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ABSTRACT

Functional complexity, described by number of 
establishments, has been modeled for low order central 
places in Arizona. Measures of distance, external income, 
town and hinterland population, change in settlement 
population, and personal income were identified as 
contributing to variation in functional complexity. The 
present study, employing 5-digit ZIP code areas as observa
tional units, has been conducted on a smaller scale. All 
Arizona central places are considered, employing variables 
similar to those used previously but, in some cases, defined 
in different terms. Number of covered employers is the 
dependent variable. Independent variables are adjusted 
gross income, population of the ZIP code area, per cent 
change in population, distance to nearest observational unit 
with same or greater number of covered employers, and 
average 24-hour volume of out-of-state passenger vehicles. 
Simple and multiple correlation-regression analysis of the 
variables produces satisfactory results; the multiple 
correlation coefficient (N = 188) is 0,920, explaining 85 
per cent of variation between observational units in terms 
of functional complexity. Adjusted gross income accounts 
for 83 per cent of this total variation and provides a 
simple model, CE = Cfl.AGI,

viii



CHAPTER 1

INTRODUCTION

Much of the research in economic geography conducted 
during the last twenty-five years has been concerned with 
empirical evaluation and testing of various aspects of the 
theoretical conclusions arrived at by Christaller (1966) in 
his central place theory. The general theory— due to the 
qualifying assumptions— is so rigid that attempts at applica
tion to the real world have raised questions about its use
fulness as an explanatory model. Nevertheless, the model is 
deductively and intuitively reasonable but should not be 
applied, in its entirety, with too strict an exactness.

Recent modifications of portions of the Christaller 
model— which uses only population to account for variation 
in functional complexity— have been the result of attempts 
to apply theory to landscapes which in no way resemble the 
uniform one described by central place theory. The purpose 
of the present study is the application of a recently 
developed central place model that resulted from settlement 
studies conducted by Gibson and Reeves (1974) in Arizona, a 
region of diverse topography. They found that orderly rela
tionships between town size and functional complexity exist 
in such areas, but the model formulated by Gibson and Reeves
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can estimate functional complexity only by making use of 
deductively valid variables that affect aggregate demand in 
a central place. The model, expressed in equation form, is

E = Ph + D + T + Av - Cp,
. where:

E = the number of establishments in each town,
Ph = population of the town and its hinterland,
D = the highway distance in miles to the nearest 

town of greater functional complexity,
T = 1970 average 24-hour volume of out-of-state 

passenger vehicles through town,
1 Av = assessed property value (in dollars per person),

Cp = per cent change in town population between 1960 
and 1970.

The dependent variable, E, was chosen as a measure 
of functional complexity and is the number of physical units 
within which some function is performed. It is a departure 
from previous measures of functional complexity as it 
includes all functions within a town— not just units pro
viding services and retail activity. The independent 
variables were chosen to account for those aspects of the 
real world which Christaller's model does not consider. The 
distance variable, D, takes account of the fact that the 
spacing of towns in areas of diverse topography is not 
regular, with little order in the pattern of settlement;
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Christaller's geometric spacing of service centers does not 
allow for such variation. The 24-hour volume of out-of- 
state passenger vehicles through town, T, was chosen to 
account for one of the externalities common to Arizona, 
tourism. Central place theory excludes consideration of 
externalities inasmuch as it defines a closed system.
Assessed property value per person, Av, is an attempt to 
take into account the effects of spatial variations in 
wealth upon aggregate demand. Christaller assumed that 
wealth was evenly distributed among the population and that 
aggregate demand was a simple function of population mag
nitude, but even casual observation suggests this is not the 
case in Arizona. The fifth variable, Cp, was chosen to 
account for the dynamic nature of settlements. Christaller's 
theory posits a static state which does not take account of 
growth and decline of towns. Population change, expressed 
as a per cent of the base year, takes this change into 
account, partially explaining the discrepancies between 
functional complexity and population. Population of town 
and hinterland, Ph, is the last variable. In central place 
theory, hinterland population enjoys a constant relationship 
with town population. In the real world, however, hinter
land populations vary and must be estimated for observational 
units.

The model formulated by Gibson and Reeves considered 
thirty-five towns in Arizona, ranging from a population of
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4
290 to 3/881. Multiple correlation analysis accounted for 
94 per cent of the variation in the number of establishments. 
This result shows that the model is capable of describing 
functional complexity in an area of diverse topography and 
socioeconomic makeup. Gibson and Reeves' research, however, 
was necessarily confined to a sample of small Arizona towns 
since primary data for the dependent variable were collected 
in the field.

While the Gibson and Reeves model appears to allow a 
high level of explanation for functional complexity, the 
conclusions reached may only be valid for relatively low 
order centers. The variables may riot be effective in 
accounting for functional complexity in higher order centers. 
The purpose of this research is to apply the model on a more 
comprehensive scale— all central places in Arizona. The 
choice of establishments as a measure of functional complex
ity is obviously impossible for this study. The size and 
number of central places in Arizona is too great to allow 
primary data collection through direct observation. There
fore, the number of covered employers— employers who con
tribute to state unemployment insurance— is utilized as a 
new measure of functional complexity (Arizona, Department of 
Economic Security [DBS] 1974). In addition, rather than 
using towns as the observational unit, 5-digit ZIP code 
areas are employed. Data are available for the dependent 
and independent variables for all units within the state
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regardless of size (U.S. Department of the Treasury 1972). 
Data for the ZIP code area provide an estimate of town and 
hinterland population for the population variable and also 
furnish information on adjusted gross income which will be 
used as a measure of variable affluence. In addition, data 
for covered employers are available for 5-digit ZIP code 
areas rather than for individual places. The remaining 
three independent variables used by Gibson and Reeves—  
distance, out-of-state passenger traffic, and per cent 
change in population— are also employed in this research.

Review of the Literature 
Central place theory, formulated by Christaller 

(1966) in the early part of this century, is an attempt to 
offer explanation and description for the pattern of central 
places in a region. Christaller asked the question, " . . .  
why are there, then, large and small towns, and why are they 
distributed so irregularly?" (p. 1). He concluded that 
neither the number, the size, nor the spatial distribution 
of towns could be explained by reference to the geography of 
the area in which they were situated. Neither could the 
study of the historical development of an area furnish laws 
which would provide reasons for the pattern of development. 
Arriving at the conclusion that towns are created, develop, 
and decline because of the existence of things which towns 
can offer, he sought for "special economic-geographical



laws" which would explain the settlement patterns of any 
given area (Christaller 1966, pp. 2-4).

In the process of seeking these general laws 
Christaller (1966, pp. 14-69) propounded a general theory 
focusing on the centralistic tendencies exhibited by dif
ferent size settlements within a region. The centrality of 
a place, defined by Christaller as "the relative importance 
of a place with regard to the region surrounding it" (p. 18), 
is determined by the number of central functions which a 
place contains. These central functions are the provision 
of goods and services which, of necessity, are bound by 
economic ties to a central place. Low order central func
tions are those which do not require a large number of 
people for their support. These are widely proliferated and 
found in both small and large centers. High order central 
functions are less often in demand and are only found in 
centers with large populations and large hinterlands. An 
example of each would be food items, which are purchased 
almost daily, versus psychiatric care, which is consumed by 
only a small portion of a population and then, perhaps, only 
periodically. A hierarchy of central places was developed-—  
based on the population sizes of the towns within the region 
— ranging from many small central places to one large 
central place. The lowest level center contains only low 
order central functions and it is limited in population.
The highest level center contains high order functions in
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addition to the low order functions because the center's 
greater population enables it to support this greater 
variety of goods and services.

The hierarchy is the basis for the development of a 
regular pattern of towns within a region. In theory, the 
pattern will be that of a system of hexagons, with the 
largest central place being situated in the center of the 
hexagonal system. The boundaries of the system correspond 
to the boundaries of the highest order center's trade area, 
delimiting the distance people are willing to travel to 
purchase the high order goods and services. The hexagonal 
trade areas of the lower order central places are nested 
within the boundaries of the trade area of the highest order 
central place. The populations of each town are the same 
for each level of the hierarchy; towns of the same order are 
equidistant from each other.

Christaller's central place theory, however, is based 
on certain assumptions which he found necessary to make.
His hypothetical region is a flat, limitless plain with a 
uniform topography. No site has an advantage over another 
in the production of primary products, and every person has 
equal ease of access to any place. These assumptions make 
the formulation of his theory possible, but these conditions 
are virtually never found in reality.

A review of the geographic studies concerned with 
empirical evaluation of central place theory suggests that
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some authors have not been satisfied with Christaller's 
numerous assumptions which make the model extremely rigid. 
Bell, Lieber, and Rushton (1974) call for modifications to 
central place theory and formulation of a model based on an 
empirical system. According to their thinking, models 
grounded more in reality than in theory can better serve to 
forecast changes in economic systems. Indeed, the Gibson 
and Reeves (1974) model draws upon much empirical research . 
conducted by geographers over the last twenty-five years, 
including that conducted by Gibson and Reeves themselves 
(Reeves and Gibson 1973, Reeves and Gibson in press, Gibson 
and Reeves 1970). Their three studies were concerned with 
research into the relationships between functional complexity 
and town populations in the disrupted landscape of Arizona. 
The object of the first study (Gibson and Reeves 1970) was 
to compare their correlations between population and the 
number of establishments, number of functions, and number of 
functional units in Arizona small towns with correlations 
between these same variables in Iowa (Thomas 1960). They 
concluded that lower correlations in Arizona were probably 
the result of three factors: externalities, spacing, and
hinterland diversity. Interest in corroborating these con
clusions led to further studies on the threshold populations 
of small towns (Reeves and Gibson 1973). The work by Gibson 
and Reeves (1970) confirms the assertion that town popula
tion alone is not an adequate variable for explaining



functional complexity. This research led to the choice of 
deductively valid variables for use in their more complex 
model (Gibson and Reeves 1974).

Other studies which have suggested the validity of 
the choice of variables have been conducted by Thomas (1960) 
in Iowa; Berry, Barnum, and Tennant (1962) in Southwestern 
Iowa; Stafford (1963) in Southern Illinois; Marshall (1969) 
in Southern Ontario;', and. Yeates. and. Lloyd. (1963) in Ontario. 
Thomas (1960) investigated the relationships between popula
tion and possible measures of functional complexity; i.e., 
number of establishments, number of primary functions, and 
number of functional units. He found that all three 
variables were adequate measures of the functional complexity 
of towns in Iowa. Most of the studies which followed his 
work make use of the "establisment" variable as it is the 
easiest to gather data for and less subject to measurement 
error.

