitate operations, the variables used in the factor 

analysis are the same twelve independent variables used throughout the 

project. Using a nonrotated orthogonal procedure contained in the 

SPSS program, four broad groups of factors were identified. 

When the factor scores for each town were examined, a set of 

"normal" towns was developed. A "normal" town is one for which all 

four factor scores fall between -1 and +1. These nine towns were 

subsequently used to test the robustness of the models. By eliminating 

towns with abnormally high or low values much of the noise is also 

eliminated. Using the models calibrated for the entire data set for 

just the normal towns, however, is not particularly encouraging. In 

only four equations do any variables remain significant at the speci

fied .05 level. In many instances, the signs of the relationships 

between variables also change. This does not imply that none of the 

variables account for the differences in numbers of establishments 

between "normal11 towns but only that they may not be the same ones 

which describe the entire set. Residuals for the "normal" towns were 

examined to discern if they follow any pattern unique from towns not 

classified thusly. No visible pattern appears; "normal" towns are 

not being incorrectly estimated any more than large or small towns. 

The last city classification scheme directed at locating 

hidden biases was one based on functional similarities (See Smith, 

1965). A correlation matrix between each community and every other 
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community was constructed using as data the percentage of a town's 

total basic employment which falls into nine economic sectors. 

Those sectors are: mining and agriculture; construction; manu

facturing; transportation, communication and public utilities; 

wholesale trade; retail trade; finance, insurance, and real estate; 

services; and public administration. Groupings of towns were then 

made on the basis of the strength of the correlations. The process 

yielded three types of cities. One group has a high proportion of 

basic employment in the manufacturing sector. A second cluster of 

central places shows up with high service employment. A third group 

consisting of Bisbee '75, St. Johns '80, and Page does not have any 

such clear raison d'etre. The first two have been severly impacted 

by energy development while the third lies on an Indian reservation 

near a major recreation area. Several other cities do not correlate 
o 

highly with any other (R of at least .70) and are treated as indi

vidual observational units. The residuals from regression have been 

evaluated in light of these classifications to determine whether 

certain types of towns are being consistently under or over predicted. 

The models constructed in this study do not appear to show 

any biases according to city function. The residuals for manufacturing 

and service towns show no discernable pattern or trend they do not 

cluster consistently above or below the regression lines. Three 

functions - service stations, taverns, and jewlery stores - show 

negative residuals for all three towns in the Bisbee 175/St. Johns '80/ 

Page cluster, but in many cases the residuals are very small. Further

more, these towns correlate because of high employment in the 



60 

transportation sector along with moderately high retail and public 

administration employment, In other words, rather than being 

specialized like manufacturing or service centers, the town economies 

are diversified. Further examination of residuals also shows that 

no individual town, whether otherwise categorized or not, is con

sistently over or under predicted. These findings along with the 

lack of size bias discussed earlier, suggest that this procedure is 

not especially sensitive and is thus applicable to all towns. 

Representation Levels 

Once the models have been constructed and the potential 

biases discredited, a practical application can be demonstrated. The 

level of representation of service is determined by comparing the 

number of existing establishments in each community with the expected 

number as predicted by the models. A predicted number significantly 

higher than the actual number would tend to indicate that the intro

duction of a new establishment can be considered with some justifica

tion. At the same time, when the actual number is larger than the 

expected, or when the discrepancy between the two is marginal, 

viability is not as likely. More in-depth scrutiny of other factors 

would be necessary to make a locational decision in the latter case. 

It is important to remember that while this study acknowledges differ

ences in the size and character of establishments, only their absolute 

presence or absence is built into the model. The predicted number of 
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establishments is found by solving the original equation in its 

initial form. The data specific to each community are multiplied 

by the computer-derived coefficients and summed. 

Analysis of Three Functions 

The three succeeding tables (Table 7 to Table 9) show the 

levels of representation in each community for selected functions. 

Constraints of time and space prohibit discussion of all functions 

but those presented are representative of the set as a whole. The 

remaining tables can be seen in Appendix C. In each table the towns 

are ranked from top to bottom in decreasing population size. A 

positive number in the far right column indicates a condition of 

over-representation. The town has more establishments than it 

can theoretically support. 

The physician function is shown in Table 7. It represents 

the service for which the model yields the highest R (.91). 

Despite this, it is apparent that several large discrepancies occur 

between actual and expected values. This is particularly true for 

the two largest communities which are under-represented by a total of 

over sixteen establishments. A partial explanation lies with the 

fact that Chandler is proximate to Phoenix and in fact borders the 

metropolitan area to the south. As Berry (1960) suggests, metropolitan 

centers dominate smaller centers which lie within their sphere of 

influence and usurp their functions. Thus, those centers located 

within the metropolitan sphere have a poorer set of central functions 
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Table 7 
2 Community Representation Levels - Physicians (R =.91) 

Predicted # Est. Actual # Est. Difference 

Lake Havasu 17.28 8 -9.28 

Chandler 14.93 7 -7.93 

Safford 4.62 3 -1.62 

Bisbee '75 .60 1 + .40 

Verde Valley 9.06 9 i •
 o
 

cn
 

Bisbee '81 3.34 2 -1.34 

Hoi brook 4.50 3 -1.50 

Page 4.35 2 -2.35 

Gilbert 4.10 2 -2.10 

Snowflake '77 .94 1 + .06 

Sedona 7.35 7 - .35 

Springerville .57 2 +2.42 

Parker 2.54 3 + .46 

Showlow 2.92 2 - .92 

Benson 1.71 1 - .71 

Snowflake '81 .03 0 - .03 

St. Johns '77 .52 0 - .52 

St. Johns '80 -2.14 1 +3.14 

Wickenburg 3.91 3 - .91 

Will cox .52 1 + .48 

Williams .69 2 +1.31 
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than those located outside. DLMKT was included to account for this 

and while not statistically significant for the entire data set, it 

is important to Chandler because of the enormity of the nearest 

market. Lake Havasu City on the other hand, is relatively isolated. 

Two communities are substantially over-represented by physi

cians - Payson and St. Johns '80. The latter shows this condition 

because the model predicts a negative number of stores. Realisti

cally, we would expect to find zero stores so St. Johns '80 has 

only one establishment over what it should have. A cursory glance 

down the column suggests that size alone does not determine the number 

of establishments as classical theory supposes. The fourth largest 

town can theoretically support one physician's office at best while 

much further down the list Sedona can accomodate seven. 

Representation levels for taverns are shown in Table 8. 

2 Although R for the equation is smaller than that for doctors,-'the 

exceedingly large differences between actual and expected values do 

not occur. The Verde Valley has approximately three extra bars given 

its local characteristics while Benson and Williams are each under-

represented by two establishments. The table shows a definite trend 

from few establishments in small centers to many in large centers but 

there still exist many anomalies in the order. The variation between 

expected establishments in Bisbee '75 and Bisbee '81 seems to justify 

their inclusion in the data set as two unique observations. 

Table 9 shows the representation for jewelry stores, a function 

for which the predictive capabilities of the model are only moderate. 
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Table 8 
2 Community Representation Levels - Taverns (R =.81) 

Predicted # Est^ ' Actual # Est., Difference 

Lake Havasu 11.51 11 - .15 

Chandler 8.78 7 i 
*
 

•J
 

C
O

 

Safford 9.25 11 +1.75 

Bisbee '75 2.07 2 - .07 

Verde Valley 6.85 10 +3.15 

Bisbee '81 -8.1-1 9 + .89 

Hoi brook 8.42 7 -1.42 

Page 4.44 4 - .44 

Gilbert 3.60 3 - .60 

Snowflake '77 .65 1 + .35 

Sedona 5.80 5 

o
 

00 
» 1 

Springerville 1.84 2 - .16 

Payson 3.87 2 -1.87 

Parker 7.59 9 +1.41 

Showlow 2.79 4 +1.21 

Benson 4.41 2 -2.41 

Snowflake '81 .32 1 + .68 

St. Johns '77 4.50 3 -1.50 

St. Johns '80 3.24 3 - .24 

Wickenburg 2.39 3 + .61 

Will cox 3.11 5 +1.89 

Williams 4.01 2 -2.01 
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Table 9 
2 Community Representation Levels - Jewelry Stores (R -.77) 

Predicted # Est. Actual # Est. Difference 

Lake Havasu 3.83 4 + .17 

Chandler 4.71 5 + .29 

Safford 3.81 0 + .19 

Bisbee '75 1.92 0 -1.92 

Verde Valley 8.01 8 - .01 

Bisbee '81 5.94 4 -1.94 

Hoi brook 8.10 10 +1.90 

Page 5.11 5 - .11 

Gilbert -1.54 0 +1.54 

Snowflake '77 2.19 0 -2.19 

Sedona 11.14 16 +4.85 

Payson 5.00 3 -2.00 

Parker 5.98 5 

CO <T> • 1 

Show!ow .84 4 +3.16 

Benson 1.50 2 + .50 

Snowflake '81 1.20 0 -1.20 

St. Johns '77 - .01 0 + .01 

St. Johns '80 - .01 0 + .01 

Wickenburg 8.89 5 -3.89 

Will cox - .88 0 

CO CO • 

+
 

Williams .42 1 

CO Lf
) +
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The number of establishments in any community ranges from zero in 

several towns to sixteen in Sedona. Not surprisingly, Sedona has 

almost five more stores than expected. It is a popular tourist 

area with numerous arts and crafts shops, many devoted to jewelry. 

It is also a popular retirement community especially in the summer. 

While P0P65 is an independent variable in the equation NLOCT is not. 

Since Sedona's resident population is not as large as the population 

"using" the jewelry stores, the town appears over-represented. 

Jewelry stores, as with the other functions, do not show a size bias, 

having large towns over-represented and small ones under-represented or 

vice versa. Neither is there a strong correlation between size alone 

and number of establishments. Thus, the other variables exert a 

strong influence on the expected number of jewelry stores. 

