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PREFACE 

This research is aimed at analyzing the spatial 

pattern of highway construction and improvements in the 

American Southwest, and attempting to explain this 

pattern by reference to the location and population of 

towns. This analysis will be carried out in order to 

identify first, whether highway construction and 

improvements reflect local urban population 

distribution, and second, to identify to what extent 

this influence is a product of certain locational, 

functional, or size characteristics of Southwestern 

towns. Another important issue is the directionality of 

any relationship, that is, whether road construction or 

improvements lead or lag population changes. 

Ultimately, the question of whether transport 

improvements in the Southwest are a product of local or 

external influences or needs will be addressed. 

Several hypotheses about highway/population 

relationships can be stated. First, it is expected that 

urban population has had a strong effect on the location 

and degree of highway construction and improvements, as 

larger towns and cities have likely exerted more 

influence on highways than have smaller towns. Town 

function and location should also have influence on 

determining highway improvements. Particularly, county 

seats, towns established prior to the arrival of 

railroads, and towns located on major east-west routes 

are all expected to have greater influence on highway 

improvements. Second, it is expected that highway 

construction and improvements will initially lag behind 
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population, and that this relationship will largely 

remain through time. The Interstate Highway System is 

expected to continue to lead population growth. Thirdly, 

it is expected that early highway construction and 

improvements will be oriented towards local needs, while 

later efforts will show increasing orientation toward 

through traffic (external needs). 

These hypotheses are based on several assumptions: 

that local transport systems will tend to maximize local 

settlement connections while non-local (national) 

transport systems will tend to minimize local settlement 

connections. This can be restated in terms of state 

highway development as suggesting that locally oriented 

construction and improvement will tend to benefit local 

towns somewhat equally, while a non-local orientation 

will tend to selectively benefit those towns lying on 

major transcontinental traffic routes (locally-oriented 

improvements may also of course selectively benefit 

transcontinental routes, especially if these routes 

connect major cities). Because of limitations on 

economic data, it must be assumed that population can be 

used alone to represent a town's influence or 

importance. 

A number of topics must of necessity be ignored, 

despite their potential relevance to this research. Of 

the many forms of transportation that have served the 

needs of Southwestern travelers, only the highway 

infrastructure for automobile traffic will be included 

in this study. The period of wagon trails and 

stagecoaching was largely concluded before large 

population growth and the proliferation of settlements 

took place, while air transport, though reflective of 

many characteristics of settlement and population, was 

and remains relatively unimportant as a means of 
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transport in the Southwest. Though railroads were of 

great importance in the Southwest in the 20th century, 

this mode also will not be analyzed as part of this 

research, due to the lack of quantitative data available 

on this mode (and population growth) during the first 

four decades of the rail era in the Southwest. Limiting 

the study to only one mode should not narrow the study 

unnecessarily, as considerable change can be expected 

within auto roads alone. Though an understanding of the 

relation of highways to earlier transport systems is 

necessary, no attempt will be made to account for exact 

route locations or changes, as this is largely a result 

of unrecorded individual decisions, and would be 

virtually impossible to reconstruct. 

The period 1920-1990 will be used in the study. 

Although somewhat arbitrary in reference to auto use, 

1920 represents the beginning of the first decade in 

which all Southwestern states had highway departments, 

and can be considered, at least at the national scale, 

to be the beginning of the auto era. The study will use 

the Southwest U.S., which consists essentially of most 

of Arizona and New Mexico, as well as El Paso (this area 

and the justification for it will be discussed in 

Chapter 2). 

This research is of particular significance because 

of the very limited quantity of work that has been done 

regarding the formation of early (or any) auto road 

networks. Beyond helping to fill this gap, this 

research will contribute to a better understanding of 

the historical development of roads in the Southwest, 

both in regard to the persistence of the route pattern 

as well as its' role in creating or reflecting (if not 

both) the urban pattern of the area. 
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ABSTRACT 

Relationships between highway improvements in the 

Southwestern U.S., as measured by changing accessibility 

of selected cities, and population were measured over 

the period 1920-90. Few significant relationships were 

found using a distance-based measure of accessibility, 

but the inclusion of proximity to population resulted in 

much stronger relationships. Despite this, little or no 

directionality in these relationships was evident, and 

the results do not support the hypothesis of a regional 

highway orientation toward urban population. Similar 

testing between traffic flows over selected routes and 

highway improvements, though resulting in close 

relationships, were similarly lacking in directionality 

and failed to provide a better explanation of the 

spatial pattern of Southwestern highway improvements. 
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CHAPTER 1 

INTRODUCTION 

One interesting aspect of the historical 

development of transportation systems in much of the 

western U.S. is the changing spatial patterns of 

transport networks over time. This process was 

typically started with the railroad, as it "was the 

prevailing [transport] technology during the initial 

settlement of most of the United States west of the 

Appalachians" (Thomas, 1963, 389). Often constructed in 

advance of settlement or built through sparsely settled 

areas, these railroads usually preceded the growth of 

large towns and cities in the West (Abler, et al., 

1971). These railroads became prime locations for 

settlement as they provided points of contact between 

the local and national economies, and towns springing up 

along these lines helped form the basis of future urban 

systems (Hudson, 1982). Although many branch lines were 

later built to tap smaller towns growing up between the 

main rail lines, especially in productive agricultural 

areas, the emerging large urban system remained strung 

along major railroad lines. 

This reliance on railroads began to be eroded in 

the early 20th century by the widespread adoption of 

automobiles and the increasing demand for improved roads 

to drive them on. The rising importance of auto travel 

in the 1920s and 1930s, combined with population growth 

in both the established towns and newer settlements, 

helped create a new spatial pattern served more 

efficiently by roads than railroads. This new road 

pattern (usually established after the introduction of 

rectangular grid survey systems, and often therefore 

reflective of this pattern), commonly presented a great 
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change from, or a complete reorientation of, the 

existing radial or east-west orientation of western 

railroads (Abler,et al., 1971). Although co-existing 

alongside, and largely superimposed over, the railroad 

network, the emerging road network possessed a greater 

route density and reflected not only a changing 

settlement patterns but a different transport function 

as well, serving initially only as a local means of 

transport in contrast to the longer-distance rail system 

(Vance, 1989). This early road pattern was itself 

modified by the later superimposition of the Interstate 

Highway system, reinforcing certain existing auto routes 

but having more of the appearance and density of the 

earlier long distance railroad lines than the local road 

grid (Garrison, 1960). 

Given these changing patterns, the transport 

systems of much of the western U.S. can be thought of as 

a set of infrastructural "layers" with the technological 

and functional patterns of one mode overlaid upon the 

previous patterns (Abler,et al., 1971). Though the new 

layer tended to replace the older pattern, earlier 

layers were by no means completely replaced, especially 

if they served different functions. The railroads and 

road networks described here by no means represent all 

possible layers, as others, such as wagon trails and 

even waterways, have certainly been important systems in 

the past (and may remain important in specialized 

conditions), while the Interstate highway system, though 

the latest surface transport layer to be added in North 

America, does not necessarily represent the last 

(Grava, 1992). 

In contrast to the Midwest, where these patterns 

are strongest, the Southwestern United States, like the 

Midwest a region in which railroad penetration preceded 
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widespread settlement, does not appear to show great 

changes between infrastructural layers. Instead, the 

basic pattern established by early transcontinental 

railroads (loosely following earlier wagon routes), 

built across this area beginning in the late 1870s, 

appears to have been perpetuated by the construction of 

local roads, and this pattern in turn has been continued 

to the present with the Interstate Highway system. As 

both this network and the earlier railroads take the 

form of "two latitudinal transcontinentals.... linked by 

two local longitudinal lines, one in New Mexico and one 

in Arizona" (Meinig, 1971, 79), it can be seen that 

local and long distance transport systems have shown a 

great similarity of route location despite their 

differing functions. 

A potential explanation for these observed patterns 

of transport layers, both Midwestern and Southwestern, 

lies in the correspondence of settlement patterns to 

these transport layers. Borchert (1967) has identified 

several urban growth epochs in the United States, each 

associated with different locational and technological 

conditions determining the potential for regional and 

urban growth, as "land pioneered during each of these 

epochs constitutes a region within which all city sites 

were chosen, and subsequent investments made, under a 

particular sequence of technological considerations" 

(1967, 308). Using this idea, city growth can be 

integrated with transport layers, as new cities develop 

amid the creation of new layers while others may 

stagnate or decline as their locations or functions 

become obsolete. Thus, new transport networks may 

reflect changing conditions and/or in turn affect the 

existing urban pattern of a region. This can be seen 

clearly in an Iowa example given by Berry (1967), as 
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pre-railroad towns, based on the locational conditions 

operative at that time, were rapidly abandoned in favor 

of new railroad townsites embodying a new set of 

locational considerations. This pattern was later 

modified by the growth of new centers away from railroad 

lines, made possible largely by the existence of an 

organized road system. 

Between and within these transport layers 

important changes in mobility of individuals and 

accessibility of locations have taken place over time 

(Janelle, 1968, 1969), with consequent shifts in the 

importance of locations. In addition to the obvious 

differences in function or service of modes, there may 

be hidden within a single layer improvements to 

transport technology, such as dieselization of railroads 

or improvements in automobile technology, that are not 

reflected in infrastructural change, but nonetheless may 

result in great changes to mobility and accessibility. 

Despite this, the layer concept allows the 

identification of relatively stable transport systems, 

each tending to be identified with certain settlement 

patterns. 

Using this idea, the similarity of railroad and 

early road patterns in the Southwest may be explained 

largely by the continuing importance of towns originally 

established during the rail era during the later road 

era. These railroad-based towns, coinciding in time and 

function with Borchert's Steel Rail epoch (1870-1920), 

may have retained some importance within the 

Southwestern settlement pattern, perhaps because of 

continuing primacy within the local hierarchy or by 

serving as points of contact between the local and 

national transport systems. The auto network may 

therefore parallel many long distance railroad routes in 
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the process of connecting these towns with local roads. 

Just as railroad towns could become the fabric of a 

regional urban pattern by virtue of their creation in 

large numbers along the all-important railroad lines, 

replacing less advantaged towns located elsewhere, the 

routes of the railroad lines on which these towns were 

built might for the same reasons become the core of a 

locally oriented road system. 

Explaining stability of road patterns in the 

Southwest over time is a different matter. While 

applying the idea of layers to a single mode, such as 

highways, is not likely to produce the striking results 

described above, changes within a network or layer over 

time may still be expected to be noticeable. The great 

changes in urban population and distribution in the 20th 

century, the growing importance of autos as a means of 

long-distance travel, and the construction of a 

specialized, limited-access intercity highway network 

would all be expected to force changes in the 

orientation or function of roads in the Southwest. That 

this does not appear to have happened does not destroy 

the usefulness of the layer concept, but rather 

emphasizes the importance of understanding the changing 

relationships between roads and population (as well as 

transport function and traffic) within the rather vague 

limits of an infrastructural layer. The Southwest is 

therefore an area likely to have undergone great changes 

in transport/population relationships. 

The objective of this research is to analyze the 

spatial pattern of road construction and improvements in 

the Southwestern United States to determine the changing 

relationships between settlements and the developing 

highway system. This will be in an effort to understand 

the changing importance of the local settlement pattern, 
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and within this pattern, different types of settlements, 

in the construction of the early Southwestern road 

network and the creation and reinforcement of a new 

infrastructural layer. 

Following this introduction, a historical 

background to early transport development and urban 

growth in the Southwest will be provided in Chapter 2. 

Next, Chapter 3 reviews geographical literature relating 

to development and change of transport networks. The 

development of highways in the United States will be the 

subject of Chapter 4, while Chapter 5 will continue this 

discussion within the boundaries of the Southwest. 

The changing pattern of Southwestern road 

improvements are measured and discussed in Chapter 6. 

This analysis was carried out by measuring the 

accessibility of selected Southwestern cities on the 

highway network over the period 1920-1990. As these 

values provide the primary means of measuring highway 

infrastructural change in the Southwest and form the 

basis of the analysis, considerable attention is given 

to their discussion. In addition to this simple 

accessibility measure, the population potentials of 

Southwestern towns will also be calculated, allowing a 

more refined measure of accessibility than the standard 

Shimbel method. 

Given a hypothesis of early road systems being 

constructed as local transport systems serving local 

needs, the apparent stability of the Southwestern 

highway network in the face of great changes in the 

magnitude and distribution of population is surprising. 

The relationship of Southwestern highways and local 

urban centers was therefore examined in Chapter 7, with 

largely negative results. Single and multiple 

regression were used with population and population 



1 9  

change (grouped by selected locational and functional 

characteristics of cities) and accessibility values in 

an attempt to find the extent and directionality of this 

relationship. While the Shimbel accessibility measure 

performed very poorly, and was of no use in the 

analysis, other than to show that the Southwest system 

does not appear to be oriented toward cities, the 

population potential measure was more closely related to 

urban population. This population-accessibility 

relationship was increased by grouping the cities, with 

metro areas showing the strongest relationships. 

However, given the importance of population within this 

measure, these results are difficult to interpret as 

evidence of highway orientation toward population. 

