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ABSTRACT

It has long been realized that the physical growth 
of a city, and the land use patterns that develop within 
the urban area as the city expands, are greatly influenced 
by the road and street network in existence.

The rapid growth of the City of Tucson provides an 
opportunity to measure this relationship between growth 
and accessibility.

This study has examined residential growth in 
several parts of the Tucson urban area. The accessibility 
of these areas was determined using a procedure developed 
for this study.

The degree of correlation shows that accessibility 
does have an influence on the residential growth in 
certain parts of the Tucson area.

viii



CHAPTER I

INTRODUCTION

Statement of the Problem 
Tucson has experienced a dynamic growth in the 

decades since World War II, which is comparable to other 
urban communities, particularly in the west and southwest. 
This rapid growth has produced many problems, particularly 
in the area of transportation. In 1960 it was realized that 
the loads being imposed upon the Tucson street system by 
this rapid growth was not only an immediate problem, for it 
also foreshadowed greater growth and accentuated problems 
in the years ahead.

The Tucson Area Transportation Study was a research 
and planning project which was initiated in 1959 for the 
purpose of developing a long-range transportation plan to 
serve the Tucson area. The study was to analyze the many 
factors relating to how people and goods are transported in 
the Tucson area and to forecast future travel patterns and 
recommend improvements and additions to the street system 
that would provide the capacity to accommodate this growth 
at a reasonable level of service.
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It has long been realized that the physical growth 
of a city, and the land use pattern the city develops, is 
greatly influenced by the road and street network in 
existence. This was emphasized in the Tucson Area Trans
portation Planning Agency (TATPA) report (1), Volume II, by 
the third stated objective of the study. The report stated.

The formal objectives established by the Tucson 
Area Transportation Study are to develop and to 
maintain a planned network of transportation 
facilities:

That will adequately provide for present and
future traffic demands and land service
requirements;
That will provide an improved level of service;
That will promote better land development.
The transportation plan therefore had as a major 

objective to forecast future land use patterns and to 
recommend future improvements to the arterial street network 
that would insure the most desirable and efficient use of 
land as the city expanded.

The projections of growth outlined in the TATPA 
report, Volume II, stated that the majority of the resi
dential growth in the Tucson Urban Area would occur outside 
of the urban boundary defined in the TATPA report, Volume I. 
The highest percentage of growth was forecast to occur on 
the east side of the city. Figure 1 shows the urban 
boundary defined in Volume I of the TATPA report. Volumes 
I and II refer to this boundary as the 1960 urban boundary,

2
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a definition that will be used throughout the remainder of 
this report.

A detailed examination of the actual growth in the 
number of residential dwelling units throughout the Tucson 
area through 1973, revealed that overall growth, and the 
growth on the east side of the city, has occurred approxi
mately as predicted. However, the northern sections of the 
urban area have grown much faster than predicted. Some 
areas in the north have grown as much as 300 per cent of 
that predicted while areas to the south and west of the city 
have experienced growth as little as 10 per cent of that 
predicted. In summary, growth, for the area as a whole, 
has occurred approximately as predicted, but not in the 
locations predicted.

The Tucson Area Transportation Planning Agency 
report, Volume II, presented a freeway and arterial street 
network plan that recommended extensive mileages of four- to 
six-lane major arterial streets throughout the Tucson Urban 
Area, and particularly in the north and east sections of the 
urban area. Figure 2 shows the 1980 recommended arterial 
street network. The report specified that the major 
arterial streets shown in Figure 2 have a minimum of four 
lanes and a maximum of eight lanes.

The total street mileages for this plan is as 
follows: freeways, 72.1 miles; parkways, 31.9 miles;
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arterial streets, 582.5 miles; and collector streets, 361.7 
miles.

The total mileage of the recommended plan repre
sented a 60 per cent increase over the 1960 street system. 
The greatest numerical increases were in the major and 
collector street categories (225.8 miles and 105.6 miles, .
respectively).

The report gave strong recommendations for imple
mentation of the proposed improvements in the eastern parts 
of the city, stating that Speedway Boulevard, Broadway, and 
22nd Street must be improved as recommended and this part of 
the plan has been followed through 1973. However, the 
construction of additional four-lane arterial streets in 
other parts of the urban area has not taken place as rapidly 
as recommended.

Since little of the recommended arterial street net
work had been implemented, the arterial street network that 
existed in 1973 was not significantly different from the one 
that existed in 1960. This arterial street network provided 
accessibility to various parts of the urban area in signifi
cantly different amounts. This, and the fact that these 
areas experienced the majority of the residential growth 
during the period 1960 to 1973, produced a condition that 
provided an excellent opportunity to examine the effect that 
accessibility of an area had upon the residential growth 
within that area.
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This study has taken an approach to the definition 

of accessibility that is different than those previously 
used because of the unique characteristics of the Tucson 
area.

Previous Accessibility Studies 
In previous studies (2, 3), accessibility has been 

defined as a measure of the spatial distribution of the 
ability and desire of people to overcome spatial separation. 
This definition, originally proposed by Walter Hansen (4,
5) is stated mathematically as:

Q

where: is a relative measure of the accessibility at
zone i to an activity located within zone j;

S. equals the size of the activity in zone j;
•* i.e. , number of jobs, people, etc.;

T._. equals the travel time or distance between 
1"*J zones i and j;
x is an exponent describing the effect of the 

travel time between the zones.

In other words, the accessibility of an area i to 
an activity area is directly related to the size of the 
activity in % and inversely proportional to the distance 
separating î and j. raised to some power x.

The Hansen concept of accessibility was developed to 
forecast future residential land use and is quite useful



when studying the residential development potential of 
vacant land in an already developed area. In his original 
study Hansen used data for the Washington, D. C. area.

In this form, the most used concept for determining 
accessibility, the existence of an arterial and collector 
street system adequate to serve the traffic generated by 
the "activity centers" is assumed. In the large urban 
areas of the East, where this concept was developed, this 
assumption is valid. In Tucson, however, many parts of the 
urban area outside of the 1960 urban boundary had a sparse 
or non-existent arterial and collector street system.

As a result of the low overall traffic congestion 
and delay experienced in the Tucson area between 1960 and 
1973, it was possible to travel throughout the urban area 
quite rapidly as compared to larger eastern cities.