Summary 

The construction of multivariate models for determining 

representation levels of retail and service functions yield some 

encouraging results. Out of a possible twelve independent variables, 

as many as eight are shown to be significantly significant in a single 

equation. The R s for these equations range from .42 to .93. The 

variables, however, do not perform exactly as expected suggesting 

some reformulation of the original hypotheses. Partial explanations 

may lie in the measurement of certain variables. Residual analysis 

shows no tendency for the models to be biased by size, "normalcy," 

or functional structure of the communities. 
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Application of the models to a planning problem also yields 

some interesting results. Representation levels show that size alone 

is not an adequate predictor of the number of establishments and that 

the additional variables make substantial contributions. Small towns 

can theoretically support more physicians, for example, than many 

large towns. There is no discernable pattern of large towns having 

too many establishments while small ones have too few or vice versa. 



CHAPTER 5 

MULTIPLICATION OF FIRMS 

The presence of multiple establishments performing similar 

functions can hardly be questioned. The question though, is whether the 

rate of multiplication of firms changes among places with dissimilar 

demographic, socio-economic, and locational attributes. Another 

question is whether this rate changes significantly among selected 

functions. Multiplication of firms is an interesting aspect of the 

allocation of goods and services inasmuch as it seems to go against 

central place theory while being supported by other bodies of theory 

(Hotelling, 1929). The concept, however, is fairly well neglected in 

the literature. 

In one of the few studies, Berry and Garrison (1958a) conclude 

that a regularity in the multiplication rate does exist. For each 

function they develop an equation which indicates the exact rate: 

P = A (B)N 

where P = the population needed to support a given number of 

establishments of a given function 

A = the threshold population 

B = an empirically derived constant representing the extent 

to which the function can achieve economies of scale 

N = the number of establishments 

For example, Berry and Garrison find feed stores to have a threshold 

68 . 
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population of 528 and a B constant of 1.79. The population necessary 

to support 2 feed stores is 528 X (1.79)^ or 1756. 

Clearly, the population needed to support two stores is much 

greater than twice the number needed to support one. Other factors 

must therefore be involved in the multiplication of firms. Parr and 

Denike (1970) suggest that one such factor is population increase and 

a growing market which allow stores to expand and take advantage of 

economies of scale. Along with the increasing size of stores comes 

the duplication of establishments in response to growing demand. Berry 

and Garrison's argument suggests that the multiplication rate declines 

with city size. The increment in population needed to support each 

additional establishment gets larger. They also observe that the 

duplication rate of establishments differs between functions in 

accordance with their threshold and slows as size gets larger. The 

implication is that with economies of scale, establishments get bigger 

in central places rather than multiplying. 

In Chapter 5, an alternative method of establishing multi

plication rates is proposed. Rather than relying on population alone, 

the other significant variables are once again considered. The 

methodology employs the models developed in Chapter 4. Multiplication 

is examined for each community and then on a regional level for 

comparative purposes. 

Multiplication Rates at the Community Level 

Initially, multiplication of firms was examined on an in

dividual community basis. Instead of calibrating the equation for all 
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independent variables and solving for the expected number of 

establishments, it is set to equal two, three, four, or five 

establishments. All other factors are held constant and the equations 

solved for the population needed to support the selected number of 

establishments. The same procedure is used to determine the population 

necessary to support one establishment (threshold). The analysis of 

this procedure appears in the next chapter. 

Tables 10 to 12 show the multiplication of firms in each 

community for grocery stores, taverns, and lawyers' offices. Appendix 

D contains the data for remaining functions. The towns are once 

again ranked by size from large to small. As the threshold analysis 

in Chapter 6 indicates, it does not require the same number of people 

to support a grocery store in Safford, for example, as it does in 

Gilbert. The reason is relatively apparent. For each place, the 

regression equations are 

h = 3o + B1X1S + Lo BiXiS i ft 

Es " k + ®1*1G + ̂  e,-X1G 

A 

where E = the selected number of grocery stores 
A A A  

Pi = estimated regression constants 
O I > 1 

Y = population 
A1 
X.j = the community-specific values for each of four 

remaining significant variables in the grocery store 

equation. 

Since multiplication rates are calculated from the same equation as 
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Table 10 

Multiplication Rates for Grocery Stores 

Population Needed to Support 
2 3 4 5 

establishments establishments establishments establishments 

Lake Havasu 5268 6191 7278 8555 

Chandler 3056 3593 4223 4964 

Safford 930 1093 1285 1510 

Bisbee '75 5074 5964 7010 8241 

Verde Valley 1781 2093 2461 2892 

Bisbee '81 1772 2083 2448 2878 

Hoi brook 1448 1702 2001 2351 

Page 1755 2063 2424 2850 

Gilbert 2689 3161 3715 4367 

Snowflake '77 1920 2257 2653 3118 

Sedona 1708 2007 2359 3118 

Springerville 1732 2036 2393 2813 

Payson 2050 2409 2832 3329 

Parker 1112 1307 1537 1086 

Showlow 2317 2723 3201 3762 

Benson 1540 1810 2128 2501 

Snowflake '81 3148 3701 4351 5113 

St. Johns '77 2753 3236 3803 4470 

St. Johns '80 1395 1640 1928 2266 

Wickenburg 1589 1868 2196 2581 

Will cox 1885 2216 2604 3061 

Williams 734 863 1015 1193 
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Table 11 

Multiplication Rates for Taverns 

Population Needed to Support 
2 3 4 5 

establishments establishments establishments establishments 

Lake Havasu 211 336 525 837 

Chandler 1416 2255 3574 5692 

Safford 362 577 896 1426 

Bisbee '75 8029 13072 19889 23175 

Verde Valley 995 1585 2487 3960 

Bisbee '81 421 671 1021 1628 

Hoi brook 319 508 809 1228 

Page 1827 2908 4108 6541 

Gilbert 2312 3682 5847 9311 

Snowflake '77 8639 13756 21362 34019 

Sedona 688 1096 1724 2744 

Springerville 4278 6813 10052 16007 

Pay son 1391 2215 3281 5224 

Parker 279 445 664 1090 

Showlow 2592 4128 6315 10057 

Benson 1208 1924 3061 4875 

Snowflake 1 '81 7878 12544 19481 31022 

St. Johns ' '77 1092 1739 2636 4198 

St. Johns 1 '80 1889 3008 4559 7261 

Wickenburg 2631 4190 6378 10171 

Will cox 1741 2773 4400 7008 

Wi 11 i arns 1074 1711 2725 4340 
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Table 12 

Multiplication Rates for Lawyers 

Population Needed to Support 
2 3 4 4 

establishments establishments establishments establishments 

Lake Havasu 4838 6826 9632 13591 

Chandler 3678 5190 7323 10334 

Safford 3591 5067 7101 10090 

Bisbee '75 8249 11639 16424 23175 

Verde Valley 2619 3696 5216 7360 

Bisbee '81 1742 2458 3469 4895 

Hoi brook 6298 8887 12540 17694 

Page 6357 8969 12656 17859 

Gilbert 3845 5426 7656 10803 

Snowflake 1 '77 5451 7691 10853 15314 

Sedona 1342 1894 2672 3771 

Springerville 3824 5428 7659 10808 

Payson 2580 3640 5137 7248 

Parker 3267 4610 6505 9179 

Show!ow 3834 4972 7015 9899 

Snowflake 1 '81 5697 8040 11345 16008 

St. Johns ' '77 5177 7305 10308 14546 

St. Johns 1 '80 4069 5742 8102 11432 

Wickenburg 2189 3089 4359 6150 

Will cox 4787 6756 9532 13451 

Williams 3248 4584 6468 9127 
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threshold estimates the logic is also applicable here. In the 

two equations above, regression constants are identical and the varia

ble is being solved for is population. Therefore, for any number of 

grocery stores, the difference between Safford and Gilbert will be 

a function of the size of the coefficients and the actual community 

values. Whereas Safford would only need to achieve a population of 

1,093 before it could accommodate two establishments, Gilbert would 

need 2,689 because of local economic, demographic, and locational 

conditions. 

As previous studies suggest, it does require a larger 

population increment to support each additional establishment even 

though the base point (threshold) for each community is unique. It 

is also important to realize that the slope of the line for any 

community for any function is the same as for any other town for the 

same function. Analysis of functional specialization reveals no 

apparent pattern of particularly low or high duplication rates for 

manufacturing, service, or diversified towns. 

Comparative Analysis of Multiplication Rates 

Multiplication rates of firms were further examined on a 

regional level comparing relatively simple regression equations which 

explain numbers of establishments in terms of population alone (a la 

Berry and Garrison) with the more sophisticated model espoused in this 

study. It was therefore necessary to put the equations into the same 

form; 
ii = Bi0 + Bn (LGPOP) 



This is the original form taken by the "population only" models. 

To make the new models comparable, the mean values of the variables 

for the entire data set were used. All factors other than population 

were held statistically constant. For each equation all other 

explanatory variables and their regression coefficients were reduced 

to a single numerical value and added to the original constant. In 

other words, the constant now incorporates all appropriate explanatory 

variables except population. 

Table 13 presents the equations of the multivariate model in 

the left column, along with the simple population regressions on the 

right. Five of the equations derived in this study show larger co

efficients, indicating a steeper slope, than one gets using population 

as the sole explanatory variable. In each case, the constant is also 

greater in absolute terms. Taverns, florists, and physicians, on the 

other hand, show smaller slopes and smaller absolute constants implying 

that population alone tends to overpredict the number of establish

ments. It is very interesting to note that although both equations for 

physicians are almost identical, incorporation of the additional 

2 variables into the constant raises the R from .56 to .91. 

Table 14 shows comparative statistics for each set of 

equations - those predicated on population and those developed by 

2 the models advocated here. The table shows R s as well as standard 

errors of the estimate and coefficient. It is evident from examining 

this chart that the more sophisticated model does a consistently better 

job of determining the number of establishments than a model predicated 

on population alone. 