Yeates and Lloyd (1963, pp. 53-62) used five 
variables in a study of tertiary economic structure within 
municipalities in Ontario, Canada. The object of their 
study was to determine if changes in the level of aggregate 
demand, represented by town population, would result in 
changes in a town's functional complexity. The five 
variables they employed were: (1) number of business types,
(2) total number of business and service establishments,
(3) the number of establishments of a business type in the

9
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ith community, (4) retail sales, and (5) tertiary employment. 
Coefficients of correlation for simple regression analysis 
ranged from 0.80 to 0.98 for all variables except number 
three above, showing that these variables are all highly 
associated with population of a central place. Of special 
interest for this research is the fact that two of the 
variables— retail sales and tertiary employment— while not 
ordinarily used as measures of functional complexity, did 
correlate highly with population. This points to the 
utility of different measures of functional complexity in 
central place studies.

Fox and Kumar (1966, pp. 49-54) utilized volume of 
retail sales as a variable in their study of functional 
economic areas in Iowa. They devised a central place hier
archy within functional economic areas that is patterned 
after that defined by Borchert and Adams (1963) in their 
study in the Upper Midwest. Cities in the hierarchy are 
classified by a combination of retail sales combined with 
population data. This research also illustrates the use of 
measures other than the standard central place measure of 
central functions in the study of the structure of spatial 
systems. Due to the lack of data availability, however, the 
study was confined to centers with populations greater than 
one thousand people.

Berry et al. (1962) studied the manner in which the 
interdependencies among the various aspects of central place
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systems vary from place to place. They chose the number of 
establishments performing central functions as a measure of 
functional complexity and found a constant relationship 
between population of central places and number of hinter
land residents served. They also found a close relationship 
between the size of trade areas and the rural populations 
served by centers. This study, however, was conducted in 
Iowa where hinterlands consist of largely agricultural popu
lations— this close relationship cannot be expected in areas 
where settlement and hinterland economies are diverse. Of 
special interest for this research is that their conclusions 
also suggest the use of a distance variable, as findings 
indicate out-of-town shopping will be conducted at the 
nearest center of next higher order than the place of 
residence.

Thomas (1961) found a relationship between popula
tion size of a city and the distance between cities in Iowa. 
His study, however, was conducted on a sample of cities of 
the same size class and only resulted in an r of 0.59. His 
conclusions are that population and distance are meaning
fully associated. However, this would appear to be a tenuous 
conclusion, as only 35 per cent of the variation in distance 
between the sample cities and their nearest neighbors is 
explained by the coefficient of correlation (Thomas 1961, p. 
410). Thus, the results suggest that even in Iowa uniform 
distances between places are not found. Furthermore, Stewart
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(1958, pp. 230-34) reached the opposite conclusions from 
those of Thomas. He found that variable spacing of towns is 
a function of hinterland and town population, thus arguing 
for the inclusion of this measure in any model formulated.
In addition, he found that a higher standard of living 
enables consumers to purchase more manufactured goods and 
services. Variable affluence is thus a realistic factor to 
include as a variable in the formulation of a central place 
model.

Berry and Garrison (1958a, p. 154) suggested that 
central places which have a functional complexity not ex
plained by population have had rapid growth resulting in a 
time-lag between increase in population and the development 
of service functions. In addition, hinterland populations 
are not directly related to town populations, resulting in 
lower numbers of functions in relation to town population.

Berry and Garrison (1958b) suggest also that hinter
land populations are not directly related to the number of 
inhabitants in a town. Their study was concerned with 
empirical evaluation of the concept of range of a good 
developed by Christaller. The range of a good is the dis
tance consumers are willing to travel to a central place to 
purchase a good or service. This range marks out the tribu
tary area around a place which is its hinterland. Pre
sumably hinterland inhabitants will travel only to this 
central place to shop for goods which it provides. Each
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town within a size-class is presumed to have an equal and 
directly related hinterland population. Therefore, they 
assumed that functional complexity should be a function of 
population alone. They found, however, that larger towns 
may contain relatively fewer establishments for their size 
than smaller towns due to the presence of larger establish
ments which may achieve economies of scale. Market areas 
were also found to vary in size depending on the size of the 
city.

Hypotheses
The purpose of this study is to further investigate 

the utility of basic central place concepts in describing 
functional complexity. More specifically, the regression 
model developed by Gibson and Reeves (1974) is expanded and 
refined. To accomplish this, more precise data for the 
variables are employed with the expectation that the regres
sion model may be even stronger than the model produced by 
Gibson and Reeves. Hypotheses to be tested are that varia
tion in the number of covered employers in any 5-digit ZIP 
code area in Arizona is:

1. positively associated with the 1969 population of 
the 5-digit ZIP code area;
positively associated with the adjusted gross income 
of the 5-digit ZIP code area;

2.
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3. positively associated with per cent change in the 

population of the 5-digit ZIP code area from 1966- 
1969;

4. positively associated with the 1972 average 24-hour 
volume of out-of-state passenger vehicles through 
the 5-digit ZIP code area; and

5. negatively associated with the distance to the next 
ZIP code area with the same or greater number of 
covered employers.



CHAPTER 2

THE OBSERVATIONAL UNIT AND 
THE VARIABLES

Many empirical central place studies, probably be
cause of the expense associated with the collection of 
primary data, have been confined to regions of comparatively 
limited extent (Roder 1969; Berry and Garrison 1958a, 1958b; 
Bracey 1956) or have dealt only with relatively small "low 
order" central places (Stabler and Williams 1973, Gibson and 
Reeves 1974, Reeves and Gibson 1972, Thomas 1960). Since 
most studies are conducted on a relatively modest scale, the 
data constraints which might be associated with studies of 
large centers or large regions are avoided. As a result, 
the literature of central place theory describing empirical 
studies generally presents analysis based on primary data; 
they have the advantage of being more current than secondary 
data and are often the only information available. Thus, 
most empirical studies describe only one or two levels of a 
town size hierarchy and one must extrapolate from them to 
make statements about the nature of whole economic systems.

Intensive studies of large and complex regions, 
where they exist, are usually heavily dependent on secondary 
data sources. Examples of small scale studies are those 
conducted by Yeates and Lloyd (1963) in the Southern

15
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Georgian Bay Region, Ontario, Canada; Fox and Kumar1s (1966) 
research into functional economic areas in Iowa; Thomas' 
(1960) studies in Iowa; and the study of retail location and 
consumer behavior by Berry et al. (1962) in Southwestern 
Iowa. Yeates and Lloyd (1963) utilized data on functional 
complexity that was obtained from the white pages of local 
telephone directories. Berry et al. (1962) utilized primary 
data for their study but had a field crew of six people 
which worked for a month to gather the data within the study 
area. Fox and Kumar (1966) constructed a hierarchy based on 
volume of annual retail sales in a center and the population 
of a center. Lack of published data forced them to elimi
nate hamlets from their study. Thomas gathered primary data 
for his study of small Iowa towns using sampling methods.

Although a few studies have already been mentioned, 
few central place studies have been conducted for as large a 
region as proposed for this research. Not only is the study 
area large, encompassing the entirety of Arizona's approxi
mately 114,000 square miles, but the range of city sizes is 
also great. Phoenix, the largest city in Arizona, has a 
population of over half a million people. Also included in 
the study are small places with less than one hundred in
habitants.

Because of the broad scale of this study and the 
limited resources available, the use of secondary data is 
imperative. Commonly used measures of functional complexity
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such as total number of establishments, total number of 
functions, total number of primary functions, or total 
number of service functions cannot easily be employed. They 
are not available for the study area unless gathered by 
direct observation in the field. Fortunately, a potential 
surrogate for these commonly used measures of functional 
complexity, number of covered employers, is available in a 
relatively precisely defined observational unit, the 5-digit 
ZIP code area.

Observational Units
The 5-digit ZIP code area has seldom been used in 

geographic research although its potential use has been 
discussed by geographers; it has been the subject of at 
least two articles which have appeared in geographical 
journals (Smith 1967, Abler 1970). Both Smith and Abler dis
cuss the functional relationships of the ZIP code system, 
pointing out that transportation networks are the basis for 
the inclusion of 5-digit towns within 3-digit sectional 
zones. Towns in which 5-digit ZIP code post offices are 
located must have fairly equal accessibility to the sectional 
center post office from which mail is distributed to out
lying areas. In addition, the road network is important in 
the formation of each 5-digit ZIP code area so that mail 
can move speedily to customers.
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It is reasonable to conclude, therefore, that the 5- 

digit ZIP code area is an approximation of a functional 
economic area; consumers will probably shop for at least 
lower order goods and services within the 5-digit ZIP code 
area. Since the ZIP code areas are defined to maximize 
interaction between mail carriers and consumers, it can be 
assumed that interaction between consumers from the hinter
land and the centers containing the post office is also 
maximized.

Data available for each 5-digit ZIP code area in
cludes the population of the settlement in which the post 
office is located, the population of the rural area around 
it, and any other, probably smaller settlements, within its 
rural area which do not have their own post offices (U.S. 
Department of the Treasury 1972, p. 3). The ZIP code.areas 
will vary in size as they are drawn up with regard to the 
transportation network; access to post offices is an impor
tant consideration. Nevertheless, ZIP code areas appear to 
be extremely attractive as data points, inasmuch as data are 
available for the dependent and independent variables for 
each 5-digit ZIP code area in Arizona, thus allowing vir
tually all central places in the state to be included in the 
study. This is important, since in previous central place 
research large towns and cities and small hamlets have at 
times been excluded from studies due to difficulty in ob
taining data (Fox and Kumar 1966, Gibson and Reeves 1974,
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Berry and Garrison 1958a). In addition, data pertaining to 
hinterland populations have generally not been available and 
have, in some cases, been obtained only through estimating 
procedures (Gibson and Reeves 1974), when not entirely 
ignored as 11 inconsequential" (Yeates and Lloyd 1963).,

The 5-digit ZIP code areas have at least one dis
advantage— no boundaries have been defined for them. The 
exact area encompassed by each observational unit is there
fore unknown and the limits of the ZIP code areas cannot be 
mapped. Data are available for the entire area, however, 
and since areal data are, in analysis, commonly treated as 
point data, the fact that boundaries between ZIP code areas 
are not known is not a major problem. The town in which the 
post office is located has been chosen as the data point for 
mapping and measuring purposes; whether or not this point is 
the centroid of the areal unit is unknown (Figure 1).

Twenty-two of the 216 potential observation units 
were excluded for a variety of reasons (Appendix B). For 
example, Supai is located in the bottom of the Grand Canyon 
and lacks road access. There is, therefore, no way to 
obtain data for two variables— tourist traffic and distance. 
Twenty of the ZIP code areas were dropped from analysis be
cause they contained no covered employers. Mohave Valley 
was eliminated because there is no central town located on 
the map from which to measure distance, and no information on 
tourist traffic. These twenty-two observational units are
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insignificant, however, with a total population of 8,292 and 
only three covered employers. As this total is but 0.42 per 
cent of the state population, the absence of these obser
vational units will have no effect on the analysis.

