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ABSTRACT

Geographers have proposed a number of models to explain commut
ing patterns of urban labor forces. This thesis purports to test in 

the Tucson area a model proposed by J. Douglas Carroll, Jr. in his 
earlier works. Carroll proposed two hypotheses: that forces at work
in cities tend to minimize home-work separation, and that the concen- 

trative effort of those forces is an important shaper of total urban 
residential patterns. A corollary, and controversial, question also 
addressed in this thesis concerns the role of the individual income 
spectrum in shaping commuting patterns. Some geographers have seen 

income level as a major force which acts to arrange workers around work 
places in a pattern of increasing commuting distance as worker income 

increases. Peter L. Halvorsen disputes that premise. The findings of 
this thesis are: that the Carroll hypotheses apply in Tucson, but as
Carroll warns, the characteristics of site and other local modifiers 
must be taken into account, and that, contrary to Halvorsen*s conclu

sions, around most work centers and among workers at large, mean 
commuting distance increases with income from the lowest through the 
middle income groups. Because of settlement patterns which evolved as 

Tucson grew, mean commuting distance drops as the curve enters the 
upper income range, then rises to the highest level among the highest 
income people.
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CHAPTER 1

INTRODUCTION

Commuting, in the sense of a diurnal or frequently scheduled 
journey from home to a specific place of work, became a continuing way 
of life when men abandoned foraging and became agrarians. Farmers, of 
necessity, have always been commuters, while artisans and handicrafters 
of earlier times lived and worked under the same roof until the so- 
called Industrial Revolution changed the domestic system.

Evolutionary changes in the late 18th century completely altered 

the artisan's way of life. Industrialization removed production of 
fabricated goods from the home workshop, centralized it in factories 
and made commuters of the artisans and handicrafters. The continuing 
change from 1760 to 1790, forcing the separation of home and work place, 
has culminated in today's predominantly urbanized industrial complexes 
of completely separated (though occasionally side by side) residence and 
work zones throughout the industrialized western world. Since the early 

years of the 20th century, commuting between home and work has become a 

most important component of human migration, an awesome challenge to 

urban planners and a most vexing problem to the planner of intraurban 

transportation systems.
In what appears to the casual observer to be utter chaos in the 

morning and evening rush from home to work and return, there is.
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paradoxically, a distinct order and system. There is, in fact, a defi
nite and discemable pattern in residential dispersion around work cen
ters and there are identifiable, varying characteristics of residence 
choice among the different occupational classifications and income 
levels of workers. A critical examination of these factors as they 
apply to commuting between home and work in Tucson is the objective of 
this thesis.

In consonance with that objective and with Tucson’s structure in 
mind, the purpose of this paper is, more specifically, to test Carroll's 

(1952) hypotheses and generalizations. Carroll (1952, p. 271) proposed, 

"First, that forces are in operation tending to minimize distances be
tween home and work. Second, that the concentrative effort of these 
forces is an important factor conditioning total residential arrangement 
of urban populations."

These hypotheses appeared to Carroll (1952, p. 271) to explain 
satisfactorily "three principal facts which emerge from review of 
existing empirical studies": (1) population is distributed relatively
evenly about the central business district, (2) residential distribution 
in the central district labor shed approximates that of the entire urban 
population and (3) residences of in-commuting workers to off-center work 
places tend to be concentrated in the vicinity of the work place. In 
view of the very meager data then available, Carroll (1952, p. 272) pro

posed his theories "in the hope of increasing understanding of the 

forces at work in urban areas. If increasingly proven in time, such 

generalizations become the orderly framework in which facts are
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classified and which can assist in the formation of research problems." 
Curiously, despite the wealth of primary data that the U.S. Bureau of 
the Census made available in this decade at little or no cost to the 
researcher, no comprehensive tests of Carroll's (1952) theories and 
observations of more than 20 years ago have appeared in published form.

Carroll (1952, p. 272) acknowledges that the first general
ization "is subject to qualification when the geographic characteristics 
of the site and other factors are considered." In light of that ac
knowledgment, it must be recognized that in Tucson even a relatively 
even distribution about the central business district has not taken 

place for reasons of topography, land use and man-made internal barriers. 
Tucson's spatial arrangement about its central district is decidely 
eccentric. At the time of the 1970 census, the central district lay 
three miles directly west of the city's center of population. That 

feature suggests an adjunct to Carroll's (1952) three generalizations: 
to probe for factors that have influenced Tucson's physical, social and 
economic shape and structure. The city's pattern of growth from decade 
to decade offers a compelling reason to address the question: What
roles have the market place and other forces played, in a historical 

context, that might tend to modify the residential arrangement of the 
labor force around work centers? That question becomes even more rele

vant when addressed in light of Halvorsen's (1973) contention that in
come level (which is to say economic status) has little or nothing to do 

with home-work separation; he disputes those geographers who correlate 

income and commuting distance to establish that home-work separation is
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a direct function of income. Accordingly, it is an added purpose of 
this thesis to test the Halvorsen (1973) theory along with Carroll’s 
(1952) three generalizations.

The preeminence of Tucson’s central business district (CBD), 
together with a distinct hierarchy of lesser work centers, some highly 
specialized, and the spatial structure of its residential zones, make 
the city a good arena for testing Carroll's (1952) generalizations, 

despite the off-center location of the CBD. Tucson's CBD is clearly 
dominant among the three primary nuclei; it is center of all local 
government, both city and county, and contains the offices of several 
state and federal agencies. Its community center is a major large- 
audience entertainment center and, to a limited degree, a cultural cen
ter. Though the CBD shares much of Tucson's commercial activity with 
lesser nuclei, its aggregate in-commuting labor force of more than 
10,000 workers as enumerated by the 1970 census*- far exceeds that of 
its closest competitor. The University of Arizona, with some 5,500 

gainfully employed in-commuting workers, including student teaching and 

research assistants living in dormitories on campus. The position of 
Davis-Monthan Air Force Base as the third and lowest ranking primary 

work center is more or less arbitrary; although the 1970 census

1. The Bureau of the Census somewhat narrowly defines the CBD 
as Census Tract 1 covering about 100 acres. More realistically, the 
CBD occupies about 200 acres to include, among other central activities, 
the Transamerica building, the Tucson Gas & Electric Company head
quarters, ground transportation terminals, the City Court, the Chamber 
of Commerce and state offices, all located on a narrow periphery of 
Census Tract 1.
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accounted for some 5,600 in-commuting workers from outside its gates, 
it is ranked third because only 2,287 members of its labor force were 
civilians. The remaining 74 work centers in Tucson and vicinity, as the 

area is defined by the 1970 census, range downward to a fifth order 

classification with 250 to 499 jobholders. Work centers attracting a 
labor force of less than 250 workers are unclassified.

The data base upon which this thesis is developed has been com
piled and assembled almost entirely from Bureau of the Census (1972a, -b) 
reports and from supplemental transportation-specific data stripped from 
the basic census tapes by the U.S. Bureau of the Census for select . 
statistical areas. From the latter source in particular, terminology 
not usually encountered in everyday parlance will appear in subsequent 
chapters. But since there are relatively few transportation planning 
terms used in this thesis, a brief compendium and explanation of such 
terms with their abbreviations and acronyms at the outset will doubtless 
prove to be more convenient than a complete appended glossary.

The abbreviation SMSA refers to the U.S. Bureau of the Census 

Standard Metropolitan Statistical Area. If the abbreviation appears 
alone without geographic identification, it refers only to the Tucson, 
Arizona (Pima County) SMSA.

For more than 100 SMSA's in various locations, nationwide, in
cluding the Tucson SMSA, the Bureau of the Census stripped from the 

basic census tapes certain specific data concerning urban transportation 
and commuter characteristics. These IBM computer tapes are referred to 

by the Bureau of the Census as Urban Transportation Planning Packages..



The tape prepared for the Tucson SMSA will be referred to throughout 
this thesis as the UTPP.

The basic unit of area in the UTPP is the traffic assignment 
zone which, in most cases, is a subdivision of the census tract unit of 
area used in published census documents. More specific terminology to 

identify the type of traffic assignment zone may employ the terms 
"traffic zone of work," "traffic zone of residence" or simply "work 
zone." Except for the latter abbreviated form, the quoted terms are 
identical to those used in the UTPP printout (or "readout") from the 
computer tape. In this thesis, the traffic assignment zone, unspecified 
as to zone of residence or zone of work, will be referred to as a TAZ 
and the census tract as a CT.

The limits of the study area for this thesis are identical to 

those established as a study area by the Tucson Area Transportation 
Planning Agency as it was called in 1970; the unit is now known as the 
Pima Association of Governments Transportation Planning Division. That 

study area will be referred to herein as the TATFA study area, the 

Tucson urban area or simply the urban area. The three terms are used 
interchangeably.

The limits of the TATPA study area agree with those of the U.S. 
Bureau of the Census delineation of "Tucson and Vicinity" on the inset 
map accompanying the 1970 Census of Population and Housing, Document 
PHC(1)-218, with the single exception that the TATPA study area includes 

Census Tract 46.01, a contiguous area extending four miles north from 
the Rillito River and two miles west from Oracle Road.

6
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Commuters will be referred to as "in-commuters" or "out- 
commuters," depending upon origin or destination. The term "in
commuters" refers to commuters entering a work zone as jobholders 
therein. The term "out-commuters" refers to commuters leaving a zone 
of residence, outbound to a jobsite.



CHAPTER 2

REVIEW OF THE LITERATURE

Home-work separation is a multifold subject. It is a phenomenon 
that has drawn the scrutiny of several disciplines, each with a differ
ent point of view and each with a different purpose. To the transpor
tation engineer, home-work separation is a problem in search of a 

technological solution; a problem of agglomerations of people to be 
transported between zones of residence and zones of work at specified 
times at optimum cost and efficiency. For the purpose of this thesis, 
the focus of interest and the search for order is directed toward the 
forces at work that influence the choice of residence and the frequency 

distribution of workers about the central business district and about 
the off-center work places.

That central theme applied to a case study would appear to be 

relatively simple, straightforward and not too difficult to document; 

indeed it would be if geographers agreed upon the fundamentals of urban 

structure and morphology, and the motivating forces governing labor 
force commuting. But they do not agree.

It is a truism that no urban place is truly unique. Even though 
every city is an individual place with respect to its history, site and 
situation, ethnic makeup, economic base and social structure, to name a 

few elements, each must have certain fundamental components of urban

8
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agglomeration to include, among many others, an economic and social 
base, a body politic, adaptability to the physical environment and a 
functional role in a hierarchy of human settlements.

But despite the fundamental similarity of cities, there is as 
yet no complete body of theory related specifically to the statics and 
dynamics of labor force commuting. Doubtless the time consuming and 
costly effort required to gather and organize primary data for case 

studies of commuting patterns is a major reason for the dearth of pub
lished monographs to document research on commuting habits, patterns, 
trends and the attitudes of commuters themselves. Most of the published 
works on the subject of home-work separation have had to depend upon 
primary data gathered by the authors themselves and their assistants in 
relatively narrow fields of inquiry. Some have contributed to a limited 
degree to the development of a body of theory within the limitations of • 

isolated case studies. Peterson's (1961) essay makes use of data gath
ered in surveys of small Iowa shoe manufacturing communities. Lonsdale 

(1966) limits his study to the relatively long distance commuting of 
workers to and from two geographically separated North Carolina manufac

turing establishments with distinctly different level-of-skill require
ments and pay scales. Dickinson's (1957) "Geography of Commuting: The
Netherlands and Belgium" and his "Geography of Commuting in West Germany" 

(1959) are notable exceptions to dependence upon narrow data fields pro
duced by the authors themselves; Dickinson's works are supported by 
census documents published by the countries named in the titles of his 
monographs. It should be emphasized, however, that Dickinson (1957)
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restricts the definition of commuters to those crossing local government 
boundaries because the census definition of the term "commuter" imposed 
that restriction. Moreover, both of the Dickinson studies deal with 
regional rather than intraurban diurnal migration. His monographs are, 
nevertheless, important landmarks in the study of labor force home-work 
commuting. Dickinson is the first to make full and fruitful use of 
published census data to chart and analyze journey-to-work patterns.

Not only is there a paucity of journey-to-work case studies, 
there is sharp disagreement among those who have undertaken to search 
out the motivating forces that influence the choice of residence and 
purport to determine how, if not why, they operate to optimize home
work separation. Halvorsen (1973), in his monograph concerning the 
factor of income in home-work separation, purports to examine two diver

gent positions among geographers. One group denies that income plays a 
decisive role in home-work separation; the other group postulates, and 
proves to its own satisfaction, that distance is a major determinant of 

home-work separation, varying directly with income level.