As an alternative explanation for the spatial 

pattern or highway improvements, the importance of 

traffic on road improvements was tested in Chapter 8. 

Though many strong relationships were found, showing 

that busier routes received the greatest improvements, 

no leading or lagging was apparent, even when grouped by 

Interstate routes. Traffic is therefore closely related 

to highway improvements, but does not directly help 

explain the spatial pattern of highway improvements. 

In conclusion, the hypothesis of Southwestern 

highway improvements being oriented towards urban 

populations cannot be supported. No local or external 

bias can be detected in Southwestern highway patterns, 

as measured by both urban orientation as well as traffic 

flows. 
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CHAPTER 2 

HISTORICAL TRANSPORT DEVELOPMENT AND 

POPULATION GROWTH IN THE SOUTHWEST 

In this chapter a historical background will be 

provided for early transport development and urban 

growth in the Southwest. The objectives of this chapter 

are to provide an adequate definition of the Southwest 

as a transportation study area, to understand the 

historical development of pre-auto transportation 

systems within this area, and to discuss the urban 

growth of the Southwest. 

Defining the Southwest as a Transport Region 

In order to discuss the Southwest United States, it 

is first necessary to define this area. The Southwest 

is an area that does not suffer from lack of 

definitions, but does suffer from a lack of agreement 

among these definitions (Byrkit, 1992). Arguing against 

this proliferation of Southwestern definitions, Byrkit 

states that these "have employed regional designations 

that are conceptual, speculative, self-serving, 

subjective, and arbitrary. What they all lack 

concerning this identification problem is a methodology 

that uses more objective data and concrete- and 

consistently unique- identification factors" (1992, 

269). Rather than attempt to create a new definition of 

the Southwest to be added to those already in existence, 

this research will largely follow Meinig's (1971) 

delimitation of the area, which consists roughly, and 
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without fixed boundaries, of Arizona, New Mexico, and 

the area surrounding El Paso, Texas. 

Though this definition is useful, it is based on 

social characteristics and therefore not necessarily 

appropriate for discussing transportation patterns. To 

allow for a more useful Southwestern study area those 

parts of Meinig's Southwest not traversed by 

transcontinental transport routes will be excluded. 

This study area differs from Meinig's definition only in 

eliminating the southeastern quarter and extreme 

northeast corner of New Mexico as well as that part of 

Arizona north of the Colorado river. 

As the boundaries of this study area are based on 

transport routes, it is perhaps not surprising that a 

correspondence with physical terrain exists. Meinig's 

Southwest is an area that "has tended to be set apart on 

the west, north, and east by broad zones of difficult 

country- the Mohave-Sonoran Desert, the Colorado River 

canyonlands, the Southern Rockies, and the Llano 

Estacado- lands which long were and mostly still are 

thinly populated" (Meinig, 1971, 6). The rise of 

California and Texas as distinct regions "has tended to 

accentuate the separateness of the area in between, just 

as Mormon-dominated Utah and, in a much vaguer way, the 

common image of mountainous Colorado have helped to 

define a regional border along the north. Such patterns 

have been strongly reinforced in modern times by the 

emergence of metropolitan 'fields'" (Meinig, 1971, 6). 

To the south the international border may be used as a 

boundary for the Southwest. Despite its arbitrariness, 

this border antedates "many of the major population 

movements and settlement developments, [and] is so 

decisive to all modern relationships that it may be 
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taken as a precise edge even though it cuts directly 

across the grain of the country" (Meinig, 1971, 6). 

Earlv Transportation Developments in the Southwest 

As the Southwest has been defined for this research 

primarily on the basis of transportation, it is 

necessary to provide a discussion of these 

transportation systems. Only early wagon routes and 

railroads will be discussed in this chapter; 

Southwestern highways will be treated in more detail in 

a later chapter. 

Early Wagon Roads 

The discussion of early transportation systems in 

the Southwest necessarily starts with wagon routes. 

According to Meinig (1972, 172): 

Most of the famous western trails were 
primarily emigrant roads, serving as a means of 
getting people across the wilderness to new areas 
of settlement but by the very nature of the 
vehicles inadequate for effective communication and 
profitable commerce spanning such distances. Even 
the relatively large systems of wagon freighting 
and scheduled stage and mail service of the late 
1850s did not effectively alter the isolation of 
these Western nuclei. 

The first such routes were constructed as early as 

the 1850s, when the U.S. Army, then occupying New 

Mexico, built a series of wagon roads leading from Santa 

Fe to neighboring communities (Jackson, 1964). In 

addition to these local roads, a much longer road was 

built to connect Santa Fe to Las Cruces (an additional 
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long-distance road connecting New Mexico and Utah was 

deemed impracticable due to the rugged canyons of the 

Colorado river and its tributaries, perhaps preventing 

the eastern half of the Old Spanish Trail from 

continuing in use). While most of this road 

construction was concerned with removing obstacles to 

wagon travel, construction of this latter route involved 

attempts at improving water supplies for the benefit of 

travelers. 

Later wagon road construction was continued by the 

Interior Department to aid migrants bound for California 

(Jackson, 1964). To achieve this, a wagon road was 

built from El Paso to Yuma in 1858, perhaps the most 

impressive feat of early road building in the Southwest. 

This road was cleared of obstacles "18 feet wide on the 

straight stretches and 25 feet at curves. Timber, 

brush, and rocks were cleared from the right of way 

along the entire distance to facilitate the passage of 

wagons" (Jackson, 1964, 226), and efforts were made to 

reduce grades and smooth the road surface. Many wells 

and reservoirs were constructed to provide water over 

otherwise dry stretches. A similar wagon road was 

built from Albuquerque to the Colorado river by the U.S. 

Army (Jackson, 1964). 

Despite the provision by the government of improved 

wagon roads, scheduled stagecoach service in and through 

the Southwest made little use of these. The first 

scheduled service began in 1857 when the San Antonio-San 

Diego mail line began service through southern Arizona 

and New Mexico (Peterson, 1973) to connect California 

with the eastern U.S. Although this service lasted less 

than a year, the much more famous Butterfield mail line 

began service between St. Louis and San Francisco, using 

much the same route through the Southwest, in 1858. 
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Despite the great fame and legendary status of this 

line, it lasted only a little longer, as service was 

stopped in 1861 as a result of the Civil War (Peterson, 

1973). 

"After the [Civil] war, companies were slow to 

reorganize, but as the mining frontier expanded in the 

1870s and 1880s, hundreds of small stagelines came into 

being to serve the new districts. The competition was 

often very tough, and the entrepreneurs battled for mail 

and express contracts, or for anything else that could 

offer some stability" (Peterson, 1973). This intensity 

of competition did not stop 38 stagecoach lines from 

operating in 1882, the peak for such services in New 

Mexico (Beck and Haase, 1969). While these New Mexico 

lines showed a strong tendency to branch out from 

settlements along the Rio Grande, stagecoach lines in 

Arizona were fairly well distributed across the state, 

reflecting the lack of a historical settlement and 

transport corridor, such as that of the Rio Grande in 

New Mexico, and the wide distribution of towns in 

Arizona (Walker and Bufkin, 1986). At a larger scale, 

stagecoach routes in the Southwest were similar to those 

of other parts of the Western U.S., with both long

distance routes through the region as well as local 

internal routes in use (Beck and Haase, 1989). 

It is important to note that the arrival of 

railroads in the Southwest initially stimulated the 

stagecoach lines rather than hurt them. This has been 

traced to the rise in transport demand as a result of a 

widespread population growth which occurred during and 

following the arrival of railroads, as well as to the 

need for feeder transportation connecting railroad 

stations with towns not yet served by railroads 

(Peterson, 1973). However, as railroad service 
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expanded, the need for these feeder services was 

increasingly reduced and stagecoach services in the 

Southwest finally disappeared in the early 20th century 

after the arrival of autos (Peterson, 1973). Despite 

the nostalgic feeling of the modern auto-dominated era 

about stagecoaches, these vehicles were not popular in 

their time and were happily replaced by automobiles 

(Peterson, 1973)! 

Southwestern Railroads 

The first modern transportation system in the 

Southwest was the railroad, which initially entered the 

region in 1877 and expanded rapidly throughout the 

region. Plans for railroads had preceded their actual 

arrival by many years, beginning with the Pacific 

Railroad Surveys of the 1850s (Vance, 1990). These 

surveys were carried out by the U.S. Army as a result of 

a Congressional deadlock over the best route for a 

proposed transcontinental railroad. Because any 

political discussion of routes at this time was 

disrupted by strong regional interests and biases, 

Congress ordered the surveys to be made as a scientific 

solution to determining the best route. Six routes were 

ultimately surveyed, two of which passed through the 

Southwest. These two Southwestern routes came to be 

known (as did all the routes surveyed) by their 

approximate latitude: the 35th parallel route (across 

northern New Mexico and Arizona), and the 32nd parallel 

route (across southwestern New Mexico and southern 

Arizona). 

The surveying of potential railroad routes was 

closely related to the construction of wagon roads as 
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Wagon-road surveys were, in a sense, a 
preliminary stage in the evolutionary process, 
culminating in the location and construction of the 
railroads. The significant interrelationship 
between wagon-road and railroad construction had 
been recognized as early as 1849....[when it was 
proposed in Congress that on a central overland 
route] iron railways were to be laid where 
practicable and advantageous; but along other 
sections, unsuited for rails, a macadamized road 
would suffice temporarily. Paralleling any 
railroad built across the center of the continent, 
a right of way 100 feet wide was to be reserved as 
a common road for wheel carriages, horse and foot 
travellers (Jackson, 1964, 241-242). 

Thus, wagon road and railroad surveying and 

construction were actually complementary rather than 

competitive. The early wagon road surveys and 

construction projects could be used to indicate 

potential railroad routes, while any route judged 

suitable for a railroad would certainly be suitable for 

a wagon road in the interim. 

Like the wagon routes, the initial railroads were 

motivated by a desire to cross the Southwest, rather 

than serve this area. Even after the completion of the 

main transcontinental lines many towns and cities 

throughout the western U.S. remained better connected to 

the eastern U.S. than to nearby cities or regions, 

except when they happened to be on the same railroad 

line (Meinig, 1972). Summarizing the history of the 

Southwestern railroads in the words of one historian, 

The railroads of the Southwest originated in 
the American demand for a transcontinental line and 
were speculative enterprises, built in advance of 
traffic. Gradually they became profitable, lowered 
their rates and improved their service. They 
spread out branches, spawned independent short 
lines and battled with their rivals. Their 
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facilities helped develop the area continually 
(Greever, 1956: 203). 

The Southern Pacific railroad initiated 

construction in the Southwest as part of an effort to 

maintain its dominance of California by forestalling 

construction by other railroads of routes leading into 

the state (Myrick, 1965). As part of this strategy, a 

line was built from Los Angeles to Yuma, where the 

Colorado River was bridged in 1877. Yuma was 

considered one of only two potential river crossings 

(the other being far upriver near present day Needles). 

This move was originally intended to block the Texas & 

Pacific railroad (then building westward through Texas) 

from occupying the critical Yuma crossing site (Riegel, 

1926), but delays in the construction of the latter 

allowed the Southern Pacific to continue through 

Arizona, New Mexico, and as far as El Paso by 1882, 

before finally connecting with the Texas & Pacific 

(Greever, 1956). 

A similar story was played out on the 35th parallel 

routes several years later, beginning as the Santa Fe 

and Denver & Rio Grande Western railroads competed for 

entrance into New Mexico. This time it was to be Raton 

pass, in northern New Mexico, which provided the crucial 

access point to the Southwest. The Santa Fe railroad won 

the battle for this point in 1878, but before building 

as far as the city of Santa Fe revised its plans, 

deciding now to build to the Pacific Ocean (Myrick, 

1965). As the 32nd parallel route was already occupied 

by the Southern Pacific, the Santa Fe's plan was 

initially carried out by building south from 

Albuquerque, eventually leaving the country at Nogales 

and reaching the ocean at Guaymas, Sonora (Myrick, 
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1963). Though this allowed access to the Pacific, this 

route was not a success, as "the advantage of a 

[Pacific] port nearer to Australia than any in the 

United States remained theoretical" (Greever, 1956, 

163). 

Use of the 35th parallel route was initiated by the 

Atlantic & Pacific railroad in 1880, which began 

building from Albuquerque westward across New Mexico and 

Arizona toward a planned Colorado river crossing near 

the site of modern Needles (Greever, 1956). The 

Southern Pacific again responded with construction to 

defend its territory, completing a line from Southern 

California to the Colorado River in 1883 (Myrick, 1963). 

The Santa Fe railroad soon bought both lines, completing 

its own 35th parallel route. 

With the completion of this transcontinental line, 

Southwestern railroad construction was largely limited 

to branch lines until the turn of the century. A great 

many of these lines were constructed in the last decades 

of the 19th century, mainly to connect prospering mining 

towns such as Globe and Miami, Bisbee and Douglas, 

Silver City, Jerome, and Clifton, but also agricultural 

towns such as Farmington and Aztec as well (Greever, 

1956). In addition, several new routes were later added 

to transcontinental lines, allowing for easier and more 

direct traffic across the Southwest. 