Table 13 

Comparison of Two Models for Determining Multiplication Rates 

Grocery Stores 

Service Stations 

Taverns 

Oewelry Stores 

Florists 

Physicians 

Optometrists 

Lawyers 

Present Analysis 

44.89 + 14.25 (LGPOP) 

•32.40 + 11.78 (LGPOP) 

•13.56 + 4.95 (LGPOP) 

•19.15 + 6.06 (LGPOP) 

• 5.38 + 1.88 (LGPOP) 

•47.38 + 13.79 (LGPOP) 

• 7.02 + 2.13 (LGPOP) 

•21.94 + 6.69 (LGPOP) 

after Berry & Garrison 

-28.01 + 9.74 (LGPOP) 

-14.67 + 7.00 (LGPOP) 

-22.55 + 7.37 (LGPOP) 

-8.88 +3.32 (LGPOP) 

-9.23 + 2.91 (LGPOP) 

-47.77 + 13.89 (LGPOP) 

-6.29 + 1.93 (LGPOP) 

-19.99 + 6.14 (LGPOP) 
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Table 

Comparative Statistics 

Multivariate 

14 

for Population and 

Equations 

Berry and Garrison Present Analysis 

O SE SE 9 SE SE 
R2 (Y estimate) ( B )  R2 (Y estimate) ( 3 )  

Grocery Store .313 3.73 3.22 .652 2.65 3.11 

Service Station .079 6.06 5.35 .716 3.28 3.85 

Tavern .355 2.61 2.22 .812 1.39 1.75 

Jewelry Store .049 3.80 3.28 .777 1.80 1.72 

Florist .427 0.87 0.75 .844 0.46 0.56 

Physician .562 3.17 2.74 .913 1.41 1.57 

Optometrist .279 0.80 0.69 .420 0.72 0.64 

Lawyer .532 1.49 1.28 .846 .853 0.86 
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Even though these models are more capable of determining multipli

cation rates, the improvements may not be all that significant when 

applied to this data set. Figures 7 to 9 show the regression lines 

using both techniques for grocery stores, taverns, and lawyers. By 

definition the lines meet at the point representing the mean 

population of the sample communities. The range of size for the 

Arizona communities is approximately 3,000 to 15,000 people with 

most nearer the mean. As all three graphs indicate, this is an area 

of low relative difference between the two lines. It is only in 

the very small or very large places that significant under- or over-

estimation occurs. 

Summary 

Multiplication rates for retail/service establishments have 

not been dealt with extensively even though it is an easily documented 

phenomenon which runs contrary to theory. Assertions that each 

additional establishment requires a larger population increment than 

the previous one have been upheld. However, two places may require 

substantially different populations to support the same number of 

additional stores because of the additional variables. When population 

and multiple variable equations are compared, the latter consistently 

do a more statistically accurate job of estimating rates. Based on the 

sample, however, relative differences between techniques are not 

significantly large. 
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CHAPTER 6 

THRESHOLD ANALYSIS 

Threshold analysis is used to determine which retail and 

service functions are most likely to operate successfully in a given 

location, much like analysis of representation levels and multi

plication rates. As previously mentioned, a function's threshold 

is the minimum demand necessary to make operation of an establishment 

profitable. The geographic literature makes reference to three 

methods for computing thresholds. In each case, market area and 

demand are measured in terms of population. Expressing thresholds 

in this manner is admittedly imprecise; population is a surrogate for 

consumer support which may be influences by changes in purchasing power 

and personal preference. Nearby dispersed populations or transient 

customers may also help support certain functions. Yet settlement 

population figures have the advantage of being more easily obtained 

than personal income figures. 

The threshold is rather a capricious working idea whose 

utility is debated from time to time. It remains however, a useful 

tool for simple predictive and descriptive purposes. Just as the 

other methods discussed, this study deals with the concept in 

population terms. The assertion is made that if additional social, 

economic and locational factors yield better estimates of the numbers 

of establishments (as Chapter 5 indicates), they will also yield more 

82 
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accurate thresholds estimates. The improvement comes not only from 

additional variables, but also from the fact that local rather than 

regional estimates are derived. Once these local estimates are 

obtained, aggregation by several processes will produce regional 

thresholds should they be desired. 

Estimation Techniques 

Ideally, it should be possible to obtain a list of all 

central places in a region, and the number of establishments offering 

a particular good or service. These places can then be ranked 

according to population. For any function, there should be a number 

of places containing one establishment and each should have the 

same population. All places with fewer people will not provide the 

function, while all places with larger populations will have at least 

one establishment offering it. Realistically, the population of the 

center should include that of the hinterland but given that in most 

research situations the hinterland population is extremely difficult 

to measure, it is usually excluded from the calculations. Businesses 

in small places usually have their thresholds underestimated while in 

large urban places the hinterland component is very small and the 

omission not as serious. For this reason, Conkling and Yeates (1976), 

encourage the inclusion of large as well as small centers when 

estimating thresholds. 
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Berry and Garrison 

Berry and Garrison use a relatively simple estimating 

technique in their work in Snohomish County, Washington. They plot 

population size of a central place against the number of establish

ments performing a special function. Instead of using a simple 

minimum requirements approach, a simple regression analysis is 

performed. The least-squares line of the regression is graphed and 

the threshold is defined as the population corresponding to one 

establishment along the line. 

Reeves and Gibson (1973) point out a noticeable tendency 

for Arizona thresholds to be substantially higher than those reported 

for Snohomish County using the method described above. This is true 

despite the fact that Arizona towns derive much of their support from 

highway-oriented establishments. The disparity is attributed primarily 

to a marked difference in the settlement patterns and indirectly to 

an irregular resource base. 

Marshall 

A second method of determining thresholds is espoused by 

Marshall (1969) and employed by Reeves and Gibson as an alternative. 

The first step is to rank all centers in the central place system 

under investigation by size (population) and note which functions 

exist in each. The number of establishments in inconsequential; 

only its presence or absence is important to the procedure. In this 

instance, the threshold is defined as the size of the center which 
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divides the list so that the number of places lacking the function 

above the line equals the number of places possessing the function 

below the line. The hypothetical system shown below helps demon

strate this (See Table 15). 

The threshold size for Function A would be 650 since a line 

drawn straight across at that point would leave one center above 

(No. 5) lacking the function and one center below (No,, 7) having it. 

In the same way, the threshold for B is 400. The line would be drawn 

between centers 7 and 8 so the difference in size is simply split. 

Function C is a different case, however. Using Marshall's 

techniques its threshold is determined to be 700 but there is no 

consistent pattern in its location. Consequently, once a threshold 

is determined, it is subsequently disregarded unless the function 

appears in at least half the centers above the division. 

Reed-Meunch 

Haggett and Gunawardena (1964) use a procedure called the 

Reed-Muench method to determine the thresholds for settlement 

functions. The threshold is essentially the town size at which the 

probability of finding a certain activity is greater than .5. Haggett 

and Gunawardena present the following example to explain their scheme 

using hypothetical function "F" (Table 16). 

Fifty cities are selected for study, ten drawn from each of 

five population stratas. For the lowest stratum no place offers F, 

while for the highest stratum every place offers it. Between these 
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Table 15 

Hypothetical Region Demonstrating Marshall's 

Threshold Estimation Technique 

No. of Establishments 
City City 
Rank Population Function A Function B Function C 

1 5,000 3 4 2 

2 3,000 2 3 0 

3 1,500 1 2 2 

4 1,000 2 1 0 

5 750 0 1 0 

6 650 0 1 1 

7 500 1 0 0 

8 300 0 1 1 

9 250 0 0 1 

10 200 0 0 0 

Source: After Marshall (1969). 



Table 16 

Hypothetical System for Demonstrating 

Reed-Meunch Threshold Estimation Technique 

1 2 3 
Population Level 0-199 200-399 400-599 

Number of settlements 10 10 10 

with function F 034 

without function F 10 7 6 

with function F absent 
@ this and levels (A) 27 17 10 

with function F present @ 
this and smaller levels (P) 0 3 7 

proporation of settlements 
without function F present 0 15 41 

Source: Haggett and Gunawardena (1964, p. 7). 

600-799 800-! 

10 10 

6 10 

4 0 

4 0 

13 23 

76 100 
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extremes the proportion of places without F declines while that 

of places with F increases. Calulation of the two columns gives the 

values of A and P. From these indices a final value can be computed 

of the percentage of settlements with F at each of five population 

levels: 

100 P 
P + A 

These values are shows in the bottom row. Since stratum 3 has a 

value of 41% and stratum 4, 76%, clearly the median value lies somewhere 

between these. The exact point of the 50 percent size can be estimated 

as: 

50-41 _ 9, 
7MT ' "26 

Thus, the median value lies 26 percent of the distance between the 

midpoints of strata 3 and 4, with an interstratum distance of 200 

people, the median value is 

500 + .26 (200) = 552 

The median threshold population for function F is approximately 550. 

Present Analysis 

The methodology for divising thresholds developed in this 

investigation is derived from the original regression equation 

E = 60 + e1 LGP0P +...+ 012 CHANG (1) 

Thus for any function, in any specific community j, the equation 

can be modified to: 

E = 30 + 51 (LGPOPj) + i2 (POP!5^) +...+ B12 (CHANG(2) 
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Thus for each community it is possible to ascertain the exact number 

of establishments of any particular function it should be able to 

accommodate, given the local demographic, socio-economic and 

locational characteristics. Remember that the threshold is the number 

of people necessary to support 1 establishment. Therefore, to find the 

threshold for function i in community j, we set the equation equal to 

one establishment: 

1 = 60 + (J-j (LGPOPj) + e2 (P0P15^) +...+ S12 (CHANG j) (3) 

Since it is the population we are trying to determine, we hold every

thing else constant and solve 

p o p e x p [  5 1 " 1 { ( 1 - 3 o - S 2 ( P0P15) -•••" 012 (CHANG)}] (4) 

Analysis of Results 

Operationally, a threshold is the population a place must 

have to support one establishment of a given function. To find this 

number using the original regression equation as outlined population 

(LGPOP) must be present in the equation. However, population was 

determined to be insignificant in three equations - those for hardware 

stores, women's apparel, and hotels. Consequently these functions 

have been excluded. Admittedly, LGPOP can be incorporated into the 

models although it does not achieve the desired significance level, 

but the fact that the number of establishments is not heavily influenc

ed by population in these cases suggests that a threshold based on 

population is inappropriate. 
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The next three tables show the community specific thresholds for 

selected functions. Again in the interest of brevity, not all 

functions are discussed here. The remaining ones may be found in 

Appendix E. The estimates are generated using equation (4) in the 

previous section of this chapter. Thresholds for taverns are 

presented first (See Table 17). Values range from a threshold of 

132 people in Lake Havasu City to 5,425 people in Snowflake '77. 