For the purposes of this study Tucson and Phoenix are 
treated as single 5-digit ZIP code areas; i.e., the numerous 
ZIP code areas within these metropolitan centers have been 
aggregated and are described as one point. In addition, 
several surrounding towns are geographically and economically 
associated with Tucson and Phoenix. Therefore, it was de
cided that all 5-digit ZIP code areas within the urbanized 
area, as defined by the U.S. Department of Commerce (1971b), 
would be a better unit to use for this study in these two 
cases. The Tucson observational unit includes data for 
South Tucson. Phoenix is an aggregation of data for El 
Mirage, Youngtown, Glendale, Peoria, Sun City, Mesa, Scotts
dale, and Tempe.

Dependent Variable
The number of covered employers located within a 5- 

digit ZIP code area is the dependent variable (Figure 2). A 
covered employer is one who is required by Arizona law to 
contribute to State Unemployment Insurance (Appendix C). 
Contributions by employers are made quarterly to the Depart
ment of Economic Security (DES) which updates their records 
at the end of each reporting period to maintain currency of
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data. Employers engaging only agricultural labor, casual 
labor, domestic labor, or employees compensated by commis
sion are exempt from Arizona law and are not, therefore, 
included in the dependent variable. As these types of 
activities are generally excluded from empirical central 
place studies, no problem is created by the lack of informa
tion about them.

The data do include secondary manufacturing, primary 
industry, and contract construction employers; these, 
functions are generally excluded from central place research. 
However, Gibson and Reeves (1974) included these functions 
in their count of establishments and Thomas (1960, p. 11) 
deviated from theory by including in his study all activities 
which lend either direct or indirect support to the economic 
base of towns. The secondary and primary industry employers, 
except contract construction, covered by DES data total 
approximately 6 per cent of all covered employers. If we 
assume that this 6 per cent is distributed in proportion to 
the total number of covered employers, the presence of non
service establishments may add a small amount of noise to 
the data set but will probably not significantly change the 
shape of the distribution of the dependent variable in terms 
of service and retail employers. Although part of the 
secondary sector, establishments engaged in contract con
struction can legitimately be classified as service estab
lishments since virtually all activity of this type is

23
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oriented toward serving the local community; well-drillers, 
small building contractors, and other related business types 
make up the majority of establishments in the construction 
sector.

The data for this study were furnished for the first 
quarter of 1974 (Arizona, Department of Economic Security 
1974). In all, DES records contain data on 34,484 covered 
employers arranged by 5-digit ZIP code area. A number of 
the covered employers, 3501, reported no employees, indir 
eating that the employing units were no longer engaged in 
business (Fireman 1974). These employers were removed from 
the data list. In addition, 3974 employers reported from 
main business offices located in other states. As a con
sequence, these employers had to be assigned to a ZIP code 
area within the state. This was accomplished: (1) when the
name of the establishment gave some indication of the town 
in which it was located, or (2) with the aid of DES per
sonnel. Nevertheless, 2735 employers could not be assigned 
to a 5-digit ZIP code area. The total number of active 
covered employers finally designated for use in analysis 
is 28,189.

A major problem had to be resolved before the number 
of covered employers in the individual ZIP code areas could 
be calculated; i.e., employers are not always engaged in 
business in the ZIP code area from which reports and con
tributions are mailed. This discrepancy becomes evident
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either through perusal of every address or through a com
parison of the 5-digit ZIP code and the county code, a 
number from one to fourteen which is assigned to each of the 
fourteen counties in Arizona. Each covered employer is 
assigned to the county in which he maintains a business, 
independently of the 5-digit ZIP code in which he lives.
When the two codes do not coincide the error in assignment 
is obvious (Fireman 1974).

In this instance, these employers were reassigned to 
the correct ZIP code areas by:

1. reading every name in the DES listing which had been 
assigned improperly to ascertain correct town names;

2. use of the telephone directory;
3. use of the D-U-N-S Account Identification Microfiche 

File (Dun and Bradstreet, Inc. 1974); and
4. use of the Arizona Directory of Manufacturers 

(Arizona, Employment Security Commission, 1972).
Those covered employers which could not be found in any of 
the above sources were left in the ZIP code area to which 
they had been initially assigned. Only 5 per cent— approxi
mately fifteen hundred— of the total number of covered 
employers were improperly assigned originally (Fireman 
1974); approximately 200 covered employers— 0.6 per cent of 
the universe— could not be reassigned through further re
search.
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One further inadequacy in the data should be men

tioned. When an employer has an establishment in more than 
one county and has less than fifty employeesz he is assigned 
only to the county in which the majority of his employees 
are working. However, this number is less than one per cent 
of the universe (Fireman 1974) and should not impair the 
overall accuracy of the dependent variable. The out-of- 
state covered employers and the multi-county covered em
ployers who could not be assigned to ZIP code areas total 
approximately 12 per cent of covered employers in the state. 
The data for covered employers is thus 88 per cent complete.

It has been stated that covered employers is a 
potential measure of functional complexity, but some evidence 
to support this assertion is needed. Consequently, the data 
generated by Gibson and Reeves (1974, Table 1) to describe 
number of establishments, number of functions, and number of 
primary functions were compared with data for covered em
ployers. The number of observational units which are used 
for comparison purposes is thirty-four; three of Gibson and 
Reeves' small towns— Surprise, Youngtown, and El Mirage— are 
aggregated with the Phoenix data in this study. Simple 
correlation analysis was performed comparing covered em
ployers with each of the three measures of functional com
plexity. The resulting simple coefficients of correlation 
(Table 1) show a strong positive association between number 
of covered employers and number of establishments— the
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Table 1, Simple Coefficients of Correlation Between 

Dependent Variables Used by McLellan and by 
Gibson and Reeves (N = 34)

Variables MNumber of Covered Employers

Number of GREstablishments r = 0.950
Number of GRFunctions r = 0.918
Number of GRPrimary Functions r = 0.921

GR = Gibson and Reeves (19747 Table 1). 
M = McLellan

dependent variable used in the study to develop the Gibson 
and Reeves model— producing an r of 0.950. The simple co
efficients for number of functions (r = 0.918) and number of 
primary functions (r = 0.921), while slightly lower, still 
show a strong association. In light of these results, 
number of covered employers appears to be an acceptable 
measure of functional complexity. However, since Gibson and 
Reeves were only working with relatively low order places, 
covered employers may not approximate these measures in 
higher order places. Nevertheless, this analysis will be 
carried out on the assumption that they do.
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Independent Variables

Population of the 5-Digit ZIP Code Area
The first independent variable is population of the 

5-digit ZIP code area. Data are calculated from income tax 
returns filed in 1969 (U.S. Department of the Treasury 1972, 
p. 11). Each 5-digit ZIP code area has data showing the 
number of individual income tax returns and joint income tax 
returns that were filed from that area. In addition, data 
for the total number of dependent exemptions claimed on 
these returns are provided. Added together, these three 
figures provide an estimate of the population in each 5- 
digit ZIP code area (Appendix A).

In central place theory, functional complexity is 
assumed to be a function of aggregate demand, which is a 
product of the population of a town and its hinterland pop
ulation. It is further assumed that hinterland population 
enjoys a regular relationship with town size; if the popula
tion of the settlement is known, the hinterland population 
can be determined (Christaller 1966, pp. 44-45). The regu
larity between town population and hinterland population 
makes it possible, in theory, to predict the functional com
plexity of a place. These regularities are based on the 
uniform physical and economic conditions which Christaller 
(1966, pp. 28-29) established to smooth out the complexities 
of real-world landscapes. However, this ideal relationship
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between town and hinterland population is generally not 
found in the real world; deviations from the ideal physical 
and economic conditions are the norm. Arizona is an 
especially good example of a region which departs from the 
uniform landscape described in theory. Due to the extreme 
variation in resource availability and topography, the 
hinterland populations of settlements vary greatly, from 
well populated agricultural hinterlands to sparsely popu
lated deserts. In addition, the economic support of many 
towns is varied, only rarely relying on support from an 
agricultural population surrounding it. Some towns, such as 
Gila Bend, Benson, Williams, and Flagstaff are located on 
major highways. Much of the economic support of towns such 
as these comes from supplying the needs of travelers; motels, 
service stations, and restaurants are numerous. Others, 
such as Pinetop, Bullhead City, Sedona, and Parker have 
economies which are oriented to serving the recreational 
needs of vacationers bent on swimming, fishing, boating, or 
simply relaxing. Tombstone and Jerome are typical "Old 
West" tourist towns which cater to tourists eager for a 
taste of old Arizona.

Arizona is, of course, a state in which mining is 
economically important. The mining towns of today, such as 
Benson, Morenci, and Bisbee, contain relatively affluent 
worker populations, but generally to not have well developed 
business districts, especially where mining companies own



the towns and control proliferation of business establish
ments.

From this brief account, it can be seen that Arizona 
does not have the uniform economic support that is typical 
of a region dependent on agriculture. Because of th6 varia
bility in hinterland support capabilities, hinterland popu
lations are not necessarily related to town size. There
fore, actual hinterland population combined with town data 
are essential when describing functional complexity. Lacking 
available hinterland data, Gibson and Reeves (1974, p. 155) 
were forced to make estimates of hinterland populations for 
their independent variable. With data for ZIP code areas, 
however, a presumably accurate population figure is avail
able to describe both town and hinterland population. Total 
ZIP code population for Arizona is estimated to be 1,773,623 
(U.S. Department of the Treasury 1972, p. 5753). This com
pares favorably with the 1970 census population for Arizona 
of 1,770,900 (U.S. Department of Commerce 1971b) and attests 
to the utility of population estimates for the ZIP code 
areas.

In general terms, the distribution of towns by size 
conforms to that distribution suggested by theory; i.e., as 
town size increases, the number of towns in a given size 
category decreases. There are, however, some significant 
departures from the theoretical pattern; the decrease in 
town frequency with increase in town size, as found in
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Arizona, does not show the regular geometric progression 
that the theoretical hierarchy would exhibit. Table 2 and 
Figure 3 both describe the relationship between town-size 
and frequency of occurrence in Arizona settlements. Popula
tion is divided into class intervals consisting of popula
tion increments of one thousand each. The number of towns 
in each size class decreases with increased population. The 
smallest size class contains 50 per cent of the settlements 
in the universe. The majority of the settlements, 91 per 
cent, have populations of less than seven thousand inhabi
tants. Only seventeen observational units have populations 
greater than seven thousand people and the four largest 
units are separated from the rest of the settlements by 
large gaps. The histogram (Figure 3) presents this same 
distribution in graphic form, showing many small settlements, 
a few moderately large ones, and two major cities that are 
clearly separated from the majority of the settlements.