Carroll's (1952) acknowledgment that his first generalization 
should be qualified in light of site characteristics and his observation 

concerning the importance of the historical view compels a search of the 
literature for works related to urban structural morphology, particu
larly in a context of home-work separation. Generally, it appears that 
urban settlement pattern, often a product of both history and the market 

place, should receive more attention than it has heretofore in studies 
of commuter mobility. Many, if not most, geographers concur in the
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basic classifications of cities as concentric (Burgess, 1925), sector 

(Hoyt, 1939) or multiple nuclei models (Harris and Ullman, 1945). But 
most, if not all geographers would likely agree that each model is an 
over-simplification. Concrete examples or suggestions and vestiges of 
all three classifications can be found by close observation and analysis 
of the settlement pattern in any city. For example, rail and transpor

tation routes which attract commercial and industrial establishments is 
a manifestation of Hoyt's (1939) sector theory. Moreover, so long as a 
central business district remains a city's dominant focal point and 
attracts the largest segment of the labor force as it does in Tucson, 
such a city fits the concept of a concentric model and all the charac
teristic rings (Dickinson, 1964) thereof can be found. On the other 
hand, even though the CBD may remain dominant, every urban place ulti

mately becomes, with growth, a multiple nuclei model.
The postulate that urban places become multiple nuclei models 

with growth and diversification is not new". Harris and Ullman (1945) 

cite four factors that generate spatial separation of work centers. 
Tucson fits that pattern; its mutation doubtless had its beginning with 
the establishment of The University of Arizona in 1885 outside the 
town's circumscribed two square miles.

The wealth of research that has gone into locational analysis 
cannot be ignored, but most studies in that field are oriented toward 

labor markets in general rather than to the specific relationship of 
residences to work places within a labor shed. Moreover, these studies 
relate to marketing, which makes them of doubtful value in seeking out
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journey-to-work commuter attitudes and behavior. Retail outlet studies 
purport to find out how best to exploit consumer needs and spending 

habits of an established residential population. The purpose here is 
to relate the worker’s residence, in a spatial context, to his source 
of wherewithal rather than to the center where he spends it. That 
antithesis of purpose in the trip generation process suggests a funda
mental difference.

When the array of literature becomes narrowed to the essential 
elements pertinent to a journey-to-work case study within the scope of 
this thesis, less than half a dozen authors have published works direct
ly related to the case specific herein; only Carroll (1952) offers re

search guidance and a theoretical approach in full consonance with an 
intraurban journey-to-work study in a city of Tucson’s size and struc
ture. Thus Carroll’s (1952) monograph deserves more detailed discussion 

than it was given in the introductory chapter, particularly since a test 
of his theories is the central theme of this paper.

Recognizing that "reliable data on the spatial relation of homes 
to work places are scarce in the United States," Carroll (1952, p. 272) 
cites the Burgess (1923) theory, Hoyt (1933) and the mapped residential 
distribution of Baltimore’s population from a 1925 traffic survey in 
support of his first general statement. Carroll (1952, p. 272) acknowl
edges, however, that his first generalization "is subject to qualifica
tion when the geographic characteristics of the site and other factors 

are considered," but notes that characteristically population is most
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dense close to the core of the work center, thinning out with concentric 
increase in distance therefrom. ■

Carroll (1952, p. 278) supports his second generalization on a 

basis of transport orientation and evidence that "the most highly 
specialized functions of the city are generally located in the downtown 
center." As more specific evidence, the similarity of Baltimore's total 

population distribution about the central district to the residence 

distribution of the city's downtown workers is presented on dot maps 
from the previously cited 1925 traffic survey. It is not altogether 
clear, however, just how Carroll (1952, p. 278) supports his statement 
concerning "the most highly specialized functions . . .  in the downtown 
center."

Carroll's support of his third generalization rests largely upon 
home-work patterns for "many isolated industries" and upon two surveys. 
He places special emphasis upon results of studies in Los Angeles and 
Detroit where low densities and widespread auto ownership present ex
treme cases; he theorizes that "if such patterns hold in these extreme 
cases, . . .  it is easier to believe that they will hold in other 

cities" (Carroll, 1952, p. 278).

In summary, Carroll (1952) makes four salient points: (1) the
median length of home occupancy approximates the median length of 

employment, the inference drawn here being that when a worker moves to 
a new job he moves his residence to the vicinity of the new work place; 
(2) in the choice of a residential location, work place has appeared to 

be a dominant factor conditioning place of residence, (3) history is an
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important factor in shaping the urban pattern; and (4) industrial cities 
with heavy employment in off-center work zones have less population 
concentration about the central district. Concerning his conclusion 
that highest population densities are "close by" central districts, 
Carroll (1952, p. 278) offers an interesting analogy between labor force 
residential distribution around a work center and the shape of a volca

no. He observes that if such distribution curves "are rotated for 360 
degrees, these curves would describe a three dimensional shape similar 
to a volcano with the hollow space at the center being the work 
place . . . there are few employee residences there because there is 
simply no room." The analogy will be later illustrated.

Getis (1969, p. 56), aside from attempting to quantify Carroll's 
above described volcano analogy, takes a somewhat different tack. He 
questions the dominant role of the CBD in urban structure. "It is the 
work place and not the business district which is the fundamental focus 

of urban spatial structure." It is only in that context, according to 
Getis, that the CBD can be compared with other centers of employment.
The reasoning is somewhat obscure. The CBD is not alone in its dual 
role of work place and retail center. On a lesser scale, most shopping 

centers, particularly at the so-called regional level, perform several 
of the same services offered in the CBD in addition to the retail func
tion.

In subsequent paragraphs, Getis discusses two models postulating 

a frictionless zone enclosed in a "critical isochron," which is merely 
another way of depicting Carroll's (1952) "volcano theory." Oddly,
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Getls gives Carroll no credit either in the body of his monograph or in 
his list of references.

Getis's attempts to quantify the frictionless zone concept offer 

considerable difficulty of application. The second model contains three 
unknowns; two must be arbitrarily chosen which does not appear to be a 
very sound approach from the mathematical standpoint.

The usefulness, if any, of the Getls paper lies in three prem
ises: (1) the CBD is basically a work place; (2) a frictionless zone
exists around the core of an employment center and (3) one-half of all 
workers travel less than five miles to work, which is to say the median 
home-work separation is less than five miles. The last premise he 
attributes to Lansing and Hendricks (1967). If the less than five mile 
rule is true for major metropolitan areas, is it also true in smaller 
cities of lesser population density and structural complexity where 

"urban sprawl" is said to prevail?

Lapin’s (1964) Structuring the Journey to Work is essentially a 
researcher's manual with four primary objectives: (1) to identify the
kinds of data needed for the solution of journey-to-work problems, (2) 
to illustrate methods of analysis, (3) to improve predictability in city 

planning and (4) to point the way to further research aimed at develop
ing analytical tools. The book devotes 156 pages of its main body to 
descriptive treatment of the variables likely to be encountered in 

journey-to-work studies, supplemented by three lengthy appendices and an 
excellent bibliography. The book offers some useful guidelines in the 

form of graphs and tables, but is somewhat out of date (and
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understandably so) in that census data receives minimal attention. 
Although the book was not published until 1964, four years after the 
first census coverage of commuter characteristics, it was evidently 
turned over to the publisher in 1959. The introductory chapter makes 
note of the fact that as of 1959 the U.S. Bureau of the Census had not 

undertaken to collect data related to joumey-to-work studies. Many of 
Lapin's sample graphs and tables were prepared from 1947 data with none 

later than 1956. The substance of his volume is in the final chapter 
summation of his theme and in his discussion of "urban sprawl."

The Dickinson works on commuting in the Netherlands and Belgium 
(1957) and in West Germany (1959) make excellent use of census data for 
chorographic and historical analysis of commuting in northwestern 
Europe. His maps are particularly informative, but the scope of both 
monographs concerns the effects of the changing socioeconomic structure 
of northwestern European industrial centers. For example, he traces the 
development in West Germany of a "Sozialbrache," or "social fallow," 
prevalent among small landholders who commute relatively long distances 
to industrial jobs, leaving much of the land lying fallow. That kind of 
social phenomenon is miniscule in the United States. Moreover, 
Dickinson's approach is regional. He focuses upon industrial centers 

and their rural labor sheds, common in northwestern Europe, rather than 
upon intraurban commuting patterns. Both monographs suggest a very weak 

or even absent correlation between income level and commuting distance, 
which Halvorsen (1973) ascribes to one of the two opposing factions he
describes
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The Halvorsen (1973) monograph on the subject of home-work sepa
ration is the most recent and the most controversial of those reviewed 

and cited here. His paper is based upon 1,000 completed questionnaires 
designed to determine home-to-work distance for primary wage earners in 
Charleston, West Virginia. Halvorsen purports to settle the divergent 

positions of earlier researchers concerning the influence of income 

level upon commuting distance and commuter attitudes toward work place 
access.

From the results of his survey, reduced to four tables,
Halvorsen (1973, p. 360) concludes that

There is little evidence that any income group among these 
respondents would give much consideration to work access should 
they have occasion to seek a new residence. Thus the attitude 
held by the primary wage earners represented here indicate that 
work access is not a particularly significant dimension of the 
residential location decision.

In his summary and conclusions, Halvorsen (1973, p. 362) states
The data presented here may be interpreted as refuting what has 
perhaps come to be regarded as conventional wisdom pertaining 
to residential patterns. There is little evidence in any of 
these data sets in support of the contention that differences 
in journey-to-work distances may be ascribed to differences in 
income level. Thus, the Charleston data strike at the core of 
those notions which have postulated that income level plays a 
major role in determining the degree of home-work separation... 
Consequently, these data also serve to compromise severely those 
constructs which have been largely based on the notion that work 
access operates as a primary factor in the residential location 
decision.

In essence, Halvorsen’s conclusions appear to contradict" 
Carroll’s (1952) first hypothesis which is central to the theme of this
thesis
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Pegrum (1964) offers some Interesting and constructive concepts 
on urban structure, its influence upon development of transportation 
systems and vice versa. In essence, land transportation corridors may 
set the pattern of growth or, conversely, the pattern of growth may 
create new patterns in the transportation network. Los Angeles in 
twentieth century transition is his theme. Los Angeles not only offers 

an ideal area in which to trace the parallel growth of an urban complex 
and its transportation system, it is almost the perfect area for ob- - 
serving the role of the automobile and its implications in planning 
transportation modes and systems for the future. According to Pegrum 
(1964, p. 2), the automobile has "introduced an imponderable into the 
relationship of transportation to the changing metropolitan structure." 
In retrospect, he questions whether transportation modes were the dom

inant force in shaping the city or whether the growth pattern shaped 

transportation to its needs; in Pegrum1 s mind, the question is still 
unsettled. In his closing paragraphs, Pegrum (1964, p. 41) warns:
"The rapidly changing industrial and residential patterns of location 
have not yet crystalized sufficiently to make possible a confident pre

diction as to the locational structure of the area 15 years from now. 

Those responsible for transport planning must recognize this fact..."
It would appear that industrial development generally followed the rail 
lines of 1920 with little change since the rail lines were abandoned.

On the other hand, residential expansion was completely independent of 

the industrial pattern. The intriguing element of the Pegrum study 

lies in its implications concerning the structure of Tucson, but the
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role of the automobile remains an imponderable in urban morphology. The 
useful element of the Los Angeles experience documented by Pegrum (1964) 
is the suggestion that historical factors are among the important shap
ers of urban mobility patterns, and that housing and industrial develop

ment may take entirely different directions.
Taafe, Garner and Yeates (1963) applied the Chicago Area Trans

portation Study of 1956 to the changing Chicago scene, generated prin
cipally by the trend to decentralize manufacturing and move it to the 
periphery of the city. But Chicago and Tucson have few, if any, social, 
economic or structural similarities, unless one considers the eccentric 
location of their central districts a similarity. While the Taafe et 
al. study and the study for this thesis are somewhat similar in a 
methodology whose theme is a search for order in the urban form, the 
techniques are necessarily quite different. Thus, the usefulness of 

the Taafe et al. study in the development of this thesis is limited to 
the general concepts of the research framework.

In summary, a review of published literature concerning home

work separation and the spatial arrangement of labor forces about their 
sources of income is not particularly helpful except in a very general 

way. In fact, it would appear that the published literature on the 
subject poses more questions than it supplies answers. . There are no 
prototype case studies of labor force commuting applied to the entire 
area of a comparatively large western U.S. city and its urbanized 

periphery as proposed for this thesis.



CHAPTER 3

THE TOOLS OF ANALYSIS 

History

Intraurban labor force commuting patterns are functions of 
urban structure; the latter is a function of history. "This historical 
view is important because city patterns are largely the result of past 

periods of growth" (Carroll, 1952, p. 280). As will be shown in sub
sequent paragraphs, Tucson’s structure is the product of three histor
ical factors: (1) site selection, (2) ethnic and political change and

(3) the market place. This is not to say that other forces were not at 

work, but those three identified forces are important because the site 

of the original settlement encouraged an eccentric pattern of growth to 
the north and south and predominantly eastward, the section line grid 

pattern beyond the original site was an outgrowth of a shift in polit
ical and ethnic control, and the differentiation of residential pattern 
is a product of the market place.

When Tucson was founded by the Spanish in 1776 on the site of 
an earlier Indian settlement, the irregular grid pattern of connecting 
paths and streets was generally oriented north by west, approximating 

the course of the Santa Cruz River to best fit the natural terrain.

By the time of the Gadsden Purchase, the pattern had become firmly 

established and remains essentially unaltered in the central district

20
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of Tucson to this day. The irregularities of the original street pat
tern such as Alameda Street's abrupt shift of direction at Stone Avenue 
and the converging courses of Pennington and Congress Streets are 
apparent even to the most casual observer.