Thus, with the basic rail system complete, "By 1900 

the Southwest was emerging as a more coherent functional 

region. It was bound together by a simple grid of 

railroads in which the two latitudinal transcontinentals 

were linked by two local longitudinal lines, one in New 

Mexico and one in Arizona. Only two relatively minor 

peripheral areas lay outside the reach of that network 

and its branches: the Pecos Valley and the San Juan, 
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each a corner of New Mexico tributary to other 

circulatory systems. Furthermore, the fact that this 

Southwest system was set apart from others by broad 

expanses of nearly empty country to the east and west 

emphasized its separate provincial character. Only in 

the northeast where lines focused upon Denver reached 

south into Hispano country was this Southwest regional 

system directly challenged by another" (Meinig, 1971, 

45). 

Several points are clear from this discussion of 

early transportation in the Southwest. First, this 

region has long been important to the nation because of 

its status as a barrier to be crossed to reach the 

wealth of California (Meinig, 1971). Second, the 

development of important transport routes in the 

Southwest were (with the exception of the Santa Fe 

Trail) largely designed to cross this area, rather than 

to tap into its considerable wealth. Thus, many of the 

routes developed in the Southwest had little to do with 

local settlement, and a network of feeder lines were 

later, and often very transient, creations. 

Urban Growth in the Southwest 

From the very beginning much of the population 

growth in the Southwest has been closely related with 

transport routes (Byrkit, 1992), and can perhaps best be 

discussed using a periodization based on the development 

of transport networks and their relation to Borchert's 

(1967) settlement epochs. These epochs, "within which 

all city sites were chosen, and subsequent investments 

made, under a particular sequence of technological 

considerations" (Borchert, 1967, 308), may provide a 
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framework within which Southwestern urban growth may be 

grouped. 

Pre-Railroad Urbanization 

The first transport and settlement era to be 

considered is that of the pre-railroad era. In terms of 

transportation, this would include all developments in 

the historical Southwest to about 1880; using Borchert's 

periodization, this would include the Sail-Wagon Epoch 

(1790-1830) and the Iron Horse Epoch (1830-1870). 

Obviously, the Southwest cannot reflect the full 

expression of these epochs due to limited 

transportation, and can probably be said to have 

remained at the state of technological and economical 

development epitomized by the Sail-Wagon era until the 

coming of the railroads around 1880. During this epoch, 

economic exploitation of natural resources was limited, 

and little interregional interaction took place 

(Borchert, 1967). 

Urban growth in the pre-railroad era was limited to 

only a few towns, although numerous small mining 

communities came into existence towards the end of this 

period. The extent of urbanization can be seen in 

Tables 2.1 and 2.2, with New Mexico less urbanized than 

Arizona, though having a larger overall population. 

Given this sparse settlement it is not surprising 

that as late as 1870 the only part of the Southwest with 

population densities above 2 persons per square mile was 

the Rio Grande valley of New Mexico (Lord and Lord, 

1944). The concentration of Southwestern population 

along the Rio Grande and in north-central New Mexico had 

continued to 1880, while several isolated areas in 

Arizona, particularly those around mining regions, also 

began to emerge. Although small, these areas of 
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emerging settlement correspond to western settlement 

'nuclei' identified by Meinig (1972). Of these nuclei, 

northern New Mexico (originally focused on Santa Fe, but 

with Las Vegas and Albuquerque becoming more important 

after the arrival of railroads) was the earliest and 

most important area , with central Arizona (Phoenix and 

the Salt River valley) and the El Paso area emerging 

later. 

Post-Railroad Urban Growth 

The construction of railroads in the Southwest, 

though not initially intended to tap the resources of 

this region, nonetheless had a dramatic impact on 

population growth and urban development. Given the 

isolation of the Southwest, "The radical efficiency of 

the railroad could not but have a powerful economic 

effect upon what had been a remote and land-bound 

region. The most immediate impacts were upon the 

competitive commercial positions of the various towns, 

old and new, and upon mining and lumbering" (Meinig, 

1971, 41). The railroads were also of great importance 

in areas with little or no settlement, as New Mexico 

"could not be effectively settled until the railroad 

came" (Beck and Haase, 1969, notes to map 53), and the 

population of this state, previously clinging to the Rio 

Grande River, now began to spread out, especially 

following the stimulus of mining activity. 

In particular, the railroads allowed 

commercialization or exploitation of natural resources 

at a level far beyond that previously possible. Mining 

activity increased greatly, spawning or encouraging a 

number of towns, among the more notable being 

Wickenburg, Clifton, Silver City, Tombstone, Bisbee, 

Jerome, Miami, Globe, and Douglas. Despite the 



3 2  

persistence of these particular towns, many more small 

mining towns would flourish during this period only to 

completely disappear later (as did many of the small 

mining towns of the pre-railroad era). As might be 

expected, lumbering was a much more limited activity in 

the Southwest, though Flagstaff became something of a 

lumbering center. 

More importantly, and of lasting importance, a 

string of towns, including Gallup, Holbrook, Winslow, 

Kingman, Flagstaff, Williams, and Raton in the north, 

and Deming, Lordsburg, and Willcox in the south, were 

created along railroad routes. Although few towns in 

the Southwest were directly created by railroads (Ash 

Fork, Williams, Gallup, and Winslow, as well as major 

additions to Flagstaff and Albuquerque, all created by 

the Atlantic & Pacific (later Santa Fe) railroad 

(Hudson, 1985)), a large number of towns in this area 

were founded along a railroad line by entrepreneurs or 

their growth was made possible by the arrival of a 

railroad line (Meinig, 1971). Though the vast majority 

of these towns did not flourish, several survived to 

become an important part of the emerging urban system. 

Many of these towns served multiple purposes, such as 

Flagstaff (an important lumber town), Kingman and Gallup 

(important mining towns), and Willcox (once a large 

ranching center), while many of these railroad towns 

subsequently became county seats, or served as important 

trade centers. 

One feature of small town creation and growth of 

this period, at least in Arizona, is that of longevity. 

Unlike many ephemeral small mining towns before, most of 

the towns prospering after the arrival of the railroads 

are still in existence, and, even if not thriving or 

growing, are assured of a minimal survival (Walker and 
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Bufkin, 1986). This is likely a result of greater 

exploitation allowable because of improved transport, as 

well as technological developments allowing exploitation 

of less valuable deposits, such as those of copper, over 

a long period of time. 

Agriculture was only moderately affected by the 

coming of the railroads, and "Only in those few areas 

beyond the limits of the historic Indian farmers and 

beyond the reach of the Hispano colonists" (Meinig,1971, 

42). One such area was the Salt River Valley of 

central Arizona, although after 1900 an interest in dry-

farming led to the spread of farming throughout many 

formerly empty areas of the Southwest. After 1915 most 

increases in farming area was the result of major 

irrigation works, helping to concentrate agricultural 

populations (Meinig, 1971). Additional small towns were 

established throughout Arizona by Mormon colonists from 

Utah, but these tended to be of little importance in 

terms of population or commercial significance (Meinig, 

1971). 

The major commercial centers of the Southwest in 

the early railroad era were located on the junctions of 

the railroad grid. Albuquerque and El Paso dominated 

New Mexico while Phoenix and Prescott dominated Arizona 

(Meinig, 1971). "By strongly affecting both the 

patterns of access and of production, the railroad could 

not but affect the relative power of the various trade 

centers as well" (Meinig, 1971, 46), with the result 

that pre-railroad trade centers could stagnate while 

others rose. This was most notably the case in New 

Mexico, where Santa Fe lost influence to Las Vegas and 

Albuquerque. Despite this shift, the impact of 

railroads had not greatly changed the earlier population 

distribution pattern of New Mexico by 1890 nor lessened 
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the isolation of the Southwest from adjacent areas. 

Except in northern New Mexico, where rural population 

density and settlement was continuous with that of 

southern Colorado, the Southwest remained separated from 

adjacent states by areas of unsettled land. 

By 1900 rural population appears to have undergone 

some decline since 1890, with the importance of emerging 

towns such as Phoenix and Albuquerque becoming 

noticeable (Lord and Lord, 1944}. Though the percentage 

of state population classified as urban remained low, an 

increasing concentration of population into more 

urbanized counties took place from 1910 on, more so in 

Arizona than New Mexico, where rural population in the 

northern half of the state remained important (Lord and 

Lord, 1944). After about 1950 the domination of 

Maricopa and Pima counties in Arizona became the 

prominent feature of population distribution in this 

state, with population density relatively uniform 

throughout the rest of the state although "In general, 

those counties which were primarily agricultural until 

the close of World War II showed the steadiest rate of 

growth" (Walker and Bufkin, 1986, notes to map 61). In 

New Mexico at this time, those counties which lost 

population were those dependent on ranching and dry 

farming, while those that grew had economies based on 

oil and irrigated farming (Beck and Haase, 1969). 

The separation of the Southwest as a settled area 

from neighboring regions remained strong in 1910 (though 

blurred by the large counties of southern California). 

The continuous population density between northern New 

Mexico and Colorado remained, while the growth of towns 

in the Texas Panhandle created a more even population 

distribution in Eastern New Mexico. 
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TABLE 2.1 

Arizona Population Growth 1870-1990 

Total State Percent Percent Percent 

Population Change Urban Change 

1870 9,658 33.4* 

1880 40,440 318.7 17.3 117.3 

1890 88,243 118.2 9.4 18.5 

1900 122,931 39.3 15.9 134.8 

1910 204,354 66.2 31.0 224.5 

1920 334,162 63.5 36.1 90.9 

1930 435,573 30.3 34.4 24.1 

1940 499,261 14.6 34.8 16.1 

1950 749,587 50.1 55.5 57.4 

1960 1,302,161 73.7 74.5** 133.3 

1970 1,775,399 36.3 79.6 45.2 

1980 2,716,546 53.0 83.8 61.7 

1990 3,665,228 34.8 87.5 40.7 

Sources (for TABLE 2.1 and 2.2): U.S. Census, 1940 

(1870-1940), U.S. Census 1960 (1950-60), U.S. Census 

1980 (1970-80), U.S. Census (1990). 

* Percent urban before 1950 uses early urban definition 

of all places 2,500 or more population and areas 

considered urban by special rule. 

** After 1960 uses urban definition of all incorporated 

and unincorporated places of 2,500 or more population 

and towns, townships, and counties classified as urban. 
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TABLE 2.2 

New Mexico Population Growth 1870-1990 

Total State 

Population 

Percent 

Change 

Percent 

Urban 

Percent 

Change 

1870 91,874 5.2* 

1880 119,565 30.1 5.5 39.2 

1890 160,282 34.1 6.2 56.3 

1900 195,310 21.9 14.0 174.6 

1910 327,301 67.6 14.2 70.1 

1920 360,350 10.1 18.0 39.5 

1930 423,317 17.5 25.2 64.4 

1940 531,818 25.6 33.2 65.1 

1950 681,187 28.1 50.2 78.4 

1960 951,028 39.6 65.9** 83.2 

1970 1 ,017,055 6.9 69.8 13.1 

1980 1 ,302,894 28.1 72.1 32.6 

1990 1 ,515,069 16.3 73.0 17.6 

Source: as for Table 2.1 
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TABLE 2.3 

Size Distribution of Arizona Settlements, 1920-1990 

1920 1930 1940 1950 
2,500-5,000 

population 25,119 25,008 22,350 54,831 
percent 7.5 5.7 4.5 7.3 
number 7 6 6 15 

5,000-10,000 
population 46,324 44,224 49,399 94,697 
percent 13.9 10.2 9.9 12.6 
number 6 6 8 13 

10,000-25,000 
population 20,292 29,454 
percent 6.0 3.9 
number 1 2 

25,000-100,000 
population 29,053 80,624 102,232 45,454 
percent 8.6 18.5 20.5 6.1 
number 1 2 2 1 

100,000+ 
population 106,812 
percent 14.3 
number 1 

1960 1970 1980 1990 
2,500-5,000 

population 60,845 62,540 127,425 133,087 
percent 4.7 3.5 4.7 3.6 
number 16 18 37 38 

5,000-10,000 
population 70,325 105,293 139,421 187,160 
percent 5.4 5.9 5.1 5.1 
number 9 16 21 29 

10,000-25,000 
population 117,593 63,461 138,313 220,117 
percent 9.0 3.6 5.1 6.0 
number 7 5 9 14 

25,000-100,000 
population 33,772 284,733 332,014 366,807 
percent 2.6 16.1 12.2 10.0 
number 1 6 6 8 

100,000+ 
population 652,062 844,495 1,379,437 2,089,984 
percent 50.0 47.6 50.8 57.0 
number 2 2 4 6 

Sources: 1940 Census (1920-40), 1960 Census (1950-60), 1980 Census 
(1970-80), 1990 Census (1990). 
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TABLE 2.4 