The general pattern— a decrease in frequency with an 
increase in population size— is to be expected in any central 
place system. Although it is not the purpose of this study 
to attempt to apply the notion of hierarchy, a few general 
observations can be made. The many small places of less 
than a thousand population (50 per cent) are widely distrib
uted centers which provide only low order functions; i.e., 
grocery stores, bars, and service stations. Low order 
functions include goods and services which consumers
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Table 2. Frequency Distribution of Population (N = 194)

Class Interval 
(Population)

Number of 
Occur
rences

Cumulated 
Number of 
Occur
rences

Per Cent 
of Occur
rences

Cumulated 
Per Cent of 
Occurrences

0- 999 97 97 50.00 50.00
1,000- 1,999 27 124 13.90 63.90
2,000- 2,999 26 150 13.40 77.30
3,000- 3,999 9 159 0.60 81.90
4,000- 4,999 4 163 2.10 84.00
5,000— "5,999 9 172 4.60 88.60
6,000- 6,999 5 177 2.60 91.20
7,000- 7,999 2 179 1.00 92.20
8,000- 8,999 1 180 0.50 92.70
9,000- 9,999 2 182 1.00 93.70

10,000- 10,999 1 183 0.50 94.20
11,000— 11,999 2 185 1.00 95.20
12,000— 12,999 1 186 0.50 95.70
13,000- 13,999 0 186 0.00 0.00
14,000- 14,999 0 186 0.00 0.00
15,000- 15,999 0 186 0.00 0.00
16,000- 16,999 1 187 0.50 96.20
17,000- 17,999 1 188 0.50 96.70
18,000- 18,999 0 188 0.00 0.00
19,000- 19,999 2 190 1.00 97.70
28,000- 28,999 1 191 0.50 98.20
45,000- 45,999 1 192 0.50 98.70

326,000-326,999 1 193 0.50 99.20891,000- 891,999 1 194 0.50 99.70

Source: U. S. Department of the Treasury (1972)
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purchase frequently and are not willing to travel great 
distances to obtain. Increasingly larger centers provide 
higher order functions and a greater number of establish
ments for their larger populations. In addition, consumers 
from smaller settlements travel to the larger centers to 
purchase the higher order goods and services which their 
small populations cannot support.

Adjusted Gross Income
In the development of his central place theory, 

Christaller (1966, pp. 34-35) discussed the significance of 
variable wealth. He realized that all people do not have 
equal incomes, and, therefore, equal spending capabilities. 
However, since there was no convenient way to measure indi
vidual incomes or individual spending behavior, he decided 
to ignore variable incomes and hold aggregate demand con
stant. By assuming that wealth was evenly distributed and 
that each person spent the same amount, aggregate demand for 
goods and services could be considered to be a direct 
function of population.

In the development of a theoretical model, assuming 
equal distribution of wealth is an unrealistic but feasible 
step. However, when constructing an empirically valid model 
for application to the real world, such an assumption is 
impractical; demand does vary with disposable income. It 
is reasonable to assume that a family of four with an income
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of $30,000 per year will not only spend more money, but will 
purchase different items than the same size family with an 
$8,000 per year income. In Arizona, as elsewhere, wealth 
obviously varies from place to place; per capita income in 
Apache County and Yuma County in 1971 was $2,256 and $4,200, 
respectively (Valley National Bank of Arizona 1973, p. 9).
The northeastern section of the state is largely Indian 
reservation. Sheep and cattle ranching and subsistence 
farming are the main sources of income, in addition to 
support payments from Government sources. Income is low, 
thus aggregate demand is low, and many businesses found in 
more wealthy communities of similar size will be absent here. 
Conversely, Green Valley and Youngtown are retirement com
munities where wealthy retired people live. These towns 
should have substantial amounts of money in circulation 
within the community and more businesses as a result. Var
iable wealth from town to town should therefore account for 
some of the variation in the covered employers variable
(Gibson and Reeves 1974, p. 155).

) ' As in Christaller's day, income is extremely diffi
cult to measure. Census data on income are available for 
some urban areas and for large political units such as 
states but are not supplied for small towns. In order to 
include the full range of settlement sizes, data describing 
adjusted gross income— the amount of taxable personal income 
resulting from reducing gross income from all sources subject
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to tax by allowable deductions (U.S. Department of the 
Treasury 1972, p. 10)— are used as a measure of variable 
wealth. Data are available for all 5-digit ZIP code areas 
within the state. Adjusted gross income is a measure of 
taxable income rather than disposable income, but if it is 
assumed that the cost of living is uniform throughout 
Arizona, then variations in taxable income should reflect 
variations in disposable income.

Per Cent Change in Population
The third independent variable— per cent change in 

population between 1966 (U.S. Department of the Treasury 
1970) and 1969 (U.S. Department of the Treasury 1972)— has 
been chosen as a partial measure of change in aggregate 
demand. The ideal static conditions which are set forth in 
theory are not valid in the real world. Towns in Arizona 
are both growing and declining and changes in aggregate 
demand can be assumed to take place fairly rapidly. Berry 
and Garrison (1958a, p. 154) have suggested that acquisition 
of services may lag behind growth of population. Rapidly 
growing towns, in the short run, may have less establish
ments than would be expected on the basis of their popula
tions alone. Conversely, towns with a declining population 
may tend to retain businesses even when they have become un
profitable (Gibson and Reeves 1974, p. 155). Per cent change 
in population— either negative or positive— should serve to
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explain some variation in number of covered employers by 
taking into account rapid changes in population.

Average 24-Hour Volume of Out-of-State 
Passenger Vehicles

The fourth independent variable is the 1972 average 
24-hour volume of out-of-state passenger vehicles through a 
5-digit ZIP code area (Arizona Highway Department 1972). The 
town in the ZIP code area in which the post office is located 
is used as the measuring point for the entire ZIP code area. 
There are fifty-eight towns, however, for which traffic 
counts are not available. These towns are usually small and 
located on county and back-country dirt roads. It is diffi
cult to estimate highway traffic for places that lack high
way department data. These places are small and located in 
out-of-the-way places; it seems likely that few people would 
visit them. On the other hand, with the increased interest 
in traveling and camping that has occurred in the last few 
years, these settlements must get some visitors. Lacking 
knowledge about these places, it was decided to assume that 
foreign passenger traffic through these towns is zero 
(Appendix A).

The number of out-of-state passenger vehicles is 
employed as a measure of one of the externalities which is 
economically important in Arizona (Gibson and Reeves 1974, 
p. 155). Christaller (1966, pp. 49-57) assumed a closed 
system, one without externalities, in order to make his
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central place model workable. All external income— income 
generated by the sale of goods and services to sources out
side the system— was assumed to be non-existent. All trade 
was confined to the system itself. In the real world, how
ever, externalities should be taken into consideration when 
testing the applicability of models, but a problem occurs 
due to the fact that externalities take many forms. The 
trading of goods is only one externality affecting an area, 
and the towns gain income from more than one type of trade. 
Manufactured goods, mining and agricultural products, and 
lumber products are only a few of the items which contribute 
to the support of Arizona towns through sales to external 
markets. Education, both in the form of government aid and 
student spending, brings large sums of money into some towns 
Transfer payments in the form of earnings on investments, 
social security payments, and retirement benefits also con
tribute to aggregate demand and functional complexity. In
come from tourism and transient traffic also supports many 
businesses which probably would not exist if it ceased. All 
of these factors contribute to aggregate demand, increasing 
the business opportunities of places and thereby adding to . 
functional complexity. The fact that income from outside 
the system comes from such a variety of sources makes 
measurement difficult. Furthermore, data are not even avail 
able to allow measurement of the majority-of externalities.



The choice of tourist.traffic as an independent 
variable is an attempt to measure one externality which 
appears to be more or less universal throughout Arizona— the 
tourist business. Arizona is fortunate in having great 
natural beauty combined with an attractive climate. In 
addition, it contains many relics of both the historic and 
pre-historic past, such as Indian ruins and ghost towns from 
the early mining era. These factors draw sightseers and 
vacationers to all parts of Arizona, contributing to the 
aggregate demand for goods and services of large and small 
communities alike. In addition, cross-country travelers are 
important sources of income for a number of towns located 
along the major highways. Unfortunately no direct monetary 
data are available that measure this externality. Highway 
traffic through each observational unit is a surrogate which 
should measure the variable contribution of at least some 
external income to the support capacity of a town, thus 
influencing functional complexity (Gibson and Reeves 1974, 
p. 155).

Distance
The last independent variable is highway distance to 

the nearest 5-digit ZIP code area (in this case represented 
by the town containing the post office) with the same or 
greater number of covered employers. Distances were measured 
using a standard 1974 Arizona road map.
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In the ideal landscape formulated by central place 
theory, service centers are arranged in a geometric hexag
onal pattern and the spacing between centers is regular 
(Christaller 1966, pp. 49-69). This pattern is made 
possible by assuming (1) that the system is situated on a 
flat plain with no barriers to impede access to any place, 
(2) that primary resources are evenly distributed, and, 
thus, (3) population is evenly distributed. Most research 
on central places has been conducted in areas with fairly 
uniform topography (Marshall 1969, Thomas 1960, Berry and 
Garrison 1958a, 1958b, Brush 1953), which resemble to some 
degree the flat, homogeneous plain which theory demands 
(Christaller 1966, pp. 28-49) .

Arizona, however, is situated in an area of diverse 
topography and climate. Primary resource activities such 
as copper mining, agriculture, and lumbering are dependent 
on the location of the necessary physical resources. Vast, 
uninhabited areas of desert vegetation cover much of the 
state. Arizona towns, therefore, appear to be irregularly 
spaced, lacking the geometric pattern of the theoretical 
model.

In order to test whether the spacing of towns in 
Arizona is truly irregular or if there is some degree of 
uniformity in their separation, Gibson and Reeves (1974) 
conducted a Nearest Neighbor Analysis on the thirty-seven 
towns in their study. The values produced suggest a
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settlement pattern that departs from randomness toward 
clustering as opposed to the uniform geometric pattern which 
is assumed in central place theory. On the basis of this 
analysis, Gibson and Reeves introduced a distance variable 
to help account for variation in number of establishments. 
They theorized that towns with fewer than expected estab
lishments might be explained by their proximity to more 
functionally complex centers, on the assumption that 
proximity to shopping alternatives promotes leakage.