If the formula developed by Hansen were to be 
applied to much of the Tucson area, even though travel 
would have to be over dirt roads in many cases, high acces
sibility values would be recorded because of the areas 
proximity to activity centers throughout the urban area.
This was not felt to be a true measure of the accessibility 
of an area in Tucson because in many cases the arterial 
street network in the area would not support the development 
implied by the results obtained using Hansen's method.

It was decided that for this study a definition of 
accessibility would be based upon the ability of the

8
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arterial street network to provide physical access to the 
areas studied. The definition of accessibility used in 
this study is given in Chapter II, and explained in detail 
in Chapter III.

This study also differs from the previously cited 
studies in that it is a backward looking study which 
attempts to use accessibility to explain land use patterns 
that have developed over the past years, and not a fore
casting study which attempts to determine how land use 
patterns will develop.

Objective
The objective of this thesis was to determine the 

extent that residential land use patterns, developed in 
the Tucson urban area during the period 1960 to 1973, were 
related to the accessibility provided by the arterial 
street network in existence throughout the urban area.
The main assumption of this thesis is that residential land 
use was directly affected by accessibility.

To determine the validity of this assumption, an 
analysis of the growth in the number of dwelling units was 
performed for all areas outside the 1960 urban boundary, 
in addition to an analysis of the accessibility provided 
to these areas by the arterial street network. Using these 
data, a regression analysis was performed to determine the 
degree of correlation between the number of residential



dwelling units constructed in each area from 1960 to 1973
and the accessibility provided to each area during that
period by the arterial street network in existence.

This analysis was not intended to produce an
equation with predicting capabilities, having a coefficient

2of determination (R ) greater than 0.75, but to determine 
the importance of accessibility as one of the variables in 
such an equation.

10



CHAPTER II

DATA SOURCES AND METHOD OF ANALYSIS

Having defined an objective, the procedure to be 
followed in achieving this objective was outlined in a 
flowchart, shown in Figure 3.

Definition of Accessibility
For this study, accessibility is defined as the 

amount of arterial street capacity within and around the 
area being analyzed, plus the amount of arterial street 
capacity connecting the area with the business and commer
cial centers of the city. A detailed description of the 
procedure developed to compute the accessibility of an area 
is given in Chapter III.

The Study Area
A review of the two TATPA reports, Volumes I and II, 

and the 1973 dwelling unit data, revealed that in the areas 
outside of the 1960 urban boundary, growth and accessibility 
varied significantly. Since the relationship between 
accessibility and growth should be shown most clearly where 
growth and accessibility vary significantly throughout an 
area, the study area was chosen as that portion of the 1973 
urban area outside of the 1960 urban boundary.

11



Define data needs

Assemble needed data

Definition of study area

Perform regression analysis

Determination of accessibility

Definition of Accessibility

Determine where reliable 
land use data exist

Determine the amount of 
residential growth

Divide the study area into smaller 
____areas for detailed analysis

Check reliability of data by 
comparing with data from other 

sources where possible

Figure 3. Flowchart of Data Analysis Procedure
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Data Needs

To determine the amount of residential development 
that had occurred, data for the number of dwelling units 
constructed between 1960 and 1973 were needed.

To determine the accessibility of various parts of 
the study area, data for the arterial street network that 
existed between the years 1960 and 1973 were needed.

Data Acquisition
Volume I of the TATPA report contained the dwelling 

unit data and the land use data for the year 1960, the base 
year of this study. The dwelling unit and land use data 
were arranged in several forms, one of which was by traffic 
assignment zone, a unit of area suitable for the analysis of 
accessibility. The report also defined the 1960 urban area 
boundary, outside of which very little development had taken 
place up to 1960. Since the major growth areas were 
expected to be in the area outside of this boundary, its 
definition was essential to this analysis. The 1960 
urban boundary is shown in Figure 1.

Data for the number of dwelling units and the land 
use in each traffic assignment zone for the year 1973 were 
obtained from the Pima Association of Governments, Trans
portation Planning Program (PAGTPP), which maintains these 
data in their computer data files. A copy of the computer
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print-out was provided by Mr. Richard Corbett, the principal 
urban planner for PAGTPP.

Data for the 1960 arterial street network were 
obtained from the TATPA report, Volume I. Data for areas 
not sufficiently covered in the report were obtained from 
aerial photographs of the Tucson area taken in 1960. These 
photographs were available at the offices of PAGTPP.

The 1973 arterial street network was obtained from 
aerial photographs of the Tucson area taken during the 
month of December, 1973, by Cooper Aerial Survey Company.
The photographs were taken during mid-day to minimize 
shadows. These photographs were available at the offices 
of the City Water Engineering Department.

Data regarding improvements to the arterial street 
system between 1960 and 1973 were obtained from the county 
engineer's construction files. The entire arterial street 
system being studied was in the county in 1960 with the 
exception of Wilmot Road from Golf Links Road to Tanque 
Verde Road and most of the improvements to the arterial 
street system were completed prior to annexation of these 
areas by the city. The major widening projects on Broadway 
and 22nd Street were within the city limits when imple
mented, but since parts of these projects extended into the 
county, coordination with the county engineer's office was 
necessary and information on the projects was available from 
that office.
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Although the data regarding improvements to the 

arterial street system and the implementation dates 
existed, they were not readily available in any usable form 
since no records are kept specifically for this information. 
The arterial street system is, however, primarily composed 
of streets on the Federal Aid Secondary system (FAS), a 
federal aid funding designation, and the county engineer's 
office maintains files of construction drawings for all FAS 
projects undertaken in the county. All drawings pertaining 
to the arterial street network and dated between 1960 and 
1973 were inspected to determine the extent and date of the 
construction. Fortunately the majority of the work done on 
the FAS system during this time period was major construc
tion in which new lanes were added to various streets on 
the arterial street network. This eliminated the necessity 
to view a large quantity of data not required for this 
study.

Approximately 20 per cent of the arterial street 
system is not on the Federal Aid Secondary street system.
No usable records of construction along these routes were 
available due to the use of force-account work in the 
construction of these improvements. Data regarding 
improvements on these parts of the arterial street network 
were provided by the assistant county engineer who produced 
the data from memory. One hundred per cent of the data 
regarding the descriptions of the improvements and



approximately 25 per cent of the data regarding dates for 
this construction were checked using aerial photographs and 
the data proved to be reliable.