Size Distribution of New Mexico Settlements, 

1920-1990 

1920 1930 1940 1950 
2,500-5,000 

population 29,990 31,977 27,608 37,155 
percent 8.3 7.6 5.2 5.5 
number 8 9 8 10 

5,000-10,000 
population 19,813 25,920 58,853 92,690 
percent 5.5 6.1 11.1 13.6 
number 3 4 9 12 

10,000-25,000 
population 15,157 22,349 54,491 61,493 
percent 4.2 5.3 10.2 9.0 
number 1 2 4 4 

25,000-100,000 
population 26,570 35,449 150,551 
percent 6.3 6.7 22.1 
number 1 1 3 

100,000+ 
population 
percent 
number 

1960 1970 1980 1990 
2,500-5,000 

population 38,147 55,561 66,953 77,136 
percent 4.0 5.5 5.1 5.1 
number 11 15 20 23 

5,000-10,000 
population 73,500 82,092 131,794 140,737 
percent 7.7 8.1 10.1 9.3 
number 10 11 18 21 

10,000-25,000 
population 118,169 123,452 102,376 125,774 
percent 12.4 12.2 7.9 8.3 
number 7 8 7 9 

25,000-100,000 
population 155,452 196,841 289,696 352,445 
percent 16.3 19.4 22.2 23.3 
number 5 6 8 9 

100,000+ 
population 201,189 243,751 331,767 384,736 
percent 21.2 24.0 25.5 25.4 
number 1 1 1 1 

Sources: 1940 Census (1920-40), 1960 Census (1950-60), 1980 
Census (1970-80), 1990 Census (1990). 
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Urban Growth in the Auto Age 

The last of Borchert's epochs, (Auto-Air-Amenity) 

is assigned a starting year of 1920, coinciding with the 

beginning of this thesis' study period. This is 

probably reasonable for the Southwest, although the full 

impact of these three factors was not felt until after 

World War II. As with the earlier railroad system, the 

creation of a highway system has been credited with 

changes in the importance of towns, limited by "the 

general persistence of the basic grid of 

circulation [serving] to stabilize trade areas" 

(Meinig, 1971, 80) (the impact of these changes will be 

discussed in detail in later chapters). 

This period in the Southwest has been one of rapid 

urbanization, with both states passing the 50% urbanized 

point by 1950. The growth and population distribution 

of towns in Arizona and New Mexico from 1920-1990 can be 

seen in Tables 2.3 and 2.4. The small number of towns 

in both states in 1920 can be seen, as can the rapid 

rise in both the number of towns as well as their size. 

Although few large towns existed in 1920, the proportion 

of towns between size categories has remained somewhat 

stable since then. The importance of larger towns and 

cities in Arizona is notable, with two cities accounting 

for over half the urban population of the state. 

After World War II population growth of both 

states, and especially the urban population of both 

states, was greatly accelerated and has generally 

remained at a high level. Growth of the larger cities 

has been rapid, and a process of greater size 

differentiation between these and lesser cities has 

become increasingly apparent (Meinig, 1971). Long-term 

urban growth in the Southwest has always been dominated 
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by four cities: Albuquerque, El Paso, Tucson, and 

Phoenix (Table 2.5). While these four cities comprised 

about 10 percent of the Southwestern population in 1900, 

they contained about half by 1970 (Meinig, 1971). 

Stretching nearly 50 miles across in 1970, Phoenix is by 

far the largest Southwestern metropolitan area, largely 

by virtue of the large number of satellite cities, most 

with similar agricultural origins (Meinig, 1971). The 

early growth of these cities, especially El Paso, was 

due in part to transportation, as all of these cities 

served to some extent as railroad and road transport 

hubs. This is in part due to the fact that city leaders 

in each city were active in (if not obsessed with) 

attempting to attract transport to the city (Luckingham, 

1982). 

Although the data presented here are necessarily 

limited, the population growth of the Southwest can be 

seen to have undergone significant changes over the past 

century, and particularly during the study period. The 

rapid urbanization of the Southwest states and the 

increase in the number and size of towns will likely be 

of great importance to the emergence of the highway 

system, assuming a local orientation to this network. 

While the exact nature of the relationships between 

transport and this urban growth will be analyzed in 

later chapters, it is important to point out the role of 

railroads in establishing or encouraging urban growth. 

Within the larger population growth of the Southwest, it 

is expected that these railroad-based settlements will 

be of particular importance. 
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TABLE 2.5 

Population Growth of Principal 

Southwestern Cities, 1880-1990* 

Albuquerque El Paso Phoenix Tucson 

1880 2,315 736 1,708 7,007 

1890 3,785 10,338 3,152 5,150 

1900 6,238 15,906 5,544 7,531 

1910 11,020 39,279 11,134 13,193 

1920 15,157 77,560 29,053 20,292 

1930 26,750 102,420 48,118 32,506 

1940 35,449 96,810 65,414 36,818 

1950 95,815 130,485 106,818 45,454 

1960 201,189 276,687 439,170 212,892 

1970 244,501 322,261 584,303 262,933 

1980 328,837 425,122 789,749 331,506 

1990 384,619 515,342 983,395 405,371 

Source: Luckingham, 1982, World Almanac, 1994. 

* Population is for city limits of central city 

only. 

Conclusions 

The Southwest represents an area of both recent 

population growth and integration into national 

transportation systems. Early transport systems as well 

as urbanization were both quite limited, and not until 

the arrival of railroads did either change 

significantly. Though great chants in population 

growth, and especially urbanization, are apparent during 
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the auto age, these changes are most apparent after 

World War Two, and cannot necessarily be expected to 

show the relationships with transportation that earlier 

urbanization has shown with railroads. 

Returning to the definition of the Southwest study 

area, the transcontinental transport region can be 

further refined on the basis of settlement patterns. 

While settlement in north-central New Mexico has been 

continuous with that of southern Colorado at least since 

1870, the use of settlement as a regional boundary has 

some validity except in recent decades (with the 

exception of eastern New Mexico). With the exception of 

eastern New Mexico, this validity is of course largely 

based on the same terrain that defines the Southwest on 

the basis of transport. 

In order to provide an exact demarcation of the 

Southwest in east-central New Mexico towns must be used 

in place of topographical features, and therefore 

Tucumcari and Clovis will be used to define the eastern 

boundary of the study area. The choice of these towns is 

not accidental, as each reflects an important route 

junction on transcontinental railroad and highway 

systems and therefore provides a logical modern entry 

point to the Southwest. The resulting Southwest study 

area is therefore defined on the basis of 

transcontinental transportation routes. Although the 

northern and southern boundaries reflect arbitrary 

choices, and do not necessarily represent areas devoid 

of settlement or movement, these can nonetheless be 

justified as no American transcontinental railroad 

enters the study region across the northern or southern 

boundaries. 

After discussing the early transportation and urban 

development of the Southwest, and providing a useful 
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study area boundary to be used for further analysis, the 

next step will be to examine the development of 

Southwestern highway systems. However, before this is 

done, geographic literature relating to the development 

of transport networks will be reviewed. This will be 

carried out in the next chapter. 
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CHAPTER 3 

THE GEOGRAPHICAL ANALYSIS OF 

TRANSPORT NETWORK CHANGE 

The objective of this chapter is to review the 

relevant geographical literature relating to the 

historical analysis of changing transportation network 

patterns. This literature will of necessity be divided 

into two basic categories: that which refers to a single 

mode or network, and that which deals with multiple 

modes or networks. Additionally, models of long-term 

transport development will also be examined for their 

insights into the creation of new settlement and 

infrastructural patterns. 

A few useful definitions of transportation networks 

are of interest. Referring to Garrison and Marble 

(1962, v), network structure "refers to the layout, 

geometry, or pattern of the transportation network or 

system," the study of which "treats such topics as the 

location of routes; location of intersections and/or 

terminals; density and length of routes; accessibility 

of individual points on a network to other points on the 

networks; and distance that must be travelled in order 

to reach every point or 'saturate' a network." The 

study of transport networks in the context of this 

research 
is of double importance....in the first place 

the networks are themselves important features of 
the geographic and economic landscapes deserving 
description, measurement, and explanation. In the 
second place the network is a determinant of the 
pattern of transport flows (Hay, 1971, 34). 
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Historical Development Within Single Networks 

Although research on the historical development and 

change of transport routes and networks is common, these 

often focus on change within a single modes or network, 

rather than differences between modes or change between 

modes. Zonn (1978), Meinig (1962), and Thomas (1963) 

are good examples of studies of route changes within a 

single mode or network, while Vance (1961), Taaffe 

(1963), Burghardt (1969) and Newton (1970) provide 

examples of modal change through time. Although the 

usefulness of the first group of studies to the present 

research is limited, they nonetheless make important 

points and will be briefly examined. 

Because there exists "no general theory or 

comprehensive framework within which to understand, much 

less explain, the processes of network change" (Lowe and 

Moryadas, 114), any such effort must rely heavily on 

historical data. Any such attempt to analyze network 

change is also complicated by a 

characteristic of transportation systems [which] is 
that decision rules for development change as the 
system develops....[and,] in short, we are faced 
with a situation where the rules implied by 
functional relationships differ depending upon the 
state of the development of the transportation 
systems. Further, the transportation system 
interacts with so-called determining factors and 
these shift during the period of transportation 
development (Garrison and Marble, 1962, viii). 

A particularly relevant example of this characteristic 

is the observation that 
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any change in a transportation system changes the 
economic and social environment within which the 
system operates an example of this 
effect is the set of changes occasioned by the 
paving of rural roads during the 1920's and 1930's. 
Relative positions of hamlets and rural market 
towns were shifted, patterns of trade shifted, as 
did other of the factors relating to transportation 
development and use (Garrison and Marble, 1962, 
viii). 

This characteristic has been effectively 

demonstrated by Meinig (1962) in his examination of 

railroad route pattern changes within and between the 

Columbia Basin and South Australia. Meinig repeatedly 

stresses the potential pitfalls of easy explanations, as 

in addition to new infrastructural layers being 

constructed, the functions of existing layers may change 

to produce misleading new patterns. 

While it is true that present functional 
patterns within [transportation networks] can often 
be closely related to readily apparent patterns of 
cities and economic regions and facilities, it is 
false to assume these covariances explain the basic 
framework of the [transportation network] itself. 
That framework can only be explained by the 
processes which created it (1962, 412). 

To identify the reasons for the locations of routes 

would require learning the decisions of engineers and 

surveyors, but even this is insufficient as a network is 

"as much a cause as a result of the present complex of 

towns, cities, industries, and traffic orientations" 

(1962, 412). 

Thomas (1963) agrees, stating that the initial 

functions of the transportation system "which stimulated 

construction of a route may account for the present-day 
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location of a route but not necessarily the function of 

the route" (1963, 396). Discussing in his research how 

a single railroad has changed functions and routes, 

functional 

changes were related to three groups of factors: 
local resources— need to extend or abandon service 
to areas of extractive economic activity, through 
route service— need to reach connecting lines. . . 
. ., and competition— reactions to competition 
taking the form of track abandonment, or agreement 
not to build into a given area or construction into 
an area to establish legal claim and block out 
competition (1963, 396). 

In a somewhat similar study of northwest Mexico, 

Zonn (1978) identifies four factors dominating rail 

patterns: location and type of economic activities, 

relative isolation from the rest of Mexico, proximity to 

the United States, and the changing political interest 

in rail investment within Mexico. Regarding the 

changing importance of these factors, 

All four have been influential as individual 
entities and, perhaps more importantly, as a 
collective system of interacting parts. Some of 
the factors are more variable in time and space 
than are others. The relative influence of each 
factor upon the rail system's development, 
therefore, has varied temporally and spatially 
(1978, 1). 

Historical Development Between Networks 

The second group of research introduced above, 

those discussing network change, are of more interest 

and more useful to this research. The simplest of these 

are several observations that have been made about 
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relationships between modal patterns. Garrison (1960), 

in a simple comparison of Interstate Highways and 

railroad service to metropolitan areas, shows a similar 

service pattern between these modes. However, about 

twice the number of railroad routes exist compared to 

highways, and certain places appear to show better 

service by one system than the other. Taaffe and 

Gauthier provide a similar study at the national level, 

and show that accessibility patterns (to be discussed in 

Chapter 6) for metropolitan areas are very similar, 

though minor differences can be noted at smaller scales. 

Similarity of railroad and Interstate highway pattern is 

considered to be an expression of "a general tendency in 

transportation development on the national scale for new 

systems to replicate and thereby reinforce an existing 

spatial organization" (1973, 148). 

Comparing road and rail service to a set of 

locations has also been attempted by Taaffe et al (1963) 

using regression equations between road and railroad 

density (as well as population and other variables) to 

identify to the effect of railroad competition on road 

development. The results are mixed, though areas of 

higher road density do tend to correspond with higher 

rail density. Kansky (1963) has demonstrated that road 

and rail networks tend to be complementary, with 

unusually great mileage of one mode often found 

alongside low mileage of the other. Because countries 

with extensive rail systems don't necessarily have 

extensive road systems, and vice versa, any analysis of 

national transport systems might obtain slightly better 

results by adding road and rail networks together and 

treating them as a single network. However, despite this 

aggregation of modes, 
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in any serious study of transportation 
activities of an area, it is necessary to 
comprehend the transportation network as an 
interdependent system of individual modes of 
transportation activities (Kansky, 1963, 117). 