A Nearest Neighbor Analysis was also conducted on 
the original 216 observational units in this study, yielding 
a nearest neighbor coefficient of 0.804— a value that also 
shows a pattern that departs from randomness toward cluster
ing. The nearest neighbor value obtained by Gibson and 
Reeves for their thirty-seven small towns was 0.726. While 
the value obtained in.this study is slightly closer to 
randomness than that produced by Gibson and Reeves, it still 
describes a pattern that significantly deviates from uniform. 
Both studies, therefore, show patterns that depart from 
randomness toward clustering, indicating that the distance 
separating the observational units is not regular and must 
be accounted for through an additional independent variable.



CHAPTER 3

ANALYSIS OF DATA

Correlation-Regression Analysis 
Simple and multiple correlation analysis was per

formed on the dependent and independent variables with en
couraging results (Table 3). There is a strong positive 
relationship between number of covered employers and ad
justed gross income, as well as population. The simple 
correlation between number of covered employers and adjusted 
gross income and population is, in both cases, 0.999. The 
distance variable enjoys a moderately high positive associa
tion with covered employers (r = 0.701). The highway 
traffic variable shows a very weak positive association with 
covered employers (r = 0.182). This weak association, how
ever, may not be a function attributable to the variable 
itself, but rather a function of the inadequacy of the data. 
Highway traffic data for fifty-eight of the ZIP code areas 
are not available as the towns are not situated on state or 
federal highways (Arizona Highway Department 1972). Some of 
these towns for which traffic information is lacking un
doubtedly have out-of-state traffic, but these places were 
assigned zero values, thus diminishing the effectiveness of 
this variable. The population change variable enjoys

/
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Table 3. Coefficients of Simple and Multiple Correlation, 

All Variables Included (N = 194)

Variable3 CE
Simple Correlation 

P AGI Cp T
P 0.99945AGI 0.99961 0.99953Cp 0.00882 0.00551 0.00793T 0.18175 0.17858 0.17304 -0.02434
D 0.70094 0.69424 0.68963 -0.00095 0.35051

Regression Step

Multiple Correlation
Increase in 

R R z

CE • AGI 
CE . AGI • D 
CE • AGI • D • T 
CE ♦ AGI • D • T • Cp

0.99961 0.99923 
0.99974 0.99948 
0.99975 0.99950 
0.99975 0.00050

aP = Population of 5-digit ZIP code area.
AGI = Adjusted gross income.
Cp = Per cent change in population, 1966-1969.
T = Average annual 24-hour volume out-of-state 

passenger vehicles.
D = Distance to next ZIP code area with the same 

or greater number of covered employers.



virtually no association with the dependent variable (r = 
0.009)/ perhaps because the period over which change is 
measured is too brief.

The strong positive association between population 
and adjusted gross income means that one can be used in 
place of the other; both do the "same job" when used in 
correlation regression analysis to account for variations in 
covered employers. The relationship measured is a functional 
relationship, not cause and effect, but one can make some 
tentative conclusions about the close association between 
these two variables. The population of an area is probably 
primarily a function of its livelihood possibilities; i.e., 
the more abundant the livelihood possibilities, the higher 
the population. Therefore, the high correlation between 
population and the gross earnings of workers in an area is 
not surprising. In addition, the functional complexity of a 
place will be a function of the business opportunities in
herent in an area and, thus, directly related to aggregate 
demand. In this fashion, the high correlations appear to be 
accounted for.

Due to the high correlation between adjusted gross 
income and population, only adjusted gross income enters 
into the multiple regression analysis. The model is;

CEc = -13.711 + 0.0054AGI + 0.582D + 0.0028T + 0.040lCp. 

Together these four independent variables yield a
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coefficient of multiple correlation (R) of 0.99975 and
account for 99.95 per cent of the variation in number of
covered employers. The Standard Error of the Estimate (SE^)
is 26.52 covered employers and 164 of the 194 observational
units fall within 1.0 SE . Only 12 of the 194 observationalc
units are substantially residual, falling outside 2.0 SE^. 
Adjusted gross income, however, accounts for 0.99961 of the 
correlation. The contribution of the other variables is 
virtually nil, and they are not necessary for the formation 
of the model. All five variables are used for this study 
because the model developed by Gibson and Reeves (1974) 
needed all of them to account for variation in number of 
establishments. Gibson and Reeves, however, were working 
only with one small cross-section of Arizona's population. 
When all population centers are considered the model 
probably has less noise; i.e., occasional departures from 
the norm are "smoothed out" by aggregation of data. Thus, 
either population or adjusted gross income will explain 
variation in covered employers without the "extra help" that 
Gibson and Reeves needed.

Due to the surprisingly high correlations that were 
generated, it was decided to conduct some further experi
ments to determine if the strong relationships would be 
maintained if the larger centers were removed from analysis. 
Since population is the commonly accepted measure of varia
tion in functional complexity, both in theory and in
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empirical studies, it was decided to exclude adjusted gross 
income from the regression analysis before these experiments 
were conducted. The slightly higher correlation of ad
justed gross income may be due to minor measurement errors 
in the estimating procedures. The resulting coefficient of 
multiple correlation, as expected, was only slightly lower 
when population is used in place of adjusted gross income, 
producing an R of 0.99950 (Table 4). But, again, only one 
variable is needed to "explain" covered employers.

Table 4. Multiple Correlation 
Population, Distance, 
tion, Tourist Traffic

of Covered Employers with. 
Per Cent Change in Popular- 
(N = 194)a

Step Variable R R2

1 Population 0.99945 0.99889
2 Distance 0.99949 0.99899
3 Per Cent Change in Population 0.99950 0.99900
4 Out-of-State Passenger Traffic 0.99950 0,99900

^Adjusted Gross Income excluded from Regression 
Analysis.

Noting that four of the ZIP code areas have con
siderably greater populations and number of covered employers 
than the rest of the observational units (Figures 1 and 2), 
it was decided to eliminate them from the regression
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analysis to see if the correlations would change. The 
notion tested here is that these large centers, with such 
extreme magnitudes of data, exert undue influence over the 
least squares correlation-regression procedures.

The first step in the experiment was the elimination 
of Phoenix and Tucson, the two largest cities in Arizona, 
from the regression analysis. These two observational units 
describe the urbanized areas (U.S. Department of Commerce 
1971b), not just the legal cities. The population for the 
Phoenix urbanized area is 891,324 and the population for the 
Tucson urbanized area is 326,050. These two observational 
units contain 70 per cent of the state's population and 74 
per cent of the state's covered employers, emphasizing the 
relative importance which Phoenix and Tucson have in Arizona. 
Elimination of these two places causes.a substantial drop in 
the coefficient of correlation, reducing it from 0.999 to 
0. 948.1

Flagstaff and Yuma are the next two largest cities 
in Arizona. The Flagstaff observational unit has a popula
tion of 28,072; 8,000 more than the next smallest town.
Yuma has a town and hinterland population of 45,179. These 
two towns contain 4 per cent of the population of Arizona 
and 5 per cent of the state's covered employers. Together 
the four largest towns contain 74 per cent of the state's

1. Results of these experiments were not placed in 
tables as these steps are intermediary.



people and 79 per cent of all covered employers. Elimina
tion of these two places causes a further drop in the co
efficient of correlation to 0.893.

The elimination of these four largest towns from the 
analysis reduces the estimating capabilities of the model. 
The new results, however, produce an equation that is 
probably more meaningful and correspondingly freer from 
misinterpretation. The magnitudes of the population, dis
tance, highway traffic, and adjusted gross income variables 
for these four cities are so great that they may tend to 
"drown out" the comparatively minor residual effects of 
other, smaller, observational units. This produces a de
ceptively high coefficient of correlation.

At this point the adjusted gross income variable was 
added back into the equation. Exclusion of the four towns 
resulted in changes in the simple coefficients of correla
tion (Table 5) which indicate that all of the variables may 
now act in the equation to increase the estimating capa
bilities of the model. However, adjusted gross income still 
has the highest positive association with covered employers 
(r = 0.914) while population enjoys a weaker association 
(r = 0.880). In addition, adjusted gross income is still 
highly associated with population resulting in a simple co
efficient of correlation of 0.961. This indicates that 
adjusted gross income, besides being the most effective 
factor influencing variation in covered employers, is still

48
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Table 5. Coefficients of Simple and Multiple Correlation, 

All Variables Included (N = 190)

Simple Correlation
Variable3 CE P AGI Cp T
P 0.880AGI 0.914 0.961Cp 0.048 -0.013 0.031T 0.225 0.187 0.175 -0.014D 0.516 0.448 0.449 0.018 0.191

Multiple Correlation
Increase in

Regression Step R R2
CE • AGI 0.91483 0.83691
CE • AGI • D 0.92235 0.85073
CE • AGI • D ♦ T 0.92377 0.85335
CE • AGI • D • T • Cp 0.92400 0.85378
CE • AGI » D * T • Cp • P 0.92403 0.85382

P = Population of 5-digit ZIP code area.
AGI = Adjusted gross income.
Cp = Per cent change in population, 1966-1969.
T = Average annual 24-hour volume out-of-state 

passenger vehicles.
D = Distance to next ZIP code area with the same or 

greater number of covered employers.
CE - Covered employers.
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too highly correlated with population to allow population to 
have much influence on the model.

The results of this multiple correlation-regression 
analysis are shown in Table 5. The adjusted gross income 
variable has a high correlation with covered employers, and 
the four remaining independent variables add little to the 
estimating capabilities of the equation, resulting in a 
multiple coefficient of correlation of 0.92403. The model 
is capable of statistically accounting for 85 per cent of 
the variation in covered employers for .the tested cities in 
Arizona.

In the previous experiment, the more extreme 
residuals from regression, those that deviate from the 
equation by more than 2.0 SE^, number only thirteen (Table 
6). A preliminary study was made of those observational 
units to see if perhaps some manipulation of the data was 
indicated which might produce still more meaningful results 
with the regression analysis. Two of the negative 
residuals— observational units with fewer covered employers 
than the equation estimated they should have— were found to 
be situated quite close to much larger towns. Gibson and 
Reeves (1974) found it advisable to combine the data of four 
towns as ". . . some of the most poorly estimated towns in 
the sample are those that are relatively isolated except for 
a contiguous 1 twin' with which the sample town appears to 
interact closely (p. 156). Two residuals in this study fit
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Table 6. Extreme Residuals from Regression— More Than 2.0 

SEC from the Regression Line (N = 190)a

5-Digit ZIP Code Area
Residuals

Negative Positive
Chandler -71.505
Nogales 98.568
Lake Havasu City 69.600
Chinle —50.646
Sedona 63.362
Bisbee -78.344
Fort Huachuca -60.920
Casa Grande 102.042
San Manuel -54.208
Prescott 101.962
Ajo —62.163
Green Valley — 63.614
Morenci -74.835

a2.0 SE = c 48.432
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this description? Fort Huachuca and Morenci are situated 
close to Sierra Vista and Clifton respectively. On the 
assumption that residents might be shopping at the nearby 
towns, resulting in fewer covered employers in the town in 
which they live, the data for these two observational units 
were combined with its neighbor. Ft. Huachuca, only a short 
distance from Sierra Vista, has recently been incorporated 
by the latter town. Even though it has its own ZIP code, 
its geographic, political, and economic association with 
Sierra Vista suggests that the two should be combined. 
Morenci also was combined with Clifton for similar reasons. 
While not part of the same political entity, the two towns 
are located close together, and it seems reasonable to 
assume that they should be analyzed as one functional unit.