Volume II of the TATPA report contained the findings 
and recommendations of the study. One of the recommenda
tions was the freeway and arterial street plan to be imple
mented between the years 1965 and 1980. This plan is shown 
in Figure 2.

Volume II also contained the forecasts of popula
tion, of the number of dwelling units and of land uses for 
the year 1980. The data were recorded by traffic assignment 
zone.

16

Subdivision of the Study Area 
Because the majority of the base year data were 

recorded by traffic assignment zone, and since this form is 
well suited for use in this study, the traffic assignment 
zone was adopted as the basic unit of area measurement for 
collection and display of data.

Maps showing the traffic assignment zones used in 
1973 were obtained from PAGTPP, along with maps of the 1973 
street network. Both maps were the same scale and were 
aligned to provide a relationship between the street net
work and the traffic assignment zones. The traffic assign
ment zones are shown in Figure 4.
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Traffic assignment zones, also referred to as 

traffic analysis zones, have five basic criteria for 
establishment. These are:

1. The zone must have a simple geometric shape such 
that the centroid of the zone can be easily 
located.

2. The zone should have a uniform population density 
throughout the zone.

3. The zone should not generate more than 10,000 trips 
per day.

4. The zonal boundaries should conform as nearly as 
possible to established boundaries such as census 
tracts to make data acquisition easier.

5. The zonal boundaries should conform to the existing 
street network where possible.

Determination of Usable Data 
With data now available on residential growth and 

the arterial street network, the traffic assignment zones 
where the data were valid had to be determined. This was 
accomplished by analyzing the land use data obtained from 
PAGTPP to determine which traffic assignment zones were 
predominantly residential and excluding those zones that 
contained large acreages of business or industrial property,
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Check on Data Reliability

The city engineering department provided data on 
population and the number of dwelling units in the Tucson 
urban area for the years 1960 and 1973. The population data 
were recorded on a map with a uniform one mile grid pattern 
over most of the urban area. Approximately 40 per cent of 
these one mile areas coincided with established traffic 
assignment zones. Relating the remainder of these data on 
population with the traffic assignment zones required 
interpolation. The dwelling unit data were recorded in 
tabular form by census tract. Within the 1960 urban 
boundary the census tracts, from the 1970 census, exactly 
matched the 1973 traffic assignment zones and data were 
directly comparable.

The data for the area within the 1960 urban 
boundary, from the city and from PAGTPP, checked to within 
approximately four per cent, with the data provided by the 
city engineering department showing consistently higher 
values. The city engineering department data contained 
existing dwelling units and those under construction at 
the end of 1973. The data from PAGTPP showed only those 
dwelling units in existence at the end of 1973. This 
explained the discrepancy and these data were accepted as 
being reliable.
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Outside of the 1960 urban boundary the census tracts 

were made up of many traffic assignment zones and only 
broad comparisons of data could be made. These comparisons 
indicated, however, that the data were correct on an area 
wide basis.

With the completion of this phase of the study, the 
analysis could then proceed through the last three steps 
of the flowchart shown in Figure 3. These steps are 
explained in detail in Chapter III.



CHAPTER III

PROCEDURE AND RESULTS 

Introduction
The determination of whether the growth in residen

tial land use in an area could be explained by the acces
sibility provided to that area, and to what degree this 
relationship is valid, required the analysis of growth of 
residential dwelling units in the study area? a determina
tion of the accessibility provided throughout the study 
area, and a determination of where reliable data for these 
two analyses existed within the study area.

The first task that had to be accomplished, however 
was the definition of a procedure for determining acces
sibility.

Procedure for Determining Accessibility 
The accessibility of each traffic assignment zone 

was determined by the following procedure, which, was 
developed for this study, A zone was given one point for 
each lane of arterial street that penetrated or bounded the 
zone. This number was then multiplied by the number of 
years the lanes had been in existence between 1960 and 1973 
For example, a zone that was penetrated or bounded by one 
two^lane arterial street from 1960 through 1967, at which

21
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time the arterial street was upgraded to a four-lane 
facility, would receive 16 points for the period 1960 
through 1967 (2 lanes times 8 years), and 24 points for the 
period 1968 through 1973 (4 lanes times 6 years). In this 
example, the total number of points the traffic assignment 
zone would receive for arterial streets penetrating or 
bounding the zone is 40.

Capacity improvements to the arterial street net
work made after 1971 were not included in the analysis.
This provided a two year lag time between an improvement 
and the measurement of the resulting growth to allow time 
for development to respond to the added accessibility.

In addition to the accessibility points assigned 
above, each zone received one point for each lane of 
arterial street penetrating or bounding the zone that also 
penetrated directly into the business and commercial centers 
of the city. This number was multiplied by the number of 
years the lanes had been in existence between 1960 and 1973. 
Arterial streets of this nature are: Speedway Boulevard, 
Broadway, 22nd Street, Oracle Road (U.S. 80), etc.

Traffic assignment zones along Interstate 10 were 
analyzed using this same procedure. These zones, however, 
received points as a result of the Interstate facility 
penetrating or bounding the zone only if an interchange 
with an arterial or collector street existed within one 
mile of the zone. The one mile limit was an arbitrary
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designation. A zone bounded or penetrated by Interstate 10 
that had no interchange or frontage road to provide access 
to the Interstate received no points for accessibility pro
vided by this facility.

Traffic assignment zones that were not penetrated 
or bounded by an arterial street, but were located within 
one mile of such a facility, were given 0.5 points for 
each lane of collector street linking the zone with the 
nearest arterial street. This number was then multiplied 
by the number of years the collector street and the 
arterial street lanes had been in existence simultaneously. 
If the arterial street provided direct access into the city, 
additional accessibility points were calculated in the same 
manner as if the arterial street penetrated or bounded the 
zone. This procedure is described mathematically by the 
following formulas.