Though interesting, all of these studies represent 

great generalizations as a result of their scales and 

choice of modes. Vance's (1961) comparison of the 

Oregon Trail and the Union Pacific railroad provides an 

excellent comparison of dissimilar modes, though at a 

much smaller scale than the two studies mentioned above. 

The emphasis of this work is route differences between 

modes, explained as a result of changing reliance on 

local resources and different purposes for travel. 

Vance makes the distinction between economic and non-

economic transportation as a major explanatory factor in 

route change. In economic transportation 

the purpose is to carry goods or people in the hope 
of profit from that activity profit should be 
understood not as the product of transportation 
within limited sectors, but of the operation over a 
completed route (1961, 357). 

This is in contrast to non-economic travel in which 

travel is undertaken for reasons other than profit, such 

as migration, in which arriving safely is the sole 

determinant of success. These types of travel can be 

compared with Barke's (1986, 152) statement that "In 

building most transport routes there are two major 

objectives: to build the route at a minimum cost and to 

build the route so as to keep the costs to the user as 

low as possible." Although both types of Vance's routes 

attempt to minimize user cost, they are also constrained 

by the need to minimize construction costs as well. 

These objectives are inherently in conflict, and while 
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for the wagon road minimizing user cost clearly is the 

overriding objective, for the railroad these two 

objectives are harder to reconcile. 

Returning to Vance, the Union Pacific, engaging in 

economic transportation, could build and maintain a 

route, some portions of which may be unprofitable by 

themselves, but are offset by profits elsewhere. On the 

Oregon Trail, losses made on one section cannot be made 

up elsewhere, and "thus, in non-economic travel 

geographical iocation criteria depend more strongly on 

local physical and economic geography" (Vance, 1961, 

358). 

Vance gives these routes two aspects: location and 

use. The use to be made of a route determines its 

location. Changing uses may result in new route 

locations, as in differences between the one-way 

immigrant wagon route and the two-way railroad, making a 

fallacy of the assumption "that routeways are 

characterized by continuous use" (1961, 357). Routes 

would only remain stable over time if (holding 

everything else constant) the use of these routes 

remained stable, a fact which will likely be important 

in the Southwest, where "the assumption of locational 

succession" (1961, 357) appears to hold true despite 

changing purposes of travel and new technology. In 

general, there are many constraints on the reorientation 

of transport patterns, as (in a Lousianian example) 

the weight of history is expressed in the route 
system mainly in the attraction of already built-up 
areas and their attendant routes. As a general 
rule, routes tend to be located near where they 
have been in the past unless some radical change 
occurs in technological, economic, or political 
factors (Newton, 1970, 147). 
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Much of this inertia and "weight of history" is likely a 

result of the settlement pattern in existence at the 

time a new mode is introduced. 

Models of Network Development 

Several researchers have focused on the development 

of transportation networks, with the goal of identifying 

stages of development of these networks. Perhaps the 

most famous of these is the Taaffe model (Taaffe, et 

al., 1963), which shows a process of transport 

development in an undeveloped area. This model 

emphasizes the manner in which route penetration in an 

undeveloped area might begin from scattered points, 

working inland through selected lines. These routes 

would then be interconnected, feeder networks would 

grow, and eventually high priority linkages would 

develop, connecting those cities that had emerged as the 

largest during the earlier stages. Though very 

generalized, and assuming transport development from 

only one direction outside the region, the model has 

some usefulness to the Southwest, particularly as it is 

not mode specific and involves both settlement and 

transport growth and change. 

Of particular relevance to this research is a 

simple descriptive model of regional transportation 

development in the American West developed by Meinig 

(1972). This consists of four broad phases, each of 

which is roughly concomitant with a phase of population 

growth, cultural change, and the development of 

political areas. The first phase in transportation 

development (or circulation, to use Meinig's term, 

reflecting traffic and trade patterns as much as 

transport routes or facilities) was that of isolation, 
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characterized by "seasonal inflow of people; outflow 

only of high-valued, low bulk, or self-propelled 

products;" with transport by "pack trains, wagons, 

stages; [and] interregional communications infrequent" 

(Meinig, 1972, 162). This phase would be broadly 

concomitant with early settlement within a largely 

unsettled and unorganized area. 

The second phase was that of the regional system, 

with the "emergence of central places linked to regional 

capital; export of a few primary products;" with 

transport rapidly changing with the arrival of the 

"first railroads, improved roads, riverboats, first 

transcontinental railroad and telegraph connection" 

(1972, 162). These developments would be characterized 

by the expansion of regional settlement and the ending 

of the frontier era. 

In the third phase of transport development the 

formation of an interregional network becomes the most 

important development, with an "elaboration of central 

place system and regional linkages; [becoming an] 

integral part of nationwide systems;" and transport now 

characterized by a "variety of transport and 

communication systems; [such as] railroads, interurban 

electrics, paved highways, buses, trucks, first 

airlines, telephones, radio" (1972, 162). This phase 

would be accompanied by great changes in settlement, 

with large influxes of people and increasing integration 

with neighboring regions and the national economy. 

In the final phase of development an 

intermetropolitan national network becomes elaborated. 

This consists of an "elaborate metropolitan freeway 

system; nonstop air service to national and 

international centers; superhighways, unit trains, [and] 

products pipelines" (1972, 162). Metropolitanization 
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would be a strong force in population growth, with 

increasing integration with the national economy and 

decreasing cultural distinctiveness. 

Of the four steps in this model, only the later 

three are of particular relevance to the development of 

Southwestern highway systems. The first phase would 

have been restricted largely to northern New Mexico and 

could be said to have ended with the coming of the 

railroad in the 1880s. The second phase might be said 

to have taken.place from the coming of the railroads to 

the early 1900s, and in the Southwest would have been a 

time of great change in the local population and 

economies. The third phase would be the first to 

involve highway building on a large scale, and would 

have lasted until World War Two. The fourth and so far 

final phase would have begun sometime soon after World 

War Two and is continuing today. 

Road Development Models 

Some of the aspects of these models are discussed 

in Burghardt's (1969) work on early road development in 

Ontario. This work is particularly important, as "the 

lack of scholarly works dealing with the origins of road 

networks is one of the principal voids in geographic 

literature" (1969, 417). Like Vance (1961), the idea 

of continuous route use, in this case beginning with 

Indian trails and ending in superhighways, is not 

supported. Although many early routes remained in use 

as new roads and settlements emerged, they did so only 

to the extent that they continued to suit the purposes 

of travelers. It is also suggested that, despite the 

circularity of causality between road development and 

urban growth, towns appeared to lead road development, 
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as "the cities created new roads and recreated (or 

reevaluated) the old roads" (1969, 437). 

Comparing observed stages of development to the 

Taaffe model, Burghardt makes the assertion that the 

Taaffe model presupposes a large local population prior 

to creation of routes, and is therefore of limited use 

in much of the U.S. In reference to the creation of 

high priority linkages in the Taaffe model, Burghardt 

suggests instead that the development process of a new 

mode will tend to repeat that of an older mode, but on a 

higher technological level. Thus, in the process of 

railroad expansion "the earliest rail lines were almost 

always local lines of penetration. Only later did a 

pattern of clearly defined trunk systems with major 

vertices become obvious" (1969, 440). This differs from 

the Southwest, in which long distance railroads were 

rapidly built through the area without concern for 

connecting local towns. 

Burghardt limits his research to the pre-railroad 

era because "in most of the populated parts of the world 

a road network was in existence long before the 

introduction of the railroad" (1969, 440). In 

contrast, Newton (1970) is of more interest by including 

railroads and auto roads in his research in Louisiana, 

as well as by giving importance to understanding route 

change or stability between layers. 

Changes in infrastructure and technology, as that 

of a transition from one transport mode to another, may 

result in "radical discontinuities in route development 

brought on by a new type of vehicle, [or] new economic 

interests" (1970, 147). Newton characterizes network 

development by specific settlement eras, each with a 

unique set of route forming tendencies. Route 

discontinuities may occur between these eras, but it is 
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important to note that these layers are cumulative, with 

much of an earlier system persisting into later 

transportation patterns, although routes may sometimes 

remain in use by a different mode or purpose than 

originally planned (Newton, 1970). 

Agreeing with Meinig (1962), and some degree with 

Burghardt (1969), Newton finds that early railroad 

construction served as improvements or supplements to 

existing routes, and therefore did not have much initial 

impact on route changes despite introducing a new 

vehicle and economic interest. The introduction of the 

auto had more impact on route changes, as state road 

construction largely took the form of new routes laid 

out with little regard to existing settlements, though 

many earlier routes have also been improved to motorable 

condition (Newton, 1970). 

As Burghardt (1969) notes, the development of road 

networks has been neglected in the geographic 

literature. Vance (1986, 1988) and Hugill (1982) 

provide good accounts of the beginning of this process 

at the national level. Though these latter sources will 

be discussed in the next chapter, a few comments can be 

made about road development here. 

Auto roads were originally local transport systems, 

with longer distance routes patched together from local 

segments, leading not only to difficult long distance 

travel but also to serious congestion on roads 

originally designed for local traffic (Vance, 1989). 

This is emphasized by Rae (1971), who discusses the 

effect of auto traffic on the previously all-purpose 

nature of roads. As slower local and faster long

distance traffic began to differentiate themselves, the 

need for separate roadways for separate functions became 

obvious. With the increasing use of autos as long 
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distance vehicles, road improvements were necessary, but 

by no means undertaken equally. In the Western U.S. an 

urban bias was apparent, with improved roads 

radiating out from urban centers, then connecting 
adjacent cities, expanding into regional systems, 
gradually linking adjacent regions, and ultimately 
forming a complete interregional network of 
relatively uniform quality (Meinig, 1972, 175). 

This bias is explained by Vance (1990) as the result of 

demand by the urban elite for paved roads, rural drivers 

being apparently uninterested in this benefit. A more 

detailed discussion of these national auto road trends 

will be presented in the next chapter. 

Conclusions 

The geographic literature reviewed here is of 

importance because of the insight it provides into 

network change and development. Although many 

predictive or 'postdictive' models of network growth 

have been developed, these are not considered 

particularly useful here. Instead, the reasons why a 

network may change or fail to change over time, and the 

relation of these reasons to economic and social 

conditions surrounding the transport system are of more 

interest. 

It can be seen from this literature that a certain 

amount of stability is inherent in a network, with 

changes to this pattern coming only as a result of a 

change of transport function or changes in the wider 

economic conditions. This is not to say that networks 

are always in an equilibrium condition with their 
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environments, but it can be expected that there will be 

a close approximation nonetheless. This idea of 

stability, interrupted only by outside forces (or 

internal, given a change in transport function), is 

perhaps the most important idea which can be isolated 

from this literature. Given any such assumption of 

transport inertia, an analysis of changing population 

and traffic conditions with transport changes becomes 

vital to understanding that transport change. 

The several transport development models described 

here have obvious relevance to the layer concept, by 

reason not only of the distinct phases of transport 

development but also because of the associated 

population and economic change associated with this 

development. It is important that these models 

encompass much more than mileage increases or road 

morphology, but are a part of changing technological, 

economic, and other conditions within an area. These 

technological, economic, and other conditions are 

obviously difficult to measure, but may be inferred by 

rapid changes in population size or distribution, 

according to Borchert (1967). Thus, rapid changes in 

the transport-population relationships over time may 

allow identification of layer changes within the highway 

system. 

Given some idea of the complexities involved in 

explaining network change, it is now desirable to begin 

examining the changing highway patterns of the 

Southwest. Before this is done, the development of 

highways within the United States at the national level 

will be discussed, as the Southwestern patterns are 

largely a localized version of national trends. 



5  8  

CHAPTER 4 

NATIONAL HIGHWAY DEVELOPMENT 

The development of American highway systems during 

the 20th century is the topic of this chapter. Although 

the emergence of modern roads in this country was a 

phenomenon occuring outside the study area and before 

the study period, a brief background will nonetheless be 

given before moving on to the development of modern 

highway systems. This chapter will therefore be divided 

into six sections, beginning with the origin of early 

highway systems in the United States. Subsequent 

sections will detail the rise of automobile use, the 

beginning of early state highway systems, the beginnings 

of federal assistance, the rise of integrated and long

distance highway systems, and the Interstate Highway 

system. This information will be summarized in a 

historical sequence, along with a short discussion on 

changing road morphology and pavements. 

Earlv American Highways and the Rise of the Auto 

When discussing early North American highways, it 

is particularly important to make several points: first, 

that the quality of roads had declined greatly since the 

rise to dominance of railroads, and secondly, that the 

later improvement of roads from their mid-nineteenth 

century low point predates the rise of automobiles as a 

major means of transport. In fact, "the automobile did 

not create its own dedicated infrastructure as was the 

case with railways, but made use of an already existing 

road network, which had been developed and improved in 
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quality for horse driven carriages" (Grubler, 1990, 

127). However, although "extensive road networks 

existed long before the advent of the automobile" 

(Grubler, 1990, 127), these roads were almost uniformly 

of very poor quality. How poor in quality is uncertain, 

as it has been pointed out that many of the reports of 

road conditions in the 19th century were from biased 

sources, principally wealthier, urban tourists and 

travelers rather than the average farmers who actually 

used these roads, and in fact a study of early farm 

roads (Mcllwraith, 1970) has suggested that these roads 

were usually maintained, though at a level suitable for 

the local traffic that used them, rather than for the 

use of travelers. 