Simple and multiple correlation analysis was again 
conducted on the data with little change in the results 
(Table 7). By comparing the simple and multiple coeffi
cients of correlation in Tables 5 and 7 it can be seen that 
few major changes resulted from combining the observational 
units. The most significant change in association occurred 
with the population and adjusted gross income variables.
The intercorrelation between population and covered 
employers became stronger (r = 0.887) and the association 
between adjusted gross income and covered employers declined 
slightly from 0,914 to 0.913. This has the effect of 
increasing the association between population and adjusted
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Table 7. Coefficients of Simple and Multiple Correlation, 

All Variables Included (N = 188)

Simple Correlation
Variable3 CE P AGI Cp T
P 0.88724AGI 0.91345 0.96648Cp 0.04492 -0.01389 0.02556T 0.22305 0.18912 0.17559 —0.01615D 0.51679 0.46737 0.46441 0.01347 0.18738

Multiple Correlation
Increase in 0

Regression Step R R2
CE • AGI 0.91245 0.83257
CE • AGI • D 0.91845 0.84360
CE • AGI • D • T 0.91992 0.84625
CE • AGI • D • T • Cp 0.92019 0.84676
CE . AGI • D • T • Cp • P 0.92028 0.84691

P = Population of 5-digit ZIP code area.
AGI = Adjusted gross income.
Cp = Per cent change in population, 1966-1969.
T = Average annual 24-hour volume out-of-state 

passenger vehicles,
D = Distance to next ZIP code area with, the same 

or greater number of covered employers.
CE = Covered employers.
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gross income (r = 0.966). Distance has the next highest 
association with covered employers, resulting in a simple 
correlation of 0.516. Highway traffic (r = 0.223) and 
change in population (r = 0.044) are very weakly associated 
with covered employers and appear to contribute little to 
the understanding of variation in covered employers.

The final multiple regression model is expressed by 
the following equation:

CEc = -11.582 + .00599AGI + .3007ID + .00202T 

+ .04630Cp + . 00089P.

Together the five independent variables yield a coefficient 
of multiple correlation of 0.920 and account for 85 per cent 
of the variation in CE. The Standard Error of the Estimate, 
SEc, is 24.159 and 159 of the 188 observational units fall 
within 1.0 SE .

It is apparent from the regression steps in Tables 
7, 5, and 3 that essentially only the adjusted gross income 
variable is important in determining CE. The population 
variable has such a high association with AGI that it con
tributes very little additional explanation to the equation. 
Distance, traffic, and change in population contribute only 
slightly more to an increase in the coefficient of correla
tion. The traffic variable, as stated earlier, is probably 
a poor variable because of the lack of available data for 
fifty-eight of the observational units, The distance
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variable is only moderately associated with the dependent 
variable in the Gibson and Reeves model (r = 0.684) and in 
this study (r = 0.517) and resulted in only a minor increase 
in the explained variation in the present model. The change 
in population variable may be inefficient in measuring 
variation in covered employers due to the temporal differ
ence of the data. Covered employer data are for 1974 and 
change in population is for the years 1966-69. Berry and 
Garrison (1958a, p. 154) found that it takes approximately 
five years for an increase in population to result in a 
corresponding increase in business expansion to meet the new 
demand; a decrease or increase in aggregate demand caused by 
population change may have been met by covered employers. 
Therefore, the time lag of five years in the data may render 
the variable inoperable.

Residuals
The more extreme residuals from regression (.Figure 

4), those that deviate from the equation by more than 2.0 
SEc (50.318), now number only twelve (Table 8). This list 
of residuals is essentially the same as that produced by 
the first model; the slight increase in SEC from 48.432 to 
50.318, together with a slight reduction in the residual 
value of Chinle leads to the dropping of Chinle from this 
list. In addition, Sierra Vista and Clifton, which were 
less than 1,0 SE^ from the regression line before the
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Table 8. Extreme Residuals from Regression— More Than 

2.0 SEC from the Regression Line (N = 188)a

5-Digit ZIP Code Area
Residuals

Negative Positive
Chandler -65.101
Nogales 98.091
Lake Havasu City 74.224
Sedona 69.021
Bisbee -71.310
Sierra Vista -69.865
Casa Grande 107.262
San Manuel -51.870
Prescott 118.605
Ajo —56.161
Green Valley -59.120
Clifton -93.036

a2.0 SEc = 50.318
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combination of data was effected, are now both residual.
The resultant higher population figures and comparatively 
lower covered employer data appear to be the causes of this 
change.

Of the twelve residuals, five of the observational 
units are highly under-estimated, having more covered 
employers than the variables can explain. Underestimation 
of Prescott is a bit difficult to explain. It is not 
basically a tourist-oriented town, like Tombstone or Jerome, 
but it does receive a relatively large amount of tourist 
business since many of its buildings are historically 
interesting, dating back to the period when Prescott was 
the capitol of the Territory. Summers are also cool, 
drawing Arizona residents seeking to escape the heat of the 
desert. Many of its business establishments may be 
partially dependent on tourist business for survival. In 
addition, there is a private college located in Prescott 
which has a number of students. Many of these students are 
probably supported by parents, do not file income tax 
returns and, therefore, do not have earnings included in the 
adjusted gross income estimate (U. S , Department of the 
Treasury, 1972) but do contribute to support of Prescott 
establishments, These factors would tend to increase the 
disparity between covered employers and the estimating 
capabilities of the equation.
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Casa Grande, situated in the center of a rich 

agricultural area in Pinal County, has experienced a rapid 
population growth between 1969 and 1974. Being centrally 
located, many of the agricultural service firms for the 
region are located here and serve farmers which are not 
counted within the observational unit. In addition, two 
major mining companies, ASARCO and Hecla, have recently 
begun construction on new copper mining operations near 
Casa Grande. Many new businesses have been opened in Casa 
Grande in expectation of an increase in population and 
demand created by the expected new jobs. Both of these 
factors may explain why Casa Grande has more covered 
employers than the equation can account for.

Nogales is a border town, located adjacent to 
Nogales, Sonora. Many out-of-state tourists and Arizonans 
alike travel to Nogales, Sonora, seeking entertainment. It 
is also a major border crossing for Americans taking 
extended trips into Mexico. In addition, Nogales serves 
as a retail center for Mexicans who cross the border to 
purchase goods which are not available in Mexico. The data 
used in this study underestimates both adjusted gross 
income and population by not including the population of 
Nogales, Sonora.

Sedona, located in Oak Creek Canyon, is situated in 
an area which is considered to have some of the most 
beautiful scenery in Arizona. It is a major tourist and
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camping-fishing-recreation area. Oak Creek Canyon has many 
outdoor recreational facilities— people come to camp, 
relax, and fish in the nearby streams. Many resorts, 
restaurants, and motels are also located here for those 
who do not like to "rough it." Cafes, restaurants, art 
galleries and gift shops are plentiful to cater to the needs 
and pocketbooks of the vacationer. These tourists create a 
demand for goods and services in excess of the needs of the 
local population. It appears reasonable to suggest that 
Sedona is residual because the highway traffic variable is 
not an adequate measure of the tourist income externality.

Lake Havasu City is located on the Colorado River 
in Yuma County. Only a few hours drive from Los Angeles, 
California, this area is also a major camping and 
recreation center. Many vacation resorts are located in 
town and there are many businesses with the sole purpose of 
serving the recreation-minded vacationer. In addition,
Lake Havasu City has a "Disneyland" flavor. The original 
London Bridge is located here with an "Olde English" type 
of village catering to the tourist. As in the case of 
Sedona, the highway traffic variable is apparently 
ineffective in accounting for variation in the functional 
complexity that results from the demand for goods and 
services by tourists.

The remaining seven residuals are oyer-estimated by 
the equation. This means that there should be more covered



employers in each observational unit than are actually 
present.

Chandler is located close to Phoenix, only seven 
miles outside the Phoenix urbanized area. Situated so 
close to such a large urban area with its greater oppor
tunities for shopping, numerous residents of Chandler might 
travel to Phoenix for many of their major purchases. This 
would decrease aggregate demand within Chandler and cause 
fewer covered employers to be located there. It is 
possible that, for the purposes of this study, the Chandler 
data should have been aggregated with the Phoenix data, but 
since it is located outside the urbanized area it was 
excluded for the sake of consistency.

The lack of covered employers in Green Valley can 
be explained in the same manner as Chandler. This retire-* 
ment town is located only twenty miles south, of Tucson.
The opportunities of shopping in Tucson, especially for 
major items, almost certainly draws many Green Valley 
residents to the larger city.

Sierra Vista, as a residual, is difficult to 
explain. It was not a residual observational unit until 
data for Fort Huachuca was combined with. it. Fort Euachuca, 
an army base located only a few miles from Sierra Vista, 
has a large population but only a few covered employers 
(Appendix A). It is possible that many of the residents of 
Sierra Vista and Fort Huachuca shop on the base at the post

61



62
exchange where variety of goods is great and prices are 
low. A large share of the demand for goods and services 
in the Sierra Vista-Fort Huachuca area may be met on the 
military post by employers who are not covered employers.

Clifton and Morenci are located in eastern Arizona 
near New Mexico. As in the case of Sierra Vista, Clifton 
was not residual until combined with Morenci data. Morenci, 
like Fort Huachuca, had a large population and few covered 
employers. Combining these data with Clifton's raised the 
value of its independent variables without proportionately 
increasing its number of covered employers. Morenci is a 
copper mining town and its lack of covered employers is 
explained by the particular economic structure common to 
such towns. The land in most copper mining towns is usually 
owned by the mining company. The businesses in the town are 
mostly owned by the mining company, resembling the old 
"company store" concept. Employers can purchase most of 
their needs here. Free enterprise is somewhat lacking in 
such towns and the number of covered employers is often 
confined, therefore, to one main covered employer and only 
a few others. A full range of services is still provided, 
but mostly by the mining company.