The mean value for the entire data set is 1,468. Examination of the 

list of places (which is ranked from top to bottom by size) indicates 

no apparent relation between the population of a place and it's 

threshold. In other words, the threshold does not increase or 

decrease consistently with size. This is not surprising inasmuch 

as there was no apparent relation between size and expected number 

of establishments and both are derived from the same equation. The 

other factors which minimize the population variable are distance to 

a larger market and the Interstate; the young, Hispanic, Indian, 

and male sectors of the population; and the magnitude of nonlocal 

traffic. 

Tables 18 and 19 list threshold estimates for jewelry stores 

and physicians. These both exhibit the same range of values - from 

86 to 12,810 people and 987 to 9,075 people, respectively. These 

discrepancies strongly support the validity of a threshold that can 

change to accommodate local conditions. The same reasons why some 

towns are over-or under-represented explain the differences in 

thresholds. Using the jewelry store function as an example, Sedona 



Table 17 
o 

Community Thresholds for Taverns (R =.81) 

Community Threshold Estimate 

Lake Havasu 132 

Chandler 889 

Safford 227 

Bisbee l75 5155 

Verde Valley 625 

Bisbee '81 264 

Hoi brook 200 

Page 1147 

Gilbert 1452 

Snowflake '77 5425 

Sedona 432 

Springerville 2686 

Payson 873 

Parker 176 

Showlow 1627 

Benson 758 

Snowflake '81 4947 

St. Johns '77 685 

St. Johns '80 1186 

Wickenburg 1652 

Will cox 1093 

Williams 675 

x = 1468 



Table 18 
o 

Community Thresholds for Jewelry Stores (R =.82) 

Community Threshold Estimate 

Lake Havasu 5094 

Chandler 8129 

Safford 3645 

Bisbee '75 5975 

Verde Valley 585 

Bisbee '81 1110 

Hoi brook 426 

Page 1195 

Gilbert 12810 

Snowflake '77 2935 

Sedona 86 

Springerville 6277 

Payson 727 

Parker 571 

Showlow 3983 

Benson 3087 

Snowflake '81 3340 

St. Johns '77 5103 

St. Johns '80 4941 

Wickenburg 158 

Will cox 5961 

Williams 3408 

x = 3615 



Table 19 
o 

Community Thresholds for Physicians (R =.91) 

Community Threshold Estimate 

Lake Havasu 987 

Chandler 3255 

Safford 5787 

Bisbee '75 9075 

Verde Valley 2191 

Bisbee '81 4904 

Hoi brook 3523 

Page 3252 

Gilbert 2901 

Snowflake '77 4657 

Sedona 1403 

Springerville 4270 

Payson 2159 

Parker 2193 

Showlow 2719 

Benson 3303 

Snowflake '81 4242 

St. Johns '77 3790 

St. Johns '80 5694 

Wickenburg 1924 

Will cox 2159 

Williams 2879 

x = 3761 



94 

has such a low threshold because population over 65 and nonlocal 

traffic are important variables in the equation and Sedona has 

relatively large quantities of both. Gilbert on the other hand 

has an inordinately high threshold because of the influence of the 

Phoenix metropolitan area. 

Once community thresholds are derived, they can be aggregated 

into regional estimates for the purposes of comparison. Several 

estimation techniques have been used to determine thresholds for this 

data set. The results are shown in the following table (Table 20). 

Both the Reed-Meunch and the Marshall methods have the disadvantage 

in not being able to predict values for a data set in which every 

community has at least one establishment (e.g., grocery stores, 

service stations, and taverns). Also, both have a tendency to 

predict the same threshold for numerous functions. This is especially 

true of the Marshall method which for eight functions finds only 3 

different values. Any type of hierarchical order is thus hard to 

establish. Berry's technique-linear regression as a function of 

population alone-does not pose the same problem. The only value it 

2 could not determine was one for hardware stores where a R of .00003 

yields a negative log of population. The three right-hand columns 

of the table show the possible ways to arrive at regional estimates 

based on local thresholds. The first two take the community values, 

add them up and take the mean or median. The third takes the median 

data set values for the appropriate variables (e.g., LGP0P, INC0M, 

etc.) and enters them into the regression equation. All three methods 



Table 20 

Thresholds As Determined By Various Techniques 

Marshall Reed-Meunch Berry 

thresh
old rank 

thresh
old rank 

thresh
old rank 

Community 
Mean 

thresh
old rank 

Community 
Mean 

thresh
old rank 

Community 
Mean 

thresh
old rank 

Hardware 3040 (3) 2130 (2) +++ ++ ++ ++ 

Grocery + + 949 3 1824 2 1494 3 1630 2 

Service Station + + 
173 1 1087 1 998 2 693 1 

Women's Apparel 3040 (3) 2403 5 775 2 ++ ++ ++ 

Tavern + + 1567 5 1468 3 881 1 5778 7 

Jewelry Store 3759 (7) 1875 1 953 4 3615 6 3374 7 1825 3 

Florist 2829 (1) 2138 4 3282 8 3167 5 3070 5 2544 4 

Hotel 2829 (1) 2130 (2) 185,255 10 ++ ++ ++ 

Physician 3040 (3) 2500 7 3235 7 3761 7 3254 6 3145 6 

Optometrist 3749 (7) 3426 8 5839 9 6785 8 6389 8 6446 8 

Lawyer 3040 (3) 2435 6 2518 6 2911 4 2721 4 2694 5 

+Threshold cannot be determined because procedure demands that the function be absent in at least 
one community. 

++Threshold cannot be determined because population was found to be an insignificant variable. 
+++Threshold cannot be determined by this procedure -R =.000 and threshold is negative. 

UD cn 
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are incapable of determining a threshold for a function where 

population is an insignificant variable, but as already suggested this 

shortcoming lies with the threshold concept more than the procedure. 

Examination of Table 20 indicates inconsistent finding among 

the various procedures. Hotels are the lowest order good according 

to Marshall, yet they are the highest-order for Berry with a threshold 

of over 185,000. Jewelry stores, generally accepted as a high order 

good, have the lowest threshold using the Reed-Meunch method and the 

highest (tied with optometrists) using Marshall rs. By definition., 

groceries, service stations, and bars are the lowest order functions 

in the first two columns since they appear in every community. 

Generally, these functions also hold relatively low ranks in other lists 

although taverns appear as high as seventh using the median variable 

values. Berry's technique yields consistently lower estimates than 

the three espoused by this study with the exception of hotels. 

Population alone, however, explaines only 4% of of the variation in 

the number of hotels. Generally higher results are obtained using 

the more sophisticated regression approaches than with the two 

mechanical ones. Visual examination of the data set reveals that 

none of these techniques is significantly better than another as far 

as this data set is concerned. In other words, none consistently 

pinpoints that size below which the function does not exist. All of 

this points once again to the value of a local threshold estimate. 
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Summary 

The alternative to accepted methods of thresholds estimation 

presented was designed in the worst of all possible worlds. Arizona's 

settlement pattern does not even approximate the theoretical homoge

neous environment with an evenly distributed population base. Previous 

chapters have demonstrated the improvement incurred by simultaneously 

incorporating several variables in estimating techniques. These 

advantages also accrue to threshold estimates derived from the same 

equations. Thresholds can be calculated for individual places and 

aggregated to regional levels by several techniques. 

Local threshold values show tremendous disparity, demonstrating 

the influence of additional facotrs. No apparent relationship between 

the population of a place and it's threshold is evident. Neither is 

there a trend with respect to functional specialization in local 

economies. The calculation of thresholds for the Arizona communities 

using different procedures yield inconsistent results and any clearly 

defined hierarchy of goods is hard to determine. 

Naturally the thresholds calculated using a particular data set 

are most applicable in the city system in which the data originate. 

The variables may act completely different or they may be insignificant 

for another group of places. If the multivariate model works better 

than present models for Arizona, however, it will also work better in 

other locations. While the thresholds presented above are confined to 

the sample world, it is the model and method which demonstrate general 

utility. 



CHAPTER 7 

CONCLUSIONS 

This study has attempted to improve the techniques for 

determining thresholds and multiplication rates for retail/service 

functions. From a community policy-making basis, it has also tried 

to analyze the level of representation of each function in individual 

urban places. Generalizations and conclusions drawn by earlier 

studies have been used as points of departure rather than postulates 

to be supported or discredited. Berry and Garrison, along with others, 

have established a clear relationship between the number of a given 

type of establishment and population size. This study has gone 

beyond that, incorporating a dozen socio-economic, demographic, and 

locational variables to improve estimates. Gibson and Reeves (1974) 

enter five similar variables in a regression equation to determine a 

town's total number of establishments and its place in the urban 

hierarchy. Here emphasis has not been placed on the total number 

of establishments but on the expected number of each of several 

specific functions. 

Seventeen functions were originally chosen for investigation. 

Six were subsequently eliminated because their infrequent appearance 

in Arizona towns did not yield enough variation to warrant the use of 

multiple regression techniques. Twelve independent variables were 

also used; only UNEMP was consistently insignificant, possibly because 

98 



99 

of lags between losing a job and modifying shopping behavior. 

Population (LGPOP) was the single most important variable overall, 

entering first in stepwise regressions for approximately half the 

functions. 

The results derived from regression techniques are, on the 

whole, very encouraging. Keeping only variables determined to be 

significant at the .05 level (using the T-statistic), R 's range 

from .19 for women's clothing stores to .91 for physicians. Only 

2 two equations have R 's less than .50 and in each case the equation 

has only one or two significant variables. The majority of functions 

2 have between five and seven significant independent variables and R 's 

of greater than .70. Hotels are an anomalous case, having a high 

correlation yet no independent variable accounting for some level of 

demand. 

Once the best possible regression equations were determined, 

multiplication rates for firms were also calculated to ascertain if 

some regularity in this phenomenon exists. Not surprisingly, this 

study demonstrates - just as previous ones have - that multiplicity 

is a declining function with size. In other words, a larger popu

lation increment is needed to support each establishment than is 

required by the preceeding one. Results were compared to rates based 

on population alone. To accomplish this, the mean values for each 

variable were entered into the equations and all coefficients and 

variables except LGPOP were reduced to one constant.. Statistical 

analysis reveals that when the socio-economic, demographic, and 
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2 locational factors are incorporated R s are higher and standard 

errors of the Y estimate and LGPOP coefficient are lower for every 

equation. The relative error between the smallest and largest cities 

in the data set for the two equations is fairly inconsequential 

however. The larger predictive errors occur at either end of the 

size spectrum but the towns in Arizona cluster around the mean 

population. It is also important to remember that in the real world, 

all factors other than population cannot be held constant. 