Where the zone is penetrated or bounded by one or 
more arterial streets:

a = CN1T1 + N2T2 + .. . +

+- Â1TA1 + A2TA2 + • • • + AlTAi)

IKiTi + ZAiTAi
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where: a equals the accessibility of the zone;

equals the number of lanes in an arterial street 
penetrating or bounding the zone;

T . equals the number of years the lanes represented 
1 by have existed;

equals the number of lanes of arterial street 
that penetrates or bounds the zone and provides 
access directly into the business and commercial 

' centers of the city;
Ta . equals the number of years the lanes repre- 

1 sented by have existed.

Where no arterial streets penetrate or bound the 
zone, but such a facility is located within one mile of the 
zone:

a = 0.5(C1TC1 + C2Tc2 + ... + CiTci) + ZA^T^

or

0.5 ZCiTCi + 2AiTAi

where: a equals the accessibility of the zone;
CX equals the number of lanes of collector street 

connecting the zone with the nearest arterial 
street;

T . equals the number of years the lanes represented 
by Cjl have existed simultaneously with the 
arterial street with which they intersect;

A. and T . were previously defined.

The method of determining accessibility just 
described is the basic part of two other methods that were 
examined and rejected.
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The first method calculated accessibility points in 

the same manner as described above with one exception. The 
capacity of a 4-lane arterial street was not assumed to be 
double that of a 2-lane arterial street but was multiplied 
by a factor of 2.3. This was done because where the traffic 
on a 4-lane street is light to moderate, the impedance of 
traffic due to right and left turning vehicles is signifi
cantly reduced because the through traffic can change lanes 
to avoid stopping. This, however, was found to have little 
effect upon the outcome of the analysis because of the low 
mileages of 4-lane arterial streets relative to the 2-lane 
arterial streets in the study area.

The second method examined and rejected also 
calculated accessibility points in the same manner as the 
method being used in this study, but a factor describing 
the number of lane-miles of arterial street penetrating or 
bounding the zone was included in the calculations. In 
addition, collector streets were included in the analysis 
using lane-miles and the distance each collector street 
was located from the centroid of the zone as measures of 
accessibility, within the zone. This method was abandoned 
because a determination of the number of lane-miles of 
arterial street in each zone would require an excessive 
amount of time to compile the data. The major factor in 
rejecting this method, however, was the lack of available 
data on the collector street network in the study area.
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The method used in this study is felt to be satis

factory because it meets the basic requirement that it pro
vide a means of ranking the accessibility of each traffic 
assignment zone according to the amount of arterial street 
capacity within and around the zone and the amount of 
arterial street capacity connecting the zone with the com
mercial and business areas of the city.

The distance the traffic assignment zone was located 
from the center of the city was not considered as a factor 
in calculating accessibility.

Table 1 shows data for travel characteristics in the 
Tucson area for the years 1960 and 1973. These data were 
provided by PAGTPP.

During the period 1960 to 1973 the urban area ex
panded significantly. The majority of the business and 
retail establishments, however, remained concentrated in the 
central business district and along the three east-west 
arterials; Speedway Boulevard, Broadway, and 22nd Street.
The average travel distances from the residential areas to 
the business and commercial centers increased as the city 
grew.

The data in Table 1 show that these increased travel 
distances had no negative effect upon the travel character
istics. The use of the private automobile continued to 
increase during the period 1960 to 1973. This indicates



Table 1. Travel Characteristics

Population
Daily

Person
Trips

Daily
Vehicle
Trips

Daily
Vehicle
Miles

Av. Miles 
Veh. Trip

Vehicle
Trips

Capita

1960 243,000 594,000 468,000 2,030,000 4.33 1.93
1973 375,000 1,135,000 908,000 4,200,000 4.63 2.42
% Increase 54 90 94 110 7 26
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that motorists in the Tucson area generally did not include 
travel distance as a factor in their trip making decisions.

It had been planned to include collector streets in 
the calculation of accessibility. However, no data were 
available regarding improvements to the collector street 
system for the period 1960 through 1973. Without the means 
to determine the length of time a given amount of accessi
bility had been provided f these data on the number of lanes 
existing in 1960 and 1973 on the collector street system 
could not be used.

The Study Area
The TATPA report. Volume II, stated that the majority 

of residential growth would occur outside of the urban 
boundary established in Volume I. This boundary encompassed 
the majority of the developed areas of the City of Tucson in 
1960. An illustration showing the 1960 and the 1973 urban 
areas is shown in Figure 5.

Using the forecasts of dwelling unit increases 
through 1973 from the TATPA report, Volume II, and the 
population and dwelling unit data provided by the city 
planning department, a preliminary analysis was performed.
The analysis revealed that several parts of the urban area 
were not growing as predicted. It was thought at the 
beginning of the study that only the areas on the east and 
north sides of the city had experienced significant
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deviations from the forecasts of growth. These areas were 
general areas 8, 17, and 18 shown in Figure 6. However, a 
detailed examination of the data showed that a majority of 
the general areas located outside of the 1960 urban boundary 
had experienced significant deviations from the forecasts of 
growth through 1973 (refer to Table 2). Some areas expe
rienced growth far above that which was predicted and others 
experienced little or no growth.

The growth forecast in Volume II, was predicated 
upon the condition that the recommended Expressway and 
Arterial Street Plan would be implemented. The recommended 
network is shown in Figure 2. Approximately 27 miles of the 
225.8 miles of recommended new arterial streets had been 
constructed by 1973. Only 20 miles of that constructed was 
outside of the 1960 urban boundary.

The dwelling unit data showed that the dwelling unit 
increases forecast for the period 1960 through 1973, for the 
urban area as a whole, were within five per cent of actual 
increases. The forecast dwelling unit data for 1973 were 
obtained by multiplying the values forecast for 1980 by 0.65 
since 65 per cent of the time between 1960, the base year, 
and 1980, the target year, had elapsed in 1973.