The original townsite selection on the east bank of the north

erly coursing Santa Cruz River was a natural choice. It lay hard by an 

abundant source of good water and was militarily defensible under siege. 
Though the site has been less than ideal, geometrically, as an urban 
nucleus and central district, it held that distinction unchallenged for 

two centuries. In Tucson, as in most American cities, the central dis
trict is seldom far from the original settlement site (Carroll, 1952) 

and growth, if left to the control of the market place, follows the path 

of minimum friction in cost and buyer resistance. Figure 1 offers a 
graphic history of the direction and chronology of Tucson's growth 

through annexation.
Figure 1 suggests the shift of pattern from the early Spanish 

street layout to the section line grid in one mile increments; detail 

maps of Tucson's central district street pattern confirm that change.
The Gila and Salt River Base and Meridian, established under Anglo con
trol of Arizona Territory changed the entire course and pattern of 
Tucson's expansion beyond the original Spanish settlement plat. The 
original town limits of 1877 coincided with the General Land Office 

system; the north boundary lay along Speedway Boulevard, the south 

limit along 22nd Street and the east and west limits along First and
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Figure 1. Annexations to the City of Tucson, Arizona, 1877 
through 1969.
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Twelfth^" Avenues, respectively. The basic square mile grid pattern has 
not changed. The internal pattern of subdividing changed from twelve to 
eight blocks per mile for most development lying generally east of 
Country Club and north of Grant Road during the 1950's. Some subdivi
sions were laid out with curvilinear internal street patterns but their 
external bounds are invariably along section, half section, quarter 
section, eighth section or sixteenth section lines. Thus, home-work 
separation in Tucson is predominantly a function of rectangular coordi
nates. The very few exceptions are the Interstate 10 freeway, those 
streets parallel and adjacent to the Southern Pacific Railroad right of 
way, and along a few stream and contour meanders.

The Southern Pacific Railroad and the Interstate 10 freeway are 
major modifiers of the grid pattern. The Southern Pacific corridor 
cutting across the city from southeast to northwest through the CBD is 

the more disruptive of the two. Interstate Route 10 entering the city 
from the east follows a somewhat similar alignment further south, like

wise cutting across section lines to follow the natural fall of the 
terrain. North of the CBD, where the Interstate 10 alignment follows 
the railroad right of way rather closely, its disruptive effect is less 
noticeable.

Along with the established grid pattern, pre-established land 
use and topography have been prime controlling factors in shaping the

1. The Twelfth Avenue section line was extrapolated from both 
north and south boundaries. It was not and is not to this day a 
thoroughfare nor a dedicated right of way from 4th to 22nd Street.
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pattern of growth. Figure 1 clearly indicates retarded development 
westward. Davis-Monthan Air Force Base blocked southward expansion from 
Alvernon Way eastward. The Southern Pacific Railroad effectively 
blocked settlement south of its right of way between Alvernon Way and 
Fourth Avenue until the Palo Verde overpass was opened to traffic. 

Northward, beyond the Rillito River, the terrain was, for the most part, 

too hilly and dissected for economical and profitable development of 
medium priced tract housing which had dominated the market in Tucson. 
Thus, the predominantly eastward sprawl of residential construction and 
strip commercial development between the air base and the Rillito River 
was virtually inevitable under the pressures of Tucson's phenomenal 
growth in the 1950's decade. Expansion simply took place where land 
was available at a price the developer would pay and where housing 
tracts could be built at a profit. The restrictive barriers north and 
south of the eastward growth are clearly visible on Figure 1. The 
Rillito River marks a barrier although it does not constitute one in 

itself; beyond the river's channel to the north lies the above mentioned 
dissected piedmont largely unsuited to development for the middle income 
market. Land use and land control on Davis-Monthan Air Force Base pre
cluded and still precludes housing development other than by the Depart

ment of Defense for its own military people. Moreover, even local 
efforts to secure an access route only one mile long across its seven- 

mile east-west expanse have been unsuccessful.

Prior to World War II, Tucson's growth was a comfortably manage
able average of a little more than 7,200 people per decade. From a
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population of 7,531 in the year 1900, the city had grown to 36,818 in
habitants by 1940. During the World War II years and for the remainder 
of that decade, the net increase remained fairly stable, reaching a 1950 
census count of 45,064 people. During the 1950's Tucson mushroomed from 
a small city of barely 45,000 to a metropolis of over 212,000 to rank 
54th among the 310 U.S. cities with 1960 populations exceeding 100,000. 
It is extremely doubtful that the best of planners could have foreseen 
the problems such growth would generate. The only predictable element 
of growth was that the.city would probably expand on a rectangular, 
section line grid pattern because that was the pattern„of land owner
ship, and that growth would probably continue eastward on land that 

could be developed at least cost. The reduction in growth rate from 
368 percent, the ninth highest in the nation in cities of over 100,000 

population, to a more manageable 21 percent in the 1960's offered some 
relief from the growing pains, but the east by north pattern of expan

sion was already established.

Except for some concentration of retail trade in a few scattered 
shopping centers, the urban structure developed as might be expected 
under minimal political and social constraints. Most commercial activ

ities , such as specialized retail outlets (auto agencies, for example), 
service activities, branch banking facilities, insurance agencies and 
real estate offices, chased the residential growth and by 1970 had 

arranged themselves in a strip pattern extending up to nine miles east 

of the GBD. By the time the 1970 census was taken, strip commercial 
development, including skips and a few apartment complexes along
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Speedway Boulevard, Broadway and 22nd Street, the three principal east- 
west arterial streets, amounted to about 22 miles. The connecting 
north-south section line and half section streets were less commercially 
developed.

Historically, it can be argued, Tucson's function is that of a 
service center for the southernmost tier of Arizona counties except 
Yuma, which is more likely oriented to San Diego in the hierarchy of 
central places. In terms of the labor force distribution by industrial 
segments reported by the Arizona Department of Economic Security for 

May, 1969, as an example, 27 percent of Pima County's non-agricultural 
workers were employed in government service (including University of 

Arizona employees) and 40 percent in the two classifications of whole
sale and retail, and miscellaneous services. Among the remaining five 
industrial segments reported, manufacturing and contract construction 
ranked fourth and fifth, each attracting eight percent of the labor 

force. But, in a broader sense, Tucson has a two-fold regional role 
rooted in the past. It has been an important rail transportation cen

ter since 1880 and is a major hub of both rail and highway access to 
western and southern Mexico. As an educational center, Tucson's repute 

is probably much wider than regional. The latter two factors are doubt
less more significant than distribution of labor force segments as 

shapers of the urban structure. The railroad has become a permanent 
corridor to which industry and commerce have gravitated, particularly 

those activities with heavy dependence upon shipping and.receiving. The 

University of Arizona area has become a nucleus of highly specialized
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activity, which expands around its original site, with long established 
corridors of access. As residential development expanded eastward, 
improvement of access corridors followed.

Whether the physical structure of a city is conditioned by its 
original corridors of ingress and egress and its internal paths, or 

whether patterns of circulation develop in response to directions of 
subsequent growth is a moot question. The two sets of conditions are 
not mutually exclusive. Both can operate simultaneously as they did in 
Los Angeles (Pegrum, 1964) and as they have operated in Tucson as the 
personal automobile came into wider and wider use as the primary short 
and medium distance vehicle.

Statistics

Before 1970, transportation-specific data from census reports 
were limited. Even though such details as commuter transportation 

modes, cross identification of workers by zone of work and zone of 
residence, and other details specifically related to home-work separa

tion were included in the 1960 census sampling questionnaire, these data 
were buried in a mass of other census details. Retrieval of commuter 
mobility details was virtually impossible without a special commuter 
program, budgeted and funded by the Department of Commerce.

In response to requests from numerous urban transportation study 

agencies, the Bureau of the Census initiated a special project to strip 

commuter and transportation related data from the 1970 census basic 

record tapes by means of a special computer program using tabulation



28

specifications furnished by the Federal Highway Administration. These 
special purpose tapes were identified by the Bureau of the Census as 
Urban Transportation Planning Packages (UTPP's) and made available only 
upon request, but at nominal cost, to certain qualifying local govern
ments or associations of governments in selected SMSA's. The first sev
en local governments or associations thereof to qualify for, request and 

receive UTPP's were: Wilmington, Delaware; Bay City, Michigan; Madison,
Wisconsin; Albuquerque, New Mexico; Billings, Montana; Great Falls, 
Montana and Fargo-Moorhead, North Dakota-Minnesota.

Through 1974, a total of 112 UTPP's had been stripped from the 
basic tapes of various SMSA's across the country and furnished to quali
fying and requesting local governments, including Tucson and Pima 
County, Arizona. It is upon these statistical data that the research 

for this thesis has depended almost entirely.
In essence, the UTPP computer printout is a collation of select

ed tabulations of commuter related data that apply specifically and 
directly to analysis of commuter mobility patterns, their income levels, 
demography and housing data useful in journey-to-work transportation 
studies within the SMS A. These data have made possible detailed well 

supported analyses of labor force commuting in far greater scope than 
possible with data developed locally by ad hoc transportation planning 
agencies.

The basic structural unit of area of the UTPP is the traffic 
assignment zone (TAZ). These zones can be viewed generally as subdivi
sions of the census tract (CT) reporting unit used in published census
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documents such as PHC(1)-218, 1970 Census of Population and Housing 
(Tucson, Arizona SMSA). The boundaries of TAZ’s are established locally 

by the requesting SMSA government and furnished to the Bureau of the 
Census. TAZ limits do not necessarily coincide with those of enumera
tion blocks delimited by the Bureau of the Census. TAZ's in the Tucson 
urban area are, with a few exceptions, subdivisions of CT's. Their 
boundaries are usually along streets, alleys, township and range section 
lines, stream courses or other identifiable lines defined to facilitate 
the study and analysis of traffic generation, aggregation, flow and 
dispersion. Census tracts in the Tucson urbanized area may contain 

from two to sixteen TAZ’s ranging in area from a few acres near the CBD 

to two full sections (1,280 acres) in peripheral CT’s. In the SMSA at 
large, a TAZ in a remote area may contain several hundred square miles. 
The resident population in Tucson urban area TAZ's generally varies from 
none to about 1,100. Davis-Monthan Air Force Base, an exceptional case, 
houses 144 members of the civilian labor force and 2,937 members of the 

military labor force.
TAZ’s are numbered serially, with a few gaps, from one to 665, 

but there are no sequentially numbered blocks of TAZ's that can be 
identified with CT's nor does the UTPP cross reference TAZ's in any 

way to their CT location. Moreover, presently available map coverage 
does not extend more than 15 miles in any direction from the Tucson 
central district. Thus, only a few TAZ's in the 500 series of numbers 

and none in the 600 series can be located by specific geographic bound

aries; in fact, those TAZ's in the 600 series are identified only with



U.S. Postal Service zip codes, for which specific metes and bounds, 
township and range or other geographical limits have not been estab
lished in remote areas of Pima County.

With a single minor exception, the limits of the study area 
established by the Tucson Area Transportation Planning Agency (TATPA) 
are identical to the urban area limits established by the Bureau of the 
Census to define "Tucson and Vicinity" on the inset map accompanying 
the 1970 Census of Population and Housing for the Tucson SMSA 
(Publication PHC(1)-218). The TATPA study area, as noted in the intro
duction, includes an additional contiguous eight square mile area north 
of the Rillito River and west of Oracle Road, identified by the Bureau 

of the Census as Census Tract 46.01. With the addition of the latter 

tract, the TATPA study area encompasses 57 CT's containing 320 TAZ's,
22 of which are uninhabited, residentially; 311 TAZ's are zones of work 

with five or more employed members of the labor force.
With few exceptions, TAZ boundaries do not cut across census 

tract boundaries. Those exceptions are due largely to revisions of 

census tract limits by the Bureau of the Census for the 1970 enumera
tion. In those cases where a TAZ is split between two census tracts, 
most notably along Pantano Wash, no population apportionment between 
CT's is necessary; such splits characteristically divide populated from 
unpopulated areas.

For convenience, and to simplify data analysis and presentation, 

both the TAZ and the CT units of area are employed. Work centers are 
delimited by TAZ, but the unit area in the tributary labor shed is the
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CT unit of area. This method has been adopted because the CT is a con

venient labor shed statistical unit of area which reduces the data field 
to 57 tributary CT's to each zone of work instead of 311 units of area.

The traffic zones of work are the foci. Accordingly, they are 
classified by the numerical strength of the in-commuting labor force in 

Table 1. The table lists the number of zones in each classification as 
to location inside or outside the TATPA study area. Labor force is 
defined as employed workers sixteen years of age and older, to include 
both male and female workers. The aggregate labor force counts in the 
table include agricultural workers and 7,882 military personnel residing 

in Pima County who commute to jobs outside the SMSA. Work zone classi

fications in the six-level hierarchy of in-commuting labor force 
strengths reflected in Table 1 are assigned solely for the purpose of 

this thesis; these classifications do not appear in any census documents.