Thresholds have been estimated for each community, using 

the same regression equation and setting the expected number of 

establishments to equal one. Again all other variables were held 

constant and the appropriate population solved for. This process 

further eliminated three more functions from consideration because 

LGPOP was determined to be an insignificant explanatory variable. 

The community-specific thresholds show a great disparity in populations 

needed to support a single establishment in individual urban places. 

Examination of residuals, though, indicates no predicitve biases 

due to either size or functional specialization. Nor is there any 

trend in thresholds with respect to size. Large places do not have 

generally larger thresholds and small places smaller thresholds or vice 

versa. Several methods have been presented for estimating regional 

thresholds from local ones. These have been compared to other 

estimation techniques with limited success. Although a few similar

ities in rank orders of functions can be observed, no one method does a 

consistently better job of determining estimates which empirically 
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describe the data set. Due to the general improvement in models, 

however, those predicated on this study achieve a higher level of 

confidence. 

Perhaps the most significant conclusions can be drawn 

indirectly from the representation levels. Once the equations were 

perfected, each community's variables were entered and the expected 

numbers of establishments were solved for. The results demonstrate 

a relationship between population size and number of establishments 

which is not as strong as previous studies suggest. It is in this 

finding that the role of the other variables is most apparent. 

Incomes, age breakdown, accessibility, etc. can compensate for a lack 

of population, or conversely, they may necessitate a larger population 

to assure sufficient market demand. 

Although the evidence suggests that the more sophisticated 

procedures developed in this study are an improvement on previous 

work, the models are still imperfect. Certain methodological changes 

will likely yield even better results. Twenty-two communities 

constitute a rather limited data set, particularly when the smallest 

sized hamlets and villages are not represented. The logistics of 

obtaining comparable secondary data for such places need to be over

come. Although the explanatory variables used demonstrate greater 

estimation capabilities than simply population, an expanded or even 

entirely different set may be even more appropriate. 

Another modification which may be instituted into future 

work is variable measurement. The independent variables were designed 
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to minimize collinearity but perhaps something more important was 

sacrificed. INCOM, for example, was measured as median family 

income so as not to correlate highly with population. Yet as such, 

any indication of total purchasing power has been eliminated. 

Along the same line, NLOCT may be more significant if measured 

as actual traffic volume rather than as a proportion. Chapter 3 

acknowledged the serious problem of the variant nature of establish

ments. Perhaps instead of estimating establishments future studies 

will consider square footage of floor space devoted to each function 

or employment measured in full-time equivalents. 

Analysis of an urban system - or in this case one level of 

such a system - is a complicated task. As cities change in structure 

and function the models we use to examine them must also change. This 

study has filled in some of the gaps in empirical research but others 

remain and more will appear. From the further development of more 

effective models and methods of investigation will come better under

standing of the factors influencing allocational patterns of retail 

and service activities. 



APPENDIX A - DATA AND SOURCES 
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COMMUNITY DATA 

% % % 
Year population population population 

Community Surveyed Population under 15 over 65 Hispanic 

Lake Havasu 
City 1978 14,955 20.9 10.4 2.6 

Chandler 1981 13,332 29.3 6.1 20.6 

Safford 1976 10,601 29.8 10.8 26.1 

Bisbee 1975 8,486 25.0 8.9 32.3 

Verde Valley 1976 8,411 19.8 19.8 10.6 

Bisbee 1981 7,252 18.3 19.3 32.2 

Hoi brook 1976 6,328 32.9 4.7 20.1 

Page 1976 5,695 32.9 2.3 4.2 

Gilbert 1978 4,871 31.1 4.7 16.5 

Snowflake 1977 4,615 41.0 4.7 4.6 

Sedona 1976 4,050 8.6 36.0 1.7 

Springerville 1977 2,997 29.9 6.8 16.0 

Payson 1976 3,873 17.6 22.3 2.3 

Parker 1978 3,771 26.6 9.7 19.2 

Showlow 1977 3,746 31.7 8.2 5.2 

Benson 1977 3,724 24.4 13.0 22.6 

Snowflake 1981 3,610 40.3 3.9 4.6 

St. Johns 1977 3,500 28.6 5.0 18.0 

St. Johns 1980 3,368 36.0 5.2 18.0 

Wickenburg 1977 3,159 12.4 31.1 4.0 

Will cox 1977 2,920 25.9 9.3 23.6 

Williams 1978 2,738 25.8 11.6 25.9 



COMMUNITY DATA—continued 

distance distance % % 
Year to nearest to traffic change in 

Community Surveyed market highway nonlocal population 

Lake Havasu 
City 1978 144 mi. 21 mi. 55 + 1,7.6 

Chandler 1981 7 5 8 + 48.1 

Safford 1976 110 27 32 + 11.5 

Bisbee 1975 21 49 32 + 2.0 

Verde Valley 1976 17 16 25 + 43.0 

Bisbee 1981 21 49 15 - 16.1 

Hoi brook 1976 33 0 60 + 7.0 

Page 1976 74 129 48 +309.5 

Gilbert 1978 3 3 5 + 58.6 

Snowflake 1977 16 27 20 + 36.4 

Sedona 1976 26 14 25 + 44.3 

Springerville 1977 29 82 19 + 9.5 

Payson 1976 78 78 26 + 94.0 

Parker 1978 30 38 38 - 49.2 

Showlow 1977 43 43 18 + 27.2 

Benson 1977 27 1 33 + 22.7 

Snowflake 1981 16 27 21 + 36.4 

St. Johns 1977 57 53 20 + 83.2 

St. Johns 1980 57 53 21 + 83.2 

Wickenburg 1977 31 47 51 + 21.6 

Willcox 1977 28 4 51 + 19.9 

Williams 1978 28 0 62 - 29.3 



COMMUNITY DATA-continued 

% % median 
population population family unemploy-

Community Surveyed Indian male income ment rate 

Lake Havasu 
City 1978 0.4 51.2 18,579 6.8% 

Chandler 1981 1.5 49.1 19,825 7.2 

Safford 1976 1.7 48.6 12,348 11.9 

Bisbee 1975 0.8 48.2 14,469 12.2 

Verde Valley 1976 3.5 48.3 12,020 6.6 

Bisbee 1981 0.8 48.1 23,640- 6.5 

Hoi brook 1976 16.8 50.1 13,970 3.1 

Page 1976 12.7 51.9 7,972 8.6 

Gilbert 1978 0.4 49.6 16,766 5.4 

Snowflake 1977 7.5 49.7 15,642 9.0 

Sedona 1976 0.1 47.3 13,259 20.4 

Springerville 1977 2.2 49.9 12,754 9.4 

Payson 1976 0.5 48.4 9,853 18.1 

Parker 1978 11.5 51.0 12,484 6.7 

Showlow 1977 3.3 50.5 15,642 9.0 

Benson 1977 0.8 48.3 13,354 9.3 

Snowflake 1981 7.5 49.8 21,078 9.0 

St. Johns 1977 4.6 48.4 11,887 6.2 

St. Johns 1980 4.6 50.1 16,359 10.3 

Wickenburg 1977 1.0 47.7 12,185 6.2 

Will cox 1977 0.5 49.0 15,393 10.7 

Williams 1978 1.4 51.4 14,228 4.9 
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DATA SOURCES 

Variable 

Population 

Source 

Population under 15, 
over 65, Male, 
Hispanic, Indian 

Income 

1) Arizona Department of Economic Security, 

Office of Planning and Population 

Statistics Unit. 

2) 1970, 1980 Census of Population - Charac

teristics of the Population - Arizona, U.S. 

Department of Commerce Bureau of the Census, 

3) U.S. Bureau of the Census Series P-28, No. 

1537 dated June, 1976 (Arizona Special 

Census). U. S. Department of Commerce 

Bureau of the Census. 

1) Arizona Department of Economic Security, 

Office of Planning and Population 

Statistics. 

2) U.S. Bureau of the Census Series P-28, 

No. 1537, dated June, 1976 (Arizona 

Special Census). 

3) 1980 Census of Population and Housing -

Arizona Advance Report, U.S, Department 

of Commerce, Bureau of the Census. 

1) Arizona Department of Economic Security. 

Estimates derived from 1970 census median 

family incomes and adjusted by Survey of 

Income and Education (S.I.E.) index 

inflator. 



Variable 

Unemployment 

Distance to the 
nearest larger market, 
highway interchange 

Nonlocal traffic 

DATA SOURCES—continued 

Source 

1) Arizona Employment and Training 

Administration, Department of Economic 

Security Labor Market Information 

Division. 