This analysis revealed that the forecasts of growth, 
for the area as a whole, were reasonably accurate, It also 
revealed that this growth had occurred during a period when 
accessibility was provided by a relatively unchanging
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Table 2. Number of Dwelling Units Existing and Predicted in 

1973

General Area
1973

Existing
1973

Predicted Ratioa

15 Rillito 363 3,020 8.31
16 Casa Grande Hwy. 627 10,560 15.24
17 Casas Adobes 4,552 3,400 0.74
18 Catalina Foothills 2,974 1,390 0.43
19 Agua Caliente 679 2,100 3.09
9 Tanque Verde 2,542 1,750 0.69
8 East Side 18,285 15,350 0.84

10 Houghton Rd. 1 1,580 1580.00
20 Rincon Creek 178 730 4.10
11 Benson Hwy. 1,402 3,430 2.44
23 Airport Industrial Area 276 50 0.18
12 Mission Rd. 3,127 6,750 2.15
13 Silverbell Rd. 1,400 3,370 2.41
14 Avra Valley 1,543 7,750 5.02
21 Tucson Foothills 770 1,570 2.04

aRatio of Predicted over Existing.
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arterial street network. In addition, this arterial street 
network provided quite different levels of accessbility to 
various parts of the urban area. If a relationship between 
growth and accessibility did exist, it would be shown most 
clearly where growth and accessibility varied significantly 
throughout an area. Therefore, this relationship should be 
shown most clearly by examining the entire urban area 
outside of the 1960 urban boundary.

As a result, the study area chosen was the 1973 
Tucson Urban Area outside of the 1960 Tucson Urban Area 
(refer to Figure 5).

Dwelling Unit Data
The dwelling unit data were tabulated by traffic 

assignment zone, but were not arranged in numerical order. 
The manner in which the data were displayed was designed to 
facilitate studies by PAGTPP. The data were arranged to 
correspond with ring-quadrants established by PAGTPP. This 
method was undesirable for use in this study. To facilitate 
their use, the data were grouped by general area (see Figure 
6). The data were transferred to a large traffic assignment 
zone map on which the general areas were outlined. The data 
were then transferred from this map to tabular form main
taining the general area grouping.

The 1960 dwelling unit count was subtracted from the 
1973 dwelling unit count for each traffic assignment zone.
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This gave the increase in the number of dwelling units in 
each traffic assignment zone over the period 1960 to 1973.

The total increase in the number of dwelling units 
was then compared with that forecast for 1973 in the TATPA 
report, Volume II, to determine if the forecasts were 
approximately correct on an areawide basis.

Although the residential dwelling unit and popula
tion data for the traffic assignment zones within the 1960 
urban boundary were not tabulated for analysis, the total 
dwelling unit and population figures for 1973 were obtained 
from the data provided by PAGTPP. These data were combined 
with the totals for all traffic assignment zones outside of 
the 1960 urban boundary. A comparison with the 1973 City of 
Tucson Census data on population and the number of dwelling 
units was made to determine the accuracy of the data 
provided by PAGTPP. The two separate data sources checked 
to within two per cent accuracy.

Although the dwelling unit data were found to be 
accurate on an areawide basis, seven traffic assignment 
zones were checked using the 1973 aerial photographs of the 
Tucson area, to determine the accuracy of these data at the 
traffic assignment zone level.

The number of dwelling units in each of the seven 
zones were counted from the aerial photographs. The seven 
zones were chosen from those having mostly single family 
residential units to eliminate the complications presented
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by apartment complexes, which cannot be properly analyzed 
from aerial photographs. Several apartment complexes were . 
encountered. The number of dwelling units in each complex 
was obtained either from telephone interviews with the 
apartment managers, or by field inspections. The traffic 
assignment zones checked in this manner are shown in 
Figure 7.

The dwelling unit data obtained from the aerial photo
graphs for the seven traffic assignment zones corresponded 
with the data obtained from PAGTPP to within three per cent 
accuracy.

The Arterial Street Network 
Figure 8 shows the arterial street network in 

existence in 1960, the base year of this study. Table 3 
shows the mileage for this network by street classification.

Street inventory data specifying the capacity 
characteristics, number of lanes, etc., were not available 
for any of the 13 years covered by this study. The data 
were obtained from aerial photographs of the 1960 and 1973 
street networks and from the county engineer's construction 
plans for the Federal Aid Secondary street system. Approxi
mately 80 per cent of the arterial street network within 
the study area is classified as FAS. The data for the 
remaining 20 per cent of the arterial street network were
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Table 3. Mileage by Street Classification, Principal 

Street Network (1960)

Street
Classification

Network
Mileage

Per Cent 
of Total 
Network

Expressway 35 00in

Major Arterial 350 47.9
Collector 220 36.3

Total 605 100.0



obtained through a personal interview with the assistant 
county engineer.

In analyzing the arterial street network, the only 
indicator of capacity used was the number of lanes. Travel 
lanes on arterial streets in the Tucson area are seldom less 
than 10 feet in width and usually 12 to 14 feet in width. 
Since lane width does not become a controlling factor until 
the design capacity of the roadway is approached (6) , this 
component of capacity was not included in the analysis. 
Capacity data were recorded for 2-lane, 4-lane, and 6-lane 
arterial streets as well as expressway facilities.

These data for the capacity improvements made to the 
1960 arterial street network between 1960 and 1973, were 
originally plotted on a map of the Tucson street system. 
These data were transferred from the map to tabular form and 
recorded by year, location, and type of improvement.

When the inventory of the arterial street network 
for the years 1960 through 1973 had been completed, the data 
for the final year of the study, 1973, were compared with 
the 1973 data obtained from aerial photographs. The com
parison showed that approximately 12 miles of improvements 
existing in 1973 had not been accounted for. The discrep
ancy was resolved by further analysis of the construction 
plans at the county engineer's office.

Data for improvements to the arterial street network 
for the years 1961 through 1973 are shown in Table 4.
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Table 4. Capacity Improvements to the 1960 Arterial Street Network

Year Street Name Improvement Location Improvement Type Mileage
1962 Sunrise Dr, Swan Rd. to 