It should be noted that the Bureau of the Census tabulations in 
the UTPP are based upon 15 and 20 percent samples. As will be found in 

any statistical sampling, discrepancies arise which require adjustment. 
The criteria for such adjustments are discussed in some detail in a 
Bureau of the Census document prepared by Paul T. Manka (1973) under the 

title "A Description of the Concepts and Procedures Used in the 1970 
Census Urban Transportation Planning Package Data Tabulations." In the 
Tucson and Pima County SMS A, the labor force totals tabulated by zone 
of residence do not always tally with the count in the tabulation of 

workers by traffic zone of work. The explanation lies in the exclusion 

of SMSA workers who failed to meet coding requirements because of



Table 1. Classification of Traffic Zones of Work

Inside TATPA Area Outside TATPA Area Entire SMSA
Work Zone Number Aggregate Number Aggregate Number Aggregate

Classification of Zones Labor Force of Zones Labor Force of Zones Labor Force

Primary
2,000 or more 
In-commuters 3 20,289 4 15,384 7 35,673

Secondary
1,000 to 1,999 
In-commuters 6 7,162 6 8,823 12 15,985

Tertiary
750 to 999 
In-commuters 5 4,442 3 2,654 8 7,096

Quaternary
500 to 749 
In-commuters 14 8,312 4 2,173 18 10,485

Minor
250 to 499 
In-commuters 49 17,780 7 2,665 56 20,445

Unclassified
Less than 250 
In-commuters 234 21,577 58 2,233 292 28,810

Totals 311 79,562 82 33,932 393 113,494

Source: Compiled from U.S. Bureau of the Census (1972a, -b) w
to
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certain reporting deficiencies. As a result of such exclusions in the 

Tucson SMS A, the zone of work tabulations in the UTPP reflect only 97 
percent of the total resident labor force reflected in publication 
PHC(1)-218, the 1970 Census of Population and Housing by Census Tracts 
for the Tucson, Arizona SMS A. However, the major portion of that dis
crepancy falls in the unclassified category of work centers; in the 

larger work centers the UTPP tabulations reflecting origin and destina
tion agree quite closely. For example, the UTPP reflects a total of 
6,372 people employed in the CBD, according to the zone of work tabula
tion, while the zone of residence tabulations list 6,440 workers with a 

CBD destination. The difference is less than one percent. For the 
other zones of work tested for this thesis, some tally exactly but none 
exceed a one percent discrepancy. Adjustment of either the origin or 
destination figure would have a negligible influence upon statistical 

class intervals or the frequency distributions presented in the next 
chapter. In short, the usefulness of the UTPP data is fundamentally 

unimpaired by these minor sampling errors and omissions.

Application

The UTPP contains extensive arrays of demographic data such as 
distribution of labor force by age groups and counts of members of 
households in school which are quite useful in transportation planning 
but of doubtful or limited use in a study of commuter mobility patterns 

between home and work. On the other hand, such socioeconomic variables 

as income, house value, distribution of the labor force by industry 
segment, occupational specialties, distribution and age of housing units
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and the origin and destination of commuters by TAZ can be invaluable in 
isolating significant influences upon commuter behavior and choice of 
residence.

The one indispensable variable that cannot be distilled from 
the census data in the UTPP is the magnitude of home-work separation, a 
variable that may be expressed in units of time or measured distance.

For intraurban travel in Tucson, time is a function of distance; with 
very few exceptions, one varies directly with the other. Accordingly, 
for the purpose of this thesis, the physical separation of home from 
work place is measured in street miles.

In a grid pattern of streets superimposed upon a section line 
grid such as prevails in Tucson, the street distance between a selected 
point of origin and an outlying point is a function of the sum of the 

sine and cosine of the connecting azimuth multiplied by their straight- 
line distance of separation. Expressed in graphic terms, if the cen- 

troidal point of reference of downtown Tucson is assumed to be at the 
intersection of Broadway and Stone Avenue and a diagonal straight line 
is drawn connecting the points one mile north on Stone Avenue and one 
mile east on Broadway, any point on that diagonal line is one mile from 

the centroid via the most direct route on any combination of streets and 
one or more right angle turns. Thus, the distance isolines on the maps 
herein are the connecting lines between points at one mile street dis
tance intervals on north-south and east-west axes drawn through the 
approximate center of mass of a traffic zone of work.
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The criterion for measuring commuting distance between a census 
tract of residence and a traffic zone of work is not necessarily from 
the census tract centroid of area. Rather, the center of mass of the 

out-commuting labor force of a census tract is the centroid of the 
several tributary TAZ's in the census tract, weighted according to the 
number of out-commuters from each tributary TAZ. Thus, the centroid 
of the out-commuting labor force from any one census tract depends upon 
the work zone destination. Similarly, the mean values of such variables 
as age, income, house value and the like will not agree in any given 
tract of residence as calculated for different zones of work. In other 
words, two separate zones of work may attract exactly the same number of 
workers from a given census tract of residence, but the socioeconomic 

makeup of out-commuters to each zone of work can be altogether different 
with regard to age, income level and other variables if they come from 

different sets of TAZ's. For that reason, mean income, mean age, mean 

house value, out-commuter center of mass and the like are calculated 
separately for each combination of residence and work zones.

As a final note concerning the general characteristics of labor 
force journey-to-work migration in the Tucson SMS A, an interesting, 
perhaps significant, aspect emerges from the 1970 census data array. In 
sharp contrast to commercially and industrially oriented cities of the 

U.S. and particularly to the cities of northwestern Europe studied by 

Dickinson (1957 and 1959), the resident labor force population in the 

Tucson urban area is far greater than the labor force employed within 

that area. The heavy daytime out-commuting to remote work zones is



clearly indicated in Table 2, distilled from the 1970 census data con
tained in the UTPP.

Table 2. Tucson, Arizona SMSA Employed Labor Force Distribution 
by Place of Residence and Place of Work

36

1970 Census
Inside TATPA Outside TATPA SMSA
Study Area Study Area Total

Resident Labor Force 112,600 12,600
Employed Labor Force 83,100 42,100

125,200
125,200

Source: Compiled from U.S. Bureau of the Census (1972a, -b)



CHAPTER 4

THE WORK CENTER LABOR SHEDS

The keys to the objectives of this thesis lie in the answers to 
four questions: (1) How is the total population of Tucson distributed
residentially about the central district? (2) Does the residential 
distribution pattern of the in-commuting labor force to the CBD approx

imate that of the entire Tucson urban area population? (3) In what 
geographic pattern do in-commuters to off-center zones of work arrange 
themselves, residentially, about those centers? (4) In the course of 
Tucson's residential development prior to the 1970 census, what was the 
geographic pattern of growth by value class of residence and how might 
the resulting spatial arrangement relate to Halvorsen's (1973) dispute 
with those geographers who take the position that home-work separation 
is a function of income level?

The first and second questions are interrelated. The determina
tion of an answer to the first and a test of the second can be reflected 
graphically by (1) superimposed density profiles and estimating equa
tions to chart mile by mile variations in average circumferential densi

ty outward from the CBD for both the entire labor force population and 

the in-commuting labor force to the CBD, and (2) superimposed frequency 

polygons to compare total labor force population with the number of
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in-commuting workers to the CBD in street-distance mileage zones in one- 
mile increments around the central district.

Tucson's eccentric arrangement about the CBD and the sectoring 
effect of streams, mountains, transportation corridors and a federal 
military reservation cannot be ignored. These aspects of urban struc

ture need to be addressed in more detail for reasonable assurance that 

the density averaging process does not unduly distort the residential 
density gradient of either the entire resident labor force population or 
that of CBD jobholders. To assure that full circle average to establish 
mile by mile concentric densities is a reasonable approach despite 
Tucson's eccentric urban structure, sectoral density profiles are super
imposed on the same graph with an accompanying sectoral map. Tract by 

tract percentages of resident labor forces holding CBD jobs offer still 
another approach to the relationship between total labor force and CBD 

worker distribution.

The third question lends itself to a three step analysis for 

each job center examined: (1) a mapped distribution of the out-
commuting labor force from each tract, (2) a frequency distribution for 

each work center, segregating its in-commuting force into one-mile in
crements of home-work separation and (3) a translation of the frequency 

distribution to a Lorenz type curve for graphic determination of worker 
percentage as a function of distance between home and work.

The fourth question differs conceptually from the first three 
in that it seeks to identify causal forces as well as spatial manifes

tations of their effects. The first three questions are, by design.
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seekers of effects, such as the spatial distribution of workers* resi
dences as a manifestation of forces tending to minimize home-work 
separation. Thus, in pursuit of the answer to the fourth question, it 
is of some importance to determine, insofar as possible, what variables 
are most likely to influence residential choice. As might be expected, 

the UTPP computer readout tabulations suggest that mean income level, 
tract by tract, is a very strong and consistent indicator of the mean 
dollar value of residential property. The essential elements, then, 
of the relation of income to home-work separation are (1) the spatial 
arrangement of housing development by dollar value of residence, tract 
by tract, in the Tucson urban area, (2) the frequency distribution of 
the labor force in one-mile increments of home-work separation by income 

group for each traffic zone of work selected for detailed study and 

(3) the degree of correlation among variables likely to influence choice 
of residence.

Obviously, within the limitations of this thesis, it is neither 
desirable nor practicable to analyze each and every traffic zone of work 
in the TATPA study area. But the sample must be broad enough to detect 

and isolate both recurrent and differentiating aspects of worker resi
dential arrangement around their work places. As a minimum, such a 

sampling should include all of the primary work zones, a broad sampling 
of the secondary work zones and an appropriate sampling of lesser zones 
where specialized functions or occupational agglomerations are apparent. 

Under these criteria, nine zones within the TATPA study area are appro
priate for testing; these include the three primary, half of the



40

secondary and one from each of the tertiary, quaternary and minor traf
fic zones of work. Two of the secondary zones were selected because 
they duplicate, to a large extent, traditional CBD functions; the third 

selection from that group is the city’s largest manufacturing district 
lying inside the TATPA study area. The zone of work selected from the 

tertiary group contains two public institutions, a hospital and an 
elementary school, as its principal employers. In the quaternary 
group, the Southern Pacific (PEE) rail yard, the UTPP printout cites 
69 percent of its jobholders as being in the transportation industry, 
and a relatively large number of wage earners listed in the craftsmen, 
operative, service, transportation and laborer occupational classifica
tions with only a few professional and supervisory people. The sole 

employer in the minor zone of work selected for testing is Tucson 
Medical Center, a general hospital.

The omission of secondary work zones S-l, S-2 and S-3, the 

largest in that category inside the TATPA study area, deserves brief 

discussion. These zones of work adjoin or lie in the immediate periph
ery of Census Tract 1, defined by the Bureau of the Census as the CBD 
as footnoted in Chapter 1. These zones are, in fact, fringes of the 

CBD; a trial consolidation of their in-commuting jobholders with those 
of the CBD as defined by the census report produced negligible or no 
change in CBD worker residential distribution. Therefore, they are 
omitted from the array of work zones to be tested.

While the central thrust of this thesis is a study of labor 
force commuting within the TATPA study area, a sampling of at least one
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external zone is desirable in view of the fact that 37 percent of the 
resident labor force inside the TATPA study area commutes to jobs at 
remote work zones lying entirely outside that area. The Tucson Inter
national Airport is the only such remote work area whose TAZ numbers 
can be identified with a map location. Even the Hughes Aircraft indus
trial plant area, an important work zone outside the TATPA study area, 
is not identifiable with its map key number, TAZ 315; in fact, the UTPP 
lists no data under TAZ 315. However, the airport zone of work can 
serve adequately as an outside test zone; it falls into the secondary 
classification and draws 90 percent of its workers from inside the 
TATPA study area.

The ten selected zones of work are identified-with their general 
descriptions and differentia in Table 3 and located geographically on 
Figure 2.

Residential Pattern of the Tucson Labor Force 

For a test of Carroll’s (1952) generalization concerning the 
residential arrangement of the population around the central district, 
the term "population" is assumed to mean the employed labor force popu

lation. That interpretation is clearly more meaningful as a pattern of 
dispersion upon which to overlay and compare the residential pattern of 
the CBD in-commuting labor force. A second criterion, as noted in the 

second paragraph of this chapter, is average density based upon the full 

circumferential area of the mile-wide bands between street distance 

isolines. Distance isolines up to ten miles out are at one-mile
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Table 3. Selected Zones of Work for Study In Detail

Class and Rank
Census
Tract TAZ

Labor
Force General Description

Primary P-1 1 1
& 2 6,440 Central Business District

P-2 5 23 
& 45 *5,513 University of Arizona

P-3 36 206 **8,426 Davis-Monthan Air Force 
Base

Secondary S-4 34 102 1,135 East Broadway Financial 
Center

S-5 19 92 1,119 El Con Shopping Center

41.02 310 
& 317 1,107 Tucson International 

Airport
S-7 45.01 145 1,023 Flowing Wells Road 

Industrial Area
Tertiary T-5 23 61 835 County Hospital and School 

Zone, South Tucson

Quaternary Q-3 20 52 676 Southern Pacific (PFE) 
Yard

Minor M-37 29.02 160 292 Tucson Medical Center

* Includes 15 military personnel 
** Includes 6,139 military personnel 

*** Outside but not contiguous to the boundary of the TATPA study area

Source: Compiled from U.S. Bureau of the Census (1972a, -b)
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intervals; the outermost band to encompass the margins of the 1970 
Tucson urban area lies between the ten and twelve mile street distance 
isolines. A third and final criterion assumes a "frictionless zone" 
around the central district core whose geometric center is arbitrarily 
assumed to lie at the intersection of Broadway and Stone Avenue. The 

"frictionless zone" is described in somewhat different terms by Carroll 
(1952), Getis (1969), Taafe et al. (1963) and Lansing and Hendricks 
(1967). For simplicity and clarity, Carroll’s (1952, p. 278) descrip
tion of a "frictionless zone" (though he does not use the term) is best:

Nearly all distribution curves showing employee residence by 
mile zone from place of work are similar in shape. These dis
tribution curves rise rapidly to a peak and then taper off as 
distances from work place are further increased. If rotated for 
360 degrees, these curves would describe a three dimensional 
shape similar to a volcano with the hollow space at the center 
being the work place. This hollow center is a function of area. 
There are few employee residences there because there is simply 
no room.