1) Rand-McNally Road Map - Arizona 

1) Arizona Department of Transportation, 

Annual Traffic Volume Counts, 1976-

1980. 
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APPENDIX B - STEPWISE REGRESSIONS 

no 



ni 
STEPWISE REGRESSION - HARDWARE STORE 

Step Variable j3 R^ Change in Significance 

1 DLMKT .02230 .26942 .110 

2 INCOM .0002121 .36370 .09428 .070 

3 NLOCT - .02824 .46185 .09185 .304 

4 CHANG - .01065 .58785 .12600 ' .121 

5 P0P65 .05809 .62135 .03350 .558 

6 HI WAY .01386 .64985 .02850 .315 

7 PHISP - .01110 .65398 .00413 .790 

8 LGPOP .7148 .65953 .05555 .629 

9 PINDN - .04097 .66222 .00296 .674 

10 P0P15 .04222 .66570 .00348 .711 

11 UNEMP - .02192 .66887 .00317 .833 

12 PMALE .02429 .66944 .00057 .904 

Constant - .7527 
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STEPWISE REGRESSION - GROCERY STORES 

Step Variable !B R^ Change in R^ Significance 

1 LGPOP 12.2645 .56006 .010 

2 PMALE 1.4026 .59161 .03633 .038 

3 PHISP .3007 .64239 .06267 .020 

4 P0P65 .5029 .71078 .09254 .089 

5 ' P0P15 .3016 .75199 .06028 .327 

6 INCOM - .000508 .80753 .08663 .094 

7 NLOCT - .1218 .82385 .02661 .108 

8 CHANG - .01898 .84281 .03160 .277 

9 DLMKT .04247 .86243 .03347 .233 

10 PINDN .3317 .88503 .03949 .215 

11 UNEMP .09970 .88702 .00352 .716 

12 HIWAY - .007758 .88770 .00120 .826 

Constant - 116.5719 
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STEPWISE REGRESSION - GAS STATION 
2 2 Step Variable B R_ Change in R Significance 

1 NLOCT .07594 .31249 .464 

2 LGPOP 11.5747 .45446 .14197 .064 

3 PINDN .5860 .50075 .04629 .140 

4 HI WAY - .06733 .56163 .06088 .211 

5 INCOM - .6827 .62727 .06564 .118 

6 P0P65 .5367 .66380 .03653 .209 

7 PHALE 1.2112 .69975 .03594 .183 

8 PHISP .2268 .75939 .05964 .180 

9 DLMKT .3354 .77153 .01214 .505 

10 P0P15 .2194 .77706 .00553 .616 

11 CHANG - .007651 .78048 .00342 .755 

12 UNEMP - .1005 .78212 .00163 .801 

Constant -99.1158 



STEPWISE REGRESSION - HOTEL 

Step Variable B Change in R^ Significance 

1 NLOCT .1792 .40116 .032 

2 CHANG - .9744 .50535 .10419 .000 

3 INCOM .0006934 .58574 .08039 .036 

4 PMALE 2.6453 .69281 .10707 .002 

5 P0P15 - .8257 .78621 .09341 .023 

6 PINDN .7227 .89167 .10545 .021 

7 HI WAY .06018 .90053 .00886 .125 

8 UNEMP .5131 .90811 .00758 .095 

9 DLMKT - .06499 .90601 .00791 .091 

10 LGPOP 4.8911 .93157 .01555 .242 

11 P0P65 - .2772 .93629 .00472 .352 

12 PHISP - .05880 .93823 .00193 .608 

Constant - 109.34 



STEPWISE REGRESSION - PHOTOGRAPHY STUDIO 

Step Variable B Change in R2 Significance 

1 DLMKT .3925 .16162 .500 

2 P0P15 .003385 .24141 .07979 .946 

3 LGPOP .8106 .30463 .06322 .232 

4 CHANG - .002656 .34379 .03916 .360 

5 INCOM - .4740 .38749 .04371 .327 

6 PMALE .05529 .40827 .02077 .583 

7 P0P65 .01419 .42419 .01592 .764 

8 PINDN - .01336 .43622 .01204 .756 

9 NLOCT - .001174 .43776 .00153 .921 

10 PHISP - .2303 .43873 .00098 .901 

Constant -4.9147 



STEPWISE REGRESSION - MEN'S CLOTHING 

Step Variable B 2 Change in R Significance 

1 DLMKT .01162 .26164 .016 

2 HI WAY - .007840 .46106 .19941 .086 

3 PHISP - .01460 .53069 .06963 .278 

4 LGPOP 1.0158 .59136 .06066 .049 

5 CHANG - .004416 .64052 .04916 .049 

6 P0P15 - .02222 .68875 .04824 .166 

7 UNEMP .06929 .77311 .08436 .055 

8 PINDN .04835 .83250 .05939 .135 

9 NLOCT - .006282 .84204 .00953 .457 

10 PMALE .05717 .85022 .00818 .424 

11 INCOM - .0000182 .85466 .00444 .587 

12 P0P65 .01378 .85755 .00289 .679 

Constant -6.9206 



STEPWISE REGRESSION - WOMEN'S CLOTHING 

Step Variable Q £ Change in R^ Significance 

1 DLMKT .05184 .18975 .041 

2 P0P15 - .2700 .23811 .04836 .190 

3 UNEMP - .2314 .27730 .03919 .217 

4 NLOCT - .8569 .35168 .07438 .088 

5 PHISP - .1069 .40004 .04836 .162 

6 PMALE - .4584 .44184 .04181 .257 

7 PINDN .2176 .45935 .02750 .215 

8 HI WAY - .02478 .53129 .06195 .300 

9 LGPOP -1.6528 .55819 .02689 .520 

10 P0P65 - .1636 .50955 .03236 .384 

n CHANG - .6308 .60043 .00988 .572 

12 INCOM - .00007938 .60903 .00860 .667 

Constant 45.734769 



STEPWISE REGRESSION - APPLIANCE STORE 

Step Variable B 
2 

Change in R Significance 

1 DLMKT .02029 .24529 .221 

2 CHANG - .01241 .42955 .18426 .138 

3 PHISP - .05067 .52525 .09569 .335 

4 LGPOP 1.6548 .57387 .04862 ' .369 

5 HI WAY - .01047 .59351 .01964 .528 

6 POP! 5 - .08387 .61210 .01859 .550 

7 PMALE .1836 .62205 .00995 .511 

8 UNEMP .09514 .63529 .01324 .461 

9 PINDN .03798 .64496 .00967 .750 

10 P0P65 - .04441 .65054 .00558 .734 

11 INCOM - .00003174 .65319 .00265 .807 

12 NLOCT .001974 .65334 .00015 .952 

Constant -10.8853 



STEPWISE REGRESSION - TAVERN 

Step Variable B 
2 

Chanqe in R Significance 

1 LGPOP 5.6793 .35476 .036 

2 DLMKT .05274 .44339 .08863 .029 

3 CHANG - .007662 .53869 .09531 .463 

4 PMALE .6152 .58171 .04301 .115 

5 P0P15 - .1492 .67697 .09526 .422 

6 PINDN .3563 .74494 .06798 .044 

7 PHISP .1221 .77986 .03492 .094 

8 NLOCT - .06563 .80967 .02982 .150 

9 HI WAY - .02190 .83094 .02126 .324 

10 POP 6 5 .1376 .83892 .00798 .430 

11 UNEMP - .08525 .84362 .00470 .612 

12 INCOM - .00001789 .84382 .00020 .917 

Constant -45.34382 
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STEPWISE REGRESSION - JEWELRY STORE 

Step Variable B 2 Change in R Significance 

1 P0P65 .2395 .36034 .183 

2 PINDN .6704 .62153 .26119 .002 

3 LGPOP 5.2646 .77654 .15501 .047 

4 HI WAY - .4710 .80414 .02759 .051 

5 CHANG .006653 .82775 .02362 .522 

6 UNEMP .2619 .84252 .01477 .140 

7 P0P15 - .2464 .85844 .01591 .198 

8 PMALE .4877 .87726 .01882 .202 

9 NLOCT - .04128 .89160 .01435 .347 

10 INCOM - .00007676 .89395 .00236 .654 

11 PHISP .1941 .89504 .00108 .772 

Constant - 37.5748 



STEPWISE REGRESSION - FLORIST 

Step Variable B R2 2 Change in R Significance 

1 LGPOP 1.837 .42714 .023 

2 DLMKT .01731 .66502 .23788 .017 

3 INCOM .00008614 .74293 .07791 .110 

4 PMALE .1371 .77707 .03414 .217 

5 CHANG - .004269 .81020 .03313 .179 

6 P0P15 - .1291 .82753 .01733 .035 

7 P0P65 - .1043 .83955 .01202 .061 

8 PHISP - .02656 .87007 .03052 .198 

9 UNEMP .04039 .87689 .00682 .417 

10 PINDN .05456 .88774 .01085 .251 

11 HIWAY - .05103 .89247 .00473 .427 

12 NLOCT - .007453 .89675 .00428 .556 

Constant -8.910 



STEPWISE REGRESSION - DRY CLEANER 

Step Variable B 2 Change in R Significance 

1 P0P65 .07257 .30276 .145 

2 LGPOP 2.2322 .56956 .26680 .006 

3 DLMKT - .01293 .66791 .09836 .044 

4 PMALE .1366 .76095 .09303 .189 

5 PINDN - .06977 .79429 .03335 .126 

6 NLOCT .008147 .80757 .01327 .492 

7 PHISP - .01321 .82465 .01709 .477 

8 UNEMP - .04098 .83497 .01032 .379 

9 CHANG .001881 .84252 .00755 .508 

10 HIWAY - .001859 .84477 .00225 .753 

11 P0P15 .01136 .84551 .00074 .820 

12 INCOM - .7780 .84601 .00050 .867 

Constant -14.292452 



STEPWISE REGRESSION - PHYSICIAN 

Step Variable B Change in R^ Significc 

1 LGPOP 15.2469 .56262 .000 

2 PHISP - .2201 .7112 .14850 .005 

3 POP! 5 - .4676 .80402 .09290 .017 

4 PMALE .8601 .86627 .06225 .024 

5 HI WAY - .01573 " .89374 .02746 .428 

6 P0P65 - .3119 .91310 .01937 .068 

* 7 UNEMP .2002 .92396 .01086 .201 

8 CHANG - .01146 .93411 .01014 .237 

9 PINDN - .1479 .93791 .00381 .309 

10 DLMKT - .01586 .93979 .00188 .409 

n NLOCT .02485 .94285 .00306 .526 

12 INCOM - .00003114 .94312 .00027 .840 

Constant - 75.568430 



STEPWISE REGRESSION - OPTOMETRIST 

Step Variable B £ 2 Chanqe in R Significance 

1 LGPOP 2.0937 .27951 .034 

2 P0P65 .07446 .42037 .14086 .399 

3 PMALE .2106 .45828 .03790 .268 

4 UNEMP .05247 .49619 .03791 .538 

5 DLMKT - .006183 .51037 .01418 .561 

6 PINDN - .05159 .51685 .00648 .518 

7 INCOM - .00002649 .52585 .00900 .760 

8 HI WAY '.003366 .53065 .00480 .758 

9 POP! 5 .04158 .53635 .00570 .654 

10 NLOCT .005540 .54079 .00444 .799 

11 PHISP .008031 .54279 .00200 .813 

12 CHANG .0008453 .54420 .00142 .871 

Constant -22.287331 



STEPWISE REGRESSION - LAWYER 

Step Variable B £ 2 Change in R Significance 

1 LGPOP 6.0249 .53168 .002 

2 P0P65 .09246 .75189 .22021 .367 

3 PMALE .4236 .77630 .02441 .070 

4 NLOCT - .04749 .81480 .03850 .088 

5 PHISP .06008 .84623 .03143 .150 

6 CHANG .003424 .85760 .01137 .572 

7 POP! 5 - .1216 .86284 .00524 .271 

8 PINDN .1042 .87294 .01009 .270 

9 UNEMP .06630 .88069 .00775 .502 

10 HI WAY - .005673 .88302 .00233 .654 

11 INCOM .0003259 .88424 .00122 .745 

12 DLMKT .002997 .88506 .00082 .806 

Constant -39.0590 



STEPWISE REGRESSION - SPORTING GOODS 

Step Variable B 
? 