Sabino Canyon Rd. Paved, 2-lane 3.3

1964 Orange Grove Rd. Oracle Rd. to 
Skyline Dr. Paved, 2-lane 2.3

1964 Harrison Rd. Speedway Blvd. to 
Golf Links Rd. Paved, 2-lane 3.0

1965 Craycroft Rd. E. Fort Lowell Rd, to 
Sunrise Dr. Paved, 2-lane 4.0

1966 East Broadway Kolb Rd. to 
Camino Seco

Widened from 4 
to 6 lanes 2.1

1967 Valencia Rd. U.S. 89 to 
Country Club Rd.

Widened from 2 
to 4 lanes 2.1

1968 Swan Rd, Grant Rd. to 
River Rd,

Widened from 2 
to 4 lanes 1.5

1968 Harrison Rd. 22nd St, to 
Golf Links Rd,

Paved, 2-lane 1.0

1968 Wilmot Rd. 22nd St. to 
Speedway Blvd. Widened from 4 

to 6 lanes
2.0

1969 Oracle Rd. Roger Rd, to 
Ina Rd, Widened from 4 

to 6 lanes
4.2



Table 4.— Continued

Year Street Name Improvement Location Improvement Type Mileage
1969 W. Speedway Blvd. 1-10 to Pima College Widened from 2 

to 4 lanes 2.7

1970 22nd St. Wilmot Rd. to 
Kolb Rd. Widened from 4 

to 6 lanes 1.0

1972 Flowing Wells Rd. Roger Rd. to 
Roller Coaster Rd. Widened from 2 

to 4 lanes 1.6

1973 Anklam Rd. Silverbell Rd. to 
Pima College Widened from 2 

to 4 lanes 2.8
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The Land Use Analysis

The data on the increase in the number of dwelling 
units in each traffic assignment zone and the capacity data 
for the arterial street network for the years 1960 through 
1973 were now available. The next step was to determine if 
there were any conditions that had developed or existed over 
the 13 year period in any of the traffic assignment zones 
that would invalidate these data for use in further analysis.

Conditions that would invalidate these data for 
analysis would be one of the following: (1) a majority of
the traffic assignment zone unavailable for development 
during the study period, (2) large acreages within a traffic 
assignment zone used for business or industrial purposes, 
and (3) discrepancies in the area of the traffic assignment 
zone between the 1960 and 1973 land use data.

Unavailable Lands
The first step was to determine which lands had been 

unavailable for development over the 13 year period covered 
by this study. Figure 9 is taken from the TATPA report. 
Volume II, and shows those areas where development was pro
hibited. Traffic assignment zones totally within an area 
designated as unavailable lands were excluded from further 
analysis. Where a zone was partially within an area un
available for use, a determination of the usable land was 
made from Figure 9, by the use of a planimeter.
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Figure 9. Unavailable Lands
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Figure 10 shows those areas that in 1960 were 

designated as vacant state or federal lands of restricted 
future availability. Traffic assignment zones for which no 
land was zoned for residential or business use in 1960 and 
1973, and having a major portion of the zone located within 
an area of restricted future availability, were excluded 
from further analysis. These zones were assumed to have 
been unavailable for private development during the study 
period. Figure 11 shows those zones excluded because of 
unavailable lands.

Business and Industrial Lands
An analysis of the land use in each traffic assign

ment zone was required to provide the data necessary to 
identify residential zones.

Land use data for each traffic assignment zone for 
the years 1960 and 1973 were arranged in six major cate
gories, giving the acreages zoned for: (a) single family
residential, (b) multiple family residential, (c) business, 
(dj industrial and military, (e) public and quasi-public, 
and (f) agricultural and vacant. Column 7 showed the total 
acreage of the zone.

Business establishments such as grocery stores, 
hardware stores, etc., generally do not have a detrimental 
effect upon a residential area. Businesses such as lumber 
yards, warehouse facilities, etc., which generate heavy
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Figure 10 State and Federal Lands of Restricted Future 
Availability



46

.

■Illiil! LEGEND

“

Figure 11, Traffic Assignment Zones Excluded from Analysis Because of 
Unavailable Lands



47
truck traffic are generally undesirable in residential 
areas. It is assumed that in areas where heavy business and 
industrial traffic occurs, residential growth is affected.

Since determining the effect business and/or indus
trial developments have on residential growth would require 
an intensive study, it was not attempted. Traffic assign
ment zones where business and/or industrially zoned lands 
were of such an extent that they would be a major unknown 
factor were excluded from further analysis. One exception 
is discussed below. Figure 12 shows those zones excluded 
because of business or industrial zoning.

Compatible Business Land Use
Not all traffic assignment zones that had large 

tracts of land zoned for business use were excluded from the 
analysis. Zones that were intended primarily for residential 
development, but which had,"or were forecast to have, a 
major or regional shopping center located within the zone 
were acceptable. This type of land use is compatible with 
residential land use and is often a contributing factor in 
the development of an area for residential use.

The traffic generated by a shopping center is not 
generally incompatible with residential development.
Shopping centers generate their peak traffic loads during 
the off-peak hours. This generally does not interfere with 
the peak-hour work-related travel periods that home to work
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commuters are usually concerned with when evaluating the 
accessibility of a prospective home site.

The traffic assignment zones where major or regional 
shopping centers either existed in 1960, or were forecast to 
exist between 1960 and 1980, were determined from Figure 13,

Data Discrepancies
The analysis of the land use data revealed that in 

some traffic assignment zones there was a discrepancy in the 
total area of the zone recorded for 1960 and 1973. The 
number of dwelling units recorded for each zone would depend 
upon the area described. Therefore, it was necessary that 
the zone boundaries remain unchanged during the study period. 
In those zones where a significant change in the zone 
boundaries had been made, no accurate determination of the 
increase in the number of dwelling units could be made.

Those zones where the discrepancy could not be re
solved, or where the zone boundaries had changed, were 
excluded from further analysis. Figure 14 shows those zones 
excluded because of discrepancies in zone area.

All zones excluded from further analysis are shown 
in Figure 15.

49

The Regression Analysis
A regression analysis was performed to determine the 

degree of correlation between the growth within a traffic 
assignment zone and the accessibility of the zone, The
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Figure 15. All Traffic Assignment Zones Excluded
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dependent variable, Y, was the increase in the number of 
dwelling units in a traffic assignment zone, divided by the
usable zonal area in units of 10,000 acres, or Y = ADU/acres

-4 4x 10 . Zonal area was recorded in units of 10 acres,
rounding to three places to the right of the decimal point,
to obtain Y values greater than 1.000 for the majority of
the zones and to reduce the length of the computations.

The independent variable, X, was the number of 
accessibility points the traffic assignment zone received.
In using this equation, other variables such as family 
income, ethnic characteristics, the effect of business or 
industrial land uses upon area accessibility, etc., were 
assumed to be constant.