Both radially and circumferentially Tucson's structural homoge
neity is interrupted by several barriers and lacunae, which roughly 

divide the city into the five sectors delineated on Figure 3: (1) the
area north of the Rillito River, (2) the area lying generally east of 

the Southern Pacific Railroad and bounded on the north and south by the 
Rillito River and Davis-Monthan Air Force Base, respectively, (3) a 

sector lying between the Southern Pacific Railroad on the northeast and 
Interstate Route 19 to the west, (4) a sector southwest of the central 

district lying between Interstate Route 19 and the Tucson Mountains, and 

(5) a sector extending northwest between the Southern Pacific Railroad 
and the Tucson Mountains. A glance at the map in Figure 3 might suggest 
that the area north of the Rillito River should be a part of the second

44
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described sector northeast of the Southern Pacific Railroad. The area 
north of the Rillito is treated separately because there is an extremely 
abrupt change in the density of the labor force population north of the 
river.

The eccentricity of Tucson's settlement pattern is much more 
pronounced from the standpoint of labor force distribution than the map. 

Figure 3, would suggest. Almost four-fifths of the total labor force 
residing in the Tucson urban area is distributed northeast of the South
ern Pacific Railroad and the CBD in a 160 degree sector. To determine 
how much, if any distortion is introduced by full circle averaging of 

the labor force population densities in mile zones around the CBD, a 
density gradient for each of the above described sectors is plotted be
low the map in Figure 3. The plotted points of the density gradients 

correspond to the midline between pairs of successive one-mile street 
distance isolines. Thus, assuming the center of the CBD to be zero 
density, the street distance radius of Carroll's (1952) "hollow space 
at the center" varies from one-half to two and one-half miles among the 
five sectors. The maximum peaking limit of the "frictionless zone" is 
that of Sector A, which falls between the two- and three-mile street 

distance isolines; the minimum "frictionless zone" limit, between zero 

and the one-mile isoline, is in Sector C. In the averaging process, the 
density gradient peak falls between the one- and two-mile street dis
tance isolines as do the peaks for Sectors D and E.

Beyond the "frictionless zone" and the initial rise to a peak 
density at the theoretical edges, the general similarity of the sectoral
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density gradients ends. Sector A to the east and north trends generally 
downward with two distinct peaks, though the second between nine and ten 
miles out is not so pronounced. Sector C, extending south from the CBD, 
exhibits three such peaks but none at distances corresponding to those 

on the Sector A gradient. Sector D exhibits the characteristic initial 
peak but reaches its maximum density between five and six miles out from 
the CBD. The northwesterly Sector E gradient traces a very rapid de
scent from the initial peak with no upward undulating peaks from that 
point on.

While not shown on Figure 3, when Sector B is divided into two 

segments with Broadway as the common boundary, their density gradients 
bear little resemblance to one another beyond the seven mile distance 

isoline. The segment of Sector B lying north of Broadway has an ex
tremely low density where Pantano Wash crosses it in the eight- to nine- 
mile zone. By sharp contrast, the density gradient between Broadway and 
Davis-Monthan Air Force Base rises from the CBD in three successively 
higher peaks between the two- to three-mile, the four- to five-mile and 

the eight- to nine-mile zones. In the latter zone, passing through some 
high density residential tracts and the air base housing area, the aver

age resident labor force density is the highest of any in the city in a 
comparable area. In fact, the peak density in the eight- to nine-mile 
zone between Broadway and the air base exceeds the highest average full 

circle density for the urban area labor force at large. Thus, it seems 

clear that density gradients outward from the central district are by no



means even moderately uniform, and this Includes the average density 
gradient for the entire Tucson urban area resident labor force.

Despite the wide variations and ups and downs in the density 
gradients of the resident labor force, sector by sector, there is a 
reasonably uniform lowering of overall average labor force density with 

increasing distance from the CBD, though undulating; the trace of the 
average overall density profile is not too different from trace of the 
profile for the more or less homogeneous east side residential zones 
where the bulk of the Tucson resident labor force is located. But in 

the appraisal of the overall labor force spatial arrangement, the aver
aging process is not particularly useful. It becomes useful, however, 
in the subsequent comparison of the dispersion of CBD jobholders and 

the labor force at large, where the overall average density profile is 
separated from its components; here it is important to compare CBD job
holder dispersion with a profile reasonably free from gross distortion.

In summary, despite the wide disparity of density profiles from 
sector to sector in Figure 3, the densities from mile zone to mile zone 
outward from the city center average out to a more uniform trace than 

might be expected when plotted for the purpose of fitting an estimating 
equation. The "best fit" is a straight line, first degree equation 
rather than second degree as the gravity analog theory of distance decay 
might suggest.

Residential Density Gradient of CBD Jobholders 

As demonstrated in the paragraphs Immediately preceding, the

48

process of averaging residential density for the full circumference of
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each mile zone for Tucson’s entire resident labor force produced no 

gross distortion of the gradient because of urban structural eccentric
ity. Accordingly, the calculation of residential densities of CBD job
holders from mile zone to mile zone follows the same procedure.

On the upper portion of Figure 4, the composite or averaged 
city wide labor force and the CBD jobholders residential density pro

files are superimposed; on the lower part of the figure, the labor 
force frequency distribution of these two groups by mileage zone are 
likewise superimposed. It will be observed that generally, up to six 
miles from the CBD, the profiles exhibit some similarity, particularly 
with regard to the first two peaks and, to a limited degree, the third 
peak in the nine- to ten-mile zone, though the latter peak is barely 

discemable on the CBD jobholder profile. On the other hand, in the 
seven- to eight-mile zone, the total urban labor force density and that 
of the CBD jobholders are antithetic; in the former the profile marks a 

slight dip, while in the latter it marks a distinct peak. But despite 
the apparently better fit of the estimating curve for the total labor 
force profile, the slopes of the two estimating curves are close to 
being identical when plotted at proportional scales. In that respect, 

the relationship of the estimating curve slopes on the upper part of 
Figure 4 is misleading because the scale multipliers were selected for 
convenience rather than proportionality. If the multipliers for a 
scale centimeter were calculated on a basis of the more cumbersome true 

ratio of 112,600 to 6,400 (total urban area labor force to CBD jobhold
ers) , the slopes of the estimating equations are almost parallel at
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-0.5472 and -0.5959 as calculated for the entire urban area labor force 
and the CBD jobholders residential density decline, respectively.

As a further comparison of the estimating equations, the co
efficient of simple correlation applicable to the total resident labor 

force density profile, -0.9824, is somewhat higher than the coefficient 
derived from the CBD jobholders density profile, -0.9045, which indi
cates a relatively uniform straight line decrease of average total labor 
force density as distance from the central district increases. The 
weaker coefficient of correlation between residential density of CBD 
jobholders with increased commuting distance indicates a more undulating 
density profile, and consequently, a less reliable estimating equation 
for calculating decrease in density with increase in distance from the 
CBD.

Finally, a comparison of the percentage of each census tract's 

labor force travelling to CBD jobs helps somewhat to explain the sharper 
undulations in the CBD jobholder density profile as compared with the 

profile of declining density for the urban area at large. The percent
ages of out-commuters to CBD jobs, tract by tract, vary from one to ten 
percent of the resident labor force in 53 of the 57 tracts in the TATPA 
study area. Two tracts, one on the southern periphery and Davis- 

Monthan Air Force Base, contribute less than one percent of their resi
dent labor force to CBD jobs; the latter contributes none at all. Two 

tracts, the CBD tract itself and one contiguous thereto, contribute 

more than ten percent, the maximum being 13.2 percent, of their respec
tive resident labor forces to CBD jobs. Table 4 provides a tabular



52

digest of percentage contributions to CBD jobs from the aggregate labor 

forces of the 57 census tracts in the Tucson urban area labor shed.

Table 4. Percent of Out-commuters to CBD Jobs from 55 Census Tracts 
in the TATPA Study Area

Tributary
Census Tracts 2 10 15 20 5 3

Percent of 0.00% 2.00% 4.00% 6.00% 8.00% 10.00%
to to to to to to

Out-commuters 1.99% 3.99% 5.99% 7.99% 9.99% 14.00%

Median Percentage 
of Out-commuters 5.91%

Note: The air force base CT, with no out-commuters to the CBD, and
CT 1 containing the CBD are excluded. Of the latter's resident 
labor force, 5.8% hold CBD jobs.

Source: Compiled from D.S. Bureau of the Census (1972a, -b)
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Work Center Labor Shed Structure

The Primary Group
Central Business District. From the perspective of diminishing 

average residential density with increased distance from the city cen
ter, the dispersion pattern of workers commuting to CBD jobs as related 
to the dispersion pattern of all workers residing in the Tucson urban 
area has already been addressed. But the averaging process does not 
identify high density residential islands and enclaves of jobholders in 
the central district. It is the purpose here to map the labor shed pat
tern in absolute numbers of out-commuters to CBD jobs from tracts of 

residence irrespective of population densities, and to present other 
data in response to the third question posed in the opening paragraph 
of this chapter.

The choropleth map,-Figure 5, charting out-commuters from indi
vidual tracts to CBD jobs, contains little suggestion of a tendency 
toward residential clustering around the work center. In fact, one of 

the two heaviest contributers in both absolute numbers and percentage 

of total labor force residents lies about eight street miles from the 
CBD. Two tracts among the lowest contributors in both absolute numbers 
and percentage of resident labor force are contiguous to the CBD.

The frequency distribution of CBD in-commuting workers by abso
lute numbers and street miles of home-work separation (the second 
analytical step cited on the third page of this chapter) is more re

vealing with regard to worker residential arrangement around the work
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Figure 5. Census Tract Origin of the CBD In-commuting Labor Force
Source Developed from U.S. Bureau of the Census (1972b)
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center. Figure 4, which also compares the distribution of the total 
urban area resident labor force with in-commuters to CBD jobs, suggests 
a mildly erratic distribution of the latter. But the ups and downs of 

absolute numbers of CBD workers by mile zones follow approximately the 
same up and down trends as are seen in the density gradient, but with 

much less emphasis upon the density drop in the two- to three-mile zone. 
In consonance with Carroll’s (1952) second generalization, however, it 
is noteworthy that 5.9 percent of the heavily populated Sector 1 resi
dent labor force. Figure 3, commutes to CBD jobs; 5.7 percent of the 
entire urban area labor force are CBD jobholders.

In the Lorenz curve. Figure 6, in which absolute numbers of CBD 
jobholders are translated to cumulative percentages for each mile zone, 

the aberrations of the frequency distribution. Figure 4, still appear 
but less dramatically.

In summary, the CBD workers exhibit four significant aspects of 

home-work separation: (1) the cumulative percentage CBD jobholders as

a function of home-work separation in miles yields a non-linear second 

degree estimating equation, (2) the median commuting distance is less 
than five miles, (3) approximately 95 percent commute from residences 
inside the TATPA study area and (4) about 95 percent commute less than 
ten miles.

The University of Arizona. As a preclude to discussion in de
tail of the arrangement of the university area labor shed, a word should 

be said about its makeup. The UTPP enumerates all gainfully employed 

people as belonging to the labor force. Thus, students such as teaching
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and research assistants or those employed in any gainful occupation in 
the work center become included in the labor force count.

The choropleth map of the university labor shed. Figure 7, indi
cates residential clustering around the work center. It is further 
significant that a substantial number of those living close by and em
ployed in the work center are low income people earning $2,000 per year 
or less. This is clearly a reflection of the working student inclusion
in the labor force. The heaviest census tract contributors to the ranks

/
of university work center jobholders is a cluster of three contiguous 

tracts including the one in which the work center is located. These 
three tracts contribute almost one-fourth of the total 5,513 jobholders 
counted in the 1970 census. The fourth highest contributor is a census 

tract between five and six miles northeast of the campus where Chris
topher Village, the university sponsored housing project, is located.

As the density gradient in the upper part of Figure 8 suggests, 

there is virtually no "frictionless zone" around the work center core. 

The core includes working students living on campus, building the core 
residential density to about 1,200 per square mile in contrast to the 
average density of 684 per square mile inside the one-mile street dis
tance isoline. The residential density gradient of university area job
holders, after the initial plunge to less than 70 per square mile in the 

one- to two-mile zone, describes a mildly concave trace with two dis
tinct peaks. The first peak is clearly due to the influence of Chris

topher Village; the second peak between eight and nine miles out is 

because of an unaccountable minor clustering on the far east side of 
the city.
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In summary, the salient aspects of the residential arrangement 

of university area jobholders are: (1) the cumulative percentages of
university jobholders as a function of home-work separation in miles. 
Figure 9, yields a non-linear second degree estimating equation similar 
in tract to that for the CBD, but with a much more pronounced flatten
ing, particularly beyond six miles out, (2) the median commuting dis
tance is 2.9 miles, less than two-thirds of the CBD jobholder median 
commuting distance, (3) the clustering about the work center core is 
made up largely of gainfully employed students as indicated by income 

levels and (4) only 5.2 percent of the work center jobholders commute 
more than 12 miles as compared with 5.1 percent of CBD jobholders.