Despite the importance of wagon roads in the United 

States in the nineteenth century, the "nineteenth 

century was for the road a time of contraction to 

purposes of very local scale" (Vance, 1990, 485). The 

roles and condition of roads deteriorated as railroads 

increased their dominance, replacing roads as long

distance routes and relegating roads to local service. 

Also, few effective means of road construction or 

maintenance existed, and what efforts did take place 

required a taxation of labor to be supplied by local 

residents, a means both unpopular and ineffective 

(Vance, 1990). 

The return to prominence of roads in the United 

States following their long decline began not with 

automobiles but with bicycles. The importance of 

bicycles lies.not in their usefulness as a means of 

transport but rather in their riders, who tended toward 

middle and upper-class persons and were quick to 

organize themselves in support of their hobby (Vance, 

1990). The resulting Good Roads organizations were the 
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first to call for an improvement of rural road 

conditions. 

Much has been written about the role of these early 

Good Roads Movements (Hugill, 1982, Vance, 1990) and 

their agitation for improved rural roads. Automobiles, 

which began to come into common use in the 1890s, 

increased the demand for better roads (Rae, 1971) as the 

early autos could not tolerate the poor roads of the 

time. Nonetheless, autos were latecomers to the cause 

of road improvements, and, interestingly, intermediate 

between bicycles and autos came a brief period of 

interest in improving rural roads for reasons of moral 

and social betterment of the rural population (Seely, 

1987). 

Regardless of the origins of any such interests in 

improving rural roads (urban streets were generally much 

better constructed and maintained at this time), the 

auto quickly came to dominate any discussion of roads 

and road travel. It is therefore of particular 

importance to realize the speed with which auto 

technology was improved, as "In general, highway design 

and construction have lagged behind the capabilities of 

motor vehicles" (Kirby, et al, 1956, 414). The speed 

with which autos displaced other forms of transportation 

is surprising: 1909 was the peak year for horse 

transportation in the United States (Vance, 1990), while 

1920 represented the peak of railroad passenger 

transportation (excepting the emergency conditions of 

World War II)(Rae, 1971). Yet autos rapidly displaced 

both, as horses were almost nonexistent as a means of 

transportation by 1930 (Grubler, 1990, 129), while 

railroads began a long decline after reaching their 

peak, greatly accelerated after World War Two. 
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Much of this rapid replacement is due to the 

increasing quality of autos, allowing for greater use. 

"The automobile grew from a novelty in 1900 to the 

accepted means of transportation in the 1930s. 

Accompanying the rise of the automobile were 

improvements in roads and the evolution of a true 

highway system" (Moline, 1971, 38). The rapid 

technological changes in autos, combined with 

improvements to road conditions, allowed great 

reductions in travel times and difficulties. Whereas, 

"In 1916, a motorist was lucky to travel 125 miles in a 

day distances traveled increased to an average of 

170 miles in 1920, 200 miles in 1925, 300 miles in 1931, 

and 400 miles in 1936" (Jakle, 1985). 

Vance (1990) has divided the rise of auto ownership 

in the United States into three phases. The first phase, 

"numerically the least, though relatively the greatest" 

(1990, 499), took place from 1908-13. A second major 

increase in auto ownership occured during the 1920s, and 

a third from the late 1940s through the 1950s (see Table 

4.1). 

TABLE 4.1 

Automobile Registrations, 1900-60 

Year 

1900 

1910 

1920 

1930 

1940 

1950 

1960 

Number of Autos Registered 

8 ,000  

458,377 

8,131,522 

22,972,745 

27,372,397 

40,190,632 

61,430,862 

Source Rae, 1971, page 50 
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Each of Vance's ownership increase phases "can be 

related to distinct phases of the historical geography 

of road transportation. The first, between 1908 and 

1913, related not so much to the improvement of 

facilities as to the improvement in the vehicles 

operating on the roads" (Vance, 1990, 499), and has been 

shown to be related to the replacement of horses as the 

primary means of local, road based transport (Grubler, 

1990). This improvement in vehicles refers to the 

introduction of the Ford Model T, of direct importance 

here because it has been credited (by Vance, 1990, and 

Jakle, 1985) as being primarily responsible for major 

increases in improved roads after the First World War. 

By allowing large numbers of Americans to own and 

regularly use an automobile (and one that was designed 

from the beginning to operate on poorly improved roads), 

the Model T was important in demonstrating the 

advantages of improving rural roads to large numbers of 

Americans, both urban and rural (Vance, 1990). Not 

until after the great expansion of auto ownership 

following World War II and the technological changes in 

autos preceding that war did autos begin to compete with 

railroads for long-distance travel (Table 4.2). 

As mentioned before, the unusually high railroad 

usage in 1944 was a result of wartime conditions, as was 

the decline in auto use and quite likely the great 

increase in bus use as well. However, once conditions 

returned to normal after the war, rail travel began its 

decline, while autos and air travel continued to rise in 

importance. The position of buses as a means of 

passenger travel is somewhat mixed: much more important 

than railroads though of no importance compared to 

passenger cars. The importance of autos in the U.S. has 
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clearly been extreme even before the Second World War, 

and has only increased since that time. 

TABLE 4.2 

Passenger-Miles Travelled on Major Transport Modes 

(in Millions) 

Year Railroads Buses Air Autos 

1929 33,965 6,800 175,000 

1939 23,669 9,100 683 275,000 

1944 97,705 26,920 2,177 181,000 

1950 32,481 26,436 8,773 438,293 

1960 21,574 19,327 31,730 706,079 

1970 10,903 25,300 109,499 1,026,000 

1980 11,000 27,400 204,400 1,300,400 

Source: Railroad Facts, 1987, 32. 

Early auto travel was largely limited to short 

distances before World War I, as "since the railroads 

handled the nation's [long-distance] transportation 

needs, no real highway system existed. Roads were poor, 

serving local areas only, and drivers were frequently 

frustrated by the lack of through connections" (Jakle, 

1985, 107). Most roads "served localities, without 

concern for through traffic, with the result that roads 

connecting major cities were often little better than 

the most isolated of country lanes" (Jakle, 1985, 121), 

while long-distance traffic "was forced to wander in an 

erratic fashion on truly extended routes developed from 

highways patched together from local roads" (Vance, 

1989, 155). It was within this traveling environment 

that the first attempts at creating unified highway 

systems intended for the use of autos took place. 
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Earlv State and Federal Highway Efforts 

Given the increasing importance of autos in 

American life, it was inevitable that local or state 

governments would begin to take action. Action at the 

state level occured first among the more urban states 

(New York created the first state highway system in 

1894), and lagged behind in more rural states (Vance, 

1990), though 39 states possessed state highway 

departments by 1915 (Rose, 1990). Despite the rapid 

rise of these departments, however, these early "state 

highway systems failed in two definite ways: they 

obviously were fairly parochial in their scope and 

interests, and they were not comprehensive" in their 

efforts, as objectives were limited and no true highway 

system was created (Vance, 1990, 503). 

That these early systems were parochial is not 

surprising, as 

before about 1900, road building and finance 
were mostly in the hands of local 
officials....[and] because county and township 
leaders in every part of the nation served local 
transport needs, projects bore little relationship 
to one another; few worried about interstate 
coordination (Rose, 1990, 8). 

Though better control at the state level helped insure 

somewhat rational, coordinated systems within the state, 

interstate connections and long-distance routes still 

suffered from lack of coordination. Intervention in or 

control of roadbuilding by the federal government was 

one possible solution to parochialism at the county or 
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state level, and it soon followed the state government's 

attempts to manage roadbuilding. 

There exist two important components of the role of 

the federal government in the development of early 

American highway systems: financial aid to states for 

funding state highway improvements, and pressure on 

states to create unified highway systems that connected 

at state lines to allow relatively efficient long

distance road travel (as well as to promote uniform 

construction standards [Hugill, 1982]). The first of 

these is of less importance to this research, although 

of lasting impact on American highways, and so will be 

discussed briefly before turning to the interest in 

long-distance highway systems. 

State highway financing up to the the early 1920s 

was largely based on property taxes (supplying up to 75% 

of needed revenues), but in 1919 several states, 

including New Mexico, introduced gasoline taxes 

(initially a penny a gallon) (Rose, 1990). This quickly 

proved popular, as by 1929 every state had gas taxes and 

21 had dropped the use of property taxes to fund road 

construction (Rose, 1990). This method was used as well 

by the federal government, beginning in 1932, and 

remains the basis for highway funding (Rose, 1990). 

Federal aid to states for road construction was 

enabled in 1916 with the passage of the Federal Aid Road 

Act (Vance, 1990). This allowed the federal government 

to provide funds to states for road improvements, 

provided that each state possessed a state highway 

department, thereby hastening the creation of such 

departments in the few states, including Texas, which 

did not already have such a department. The 1916 

federal aid act allowed states considerable freedom in 

using this aid, but in 1921 a second federal aid act was 
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passed, creating the 7% system (Vance, 1990). This 

program restricted federal aid to 7% of the improved 

rural highway mileage in each state, but allowed up to 

50% of the cost of improving these routes to be assumed 

by the federal government. To provide additional 

funding for secondary routes in state highway systems, 

the 7% system was extended by the Federal Aid Secondary 

System, created in 1936 (Vance, 1990). 

Despite these federal aid programs and the efforts 

of state highway departments, much of the resulting road 

work was not oriented towards new mileage but improving 

existing mileage (Table 4.3). Total road mileage in the 

nation actually increased by only a relatively small 

amount between 1921 and 1965. However, the increase in 

improved mileage is very large, though not making up 

half of the total mileage until 1945, and with 

unimproved roads still accounting for almost a million 

miles as late as 1965. 

TABLE 4.3 

Highway Mileage, 1921-65 (in thousands) 

Year Improved Unimproved Total 

1921 447 2,713 3,160 

1925 626 2,620 3,246 

1930 854 2,405 3,259 

1935 1,255 2,055 3,310 

1940 1,557 1,730 3,287 

1945 1,721 1,598 3,319 

1950 1,939 1,374 3,313 

1955 2,273 1,145 3,418 

1960 2,557 989 3,546 

1965 2,776 914 3,690 

Source s Rae (1971), Table 4.3, page 68. 
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Despite the considerable efforts of the federal 

government in promoting road improvements, little was 

initially accomplished towards creating a truly national 

highway system. State highway systems were largely 

local in nature and did not provide reasonable 

connections over long distances. Initially, given the 

nature of auto travel, this was not a great problem, but 

as auto travel increased the need for functional 

distinction of highways increased. This functional 

differentiation of routes is based on the fact that 

there exist different categories of routes, each with 

distinct traffic characteristics. Rae (1971) suggests 

three basic categories of roads: those whose primary 

function is to provide access to property, those for 

local traffic, and long distance roads. In early years, 

when all vehicles were equally slow, there existed 

little need for functional differentiation of routes. 

However, as vehicle technology improved,the uses to 

which these vehicles were put proliferated, and road 

construction techniques increasingly allowed the full 

expression of these improvements, a range of vehicle 

speeds became the norm. 

The natural result of such changes would be a 

hierarchical routes system, with different types of 

routes designed for certain traffic characteristics 

(Rae, 1971). Despite the seeming necessity of this 

observation, most roads in the first half of the 20th 

century continued to serve mixed traffic, with arterial 

traffic in particular forced to coexist with local 

traffic. The development of more specialized, longer 

distance routes, though beginning before the First World 

War, did not result in construction at the national 
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level until the 1950s. This process will be described 

in the next section. 

Lona-Distance Highways 

World War I provided an indication of the 

increasing importance of highways to the nation, and 

allowed a justification for the promotion of a national 

system in national defense (Jakle, 1985). Despite this 

the creation of long-distance highways was not a result 

of state or even of federal action, but was actually 

undertaken by private organizations. The first of these 

was the Lincoln Highway Association, which created in 

1913 (on paper), a trans-continental highway made up of 

various sections of existing state and local roads 

running from New York to San Francisco (Vance, 1990). 

At least several dozen other private highway 

associations were soon formed and also began to 

designate long distance highways out of existing local 

routes, but, unlike the Lincoln Highway Association, 

these groups put little or no effort into actual road 

improvements (Vance, 1990). Many of these groups in 

fact often existed only to serve local roadside 

interests, with a high degree of route duplication and 

sharing by competing routes the confusing result (Jakle, 

1985). Not surprisingly, the proliferation of these 

competing long distance named routes did relatively 

little to reduce the confusion and uncertainty in long 

distance auto travel they were supposed to alleviate 

(Preston, 1991). The modern numbered system of U.S 

routes was created to replace these designations in 1926 

(Preston, 1991). Although facilitating long-distance 

travel by designating continuous routes over long 
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distances, this numbering system was not directly 

connected with any actual road improvements nor was 

designed to segregate travel types. 