Data for the 199 acceptable traffic assignment 
zones, in the form Y = a + bX, were regressed using the 
BMD02R computer program, a linear regression program avail
able at The University of Arizona Computer Center. Values

2for the coefficient of determination (R ) were computed, 
and an analysis of variance performed.

In addition, a regression analysis was performed for 
the eight general areas and combinations of general areas 
shown in Figure 16.

These eight combinations of general areas were 
grouped in accordance with type of housing and lot sizes 
present in each general area or combination of general 
areas. This grouping was made from aerial photographs and
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field inspections. It was intended to represent areas of 
similar economic characteristics. Primarily, family income 
determined as a function of the type of housing occupied.
A detailed economic analysis was well beyond the scope of 
this study.

It should be pointed out again at this time that
this study was not performed to develop an equation that had

2predicting capabilities, an R value greater than 0.75, but 
to determine the importance that one of the variables, 
accessibility, would have in such an equation.

In addition, the study area was divided into four 
quadrants. Each quadrant was tested using the F-test at a
level of significance a = .05. The Null Hypothesis was,

2 2 2 2 Hq :c^ = Og' and the Alternate Hypothesis was, H^:0^ ^ ,
2where a equals the variance of growth vs. accessibility 

values about the mean. The quadrants were tested to deter
mine if they had been impacted by growth to a different 
degree than the parent population, the entire study area.
The quadrants are shown in Figure 17. The X and Y values, 
for each traffic assignment zone used in the regression 
analysis, are shown in Appendix A.

Analysis of Results
2The R values from the regression analysis performed 

on the entire study area and the eight combinations of 
general areas within the study area are shown in Table 5.
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Table 5. Values for the Coefficient of Determination (R2)

General Area(s) R2

All .2485
15 Rillito
16 Casa Grande Hwy. .0181
17 Casas Adobes .3243
18 Catalina Foothills .0051
19 Agua Caliente .1686
8 East Side
9 Tanque Verde .2370

10 Houghton Rd.
11 Benson Hwy.
20 Rincon Creek
23 Airport Industrial Area .5992
12 Mission Rd.
13 Silverbell Rd. .1322
14 Avra Valley
21 Tucson Foothills 0154
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The data from the analysis of variance performed on 

the four quadrants of the study area along with the analysis 
of variance data for the entire study area are shown in 
Appendix B.

The results of the F-tests for each quadrant are 
shown in Table 6.

Table 6. Results of F-Tests

Quadrant F (calculated) F (Table) Conclusion

1 North 5.96 1.48 °i * 4'
2 East 2.39 1.64

3 South 11.29 2.25 °1 f °2
4 West 2.50 1.64 °i * 4

The F-tests show that the variance of the data, for 
all quadrants, is significantly different than the variance 
of the data for the whole study area. This indicates that 
an equation with only one component for accessibility will 
give only an approximate explanation of the growth that has 
occurred in any one of the quadrants. For a more precise 
explanation of growth, a composite equation having an 
accessibility component for each of the four quadrants 
should be developed.
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The regression analysis shows that 24.9 per cent of 

the variation in the number of dwelling units among the 
traffic assignment zones is attritutable to accessibility. 
This indicates that accessibility alone does not explain a 
sufficient amount of the variation in the number of resi
dential dwelling units among the traffic assignment zones to 
be the only variable in a predicting equation. It should, 
however, be included as one of the variables in an equation 
developed to predict the growth in residential dwelling 
units for a given area.

General area combinations 15-16, 14-21, and general 
area 18 show very low coefficients of determination. This 
indicates that data other than accessibility are needed to 
explain the majority of the variations in residential growth 
among the traffic assignment zones in these areas.

General areas 10, 11, 20, and 23, in the southern 
quadrant of the study area, show a coefficient of determina
tion of 0.599. This coefficient is high enough to indicate 
that accessibility might be a major factor in explaining 
residential growth in this type of area.

General areas 12 and 13, in the western quadrant of 
the study area, also show a low correlation between growth 
and accessibility. These areas are predominantly Mexican- 
American in character. Mexican-Americans generally place a 
higher value on community and intra-family activities than 
to other ethnic groups in the Tucson area. This encourages
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the formation of residential areas of predominantly Mexican- 
American ancestry such as those found in general areas 12 
and 13.

Many of the new homes in general areas 12 and 13 are 
of the same price range as those built in other, more 
accessible areas. It is assumed that they were constructed 
in the predominantly Mexican-American areas for other than 
economic reasons. This may indicate that ethnic character
istics should be included as one of the variables along with 
accessibility in an equation developed to explain residential 
growth. That is, a composite equation should be used.



CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions
This study has shown that the increase in the number 

of dwelling units for a given area is, in most cases, 
explained to some degree by the accessibility of that area. 
The degree of correlation may be sufficient to warrant the 
inclusion of accessibility as one of the variables in an 
equation developed to predict residential growth.

In the Catalina Foothills area, a part of the study 
area where many of the upper-middle and high income resi
dences are located, growth has taken place apparently without 
regard to accessibility.

Residential growth in low and middle income areas 
shows a correlation between growth and accessibility that 
may indicate that accessibility is an important factor.

Residential growth in quadrant 3, where many 
business and industrial establishments are located, appears 
to be closely related to accessibility.

Planners and government officials should note that 
accessibility might play a significant role in determining 
whether an area will or will not be developed for residen
tial use only in the low and middle income areas. The
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upper-middle and high income residential units will probably 
be constructed in the more desirable parts of the area with 
minimal regard to accessibility. Therefore, residential 
development in the Catalina Foothills area and the Tucson 
Foothills area might depend more on the number of persons in 
the Tucson area in the high income ranges than the accessi
bility of these areas.

It is in the Catalina Foothills area and the Tucson 
Foothills area that "Urban Sprawl" is most vigorously con
demned. It should be noted, however, that the presence or 
lack of accessibility in these areas will probably have 
little effect on the rate of residential development.

In the remaining parts of the study area growth can 
be affected to varying degrees by the accessibility of 
those areas.

It is felt that this type of analysis of growth vs. 
accessibility will produce usable results in any urban area 
that exhibits the basic characteristics of the Tucson area. 
This would limit the use of this method primarily to cities 
in the Southwest.