Change in R Significance 

1 LGPOP 3.456 .16988 .023 

2 PHISP - .5326 .31949 .14961 .173 

3 NLOCT .04161 .40546 .08597 .103 

4 HI WAY .01945 .44939 .04393 .126 

5 PINDN - .2014 .51956 .07018 .039 

6 UNEMP - .1829 .62767 .10811 .071 

7 P0P15 .1825 .65137 .02369 .095 

8 P0P65 .1409 .72190 .07054 .159 

9 INCOM - .00005185 .73373 .01183 .584 

10 PMALE - .02882 .73412 .00039 .885 

11 DLMKT .001345 .73453 .00041 .907 

Constant -14.701 



STEPWISE REGRESSION - SHOE STORE 

Step Variable B £ 2 
Change in R Significance 

1 LGPOP 1.5476 .32198 .061 

2 DLMKT .01706 .47705 .15507 .025 

3 CHANG - .001766 .55129 .07424 .389 

4 NLOCT - .01900 .58792 .03663 .182 

5 P0P65 .08812 .62143 .03351 .127 

6 PMALE .1344 .67513 .05370 .257 

7 POP! 5 .05300 .69914 .02401 .368 

8 PHISP .02501 .73489 .0374 .255 

9 HI WAY - .004971 .74315 .00826 .471 

10 PINDN .02562 .75389 .01074 .605 

11 INCOM - .001794 .75606 .00217 .782 

Constant -14.1824 
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2 Representation Levels - Hotels (R = .87) 

Conmunity Predicted # Est. Actual # Est. Difference 

Lake Havasu 15.24 17 + 1.76 

Chandler 1.92 3 + 1.08 

Safford 9.59 9 - .59 

Bisbee '75 - 2.06 2 + 4.06 

Verde Valley 15.68 10 - 5.68 

Bisbee '81 9.01 6 - 3.01 

Hoi brook 24.77 26 + 1.23 

Page 6.12 9 + 2.88 

Gilbert 2.32 0 - 2.32 

Snowflake '77 5.09 1 - 4.09 

Sedona 17.03 20 + 2.93 

Springerville 12.91 19 + 6.09 

Payson 12.17 8 - 4.17 

Parker 31.98 31 - .98 

Show!ow 10.28 13 + 2.72 

Benson 10.27 9 - 1.27 

Snowflake '81 1.40 2 + .60 

St. Johns '77 7.46 2 - 5.46 

St. Johns '80 2.38 2 - .38 

Wickenburg 18.81 20 + 1.19 

Will cox 9.07 12 + 3.07 

Williams 20.52 21 + .48 
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2 Representation Levels - Lawyers (R = .85) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 5.27 5 - .27 

Chandler 8.39 9 + .61 

Safford 5.14 4 - 1.14 

Bisbee '75 2.08 2 - .08 

Verde Valley 5.39 6 + .61 

Bisbee '81 6.14 6 - .14 

Hoi brook 2.01 3 + .99 

Page 1.68 2 + .32 

Gilbert 2.68 1 - 1.68 

Snowflake '77 1.51 0 - 1.51 

Sedona 5.20 6 + oo
 
o
 

Springerville 2.09 2 - .09 

Payson 2.73 3 + .27 

Parker 2.41 2 - .41 

Showlow 1.93 3 + 1.07 

Benson 2.16 2 - .16 

Snowflake '81 .67 0 - .07 

St. Johns '77 .86 2 + 1.14 

St. Johns '80 1.45 3 + 1.55 

Wickenburg 3.06 2 - 1.06 

Willcox .56 1 + .44 

Williams 1.50 1 - .50 
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2 Representation Levels - Service Stations (R = .72) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 12.25 14 + 2.25 

Chandler 16.71 15 - 1.7-1 

Safford 17.55 20 + 2.45 

Bisbee '75 3.68 3 - .68 

Verde Valley 18.02 18 - .02 

Bisbee '81 8.59 9 + .41 

Hoi brook 24.31 31 + 6.69 

Page 14.19 12 - 2.19 

Gilbert 7.94 3 - 4.94 

Snowflake '77 8.50 5 - 3.50 

Sedona 13.91 8 - 5.91 

Springerville 6.21 7 + .79 

Payson 7.16 12 + 4.84 

Parker 19.60 14 - 4.40 

Showlow 6.28 12 + 5.72 

Benson 12.46 14 + 1.54 

Snowflake '81 2.78 3 + .22 

St. Johns "77 12.47 4 - 8.47 

St. Johns '80 6.57 6 - .57 

Wickenburg 10.71 13 + 2.29 

Will cox 9.07 13 + 3.93 

Williams 16.05 14 - 2.05 
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Representation Levels 

Communi ty Predicted # Est 

Lake Havasu 5.79 

Chandler 2.96 

Safford 2.58 

Bisbee '75 1.57 

Verde Valley 1.37 

Bisbee (81 1.29 

Hoi brook 1.56 

Page 1.10 

Gilbert 1.16 

Snowflake '77 .90 

Sedona 1.92 

Springerville .81 

Payson 1.51 

Parker 1.40 

Showlow 1.74 

Benson 1.41 

Snowflake '81 1.02 

St. Johns '77 1.57 

St. Johns '80 .76 

Wickenburg .81 

Willcox 1.26 

Williams 1.15 

Florists (R2= .84) 

Actual # Est. Difference 

6 + .21 

3 + 

o
 • 

2 - .58 

1 - .57 

2 + .63 

2 + .71 

2 + .44 

1 + .10 

1 - .16 

1 + .10 

1 - .92 

1 + .19 

2 + .49 

2 + .60 

1 - .74 

1 - .41 

1 - .02 

1 - .57 

2 + 1.24 

0 - .81 

1 - .26 

1 .15 
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2 Representation Levels - Optometrists (R = .42) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 1.83 1 - .83 

Chandler 2.39 4 + 1.61 

Safford 1.53 2 + .47 

Bisbee *75 1.25 0 - 1.25 

Verde Valley 1.69 1 - .69 

Bisbee '81 1.53 1 - .53 

Hoi brook .80 0 - .80 

Page .61 1 + .39 

Gilbert .56 0 - .56 

Snowflake '77 .50 0 + .50 

Sedona 1.68 1 - .68 

Springerville .46 0 - .46 

Payson .93 2 + 1.07 

Parker .53 1 + .47 

Showlow .46 1 + .54 

Benson .65 1 + .35 

Snowflake '81 .25 1 + .75 

St. Johns '77 .27 0 - .27 

St. Johns '80 .24 0 - .24 

Wickenburg 1.25 2 + .75 

Will cox .27 1 + .73 

Williams .31 0 - .31 
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2 Representation Levels - Grocery Stores (R = .65) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 8.53 9 + .47 

Chandler 16.86 16 4 - .86 

Safford 17.11 20 + 2.89 

Bisbee '75 5.24 5 - .24 

Verde Valley 11.65 14 + 2.35 

Bisbee '81 10.82 10 - *
 C
D
 

Hoi brook 11.18 7 - 4.18 

Page 9.31 7 - 2.31 

Gi1bert 5.74 5 - .74 

Snowflake '77 7.49 5 - 2.49 

Sedona 7.40 7 - .40 

Springerville 7.19 5 - 2.19 

Payson 0 5 + 5.00 

Parker 9.60 18 + 8.40 

Showlow 5.04 6 + .96 

Benson 7.52 6 - 1.52 

Snowflake '81 2.93 5 + 2.07 

St. Johns '77 3.53 5 + 1.47 

St. Johns '80 7.52 10 + 2.48 

Wickenburg 6.30 5 - 1.30 

Willcox 4.77 5 + .33 

Williams 10.20 6 - 4.20 
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o 
Representation Levels - Women's Clothing (R = .19) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 5.20 7 + 1.80 

Chandler 1.28 2 + .72 

Safford 4.22 3 - 1.22 

Bisbee '75 1.89 1 - .89 

Verde Valley 1.57 4 + 2.53 

Bisbee '81 1.80 1 - .80 

Hoibrook 2.03 1 - 1.03 

Page 3.20 1 - 2.20 

Gilbert 1.17 0 - 1.17 

Snowflake '77 1.54 2 + .46 

Sedona 1.82 4 + 2.18 

Springerville 1.93 1 - .93 

Payson 3.31 1 - 2.31 

Parker 1.94 4 + 2.06 

Showlow 2.31 2 - .31 

Benson 1.86 1 - .86 

Snowflake '81 1.54 2 + .46 

St. Johns '77 2.71 9 + 6-29 

St. Johns '80 2.71 1 - 1.71 

Wickenburg 1.99 3 + U01 

Will cox 2.17 1 - 1.17 

Williams 1.88 0 1.88 
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2 Representation Levels - Hardware Stores (R = .59) 

Community Predicted # Est. Actual # Est. Difference 

Lake Havasu 3.33 3 - .33 

Chandler .91 1 + .09 

Safford 4.78 5 + .22 

Bisbee '75 2.07 2 - .07 

Verde Valley 2.35 3 + .65 

Bisbee '81 

C
O
 r-

. 