The 1921 federal aid act was the first of the 

federal actions to take into account the varying 

functions of routes by recognizing the need to provide 

arterial routes (Rae, 1971). Despite this, federal 

action remained oriented towards improving large amounts 

of rural road mileage rather than upgrading roads to 

trunk routes (Rae, 1971). One reason federal road 

policy was not always consistent or helpful was because 

it was an easy victim of politics. 

During the 1930s, President Franklin D, 
Roosevelt and his cohorts thought principally of 
highway building as part of a package aimed at 
relieving unemployment. The net result, up to the 
onset of war with the Axis, was the creation at 
each level of government of a series of complex, 
ambivalent, and inconsistent road programs, all of 
which together fostered construction of limited and 
often substandard highway mileage (Rose, 1990, 2). 

Though the basic route system surviving to the 

present was created by the late 1920s in most of the 

country, problems of long-distance travel still existed. 

Plans for improving major routes with an emphasis on 

long distance travel were put forth throughout the 1930s 

and 1940s but little was accomplished because of ongoing 

debates about the morphology and financing of such a 

highway system. World War II had a great impact on 

roads, as most construction and repair work ceased for 

the duration. This neglect created a huge backlog of 

necessary roadwork, made worse by constantly increasing, 

record setting auto travel after the war, which had the 

side effect of requiring immediate improvements and 
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putting off any completely new highway programs. By the 

mid-1950s these issues had been resolved in favor of a 

national system of four lane, grade-separated, divided 

highways which would be supported not by tolls but 

instead would be free to users. This system was 

initiated by the Interstate Highway Act of 1956 (Vance, 

1990). 

However, during the decades before the Interstate 

system was enacted, many states began their own limited-

access toll highway systems, which "filled a gap in the 

development of American highways at a time when express 

highways were urgently needed to handle the growing 

volume of traffic in heavily traveled regions" (Rae, 

1971, 182). The peak year for the construction of these 

roads was actually 1954, just two years before the 

Interstate system was created (Seely, 1987). Many of 

these toll systems, providing valuable design experience 

for the Interstate Highways, were later incorporated 

into the Interstate System (Rae, 1971). 

Because the Interstate Highway System represents 

such a great change with earlier federally assisted 

highway systems, and has become an important feature of 

American transportation, this system will be discussed 

separately in the next section. 

The Interstate Highway System 

The Interstate Highway System is undoubtedly "a 

tremendous accomplishment: the largest public works 

program ever by anybody, a marvel of engineering and 

construction, and a fully-knit network that efficiently 

connects all significant production, management, and 

living centers of the United States" (Grava, 1992, 504). 
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The reasons for the existence of this specialized 

highway system can perhaps best be summarized as 

providing "a transcontinental system of highways 

connecting major centers of population on the shortest, 

most direct, and economical lines" (Arizona Academy, 

1967?, 36). 

The origins of the basic transportation problem the 

Interstate system was created to handle lies in the 

preceding discussion of lack of route specialization, 

and has been usefully summarized in a federal government 

report from 1944: 

The Construction of roads begun, years of 
promiscuous roadbuilding followed. Finally the 
builders awakened to the hopelessness of ever 
joining the thousands of disconnected little pieces 
or roads those years had produced. They began to 
realize the need for systematically classifying the 
vast road network and giving preferential order to 
the improvement of the portion of greatest use 
potential (Interregional Highways, 1944, 1). 

Unlike earlier highway systems, the goal of 

connecting urban areas was central to the objectives of 

long-distance highway systems, marking the culmination 

of a gradual shift in federal highway policy from farm-

to-market roads to providing an inter-city network that 

had begun around World War 1 (Seely, 1987). A 1944 

federal report, recommending a system of 33,920 miles in 

length, noted that all cities of 300,000 or more 

population were connected by the proposed system, along 

with 82 of the 107 cities of 50,000-100,000, 121 of 213 

cities between 25,000-50,000, and 295 of 665 cities 

between 10,000-25,000 population (Interregional 

Highways, 1944). A 1949 report, restating and updating 

the basic objectives of the 1944 report, designated a 

highway system serving all cities of 250,000 or more, 49 
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of 55 cities of 100,000-250,000, 69 of 107 cities of 

50,000-100,000, and 2,538 other cities and towns 

(Highway Needs, 1949). 

The urban orientation of the proposed interregional 

highway systems was justified by findings that 90% of 

traffic over main highways had either an origin or 

destination, or both, in cities, particularly those of 

10,000 or larger populations (Interregional Highways, 

1944). Traffic levels were observed to decrease rapidly 

with distance away from these cities. Despite the 

importance given to interregional highways, the 

importance of trans-continental traffic was minimal as 

late as 1939. According to a federal report issued in 

that year to determine the feasibility of a national 

system of toll roads, 

Facts developed by the highway planning 
surveys definitely and conclusively show that there 
is no fully transcontinental traffic, none even of 
semi-continental range, that could be accumulated 
in sufficient amount on any one of several highways 
traversing the breadth of the country, either to 
justify the construction, or to any considerable 
extent determine the character or location of such 
a highway or highways (Toll Roads, 1939, 5). 

An additional, related objective of these plans has 

been to maximize traffic volumes by keeping mileages 

low, while maintaining a balance between directness of 

travel between large cities and benefiting as many 

people as possible. Using this criteria, the 1944 

report recommended a system of 33,920 miles, which was 

raised to 37,800 miles in the 1949 report. In both 

reports speeds of 75 mph were recommended for rural 

stretches, although existing highways were rarely 
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adequate for such speeds as late as 1949 (Highway Needs, 

1949). 

The debate over road morphology and financing of 

these highway plans has been well described in Vance 

(1990). The highway plan eventually adopted, although 

using 

the existing 37,800 mile designated interstate 
highway system...[as a] base on which this new 
network was to be formed [this would be] in a 
geographical...not morphological sense. New 
alignments were called for wherever practicable, 
grade separation was to be absolute, four-lane 
divided pavements were standard (except where 
widened to handle greatly concentrated metropolitan 
traffic), and access was to be sharply limited 
(Vance, 1990, 525). 

Additionally, the original Interstate mileage has been 

increased on several occasions, and this, combined with 

financing problems, has led to the original completion 

date of 1969 being missed by more than two decades 

(Seely, 1987). At present, the Interstate Highway 

System is still under construction, with a short section 

of 1-70 in Colorado still uncompleted in early 1994. 

In general, most of the construction of the 

Interstate System was largely complete by the mid-1970s, 

at which time 37,125 miles were open to traffic out of a 

then total 42,500 miles to be built (Factual Review, 

1976). The remaining uncompleted mileage was largely 

scattered about the western half of the country in very 

short sections. 

The construction of the Interstate Highway system 

appears to have taken a different pattern between the 

eastern and western parts of the country. While the 

assertion that "generally, most metropolitan areas in 

the United States have at least two direct highway links 
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with their larger neighbors, one a freeway and the other 

an ordinary highway" (Lowe and Moryadas, 1975) may hold 

true, this is not necessarily the case in the western 

part of the country, where the Interstates were usually 

built on top of the older state highways. About 30 

percent of the Interstate Highway System does in fact 

lie over older highways (Hindley, 1971), which does not 

entirely contradict assertions that the Interstate 

system is an entirely new network, but does point out 

the importance of paying close attention to the relation 

of this system with earlier networks. 

The Development of Highway Surfaces 

The concept of improved or surfaced roads have 

varied greatly. Until the 1890s the standard of 

improved roads was a macadamized surface, as developed 

originally in the early 19th century by John MacAdam 

(Kirby, et al,1956). This surface consisted of a layer 

of crushed stone laid about 8 inches thick over a dirt 

roadbed. The crushed stone was tightly packed so as to 

be waterproof, and the road was given a crown to 

encourage runoff, both of which ensured that the roadbed 

would remain dry, and the road itself would therefore 

remain stable and firm. 

Though cities tended to have improved or paved main 

streets by the time of World War I (Vance, 1990), in 

rural areas "so called 'improved roads' were almost 

certainly drained, ditched, and graded. Usually, some 

attempt was made to stabilize dirt surfaces with a 

paving material such as gravel, sometimes spread and 

packed with oil to produce a macadamized surface" 

(Jakle, 1985, 130). "Despite the road-building 
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activities of state and provincial highway departments, 

dirt roads were the typical highways of North America 

until the 1930s" (Jakle, 1985). These dirt roads were 

responsible for poor traveling conditions by the 

existence of three main problems: mud, dust, and 

roughness (Moline, 1971). Overcoming these problems 

occupied much.time and energy by roadbuilders. Not 

surprisingly, 

At this period in the historical geography of 
American transportation, interest in roads lay 
mainly in securing economical and enduring 
surfaces. The location of the roads came from an 
earlier time...[and] the first phase of the Good 
Roads Movement was specifically and narrowly that 
of creating artificial roads where before there had 
only been 'natural' ones, but leaving the geography 
alone (Vance, 1990, 495). 

Hard surface pavements were introduced on rural 

highways around World War I, a move which has been seen 

as a necessary precondition for the widespread use of 

autos (Grubler, 1990), although not until 1945 did the 

mileage of improved roads (a very loose term) exceed 

that of unimproved roads in the United States (Jakle, 

1985). In the early years of hard surfaced roads, "The 

overriding concern became that of connecting as many 

places as possible with paved roads, an objective that 

guided American road building until quite recently. 

This first phase might, in fact, be termed one of 

maximum extension of the most basic pavement, with 

little notion that there would be specializations in 

roads" (Vance, 1990, 498). 

"Although brick was popular immediately before and 

after World War I [mainly in Ohio], Portland cement 

became the principal paving material in the 1930s" 
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(Jakle, 1985, 130). Increasing traffic and vehicle 

weights were hard on existing surfaces, requiring 

constant adaption and improvement to road surfaces. 

Until the use of pneumatic tires on automobiles, traffic 

over a macadamized surface actually helped smooth the 

road and press the surface, thereby actually improving 

the surface (Kirby, et al., 1956). However, pneumatic 

tires created a suction which not only produced serious 

dust problems but also destroyed the crushed stone 

surface of macadamized roads. A solution to this 

problem developed in the early 20th century was the 

bituminous macadimized surface, created by pouring hot 

tar or oil over a macadimized surface to keep the 

surface tightly bound. This quickly developed into a 

pure asphalt surface, with tar pre-mixed with sand or 

gravel and applied to the roadbed. Asphalt was in 

moderate use by the 1920s, paving 9,700 miles of road in 

1924, but quickly became more popular, and has since 

become a dominant paving surface throughout the nation 

(Jakle, 1985). 

Conclusions 

Returning again to the concept of transportation 

layers, it can be seen that highways can also be 

integrated into this concept. As mentioned in Chapter 

1, the development of American highway systems can, at 

its simplest, be divided into two basic categories: the 

Interstate Highway System and everything else (as in 

Grava, 1992). This is not very satisfactory, as it 

ignores later non-Interstate construction as well as 

earlier limited access highways, and ignores the slow 

development of the Interstate Highway System. Grubler 
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(1990) has shown that the construction of American 

highways closely approximates a logistic growth curve, 

with slow increases in mileage followed by greatly 

increasing construction, and more recently a slowdown in 

further construction. Using this procedure, the 1985 

surfaced road mileage of the U.S. can be estimated to be 

93% of the eventual total road mileage, although the 

increase in the number of autos in the country is likely 

to continue for some time (Grubler, 1990). 

A more detailed categorization of highway 

development has been developed by Vance (1990). Going 

beyond mileage increases or morphology, he has 

identified five phases of highway development (Table 

4.4). The first phase corresponds to early promotional 

efforts and the beginnings of state and federal aid up 

to about 1920, as described above. The second phase ran 

from about 1920 to the late 1920s, and is principally 

related to selecting and providing modest improvements 

to routes within the Federal Aid system. It is within 

this period that the route numbering system was adopted, 

and attempts began to be made to direct road improvement 

efforts at a national highway network. Despite these 

efforts, the result was "a rather undifferentiated 

system of dominantly rural roads numbered as highways of 

national interest but still mainly of utility in local 

transportation. City streets and arteries were 

specifically excluded from federal funding- even from 

state funding in many states- so a clear distinction was 

established in funding source and, it turned out, in 

highway morphology" (Vance, 1990, 510). 

It was in the 1920s that interest began to grow in 

reducing emerging problems of congestion and slow travel 

speeds within cities. This led to construction of four-

lane highways and early attempts at grade-separated, 
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divided access highways, particularly in the urban 

northeast U.S. (Vance, 1990). In Vance's third phase 

(late 1920s-late 1930s) these attempts were continued, 

TABLE 4.4 

Summary of Vance's Five Stages 

of U.S. Highway Development 

First: Early Efforts (end of 19th century to 1920). 

Early promotional efforts, states beginning to get 

started on road systems, federal government gets 

involved 

Second: Improvements and Creation of National 

System (1920-late 1920s). Early national system 

created, routes improved. 