Davis-Monthan Air Force Base. The residential distribution map 

of the air force base jobholders. Figure 10, indicates a relatively 
dense clustering of the labor force in a solid tier of census tracts 
along the west and north boundaries of the reservation where the guarded 

entry gates are located. The transition from the heavy contributors to 

the light contributors of their respective resident labor forces among 
the census tracts is somewhat abrupt. As Indicated in the Figure 10 
legend, more than 70 percent of the air base jobholders come from inside 

the base and from contiguous census tracts contributing more than 200 
workers each.

There is a striking similarity between The University of Arizona 
and the air base labor force commuting patterns, and a sharp contrast 

between their worker dispersal pattern and that of CBD workers. All 
three fit the stereotypes that Carroll (1952) postulates in his second

60
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Figure 9. Percentage Distribution of University of Arizona 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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and third generalizations which state that (1) the CBD labor force tends 
to be distributed residentially much the same as the total population 
and that (2) workers tend to cluster about off-center work places. The 
tendency to cluster about the university and the air base work centers 
can be attributed, at least in part, to the fact that both work centers 
have a high concentration of workers living in dormitory type facilities 
inside the factory gates. Moreover, for the most part, both groups of 
workers are employed by a single, centrally controlled establishment.
In any case, the residential pattern of workers around the university 
and air base work zones suggests a corollary to Carroll’s (1952) third 
generalization: that off-center work zones controlled largely by a
single employer tend to induce greater clustering of employees around 
the work center than do the more diversified off-center work zones.

The absence of a "frictionless zone" is even more pronounced 
around the air base work center than it is around the university work 

zone. One-third of the air base work force lives in barracks, bachelor 
officer quarters or family housing within a stone’s throw of the command 
centers that control their activities. The family quarters area lies 
largely just outside the one-mile distance isoline, but its out-commuters 
are barely three minutes from the work bench. Worker residential 
density in barracks and bachelor officer quarters, inside the one-mile 
distance isoline around the work center core, is 1,137 per square mile 
as Figure 11 reflects. The initial drop in the residential density 

gradient for air base workers is more abrupt than.that for the univer

sity work zone jobholders, but both gradients begin to flatten out at
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the same mile zone, between six and seven miles from the work center 
core, after rising to a second peak, the former in the four- to five- 
mile zone and the latter in the three- to four-mile zone. Again, as in 
the case of the university work center, the second peak occurs, un
accountably, in two widely separated census tracts.

The trace of the air base workers Lorenz curve. Figure 12, is 
quite similar to that for the university work center. The chief dif
ference lies in the consistently higher percentage of air force base 
workers from mile zone to mile zone because of the higher initial aver
age density inside the one-mile distance isoline. This has the effect 

of lowering the median commuting distance of air base workers from home 
to work place.

The salient points to be noted concerning home-work separation 
of air base jobholders are: (1) the air base is a highly specialized
work center operating under a single employer who exercises very highly 

centralized control, (2) the cumulative percentage of workers as a 
function of home-work separation by mile zones yields a non-linear 
second degree estimating equation and Lorenz curve, (3) the air base 
Lorenz curve, though slightly higher on the graph, is almost parallel 
to The University of Arizona work zone Lorenz curve when the two are 

superimposed at the same scales, (4) the median commuting distance of 
workers to the air base industrial core is 2.3 miles and (5) more than 

96 percent of air force base jobholders commute less than 12 miles from
home to work
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Figure 12. Percentage Distribution of Davis-Honthan Air Force Base 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)



67

The Secondary Group
East Broadway Financial Center. The core of work zone S-4 as 

identified in Table 3 is a computer center operated by the Southern 
Arizona Bank, now the First National Bank. The building also houses 
other financial activities. Work zone S-4, identified as TAZ 102 in 

the UTPP occupies an area of about one-sixth of a square mile, with 
some residential occupancy south of Broadway. Commercial activity, 

however, is confined to a one-half mile strip of East Broadway between 
Columbus Boulevard and Swan Road. Finance, as the descriptive desig
nation of the work zone suggests, is the predominant activity, employ

ing well over one-half of the zone's in-commuting workers. The remain
der of the work force includes people in the retail, wholesale, pro
fessional and business classifications, with retail trade predominating.

The map of worker distribution by census tract. Figure 13, 
suggests some clustering tendency near the work zone, though two of its 
heavier census tract contributors lie beyond the four-mile distance 
isoline. The significant aspect displayed by the map is a dispersal 
tendency rather than a tendency of workers to live close to the work 
center. Nearly three-fourths of the total in-commuting jobholders are 

residentially scattered in 40 of the 57 tracts in the TATPA study area.
As the upper part of Figure 14 discloses, a sharp plunge along 

a very steep logarithmic residential density gradient from a very high 
to a comparatively low density as seen in the university and air force 

base cases, is absent. The density curve here is a comparatively simple 

second degree parabolic curve. Moreover, a relatively uniform frequency
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Figure 13, Census Tract Origin of the East Broadway Financial Center 
In-Commuting Labor Force

Source; Developed from U,S, Bureau of the Census (1972b)
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distribution of worker residences outward from the place of work by mile 
zones is likewise reflected in Figure 14.

The significant aspects of worker commuting to work zone S-4 
are: (1) the cumulative percentage of in-commuting workers as a func

tion of distance from home to work. Figure 15, continues to yield a non

linear second degree estimating equation, (2) the median commuting dis
tance from home to work is 3.2 miles and (3) more than 96 percent of the 
in-commuting jobholders travel less than 12 miles from home to work.

El Con Shopping Center. Traffic zone of work S-5, as El Con 
Center is identified by symbol in Table 3, is a typical modern regional 

shopping center. The center's predominant activity is retail sales in 
which almost three-fourths of its workers are engaged, but the finance, 
business, personal services and professional classifications are well 
represented. The core of the center is compact and almost entirely re
tail oriented. The less represented industrial classifications above 
mentioned are largely fringe area activities.

The mapped residential distribution of El Con jobholders.
Figure 16, suggests some similarity to that of the CBD workers in that 
tracts with high counts of out-commuting workers to El Con jobs are not 
contiguous, the highest contributor in absolute numbers being about six 

miles southeast. But there is a difference which Figure 17 reflects; 
the frequency distribution of El Con workers' homes peaks two miles 

nearer the work center than does the histogram of CBD workers.

The density profile in the upper part of Figure 17 suggests a 
"frictionless zone" but that feature is misleading. The El Con Center
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Figure 15. Percentage Distribution of East Broadway Financial Center 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 16. Census Tract Origin of the El Con Shopping Center 
In-commuting Labor Force

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 17. Density Gradient and Mileage Zone Distribution of 
El Con Shopping Center Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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is surrounded with nearby residential tracts, most of whose residents 
commute to other work centers; the highest number of out-commuters from 
the immediate El Con surrounds travel to jobs in the university area.

The noteworthy aspects of the El Con in-commuting labor force 
are: (1) the density profile. Figure 17, is a non-linear but relatively

flat curve quite dissimilar to the logarithmic density curves of the 
highly specialized university and air base work centers, (2) the cumu
lative percentages of in-commuting workers as a function of commuting 
distance. Figure 18, yield a non-linear second degree curve whose trace 

is almost exactly parallel to the Lorenz curve for the East Broadway 
Financial Center, the difference of any significance being the value of 

"A" in the equation which controls the vertical position of the curve 

on the graph, (3) the mean commuting distance of 3.2 miles matches that 
of the East Broadway Financial Center within one-tenth of a mile and 

(4) almost 97 percent of El Con workers commute less than 12 miles from 
home to work.

Flowing Wells Road Industrial Center. Zone of work S-7 is the 
largest predominantly manufacturing area lying inside the TATPA study 
area. Located some two miles northwest of the CBD, it lies almost 
astride the two major transportation corridors. Interstate Route 1-10 
and the Southern Pacific Railroad. Almost half of its in-commuting 

workers are engaged in manufacturing with wholesale and retail trade 
ranking second and third, respectively. More than half of the labor 

force is classified as craftsmen, operatives and transport workers.
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Figure 18. Percentage Distribution of El Con Shopping Center 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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The mapped residential distribution of the industrial area’s 

workers. Figure 19, displays a tendency to cluster about the work place 
in a manner somewhat similar to that of the East Broadway Financial 
Center, the heaviest census tract contributor to the worker ranks being 

the census tract in which the traffic zone of work is located.
The density gradients of the industrial area and the financial 

center present quite similar characteristics except as home-work sepa

ration increases; the industrial area draws more workers from the more 
distant tracts than does the financial center. The frequency distribu
tion histogram. Figure 20, reflects the latter aspect.

The noteworthy aspects of in-commuters to the Flowing Wells 
Industrial Center are: (1) the cumulative percentage of in-commuting
jobholders as a function of home-work separation continues to yield a 

non-linear second degree estimating equation, (2) though the density 
gradients of the industrial center worker residences and of the East 
Broadway Financial Center are generally similar, the distance decay fac
tor is considerably less apparent among the industrial area workers as 
demonstrated by a much flatter Lorenz curve, (3) the Lorenz curve for 

the industrial area workers, Figure 21, being almost a straight line, 

resembles the CBD Lorenz curve, (4) the median commuting distance of 4.5 

miles likewise more nearly approaches the 4.7 mile commuting distance of 
CBD workers than it does the median home-work separation for other off- 

center work centers and (5) almost 96 percent of the industrial area 

in-commuting workers reside inside the TATPA study area.
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Figure 20. Density Gradient and Mileage Zone Distribution of Flowing 
Wells Road Industrial Center Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 21. Percentage Distribution of Flowing Wells Road Industrial 
Center Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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The Tertiary, Quaternary and Minor Groups
As Table 3 reflects, only one zone of work has been selected 

from each of these three groups for examination in detail. Most of the 
traffic zones of work in these three categories are strip commercial 
developments along section line thoroughfares, wholesale and warehousing 
areas along transportation corridors and other scattered and more or 

less isolated industrial and commercial areas. The Sears and Levy’s 
service and warehousing facilities, for example, are located respective
ly in two widely separated traffic zones of work listed in the UTPP.
These zones lie near the Southern Pacific Railroad and are classified 
herein as quaternary zones employing from 500 to 749 people.

The three traffic zones of work selected from the tertiary, 
quaternary and minor groups for examination in detail here have special 

characteristics such as those described in the rationale for the makeup 
of Table. 3. The commuting pattern for the more diversified smaller 
traffic zones of work are generally similar to those already examined in 

the group of secondary zones of work.

Pima County Hospital Area in South Tucson. Zone of work T-5, as 
this zone is identified in Table 3, extends the full east to west width 
of South Tucson bounded on the South Tucson city limits on the south and 
36th Street on the north. The area contains the Pima County Hospital, 
Mission View Elementary School, a dog track and several retail establish

ments. The predominant occupations are service and professional, in 

that ranking order. More than two-thirds of the aggregate in-commuting 

labor force are employed in the professional establishments (hospital 
and school).



The mapped residential dispersion pattern of this South Tucson 
zone of work, Figure 22, Indicates no tendency toward worker clustering 
about the work zone. The midpoint of the heaviest residential tract 
contributor lies four miles south of the work place. The map suggests 
an almost uniform distribution of worker residences. The frequency 
distribution of workers' residences. Figure 23, largely supports the 
map indication of a relatively uniform dispersion of worker homes, at 

least to the nine-mile distance isoline, but the histogram is more 
revealing in the details.

Again, the density gradient. Figure 23, suggests a "frictionless 
zone," but one does not exist. The traffic zone of work has a relative

ly high density of South Tucson homes but the jobholders in the hospital 

area who live in South Tucson represent less than five percent of the 
work zone's employed workers.

The salient characteristics of the home-work separation of in
commuters to work zone T-5 are much the same as demonstrated by work 
zones in the secondary group already documented: (1) the estimating
equation plotted graphically. Figure 24, is a non-linear second degree 
parabolic equation, (2) the density gradient, though more ragged appear

ing than the gradient profiles for the secondary group of work centers, 
is a similar parabolic curve, and (3) the median commuting distance is 
four miles.

The Southern Pacific Rail Yard. Zone of work Q-3, as this zone 

is identified in the Table 3 listing, is located two and one-half miles

81
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Figure 22. Census Tract Origin of the Pima County Hospital Zone 
In-commuting Labor Force

Source: Developed from U.S. Bureau of the Census (1972b)
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RESIDENCE DISTRIBUTION
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Figure 23. Density Gradient and Mileage Zone Distribution of Pima 
County Hospital Zone Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 24. Percentage Distribution of Pima County Hospital Zone 
Jobholders by Mileage Zone of Residence

Source: Developed from U.W. Bureau of the Census (1972b)



southeast of the CBD. The zone attracts a labor force of 682 people,
475 of whom are employed in the transport industry.