Recommendations
Further research in this area should be directed 

toward developing a more precise method of determining 
accessibility. Some refinements to this procedure might be: 
(a) to include lane-miles of arterial street within each
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zone, (b) the inclusion of collector streets in the analysis, 
and (c) the use of a non-linear capacity scale for the 
collector streets.

A time series analysis should be performed, using 
data gathered over future years, to determine the degree of 
lag between a change in accessibility and any resulting 
change in the number of dwelling units. This analysis 
cannot be performed for the period covered by this study 
because data on the change in the number of dwelling units 
on a year-to-year basis are not available.

A sensitivity analysis of the effect of the co
efficients used in the accessibility equations should be 
performed. Perhaps a value other than one should be 
assigned to each lane of arterial street penetrating or 
bounding a zone. It should also be determined whether a 
change in the coefficients has an effect upon the outcome 
of the F-tests performed on each of the four quadrants.

Hansen's (4, 5) method of determining accessibility 
might be incorporated with the method used in this study, 
but maintaining the capacity of the existing arterial street 
network as the controlling factor. Otherwise, the use of 
Hansen's method will produce accessibility values that are 
misleading.

A similar study might be conducted to determine the 
degree to which business and industrial growth in the 
Tucson area correlate with accessibility.



appendix a

X AND Y VALUES FOR THE REGRESSION ANALYSIS

TAZ Y x a TAZ Y x a TAZ Y xa
General Area 16:
462 0.96 52 * 382 40.40 202 265 0.00 26370 0.48 26 3 83 38.98 228 266 11.90 21457 0.00 0 384 32.17 150458 0.00 0 385 8.63 124 . General Area 19:459 2.34 0 387 27.10 72371 4.56 0 390 0.00 52 271 3.46 78455 0.00 26 461 6.07 78 274 16.33 91464 0.00 0 391 0.05 52 415 0.00 26465 0. 00 0 394 17.31 72 491 0.00 22372 0.61 0 395 ‘ 8.18 98 487 14.28 39463 0.50 0 396 12.87 26 418 3.91 26373 2.41 26 397 15.08 220 419 0.00 52473 2.47 26 401 58.64 132 489 0.32 52474 8.86 26 398 89.91 194 493 0.85 26375 9.14 39 399 33.90 202 420 7.78 13476 4.28 39 424 0.00 78481 0.00 78 General Area 18: 426 1.24 0477 0.62 26 499 3.68 52484 3.47 39 260 105.63 26 535 0.03 13389 0.01 52 262 54.24 52 498 11.00 78460 0.00 26 ' 264 17.29 98 494 7.45 78466 0.16 26 402 5.16 26 422 4.35 52452 0.00 39 404 18.08 130 495 10.93 52468 0. 00 0 405 15.01 78 423 1.11 52447 0.34 0 409 0.00 26472 0.48 0 410 8.97 52 General Area 9:400 0.00 52General Area 17: 486 33.77 70 225 0.00 130403 32.87 104 226 26.32 26376 2.81 26 406 7.67 52 267 63.13 52482 5.11 52 408 0.00 26 268 9.43 13380 52.05 52 411 7.26 52 269 15.33 78478 11.32 52 413 6.60 100 272 98.47 104379 17.3 0 30 412 26.31 , 100 496 98.63 130485 16.29 52 414 0.68 22 273 56.23 104386 6.31 26 263 20.36 78 497 112.39 102381 32.95 206 490 10.25 26
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TAZ Y x a TAZ Y x a TAZ Y x a

General Area 8:
220 160.63 106 300 0.04 13 335 4.93 52221 189.16 30 301 13.67 26 523 2.85 13222 42.96 72 303 49.29 104 524 2.41 13223 0.00 36 307 35.90 260 527 2.05 26224 24.05 58 308 29.19 156 338 2.51 26208 125.47 114 311 0.15 13 434 0.48 7207 225.68 218 438 0.12 26275 22.94 186 General Area 23: 439 0.00 26276 199.78 160 441 0.00 26277 144.23 112 309 6.76 36 522 14.07 13278 2.80 112 316 2.51 78 442 4.09 13425 2.96 52 521 2.63 26279 142.17 238 General Area 12: 526 9.43 26280 297.49 238281 135.41 174 332 52.30 26 General Area 21:282 17.54 96 525 19.10 13270 140.75 148 333 3.96 26 334 0.00 26283 133.39 130 529 135.69 78 336 5.24 26536 147.42 140 347 24.18 26 341 2.74 52284 44.58 88 53 0 12.86 13 346 2.51 52285 239.54 78 348 25.54 26 533 34.40 65427 101.71 78 326 12.56 26 351 6.85 13429 104.22 26 514 2.06 52 354 0.00 13286 139.42 26 515 14.99 26 358 4.80 13287 19.09 39 327 113.08 52 359 0.00 13428 183.90 26 328 17.97 26 361 0.00 13290 2.03 26 329 0.00 26 483 2.06 26440 14.11 26General Area 10: General Area 15:General Area 13:292 0.00 26 365 0.12 26432 0. 00 26 37 46.08 124 471 0.46 26340 23.17 39 475 0.00 26General Area 20: 531 43.32 39 480 0.00 26345 0.62 52 443 0.00 26288 4.08 39 532 15.37 104289 4.08 . 65 349 57.76 83501 1.88 52 350 2.54 78293 0.52 26 353 3.70 26294 0.00 0

General Area 14:General Area 11:
528 148.03 26296 0.00 13 518 21.72 26511 0.41 13 325 0.00 26510 1.64 13 519 10.31 26

-X — accumulated accessibility,



APPENDIX B

ANALYSIS OF VARIANCE DATA

DF SS MS
Entire Study Regression 1 127800.614 127800.614Area Residual 198 384971.554 1954.170Total 199 512722.168
Quadrant 1 Regression . 1 7856.339 7856.339
NORTH Residual 68 21102.551 310.332

Total 69 28958.890
Quadrant 2 Regression 1 112681.357 112681.357
EAST Residual 54 215456.764 3989.940Total 55 328138.121
Quadrant 3 Regression 1 2155.775 2155.775
SOUTH Residual 16 1441.440 90.090Total 17 3597.215
Quadrant 4 Regression 1 7253.629 7253.629
WEST Residual 53 46068.147 869.210Total 54 53321.776
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