• 1 + .22 

Hoi brook 1.26 1 - .26 

Page 1.71 2 + .29 

Gilbert 1.54 0 - 1.54 

Snowflake '77 .46 0 - .46 

Sedona 2.30 3 + .70 

Springerville 3.03 4 + .97 

Payson 4.05 3 - 1.05 

Parker 2.85 2 - .85 

Showlow 2.63 5 + 2.37 

Benson 2.17 2 » .17 

Snowflake '81 .46 1 + .54 

St. Johns '77 3.34 3 - .34 

St. Johns '80 2.27 3 - .27 

Wickenburg 1.88 2 + 1.12 

Will cox 1.32 1 - .32 

Williams 1.29 1 - .29 
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MULTIPLICATION RATES FOR JEWELRY STORES 
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Population Needed to Support 

2 3 4 5 
Community Establishments Establishments Establishments Establishments 

Lake Havasu 7,446 10,886 15,916 23,269 

Chandler 11,884 17,375 25,402 37,137 

Safford 5,329 7,791 11,390 16,652 

Bisbee '75 8,736 12,772 18,672 27,298 

Verde Valley 854 1,249 1,827 2,671 

Bisbee '81 1,623 2,373 3,470 5,073 

Hoi brook 622 910 1,330 1,945 

Page 1,746 2,554 3,733 5,459 

Gilbert 18,729 27,382 40,032 58,526 

Snowflake '77 4,290 6,272 9,170 13,407 

Sedona 125 184 269 393 

Springerville 9,176 13,416 19,614 28,676 

Payson 1,063 1,554 2,272 3,322 

Parker 833 1,217 1,780 2,602 

Show!ow 5,823 8,513 12,446 18,196 

Benson 4,499 6,578 9,617 14,061 

Snowflake '81 4,883 7,139 10,438 15,260 

St. Johns '77 7,461 10,909 15,948 23,316 

St. Johns '80 7,224 10,561 15,440 22,574 

Wickenburg 231 337 493 721 

Will cox 8,714 12,740 18,626 27,231 

Williams 4,982 7,285 10,651 15,571 
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MULTIPLICATION RATES FOR FLORISTS 

Population Needed to Support 

2 3 4 5 
Community Establishments Establishments Establishments Establishments 

Lake Havasu 144 491 1,673 5,703 

Chandler 10,193 34,738 118,389 403,459 

Safford 5,230 17,825 60,747 207,028 

Bisbee '75 14,268 48,625 165,714 564,741 

Verde Valley 18,231 62,132 211,743 721,622 

Bisbee '81 7,691 27,130 92,461 315,108 

Hoi brook 10,729 36,566 124,615 424,688 

Page 17,123 58,355 198,870 677,750 

Gilbert 13,631 46,454 158,317 539,535 

Snowflake '77 17,867 60,890 137,103 707,196 

Sedona 16,029 54,628 186,170 634,468 

Springerville 9,814 33,447 113,988 388,463 

Payson 6,010 20,480 69,810 237,908 

Parker 7,899 26,922 91,750 312,687 

Showlow 5,117 17,437 59,428 202,525 

Benson 16,108 54,897 187,089 637,587 

Snowflake '81 8,566 29,195 99,494 339,078 

St. Johns '77 7,168 24,430 83,258 283,739 

St. Johns '80 11,093 37,805 128,839 439,086 

Wickenburg 13,489 45,969 156,664 533,887 

Will cox 8,256 28,138 95,893 326,805 

Wil1iams 12,500 42,600 145,181 494,766 



MULTIPLICATION RATES FOR PHYSICIANS 
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Population Needed to Support 

2 3 4 5 
Community Establishments Establishments Establishments Establishments 

Lake Havasu 1,167 1,378 1,629 1,925 

Chandler 3,846 4,545 5,370 6,346 

Safford 6,838 8,081 9,549 11,283 

Bisbee '75 10,723 12,671 14,972 17,692 

Verde Valley 2,589 3,059 3,614 4,271 

Bisbee '81 5,794 6,847 8,091 9,561 

Hoi brook 4,167 4,919 5,812 6,868 

Page 3,842 4,541 5,365 6,340 

Gilbert 3,428 4,051 4,787 5,657 

Snowflake '77 5,503 6,502 7,684 9,079 

Sedona 1,658 1,959 2,315 2,736 

Springerville 5,045 5,962 7,045 8,325 

Payson 2,551 3,015 3,563 4,210 

Parker 3,443 4.068 4,807 5,680 

Showlow 3,213 3,797 4,487 5,302 

Benson 3,902 4,612 5,449 6,439 

Snowflake '81 5,021 5,923 6,999 8,270 

St. Johns '77 4,479 5,292 6,253 7,389 

St. Johns '80 6,727 7,950 9,394 11,100 

Wickenburg 2,295 2,711 3,204 3,786 

Will cox 3,733 4,412 5,213 6,160 

Williams 3,402 4,020 4,750 5,613 
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MULTIPLICATION RATES FOR OPTOMETRISTS 

Population Needed to Support 

2 3 4 5 
Community Establishments Establishments Establishments Establishments 

Lake Mavasu 17,908 52,734 155,285 457,256 

Chandler 21,689 63,867 188,070 553,796 

Safford 17,591 51,802 152,542 449,189 

Bisbee '75 19,145 56,378 166,016 488,854 

Verde Valley 11,871 34,692 102,157 300,822 

Bisbee '81 8,436 35,474 104,457 307,595 

Hoi brook 23,084 67,977 200,170 589,440 

Page 25,689 75,656 222,756 655,948 

Gilbert 23,084 67,977 200,170 589,440 

Snowflake '77 23,084 67,976 200,170 589,440 

Sedona 5,725 16,858 49,643 146,184 

Springerville 21.023 61,905 182,293 536,796 

Payson 10,539 31,036 91,390 269,116 

Parker 10,475 54,403 160,202 471,747 

Showlow 1,975 58,163 171,273 504,347 

Benson 15,949 46,966 138,302 407,248 

Snowflake '81 23,922 70,443 207,434 610,829 

St. Johns '77 22,778 67,075 147,098 581,607 

St. Johns '80 22,576 66,479 195,762 576,461 

Wickenburg 7,121 20,971 61,753 181,844 

Will cox 18,809 55,382 163,083 480,230 

Williams 16,975 49,988 143,278 433,460 
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MULTIPLICATION RATES FOR SERVICE STATIONS 

Population Needed to Support 

2 3 4 5 
Community Establishments Establishments Establishments Establishments 

Lake Havasu 2,018 2,453 2,982 3,625 

Chandler 1,883 2,289 2,783 3,384 

Safford 508 618 751 912 

Bisbee '75 6,112 7,431 9,034 10,982 

Verde Valley 367 447 543 660 

Bisbee '81 2,001 2,433 2,958 3,596 

Hoi brook 81 99 119 145 

Page 164 640 778 947 

Gilbert 1,526 1,855 2,256 2,742 

Snowflake '77 1,296 1,575 1,915 2,329 

Sedona 395 480 584 710 

Springerville 3,611 2,125 2,584 3,141 

Payson 1,213 1,475 1,793 2,180 

Parker 121 147 179 217 

Shawlow 1,624 1,974 2,399 2,917 

Benson 482 586 713 866 

Snowflake '81 3,101 3,770 4,583 5,572 

St. Johns '77 1,211 1,473 1,791 2,177 

St. Johns '80 1,377 1,674 2,035 2,474 

Wickenburg 577 701 853 1,036 

Will cox 734 892 1,058 1,391 

Williams 176 214 260 216 
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Community Thresholds for Florists 

Community Threshold 

Lake Havasu 49 

Chandler 2,991 

Safford 1,537 

Bisbee '75 4,187 

Verde Valley 5,349 

Bisbee '81 2,336 

Hoi brook 3,148 

Page 5,024 

Gi1bert 4,000 

Snowflake '77 5,242 

Sedona 4,703 

Springerville 2,880 

Payson 1,763 

Parker 2,318 

Show!ow 1,501 

Benson 4,726 

Snowflake '81 2,512 

St. Johns '77 2,103 

St. Johns '80 3,255 

Wickenburg 3,958 

Will cox 2,423 

Williams 3,668 

x = 3,167 



Community Thresholds for Grocery Stores 

Community Threshold 

Lake Havasu 4,425 

Chandler 2,565 

Safford 784 

Bisbee '75 4,275 

Verde Valley 1,502 

Bisbee '81 1 *484 

Hoi brook 1,220 

Page 1,485 

Gi1bert 2,262 

Snowflake '77 1,616 

Sedona 1,440 

Springerville 1,460 

Payson 1*732 

Parker 938 

Showlow 1,950 

Benson 1,298 

Snowflake '81 2,641 

St. Johns '77 2,323 

St. Johns '80 1,174 

Wickenburg 1,341 

Willcox *
 c
n
 

C
O
 

Williams 627 

x = 1,824 



Community Thresholds for Service Stations 

Community Threshold 

Lake Havasu 1,660 

Chandler 1,549 

Safford 418 

Bisbee '75 5,028 

Verde Valley 303 

Bisbee '81 1,646 

Hoi brook 67 

Page 433 

Gilbert 1,256 

Snowflake '77 1,066 

Sedona 325 

Springerville 1,438 

Payson 998 

Parker 100 

Showlow 1,335 

Benson 397 

Snowflake '81 2,551 

St. Johns '77 997 

St. Johns '80 1,133 

Wickenburg 475 

Will cox 604 

Williams 145 

x = 1,087 



Community Thresholds for Optometrists 

Community Threshold 

Lake Havasu 6,081 

Chandler 7,365 

Safford 5,974 

Bisbee '75 6,502 

Verde Valley 4,001 

Bisbee '81 4,091 

Hoi brook 7,839 

Page 8,724 

Gilbert 7,839 

Snowflake '77 7,839 

Sedona 1,944 

Springerville 7,139 

Payson 3,579 

Parker 6,275 

Showlow 6,707 

Benson 5,416 

Snowflake '81 8,124 

St. Johns '77 7,735 

St. Johns '80 7,666 

Wickenburg 2,418 

Will cox 3,687 

Williams 5,765 

x = 6,785 



Community Thresholds for Lawyers 

Community Threshold 

Lake Havasu 3,428 

Chandler 2,607 

Safford 2,545 

Bisbee '75 5,846 

Verde Valley 1,857 

Bisbee '81 1,235 

Hoi brook 4,464 

Page 4,610 

Gilbert 2,725 

Snowfiake '77 3,863 

Sedona 951 

Springerville 2,726 

Payson 1,828 

Parker 2,315 

Showlow 2,717 

Benson 2,497 

Snowfiake '81 4,038 

St. Johns '77 3,669 

St. Johns '80 2,884 

Wickenburg 1,552 

Will cox 3,393 

Williams 2,302 

x = 2,911 
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