The work center's labor shed map. Figure 25, conveys a tendency 
toward residential clustering about the work place, with a more uniform 
and orderly thinning out with distance than is found in any work zone 

yet studied. The frequency distribution, Figure 26, reflects that gen
eral uniformity of distance decay except in the mile zone from one to 
two miles out where an unaccountable deviation occurs which is also re

flected by the dip in the density profile for that mile zone. After the 
initial plunge of the density profile and its recovery from the dip in 
the one to two mile zone, the curve traces a concave but very flat 

trajectory to near zero between seven and eight miles out. The trace 
of the profile is typical of residential clustering around the factory 
gates, but by no means to the extent found in the case of the air base 

and the university work centers.
In summary, (1) the cumulative percentage of in-commuting job

holders as a function of distance again yields a non-linear second 

degree estimating equation. Figure 27, similar to that of all other 
tested work zones but with a somewhat steeper initial rise and a more 

pronounced flattening near the top, (2) the median commuting distance 
is 2.8 miles and (3) all workers commute less than 12 miles; almost 97 

percent commute less than ten miles.

Tucson Medical Center. Zone of work M-37, as identified in 

Table 3, is located about eight street miles east northeast of the CBD,

85

surrounded by residential property valued in the intermediate range from



86

k e y

"PERCENT or total
IN -C 0 H -U T IN 6  LABOR ONCE

LABOR FORCE COMMUTING .. TUCSON, ARIZONA
1970

Figure 25. Census Tract Origin of the Southern Pacific Railroad 
Yard In-commuting Labor Force

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 26. Density Gradient and Mileage Zone Distribution of
Southern Pacific Railroad Yard Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 27. Percentage Distribution of Southern Pacific Railroad 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b).



15,001 to 22,000 dollars. All 292 jobholders employed In the zone are 
in the employ or under the control of Tucson Medical Center, a general 

hospital. Of particular interest is the wide variance of income level 
suggested by the occupational classes; 123 are listed as professional,

101 in the services classification, 44 in clerical jobs, 13 as crafts
men and 11 as laborers.

As might be expected with the broad range of incomes, the resi
dential distribution of TMC workers mapped on Figure 28 indicates a wide 
dispersal. The heaviest contributing census tract is South Tucson, nine 

miles away. Almost two-thirds of the TMC jobholders converge from cen
sus tracts two to sixteen miles distant. In general, the map suggests 
no firm pattern of orderly arrangement. Of particular interest is the 
peak in the frequency distribution in the eight- to ten-mile zone caused 

by the high influx of workers from homes in South Tucson. The density 
profile. Figure 29, resembles that of no other work center tested, par

ticularly with respect to the low count of in-commuting workers from 

nearby census tracts. The profile suggests a "frictionless zone" which 

does not exist. An explanation can go no farther than to point out that 
nearly all the residents of nearby tracts are employed in other work 
centers, including a substantial number who commute to the three primary 
work centers.

The Lorenz curve. Figure 30, though similar, in some respects to 
the curve of most other zones tested, bears a closer resemblance to the 

Flowing Wells Industrial Center curve; both are initially steep and show 
much less tendency to flatten out beyond the ten mile isoline of street

89
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Figure 28. Census Tract Origin of the Tucson Medical Center 
In-commuting Labor Force

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 29. Density Gradient and Mileage Zone Distribution of 
Tucson Medical Center Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 30. Percentage Distribution of Tucson Medical Center 
Jobholders by Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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The salient characteristics of residential dispersal of TMC 
workers can be summarized as: (1) yielding a typical non-linear second

degree estimating equation, (2) the median commuting distance is 5.2 
miles (the longest of any work center located inside the TATPA study 

area) and (3) about 97 percent of the TMC workers commute less than 12 
miles to work.

Work Zones Outside the TATPA Study Area
Tucson International Airport. Work zone S-6, as identified in 

the Table 3 listing and the only zone tested outside the TATPA study 
area, includes the airport proper and a triangular, aviation oriented, 

commercial and industrial area lying generally between the airport 
terminal buildings and the intersection of Valencia and Country Club 

Roads. The zone's 1,107 workers are employed mostly in the manufactur
ing (52 percent), transport (24 percent) and retail trade (8 percent) 
indistrial classifications. Occupationally, the labor force consists 

predominantly of operatives (26 percent), professional people (21 per

cent) , clerical workers (20 percent) and craftsmen (11 percent).
The clustering tendency seen around most off-center work zones 

is evident on the residential distribution map of airport workers. 
Figure 31. Thinning to the northeast into the higher density census 
tracts is to be expected, but the heavy contribution of the most east

erly tract in the urban area 14 miles from the work center presents an 

anomaly. The higher than expected concentration of airport jobholder 
residences is reflected to some extent in the frequency distribution. 

Figure 32, by the somewhat higher count of residents in the 12 to 15
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Figure 31. Census Tract Origin of the Tucson International Airport 
In-commuting Labor Force

Source: Developed from U.S. Bureau of the Census (1972b)
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Figure 32. Density Gradient and Mileage Zone Distribution of 
Tucson International Airport Jobholder Residences

Source: Developed from U.S. Bureau of the Census (1972b)
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mile zone than the trace of the probability curve might indicate. The 

anomaly is not reflected at all in the density curve. A possible ex
planation, though by no means proposed as such here, is that a correla
tion exists between the high count of professional workers and the upper 

middle range of house values in the far east tract.

In ways other than extended commuting distances, the residential 
distribution pattern of airport workers does not differ materially from 

that of work zones inside the TATPA study area. The Lorenz curve.
Figure 33, is characteristically parabolic, but the median commuting 
distance stretches to 6.5 miles and only 79 percent commute less than 
12 miles as opposed to 95 percent or more to work centers inside the 

TATPA area. On the other hand, 91.1 percent of the airport work zone 
jobholders live inside the TATPA study area which, considering the 
remoteness factor, is not materially different from the 95.6 manning of 

jobs inside the TATPA study area by its internal residents.

Relationship of Housing Value Class 
and Personal Income to 
Home-Work Separation

The fourth and final objective of this thesis, proposed in the 
introductory chapter and iterated in question form in the first para
graph of this chapter, purports to examine the forces that have shaped 

Tucson's settlement pattern by mapping six value classes of housing and 
tabulating mean commuting distances and mean residence value for six 
income groups.

That objective invites brief recognition of two major opposing 

forces that shape housing, and ultimately, commuting patterns. Patterns
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Figure 33. Percentage Distribution of Tucson International Airport Jobholders by 
Mileage Zone of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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of labor force settlement may be shaped through long range, government 

controlled planning, or by allowing free reign in the market place.
Each approach imposes different constraints or permits different lati

tudes in residential choice with respect to the place of work; in each 

case, commuting patterns can be totally different. The planned approach 
to the control of urban morphology is exemplified by a few countries in 
northwestern Europe which, for several decades and particularly after 
World War II, have administered long range government planning and have 
exercised a substantial degree of control over housing development to 
meet the growing demand of people migrating to urban centers. Probably 
the most notable is Sweden. In Stockholm, the transportation system 
design and construction are the first steps toward development of sub
urban housing communities. By contrast, in the United States, histori

cally and traditionally, the locational factors as well as transporta

tion systems to accommodate the journey to work have been functions of 

the market place. The market place has exercised virtually full con
trol of planning, location and construction of bedroom communities, 
both urban and suburban, with few constraints other than local building 

codes. Even in the one outstanding case in which a rail system was 
built for the express purpose of encouraging development in suburban 

and exurban communities, with focus upon a primate central district^, 

the motivating force was the market place.

1. The Pacific Electric interurban rail system, begun in 1901 
by Henry E. Huntington, a scion of a family of railroad builders, was 
planned and constructed solely to encourage residential development of 
real estate owned by Huntington in the Los Angeles basin and hinter
lands (Morgan, 1969).
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In Tucson, the market place and the spectrum of Income level 

appear to have been the Interacting forces that fixed the spatial 
arrangement and settlement pattern and established the pattern of home
work separation among the various income groups as it exists today. In 

his analysis of home-work separation by income group, Halvorsen (1973) 
appears to have ignored those economic forces that shape residential 
arrangement of labor forces in urban space. Here, it is proposed to 
address the spatial aspects of the urban structure with regard to hous
ing distribution by value class and with particular emphasis upon resi
dential nucleation of both the more affluent and the low income people 

insofar as the UTPP statistics and the historical aspects of Tucson's 
growth patterns will permit.

The pattern of residential dispersion in Tucson by house value 
class perhaps can be more clearly interpreted in light of the relation
ship between house value and the income of the head of household. The 

strength of that relationship, which might be expected prima facie, is 

borne out by the coefficient of simple correlation which turns out to 
be 0.927 as computed for the CBD in-commuting workers. The five vari
ables of income, house value, distance from home to work, age and edu
cational level, taken two at a time, were tested to determine what, if 

any, correlation existed between these variable pairs. The correlation 
between income and distance between home and work runs a very poor sec

ond place, with the relationship between income and age showing almost 

no correlation at all. For illustrative purposes, results of those 
tests for the three variables of income, distance from home to work, and 
age appear in Table 5.
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Table 5. Coefficients of Correlation and Estimating Equations 
for Paired Variables Applied to CBD Jobholders

Variables
Scattergram 

Estimating Equation
Coefficient of 

Correlation

Income with house value 0.927
Income with home to 

work distance y * 0.45x +0.77 0.662
Age with income y = -.Olx + 9.79 0.009

Source: Compiled from U.S. Bureau of the Census (1972a, -b)

In Tucson, the ratio of house value to income is about three to 
one in the low income group, two to one in the middle income groups and 

narrowing to something less than two to one in the upper income groups. 
Thus, if the estimating equation were computed as a non-linear function 

to more closely match the changes in the ratio of house value to income 
across the full spectrum of income levels, the coefficient would be much 

stronger than the value of simple r which the linear equation yields. 
While the relationship between house value and income implies a somewhat 

simple formula for matching these two variables, it is entirely consist
ent with the process employed by local real estate and lending institu
tions to determine the ratio of home purchasing potential with an indi

vidual income. To cite an example, one local real estate broker's 

approach, on the conservative side, appraises the financial ability of 
a buyer to purchase a home on a basis of one-fourth the net income after
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deducting estimated Income taxes and long term obligations, the one- 
fourth of net income being the amount needed to meet monthly payments 
for debt service, real estate taxes and fire insurance. For lower in
come buyers, the one-fourth of net income criterion is raised to one- 

third of net income. Among high income people, the outlay for home 
purchase, including taxes and insurance, rarely reaches one-fourth of 
net income after income taxes, life insurance premiums and other long 
term obligations are deducted. The local broker's estimating formula 
approximates quite closely the ratios of house value to income dis
tilled from the Bureau of the Census UTPP for middle and low income 
groups.

Of special significance is the range of distance from the work 
place for each value class of housing, with particular focus upon the 

lowest cost housing and the high value exclusive residential groupings. 
It is the high income occupants of the latter class of residence who, 

according to Halvorsen (1973), tend to live closer to the work bench 

than do middle income people.
Based upon mean property values, TAZ by TAZ, Figure 34 divides 

Tucson's residential property into six value classifications. The 
mosaic of the Figure 34 map reflects a wide choice of residence in the 

two middle classes, particularly in the more densely settled east side 

between Davis-Monthan Air Force Base and the channels of the Rillito 

River and Pantano Wash, identified as Sector B in Figure 3.

The lowest cost housing units, valued at $7,500 or less, are 
located in four islands, none more than half of a square mile. One
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Figure 34. Distribution of Residential Property in Tucson 
by Value Class of Residence

Source: Developed from U.S. Bureau of the Census (1972b)
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such area occupies the south half of the CBD Itself; the others lie four 
miles or less north and south of the central district. These lowest 

valued units account for barely one percent of the 104,000 units listed 

in the UTPP as lying inside the TATPA study area.
At the other end of the scale, dwelling units priced over 

$45,000 by the 1970 census likewise account for only slightly more than 
one percent of Tucson's urban area residential property. With the ex
ception of the dispersed, low density residential area north of the 

Rillito River, the over $45,000 residences are, likewise, concentrated 

in four islands, but lying adjacent to and up to nine street miles east 
and north of the CBD.

The Yeates and Garner (1971, p. 216) observation that "wealthier 

families . . . live at the periphery of the city . . ." reflects Tucson's 
growth pattern. Thus, each island of exclusive residential property 

was a vanguard and a milestone in Tucson's growth and, with the excep
tion of the area north of the Rillito, eventually became surrounded by 
less exclusive residential development. The first island was a north
west enclave of the original town established in 1877. The second and 
third islands developed somewhat in parallel. Both were opened before 
World War II. The former developed around the old Conquistador Hotel; 

its growth accelerated during the 1940's decade and tapered off to zero 

in the early 1960's. The last six housing units of its total of 96 

residences were completed in the latter part of the 1960's. The third 

island of exclusive residential property occupies a quarter-section of 
land bounded north and east by Broadway and Grayeroft Road,
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respectively. The last four of Its 21 residences were built In the 
1950's. The fourth exclusive residential Island, the Tucson Country 
Club Estates, opened in the 1940*s, grew to 134 residences by 1960 and 
to 309 in the 1960’s. Lots were still available when the 1970 census 
was taken. The fifth exclusive area, lying north of the Rillito River 
and east of Oracle Road, identified as CT 47.01, differs materially 
from the other four exclusive residential areas. Spread over some 14 
square miles, CT 47.01 contains a scattered array of home sites strung 
along sprawling, aborescent patterns of roads and dead end byways on a 
dissected piedmont commonly referred to as the Catalina Foothills. 