Bisbee, San Manuel, and Ajo are perhaps over-r 
estimated for the same reasons as above, All three are 
mining towns where the "company store" concept is at work.. 
One large and presumably efficient establishment may be able



to achieve economies of scale. One covered employer, in 
this case, might replace many smaller covered employers, 
the normal situation in towns where entry into the business 
community is unrestricted.
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CHAPTER 4

SUMMARY AND CONCLUSIONS

In the early part of this century, Christaller 
(1966) formulated a settlement system theory. His basic 
notion was that town size is a function of aggregate demand, 
but his model assumed a world with a homogeneous landscape 
and a population homogeneous in socioeconomic makeup. In 
the model, settlement size is highly correlated with town 
and hinterland population, a measure of aggregate demand; 
the number and type of activities available in a settlement 
are a function of settlement size. The ideal conditions 
assumed by Christaller are not usually met in the real 
world, however, and over the last twenty-five years many 
empirical studies have been conducted in an attempt to 
formulate a model which is better able to explain actual 
variations in central place activities.

Gibson and Reeves (1974) developed a model to 
estimate functional complexity for low-order central 
places— settlements of less than 4,500 population— in areas 
of diverse topography and socioeconomic makeup. The basic 
Gibson and Reeves model employed five independent variables 
to account for functional complexity as measured by the 
dependent variable, number of establishments found in a
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settlement. The basic independent variable suggested by 
Christaller (1966), town population, was used in analysis 
together with an estimate of hinterland population. In 
addition, data measuring distance, change in population, 
variable wealth, and external income were included to 
account for factors which theory assumes are constant, but 
which act to disrupt the ideal situation described by 
theory.

The purpose of this study has been to develop a 
modified version of the basic Gibson and Reeves (1974) 
model and to apply this more comprehensive model to all 
central places in Arizona. The modified version of the 
model makes use of variables similar to those that Gibson 
and Reeves employed, but the scale of this study precludes 
the use of primary data gathered in the field. Therefore, 
modifications in the definition of variables have been made 
so that secondary data sources may be used for all variables 
necessary to analysis.

The dependent variable employed in this study is 
number of covered employers; Gibson and Reeves (.19741 used 
number of establishments. The covered employer data 
required a great deal of manipulation before it was deemed 
satisfactory as a variable, but it appears to be an adequate 
measure of variable functional complexity, gauging the 
degree to which, business has proliferated in each, observa
tional unit, Gibson and Reeves used assessed property
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valuation per person to measure variable wealth. While 
well rationalized in terms of available data, assessed 
property valuation proved to be a poor measure, probably 
because of definitional problems; the variable enjoyed only 
a moderate association with number of establishments (r = 
0.551). The present study employs data on adjusted gross 
income, an objectively better measure of variable wealth 
than that used by Gibson and Reeves. In the simple and 
multiple correlation-regression analysis, it is by far the 
strongest independent variable, resulting in a simple 
coefficient of correlation of 0.913. In the original 
model, hinterland populations were estimated and added to 
town populations since Gibson and Reeves lacked hinterland 
population data. In this study, town and hinterland data 
are conveniently furnished, eliminating guesswork. The 
more precise measure used for the population variable in 
this study may explain its greater effectiveness here than 
in the Gibson and Reeves model. Also included as measures 
of factors which account for variation in central place 
activities are distance, accounting for the effects of 
variable distance separating observational units, highway 
traffic, measuring the effects of external income, and 
change in population, measuring the effects of settlement 
growth on business growth.

The 5-digit ZIP code area, used as the obserya-r 
tional unit for this study, appears to have several
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advantages. Unlike census data, which are limited to 
incorporated and larger unincorporated places, data for 
5-digit ZIP code areas are available for very small 
observational units, allowing a wide range of settlement 
sizes to be included in the study. Data are also available 
for a wide variety of variables, including those suggested 
by Gibson and Reeves (.1974) which have been adapted for use 
in this study. The 5-digit ZIP code area appears to be 
highly satisfactory as an observational unit for spatial 
analysis. Indeed, this study could not have been conducted 
on such a scale without the use of ZIP code data.

The results of the simple and multiple correlation- 
regression analysis are satisfactory. Initial results with 
N = 194 were surprisingly high (R = 0.999), Speculating 
that the extreme magnitudes of data for the four largest 
towns were exerting undue influence over the least squares 
correlation-regression analysis procedures, Phoenix, Tucson, 
Yuma, and Flagstaff were dropped from analysis. In addi
tion, two residuals were combined with two adjoining towns 
in an attempt to produce more meaningful results in the 
final analysis. The resulting coefficient of correlation 
(N = 188), while lower than the initial result (R = 0.920), 
is probably more meaningful; the association no longer 
reflects the presumed distorting effects of the larger 
observational units.
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As defined in this study, the six variables produce

a model,

CE = (f)Ph, AGI, T, D, Cp,

which statistically accounts for 85 per cent of the varia
tion in covered employers in Arizona towns. However, an 
important -result of this analysis is the emergence of 
adjusted gross income, rather than population, as the most 
important independent variable; i.e,, income and not some 
surrogate for demand produces the best results. In effect, 
the resulting model, while slightly less efficient, is 
simpler and can be described as,

CE = '(f) AGI;

the coefficient of correlation between these two variables 
is 0.913. Central place studies to date have, in most 
cases, employed population measures as the most meaningful 
factor explaining functional complexity but it appears 
reasonable that some measure of variable income may indeed 
be more effective in accounting for variation in the
proliferation of business establishments in settlements.i

The Gibson and Reeves (1974) model, applied in this 
study on a more comprehensive scale, has proven to be an 
adequate method of describing areal variation in functional 
complexity. The application of a modified version of the 
model has resulted in the emergence of an important factor,



adjusted gross income, which is particularly effective in 
this study as a descriptive variable. Both models, by 
providing methods of describing functional complexity in 
areas of diverse physical and socioeconomic landscapes, 
contribute to a body of literature which has been growing 
steadily since Christaller (1966) developed his theoretical 
model in the early part of this century. From the develop
ment of more effective empirical methods of investigation 
comes a better understanding of the influences which shape 
settlement landscapes.
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APPENDIX A

STATISTICAL DATA
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Table 9. Statistical Data

5-digit ZIP Code 
Areaa

Number of 
Covered 

Employers"
Popula
tion3

Adjusted
Gross

Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic^

Highway 
Distance 
in Miles

Aguila 8 472 972 -7 4,079 21
A jo 70 6,550 16,385 -4 647 108
Alpine 6 257 617 -19 89 22
Apache Junction 112 6,497 16,109 71 1,422 15
Arivaca 1 125 228 -2 0 24
Arizona City 9 1,366 3,404 -4 0 8
Arlington 2 387 780 14 0 13
Ashfork 16 493 910 -14 3,675 19
Avondale 47 5,022 9,347 13 986 11
Bagdad 7 2,185 5,156 11 238 65
Bapchule 1 504 881 21 0 12
Benson 69 3,536 8,816 14 4,196 49
Bisbee 100 9,753 27,722 -3 548 23
Black Canyon City 7 639 1,325 46 150 48
Bowie 10 549 1,151 -1 718 28
Buckeye 92 6,669 20,018 4 904 24
Bullhead City 83 2,946 9,453 77 1,128 46
Cameron 6 1,174 1,012 55 1,334 22
Camp Verde 41 2,041 4,965 38 0 19
Casa Grande 284 11,271 26,920 12 726 49
Cashion 7 2,221 3,531 30 1,004 3
Cave Creek 47 2,052 9,203 57 0 11
Chambers 2 3,789 3,236 -7 4,763 6
Chandler 214 19,109 44,744 19 1,093 7
Chandler Heights 3 397 799 68 0 8
Chinle 16 5,083 7,821 14 160 84
Chino Valley 11 978 2,014 39 887 16 H



Table 9.— Continued Statistical Data

5-digit ZIP Code 
Areaa

Number of 
Covered . 

Employers0
Popula
tion3

Adjusted
Gross
Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic3

Highway 
Distance 
in Miles

Chloride 1 169 418 -8 0 24
Clarkdale 8 942 2,220 19 512 3
Claypool 13 2,741 6,268 32 0 3
Clifton 51 3,456 9,268 3 697 44
Cochise 4 374 905 -9 111 10
Colorado City 4 797 700 19 0 28
Concho 1 134 165 28 74 14
Congress 2 261 498 50 822 9
Coolidge 123 6,872 16,202 7 690 22
Cornville 5 543 1,337 30 0 7
Cortaro 2 329 889 29 0 4
Cottonwood 90 3,133 7,159 18 991 48
Dateland 3 439 724 7 2,236 27
Dewey 3 248 693 27 240 2
Dolan Springs 3 289 701 72 0 37
Douglas 192 16,290 32,234 11 11 108
Dragoon 2 91 228 11 0 15
Duncan 17 2,054 4,346 18 590 30
Eagar 9 1,153 1,883 68 340 2
Eden 1 65 122 5 0 8
Ehrenberg 4 585 1,290 54 3,882 40
Elfreda 6 820 1,556 -9 111 22
Elgin 2 282 865 0 0 9
Eloy 55 4,648 8,427 1 365 14
Flagstaff 598 28,072 71,759 9 5,733 258
Florence 26 2,998 6,872 8 157 10
Florence Junction 1 37 77 -31 1,392 15
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Table 9.— Continued Statistical Data

5-digit ZIP Code 
Area

Number of 
Covered 

Employers13
Popula
tion3

AdjustedGross
Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic^

Highway 
Distance 
in Miles

Fort Defiance 18 2,670 5,173 6 0 24
Fort Huachuca 6 6,502 12,028 1 0 5
Fort Thomas 1 283 471 0 328 8
Fredonia 12 97 9 1,616 4 809 7
Ganado 9 2,844 4,165 6 761 40
Gila Bend 45 2,257 4,353 1 3,236 30
Gilbert 34 2,980 6,214 0 0 3
Globe 205 11,507 30,452 4 3,063 71
Goodyear 31 2,497 7,025 3 954 6
Grand Canyon 9 1,214 3,245 -3 1,499 59
Green Valley 24 2,767 13,166 105 1,178 20
Greer 1 60 163 58 76 13
Hayden 12 1,946 4,578 2 1,107 1
Heber 6 594 1,165 0 208 24
Hereford 5 808 2,423 28 0 17
Higley 4 759 2,110 7 0 7Holbrook 118 • 7,590 12,995 11 6,654 34
Houck 2 303 367 44 4,735 10
Huachuca City 15 1,524 3,964 28 454 9
Humboldt 5 264 523 4 249 9
Indian Wells 2 98 82 -13 52 39
Inspiration 1 354 1,476 -8 0 3
Jerome 5 273 672 23 272 4
Joseph City 5 626 1,043 9 5,763 12Kayenta 16 2,346 3,137 31 1,232 50Kearny 27 4,069 11,337 36 743 24
Kingman 230 12,323 30,821 14 8,141 102