Before 1949, the CT contained only 96 of the 1,344 residences reported 

in the 1970 census. Accelerated growth began in the 1950’s, the decade 
in which Tucson grew from less than 50,000 population to over 212,000. 
Densities in the five exclusive areas vary from about one unit per acre 

around the site of the old Conquistador Hotel to one unit per eight 

acres in the area southwest of the Broadway and Craycroft Road inter
section. Excluding TAZ’s reported as unoccupied in the UTPP, the aver
age density north of the Rillito River is one residence on about four 
and one-half acres.

The question, then, is: What does the spatial arrangement of

the highest and lowest cost residential property islands mean in tebns 
of the relationship between income and home-work separation? Simply 

that the older exclusive residential areas are nearer to the central 

business district because growth has overtaken erstwhile exclusive sub
urbs and surrounded them with lower value residences with minimal
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detriment to the former’s exclusive status. At the other end of the 
Income scale, the explanation is more tenuous. Harvey (1973, p. 135) 
blames a steep "bid rent curve," made so by transportation costs, for 

the tendency of the poor to reside near the place of employment, 
assuming the focus of employment to be "concentrated in one central 
location." Moreover, it is primarily the large numbers of middle in
come people for whom most residential property is built and priced; it 
is for that market that developers search out the cheapest land with 

reasonable accessibility to the major employment centers. The net 

result, clearly reflected in Table 6, in terms of home-work separation 
is the wide range of choice for middle income people and the narrowing 
of choice upward or downward on the income scale.

An earlier paragraph stressed the significance of the breadth 
or range of home-work separation available to the different income 
groups. Table 6 illustrates that significance. The distance range of 

home-work separation widens as per annum income increases until the 
curve passes through the $9,001 to $12,000 income group. At some point 

near the $12,000 per annum level the correlation ends. In essence, the 
commuting distance range is a measure of ubiquity of housing in a given 

price range, except on the high income side of the curve. Beyond the 

upper middle income level, and to some extent in that level, too, the 
choice of residence begins to narrow and to become more or less re

stricted to the higher cost homes in the more exclusive residential 

tracts. Thus, the mean commuting distance becomes a function of con
straints upon residential choice rather than a function of income per se.
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Table 6. Home-Work Separation of CBD Jobholders by Income Group

Annual Home-Work Separation Residence Value
Dollar Labor Miles (x $1,000)
Income Force Low Mean High Low Mean High

5,000 or less 272 0.5 1.2 1.7 6.3 13.7 14.9
5,001 to 7,000 861 . 0.9 2.7 5.5 8.5 13.7 14.5
7,001 to 9,000 2,089 1.1 4.7 8.1 12.7 15.7 20.5
9,001 to 12,000 1,988 3.1 6.5 10.6 16.6 19.7 28.8

12,001 to 16,000 655 3.3 7.7 10.8 21.9 27.7 39.4
16,001 to 20,000 252 6.1 8.0 10.8 24.0 32.7 47.2
20,001 to 24,000 169 3.3 7.5 14.2 33.9 42.4 49.9
Over 2/1,000 59 9.6 10.3 11.7 48.9 49.0 49.9

Note: The above tabulation includes only the 98.5 percent of
jobholders who reside at a measurable distance from 
the CBD.

Source: Compiled from U.S. Bureau of the Census (1972a, -b)
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Table 7 expands the scope of Table 6 to Include the aggregate 
labor force for eight of the nine tested work zones lying inside the 
TATPA study area, to include all workers who commute a measurable dis
tance.

Table 7. Home-Work Separation and Residence Value by Income Group 
for a Composite of Eight Work Zones Located Inside the 
TATPA Study Area

Annual Home-Work Separation Residence Value
Dollar Labor In Street Miles (x $1,000)
Income Force Low Mean High Low Mean High

5,000 or less 1,292 0.5 1.3 5.9 3.5 12.8 20.5
5,001 to 7,000 2,360 0.5 3.0 9.2 7.5 12.2 20.5
7,001 to 9,000 4,961 0.8 4.5 11.5 10.0 15.1 19.8

9,001 to 12,000 5,025 0.6 5.2 17.9 13.3 19.5 28.8

12,001 to 16,000 1,851 1.1 6.6 18.0 18.5 26.0 37.8

16,001 to 20,000 507 2.2 7.4 11.8 24.0 34.6 50.1
20,001 to 24,000 458 1.9 5.9 14.2 23.1 38.9 49.9
Over 24,000 139 2.0 7.8 9.6 43.1 48.8 49.9

Source: iCompiled from U.S. Bureau of the Census (1972a, -b)

Commuters to jobs at Davis-Monthan Air Force Base are omitted because 

one-third of its labor force members are required by military custom to 

live behind the factory gates in barracks, bachelor officer quarters or 
family housing, irrespective of position or income level. The effect 
of that requirement will be seen graphically in Figure 35.
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LEGEND
COMPOSITE OF EIGHT WORK ZONES 
CENTRAL BUSINESS DISTRICT 
UNIVERSITY OF ARIZONA 
OAVIS-MONTHAN AIR FORCE BASE

n o t e : a b s c i s s a  p o i n t s  r e p r e s e n t  m e a n  i n c o m e
OF INCOME GROUPS LISTED IN TABLE 6.

10 15 20 
ANNUAL INCOME x $1,000

. Figure 35. Relation of Mean Commuting Distance to Income of In-
commuting Workers to Tucson's Three Primary Work Zones 
and a Composite Group of Eight Work Zones

Source: Developed from U.S. Bureau of the Census
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For a more comprehensive and direct comparison of what happens 
to labor force dispersion as the income-distance curve approaches the 
higher income levels, Figure 35 provides a graphic overview; curves are 

plotted for the three primary work zones and for the composite labor 
force of Table 6.

In summary, the relationship of income to commuting distance 
suggests a twofold interpretation. First, in the middle income groups, 

home-work separation is a function of ubiquity. The larger the income 
group the greater the dispersion and quantity of housing in their price 
range and the more widespread will be the space requirement. Moreover, 

competition for space in the market place to satisfy the demand for 
housing in the middle income value classes will invariably create a 
mosaic of housing value classes around the respective zones of work.

It appears, however, that the lower cost housing occupied by the middle 

income groups tends to lie closer to the work place as indicated by the 

increasing mean commuting distances around the respective zones of work 

as income level of workers increases. The reason for the distance gra

dient seems somewhat obscure, though it possibly comes about through 
succession as upper middle income people migrate outward.

Secondly, for the lowest and highest income groups, the lack of 
ubiquity and the island pattern are responsible for the ranges of com

muting distance. Why the lowest income group tends to cluster nearest 

the CBD is a moot question that cannot be answered with certainty with 

the data available for this case study. As previously noted, Harvey 

(1973) proposes transportation costs as a reason for characteristic
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clustering of low income people near the largest work center, frequently 

the central district. If he is correct, then income is, for the lowest 
income group, directly related to home-work separation. But for the 

highest income groups listed in Tables 6 and 7, income probably has 

nothing to do with commuting distance. Their places of residence are 
often long established tracts which community status demands that they 
occupy. When space is used up in the long established high value resi

dence islands, new restricted areas must be established farther out.
In Tucson, the latter migration was to land too costly for lower cost 
tract housing, yet located as near as possible to the work bench.



CHAPTER 5

SUMMARY AND CONCLUSIONS

Carroll's (1952, p. 271) concluding remarks, as might be ex
pected in view of the meager data available at that time and his open

ing statement that his proposals "are not made with the assumption 
that there is no other force or tendency operating to create pattern" 
are in most respects speculative. For that reason, his generalizations 

have been viewed throughout this thesis as points of departure rather 
than postulates to be supported or discredited. The Tucson case study 
documented herein generally supports all three generalizations in the 

averaging process, but sharp deviations emerge when the Tucson urban 

structure is examined piecemeal.

The first general statement, that urban populations tend to be 
distributed more or less evenly about the CBD, is valid for Tucson when 

densities of population are averaged mile zone by mile zone for their 
full 360 degree circumferences, despite the eccentric position of the 
CBD. But it does not hold true in the strict interpretation of the 

Burgess (1923) zonal theory. Every azimuth generates an altogether 

different density gradient because of terrain, land use and land 

usability. For the urban population distribution in Tucson, neither 

the Burgess (1923), the Hoyt (1939) nor the Harris and Ullman (1945) 

theory can stand alone. The Tucson urban structure is about equal

111
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parts of all three. The average density gradient of the aggregate labor 
force in Tucson once again validates the gravity analog, but the gradi
ent is a straight line and must in all but the most exceptional cases 

recognize the outer edge of a "frictionless zone" as the initial point 

of the gradient rather than the center of the zone of work.
The second Carroll generalization, that the distribution of CBD 

jobholders approximates that of the entire population, suggests a con
tradiction of his first hypothesis that forces tend to minimize the 
home-work separation; nor is that phenomenon fully explained. The 
generalization holds reasonably true in Tucson, but again as in the 

case of the entire labor force, only in the averaging process. If den
sity gradients are examined piecemeal (Figure 3), only the gradient for 

the east side (Sector B) bears much resemblance to the average density 

profile for the entire labor force in the major points of peaking.

Though the generally downward trend of the Sector C profile follows 

that of the profile for the entire labor force, peaks and valleys do 

not match. Thus, it appears, and can be concluded with reservations, 
that Tucson*s pattern of CBD jobholder residences does match the resi
dential pattern of the labor force at large, but only as an average. 
Averaging should be done with caution and only after exhaustive examina
tion of the components that influence it.

The third generalization, that in-commuting workers to off- 

center work places tend to live closer to the work bench holds generally 

true in Tucson. Moreover, the greater the specialization within the 
off-center work place, the greater the tendency to crowd worker
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residences around the work place. The exceptions have discemable rea
sons for greater employee dispersion. .In the case of Tucson Medical 

Center, for example, the hospital is located in an area that does not 

match the rent curve for the income range of a large number of hospital 
employees. The airport, on the other hand, is a remote site and one of 
those responsible for the fact that Tucson’s daytime labor force popu
lation is materially less than the nighttime population, a phenomenon 
rarely encountered in eastern and midwestem industrial cities, and 
certainly the reverse of the pattern in northwestern Europe (Dickinson, 

1957 and 1959).
Halvorsen's (1973, p. 360) position that "There is little evi

dence . . . in support of the contention that differences in joumey-to- 
work distances may be ascribed to differences in income level" appears 

to have considerable merit, but the choice of residence across the 

spectrum of income levels with respect to home-work separation is not 

as simple as Halvorsen’s conclusions might lead the reader to believe, 
at least in Tucson. There are other compelling forces at work which 
have little to do with income per se; rather these forces are functions 
of the development pattern as it has taken shape in Tucson through sev
eral decades. The housing pattern that has emerged in Tucson over the 
years has been almost entirely controlled by the market place; it has 

developed largely in response to the demand of the middle income groups. 

Housing has appeared where and when it will sell at a price the buyer 
would pay. Development for the middle income market has been a con
tinuous process from year to year; in Tucson, it is hardly even seasonal.
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This Is not true In the case of housing construction for the low income 
groups, who must acquire housing, as a general rule, through a succes
sion process wherever deterioration of neighborhoods takes over. For 
the well-to-do, the opening of areas suitable for high cost, custom- 

built homes is periodic. The opening of such tracts occurs only when 
the demand builds up over a period of years or even decades while ex
isting exclusive tracts grow to full occupancy. The overall result is 

a pattern that lends credence to the theory that home-work separation 
is not necessarily a function of income level. The pattern of widening 

dispersal and increasing mean commuting distance as income rises and 

the sudden dip in mean commuting distance as the curves enter the high 
income realm is, however, an effect. The cause stems from the degree 
of ubiquity and the volume of demand generated from one work center to 
another among the middle income people. The rich and the poor, on the 
other hand, must live where economic and social status dictate. Thus, 
home-work separation in the latter two groups is predominantly a func

tion of history and pre-established residential sites.
It was stated in this thesis near the end of the second chapter 

that Halvorsen’s (1973) conclusions might appear to contradict Carroll’s 

(1952) first hypothesis which concerns the distribution of population 
around the central district. But the influence of high-value property 

nucleation in Tucson’s residential pattern turns out to be minimal.

The dips in the home-work separation curve, as apparently influenced 
by income level, do not materially change the density gradients of the 

CBD and the entire TATPA study area labor forces as gradients slope
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away from the central district. Those members of the labor force in the 
income bracket where the home-work separation curve dips represent less 
than three percent of the aggregate labor force in the 20 percent sample 
of workers employed within the TATPA study area.

In general summary, Carroll’s (1952) theories are sufficiently 
valid to offer excellent points of departure for research in the field 
of urban structure and the spatial relationship of work places to the 
homes of people who commute between the two. Halvorsen (1973) is 
correct in his theory that home-work separation is not necessarily a 
function of income level. But he appears to ignore two major forces 

at work in the choice of residence with respect to commuting distance; 
the housing pattern as it develops through time and the process of 
matching income to house value.
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