Table 9.— Continued Statistical Data

Adjusted
Gross

5-digit ZIP Code 
Area

Number of 
Covered 

Employers®
Popula
tion3

Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic^

Highway 
Distance 
in Miles

Kirkland 1 207 573 1 0 7
Lake Havasu City 203 5,539 17,833 213 709 57Lakeside 32 1,619 3,619 -28 546 4
Laveen 17 1,780 3,715 45 0 7 •Leupp 1 1,165 185 -2 30 28
Litchfield Park 34 3,158 13,334 54 0 6
Lukachukai 3 310 384 -44 0 50
Lukeville 3 122 381 40 61 37
Lupton 2 1,119 1,194 200 4,735 10
Mammoth 17 2,363 4,779 28 304 12
Marana 18 1,989 4,140 38 0 22
Marble Canyon 2 65 123 -13 243 37Maricopa 12 1,158 2,041 11 0 17Mayer 10 827 1,944 21 0 27
McNary 4 914 1,699 -27 239 9McNeal 5 654 1,680 6 111 6
Miami 48 5,399 12,579 3 2,732 5
Morenci 17 5,667 15,616 18 26 4
Morristown 5 297 631 68 3,810 11
Mount Lemmon 2 62 200 -23 0 40
Naco 5 1,303 1,728 8 0 9
Navajo 2 92 237 -25 4,763 4
Nogales 300 17,275 29,405 17 794 64
Nutrioso 1 58 76 -3 153 8
Oatman 1 78 190 77 0 14
Oracle 18 2,119 6,382 35 428 36
Oraibi 4 1,033 943 41 0 34



Table 9,— Continued Statistical Data

Adjusted
Gross

5-digit ZIP Code 
Area

Number of 
Covered 

Employers^3
Popula
tion3

Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic^

Highway 
Distance 
in Miles

Overgaard 2 240 544 4 85 3
Page 67 2,477 6,810 65 541 132Palacca 2 572 650 18 0 10
Palo Verde 1 259 500 -15 0 7Parker 114 4,905 10,771 18 1,915 30Patagonia 11 827 1,902 14 136 16Payson 84 2,535 6,085 37 677 78
Peach Springs 6 645 845 15 4,166 48
Pearce 10 568 1,506 70 0 14
Peridot 1 321 381 35 303 5
Phoenix 15,482 891,324 2,810,472 26 4,419 393
Picacho 7 436 762 8 1,453 7Pima 10 1,228 2,210 4 585 6
Pine 6 309 863 33 167 15Pinedale 3 70 108 17 48 14
Pinetop 51 1,136 3,226 23 542 11
Pinon 1 609 540 89 0 32
Prescott 483 19,433 54,974 16 515 90
Quartzite 1 303 649 47 831 21
Queen Creek 13 1,202 2,175 0 0 13
Randolph 1 322 419 13 165 4
Red Rock 4 166 242 14 0 11
Rillito 5 256 420 22 0 6
Rimrock 8 251 698 11 0 11
Riviera 11 1,151 3,426 142 0 4
Roll 5 659 1,387 6 0 6
Roosevelt 3 153 402 9 33 29 m



Table 9.— Continued Statistical Data

5-digit ZIP Code 
Area

Number of 
Covered , 

Employers"
Popula
tion3

Adjusted
Gross
Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic3

Highway Distance 
in Miles

Sacaton 4 1,059 1,461 30 0 15Saint David 3 926 1,971 4 580 7Saint Johns 23 • 1,352 2,519 -3 172 25
Saint Michaels 2 774 1,087 -19 1,430 5
Safford 177 8,081 18,822 12 1,503 77
Sahuarita 8 1,515 3,373 103 316 5
Salome 10 626 1,299 20 3,941 37
San Carlos 5 1,953 2,615 18 531 17
San Luis 12 7,479 5,258 33 440 5
San Manuel 26 4,680 11,423 30 308 49
San Simon 7 458 1,115 -2 387 16Sanders 5 657 1,062 -20 4,735 47
Sasabe 2 172 311 48 24 64
Second Mesa 2 585 575 36 381 10Sedona 161 3,390 14,756 42 968 27
Seligman 14 662 1,556 — 6 4,351 21
Sells 10 1,579 2,444 21 69 55
Show Low 99 3,672 7,360 0 1,111 47
Sierra Vista 205 9,660 30,667 31 1,365 61
Silverbell 2 827 1,842 -2 . 0 22
Skull Valley 3 139 368 16 0 16
Snowflake 28 2,507 5,239 10 526 19
Somerton 20 5,230 6,307 5 572 20
Sonoita 4 241 1,257 19 223 13
Springerville 47 1,748 3,433 9 1,763 45
Stanfield 12 1,052 1,623 1 305 14
Superior 43 5,367 12,659 2 1,655 15 -sjo>



Table 9.— Continued Statistical Data

5-digit ZIP Code 
Area

Number of 
Covered 

Employers13
Popula
tion3

Adjusted
Gross
Incomea
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic^

Highway 
Distance 
in Miles

Tacna 9 403 811 9 0 11
Taylor 9 951 1,706 13 480 3
Teec Nos Pos 3 732 1,079 23 1,072 59
Temple Bar 1 59 221 38 0 77
Thatcher 13 2,003 3,809 32 1,075 3
Tolleson 51 5,139 10,057 12 0 6
Tombstone 30 1,307 3,013 16 510 17
Tonalea 5 2,825 2,732 30 0 24
Tonopah 2 244 523 38 0 21
Tonto Basin 3 84 180 -10 0 18
Topock 3 202 638 96 2,499 21
Tortilla Flat 2 44 129 0 59 18
Tuba City 7 3,756 6,087 11 0 72
Tucson 5,308 326,050 950,468 17 2,582 116
Tumacacori 21 1,577 6,007 34 1,003 20
Vail 1 81 235 42 0 22
Valley Farms 1 234 495 2 0 4
Wellton 16 1,820 3,847 1 0 25
Wenden 4 284 536 -12 3,941 5
Whiteriver 15 2,989 4,294 56 110 24
Wickenburg 116 3,488 10,679 16 5,023 55
Wickiup 1 201 418 26 729 49
Willcox 116 5,223 11,158 -5 2,303 66
Williams 66 2,844 6,251 0 10,045 31
Window Rock 10 2,460 4,854 29 0 8
Winkleman 17 2,434 5,310 38 178 10
Winslow 166 10,698 23,977 2 5,807 58



Table 9.— Continued Statistical Data

5-digit ZIP 
Area .

Number of 
Code Covered
..... Employers"

Popula
tion3

Adjusted
Gross
Income3
(Thousand
Dollars)

% Change in
Population
1966-1969°

Foreign
Traffic3

Highway 
Distance 
in Miles

Wittman 4 452 718 101 3,761 11
Woodruff 1 166 278 11 0 12
Yarnell 6 486 1,195 26 906 31
Yucca 2 158 392 -10 2,907 24
Yuma 736 45,179 115,436 9 7,213 175

au. S . Department of the Treasury (1970). All cities within the Phoenix
and Tucson urbanized areas are included in Phoenix and Tucson data. U. S. 
Department of Commerce (1971a).

^Arizona, Department of Economic Security (1974). 
CU. S . Department of the Treasury (1970, 1972). 
^Arizona Highway Department (1972).
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ZIP CODE AREAS ELIMINATED FROM ANALYSIS
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Table 10. ZIP Code Areas Eliminated from Analysis

5-digit ZIP Code 
Area

Popula
tion

5-digit ZIP Code 
Area

Popula
tion

ZIP Code Areas Containing No Covered Employers
Blue 37 Kearns Canyon 764
Bouse 158 Littlefield 77
Bumble Bee 51 Miracle Valley 1,041
By las 453 Paulden 88
Central 226 Pomerene 177
Clay Springs 247 Solomon 497
Fairbank 46 Topawa 69
Fort Apache 684 Valentine 102
Gadsden 2,093 Vernon 261
Hotevilla 451 Young 183

Mohave Valley
ZIP Code Area with No Town 

683

ZIP Code Area with No Road Access
Supai 104

Source: U. S. Department of the Treasury (1972).



APPENDIX C

DEFINITIONS OF COVERED EMPLOYER AND 
EXEMPT EMPLOYMENT

Covered Employer
Any employing unit becomes a covered employer and 

subject to the Arizona Law if it:
1. Pays wages of at least $1,500 during any calendar 

quarter in the current or preceding calendar year;
2. Employs one or more individuals for any part of a 

day in each of twenty different calendar weeks (not 
necessarily consecutive) in the current or preceding 
calendar year;

3. Acquires all of a business of a covered employer or 
a portion of the business of a covered employer 
which portion met the conditions of one or two 
above;

4. Is subject to the Federal Unemployment Tax Act;
5. Owns or controls one or more other employing units 

which if all were treated as a single unit would 
meet the conditions of one or two above;

6. Is a state government hospital, university, or 
community college integrated into the state 
community college system;

81



82
7. Is a nonprofit organization which is exempt from the 

Federal Unemployment Tax Act solely by reason of 
Section 3306(c)(8) of that Act, and employs four or 
more individuals for any part of a day in each of
20 different calendar weeks (not necessarily con
secutive) in the current or preceding calendar 
year; or

8. Voluntarily elects to become subject to the Law.

Exempt Employment
Exempt Employment includes:

Agricultural labor (except processing workers work
ing for a grower who produced less than 51% of the 
commodity processed);
Casual labor not in the course of the employer's 
trade or business;
Service as an insurance agent or real estate or 
securities salesman, compensated solely by way of 
commission;
Domestic service in a private home, college club, 
or college fraternity or sorority;
Service for a son, daughter, or spouse; or service 
for a parent by a child under age 18;
Federal, state, local, or foreign government service 
(except that performed for a state hospital, state 
college or state university);
Service by a full time student or spouse of.the 
student for the school the student attends if the 
purpose is financial assistance to the student and 
the spouse is informed at time of hire that the 
employment will not be covered by unemployment 
insurance;



Service by a student under 22 in an academic-work- 
experience program unless the program is established 
for the benefit of an employer;
Nonprofit corporation exempt from FUTA unless it 
has 4 employees for a portion of a day in each of 
20 calendar weeks in a calendar year.

The following types of service performed for a nonprofit
organization or governmental entity are exempt:

In the employ of a church or association of churches, 
or by a minister in the exercise of his ministry;
By a handicapped individual receiving rehabilitation 
or work in a facility conducted to carry out a 
program of rehabilitation or to furnish remunerative 
work to handicapped individuals;
By a person receiving work-relief or work-training 
as part of an unemployment work-relief or training 
program assisted or financed wholly or partially 
by government;
For a hospital in a state prison or other state 
correctional institution by an inmate of the prison 
or institution (Arizona, Department of Economic 
Security 1973, pp. 10-12).
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