Third: Beginning of Limited-Access Highways and 

Functional Differentiation (late 1920s-late 1930s). 

Largely an urban phenomenon, little inter-regional 

highway construction due to financing issues (especially 

arguments over free or toll status of such roads. 

Fourth: Planning for National Limited Access System 

(1939-late 1940s). Very little action taken, but 

arguments for toll roads finally eliminated. 

Fifth: Interstate Highway System (early 1950s-

present). Planning and construction of the Interstate 

System, continuing to the present. 

Source: Vance, 1990 

with the difficult question of right-of-way access for 

property owners adjacent to public highways settled in 

favor of highway construction, and full limited access 
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highways were made possible. This allowed the concept of 

limited access highways to be extended to rural areas, 

though there was yet little agreement about the 

necessity of this. 

The fourth phase (1939-late 1940s) was 

characterized by attempts at constructing long-distance, 

limited access highways between major cities, and by an 

inability to make any progress on these attempts. This 

was largely a result of conflict between proponents of 

free roads and those of toll roads. The former used 

economic arguments to show that a national toll road 

system was not viable, as in only few areas of the 

nation would traffic warrant toll roads, while the 

latter used questions of funding to continue the 

popularity of self-financing roads. Following a 1939 

government report, the issue was well settled in favor 

of free roads, but action was not possible because of 

the second World War. 

The fifth, and so far final American highway 

development phase, began in the early 1950s with a 

resumption of serious efforts at constructing a national 

highway system. These efforts were finally successful, 

as in 1956 the Interstate Highway System was created, 

initially to consist of 37,800 miles of four lane, 

limited access highway providing reasonably direct 

connections between major cities. The mileage has been 

extended several times, currently approaching about 

44,000 miles. 

Though providing a useful summary of national 

highway development, clearly not all of these phases are 

applicable to all parts of the nation, and their effect 

on infrastructural layers is not necessarily that great. 

From the perspective of distinct layers, it is the 

second and fifth layers that would be the most distinct, 
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except in states with a major investment in toll roads, 

in which case the fourth phase would also be of 

importance. Nonetheless, these five phases can be said 

to underlay much of the physical manifestation of 

distinct infrastructural layers of highways, and the 

varied application of highway policies in different 

areas by state governments are likely to provide the 

main differentiation of highway layers. 

Application of these phases and the idea of layers 

to the Southwest will be discussed in the next chapter, 

which will discuss the development of Southwestern 

highway systems within the national framework described 

in this chapter. 
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CHAPTER 5 

SOUTHWESTERN HIGHWAY DEVELOPMENT, 1920-90 

In this chapter the development of Southwestern 

highway systems will be covered in detail. Although the 

Southwestern states were part of the general trends and 

patterns of national highway construction discussed in 

the previous chapter, several differences exist. The 

most important is that the Southwest lagged some years 

behind the most other states in these trends, explained 

by Vance (1986) as a result of largely rural 

populations. Therefore, while it can be asserted that 

the basic American highway network (except the 

Interstate System) was essentially complete by 1920 

(Hugill, 1982), in the Southwest this basic network was 

not completed until probably the 1930s or early 1940s. 

The development of state highway networks in this 

area may be thought of as paralleling that of other 

states, with roads "first radiating out from urban 

centers, then connecting adjacent cities, expanding into 

regional systems, gradually linking adjacent regions, 

and ultimately forming a complete interregional network 

of relatively uniform quality" (Meinig, 1972, 175). 

Regarding the place of the Southwestern transport system 

within the national network, it must be said that "Much 

of the traffic moving along all of these various routes 

has of course always been simply an expression of the 

particular location of the Southwest within the nation, 

and the railroads and highways and air lanes have 

functioned more as segments of a national system than as 

parts of a discrete regional network" (Meinig, 1971, 

8 1 ) .  

Given the uneven availability of data and other 

considerations, the development of early highway systems 
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(1920-50) in the Southwest will be reviewed separately 

for Arizona and New Mexico. This will allow more 

careful discussion of each state's progress, and can be 

justified by the expected parochial nature of early 

networks. Despite some later differences between state 

highway construction, the development of later highways 

and the Interstate Highway System will be reviewed using 

the Southwest as a whole. After 1950 most state 

differences can be expected to be minimized, and the 

regional highway system should be more consistent and 

uniform throughout the Southwest. 

Relation of Auto Roads to Earlier Routes 

Referring to the similarities between the emerging 

highway systems of the Southwest and the preceding 

railroad networks, Best (1959) asserts that "the highway 

route pattern of the Southwest is similar in many 

respects to the basic rail pattern....[but] contrary to 

railroad developments, however, highways generally ran 

from town to town along the shortest route with little 

concern for grades" (Best, 1959, 67). Although many 

highways and railroads are somewhat parallel, or were 

before the rails were removed, generalizations regarding 

the importance or degree of this parallelism are 

difficult. To a large degree the exact reasons for the 

location of routes are not recorded or otherwise 

forgotten, and any route parallelism is more likely a 

result of a stable settlement pattern rather than the 

natural inevitability of certain routes. 

Regardless of the reasons or degree of parallel 

routes, there existed great differences in the routeway 

not only between railroads and auto roads, but also 
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between auto roads and wagon roads. Perhaps the 

greatest difference between earlier wagon routes and the 

auto roads was the improved condition of the latter. 

While little work was ever done on wagon roads, or 

considered necessary, much effort (but much of it very 

ineffective) was put into improving auto roads. It is 

this aspect, perhaps more than any minor changes in 

locations, that most clearly differentiated these two 

sets of routes. 

Early Highway Conditions 

Though not visible on maps, one of the most 

important improvement activities of early highway 

departments was undoubtedly the construction of bridges 

and culverts. Although many of the streams and rivers 

crossed in the Southwest were of course dry for much of 

the year, they could nonetheless be difficult to cross 

because of deep sand and steep banks. When water was 

flowing, these watercourses could be completely 

impassable for long periods. 

A particularly important highway bridge in the 

early years was that over the Colorado River at Yuma, 

completed in 1914. This bridge was the first auto 

bridge over the Colorado river between Arizona and 

California (and the first anywhere along the Colorado 

river in Arizona, although ferry services were operated 

at two locations) (Kendall, 1978). Though this bridge 

was built largely through public initiative (with 

assistance from the state of California), the importance 

of bridges in early years can be seen by the great 

emphasis given their construction in early state highway 

department reports, often in advance of any reasonably 

improved roads in the vicinity. One such bridge, also of 

great importance to regional travel, was the Lee's Ferry 
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(later Grand Canyon or Navajo) bridge over the Colorado 

River just upstream of the Grand Canyon (Measeles, 

1981). Completed in 1929 by the Arizona highway 

department, this bridge allowed the discontinuation of 

the river ferry previously operated for auto traffic and 

greatly eased the difficulty of interaction between 

Arizona and Utah. Many of these early bridges represent 

the first application of concrete to Southwestern 

highways, leading to comments by travelers that bridges 

were often the best parts of the road (Kitt, 1970)! 

Road conditions and driving in the early years 

varied greatly and unpredictably, to the disadvantage of 

any motorists. One account of an early auto trip in 

1914 in Arizona continually emphasizes the unpredictable 

but generally poor road conditions (Kitt, 1970). Sand 

and steep grades were particularly prominent hazards, 

although mechanical problems, especially flat tires, 

were a constant concern. These early travellers camped 

out along roadsides, often a necessity as where they 

would be at nightfall was uncertain at best. One 18-

mile stretch through the mountains north of Phoenix took 

a full day to overcome, and driving (uphill) between 

Wickenburg and Prescott took three days. Nonetheless, 

this sort of adventuring was popular, and auto traffic, 

at least along major highways, was fairly common and 

consistent as early as 1914 (Kitt, 1970). 

Earlv Highway Developments 

As the creation and early development of state 

highway systems is likely to be parochial and differ 

greatly between states, the early highway systems of 

Arizona and New Mexico will be discussed separately to 
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1950, while the entire Southwestern system will be 

discussed as one unit after that period. This division 

is supported by the observation that "Not until the 

early 1930's did the main strands of a larger network 

actually emerge in function in this region, but 

thereafter highway development was so rapidly 

accelerated that by 1940 paved or well-gravelled roads 

touched every important district, and a heavy 

interregional and even transcontinental traffic was 

being carried along these latest versions of the old 

pathways across the Southwest" (Meinig, 1971, 79). 

Following this discussion of early years, the Southwest 

will be treated as a single unit (though state policies 

or developments may of course still differ). 

Early Highways in Arizona 

Fortunately, the development of the Arizona state 

highway system has been well chronicled by a series of 

highway department reports, and comparatively much is 

known about early highway construction policies in this 

state. Although the first auto arrived in Arizona in 

1899, the need for improved roads did not become strong 

enough to force the creation of a highway department 

until 1909. Though restricted initially to wealthier 

urbanites the use of autos quickly spread, as did their 

use outside of cities and towns, and over 1800 autos 

were registered by the coming of statehood in 1912 

(Peterson, 1974). 

By 1912, "a tentative State Highway system had been 

adopted, consisting of a road from Yuma to Clifton and 

one from Douglas to the Grand Canon. The routes 

selected had become fixed to a certain extent by the 

construction of several units of their length and, 

though not meeting with entire approval, they had also 
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become fixed in the public mind as the State Highways" 

(Report of the State Engineer, 1914, 5). It was thought 

best by the first state highway engineer to change these 

routes as little as possible to avoid setting a 

precedent for route changes, thus potentially "resulting 

in state highways 'that would start nowhere and end 

nowhere', thus defeating one object of the State Road 

appropriation- a State system of roads composed of 

coordinating county units connecting every county seat 

in the state" (Report of the State Engineer, 1914, 5). 

This highway system as designated in 1914 consisted 

of "approximately 1500 miles of roads connecting all the 

county seats and nearly all the principal towns within 

the state" (Report of the State Engineer, 1914, 5). 

Routes with the highest traffic levels and poorest 

conditions would be given the highest priority for 

improvements, though at this time few improvements other 

than grading of a few routes had been completed. 

The growth and improvement of the Arizona highway 

system can be seen in Table 5.1. As can be seen, the 

surfaced (actually improved) mileage represented well 

over half the total mileage in 1925, while by 1975 (the 

last year surfaced mileage is available), surfaced 

mileage consisted of all but a handful of the total 

state highway mileage. The growth of mileage is fairly 

steady, and this pattern is reflected in the steady, but 

slightly faster, rise in surfaced mileage. Reference to 

the actual spatial distribution of this mileage allows 

for more detailed observations. 

The spatial pattern of roads and their improvement 

can be seen in Figure 5.2 (Figure 5.1 provides an index 

to the places shown on the route maps). While full 

explanation of the data sources and map construction 

will be given in the next chapter, several points should 



8 7  

be made before proceeding to a discussion of map 

patterns. First, only three road surfaces were used in 

the construction of these maps: unimproved dirt, gravel, 

and pavement (Interstate Highways constitute a fourth 

road surface, but as these routes were easy to identify 

and their speeds easy to estimate, they therefore do not 

warrant the lengthy considereation given the other 

surfaces. See Chapter 6 for a full discussion of these 

and other terms, and for discussion of the selection of 

towns and cities shown on the maps.). However, for the 

first period for which road data were obtained (1920), 

surfacing data were not obtainable for all routes. 

Given the prevailing standard of road conditions at this 

time in the Southwest, it was decided to assign gravel 

surfaces to those routes with unknown surfaces. While 

this scheme is somewhat arbitrary, it appears to fit 

well with the prevailing road conditions at the time. 

The Arizona state highway system in 1920 was very 

sparse, connecting only the larger towns. Paved roads 

existed only near Phoenix and between Bisbee and 

Douglas. The policy of keeping mileage to a minimum 

appears to be well accepted, though at the cost of 

eliminating a number of towns from routes (it was 

intended that county roads would serve as feeders to 

smaller towns). Connections with other states were 

limited, with three to New Mexico, two to California, 

and two to Mexico. The canyonlands in the northern 

parts of Arizona and New Mexico still served as barriers 

to transport at this time. 

By 1930 this network pattern had been considerably 

expanded and improved. Additional routes linking 

Arizona with adjacent states were constructed, and a 

fair number of improvements had taken place on major 

routes. Nonetheless, dirt roads could still be found on 
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some routes, and interconnection within the state was in 

some places a bit limited. 

TABLE 5.1 

State Highway Mileage in Arizona, 1925-90 

Year Surfaced* Total 

1925 1452 2014 

1930 1864 2633 

1935 2475 3068 

1940 3014 3644 

1945 3209 3820 

1950 3564 3933 

1955 3984 4225 

1960 4655 4833 

1965 5130 5255 

1970 5688 5746 

1975 5998 6016 

1980 N.A. 6103 

1985 N.A. 6413 

1990 N.A. 6136 

Note: Surfaced mileage not available for 1980-90. 

Sources: Highway Statistics: Summary to 1985, 

Highway Statistics, 1980. 1985, 1990. 

* Surfaced category includes gravel and paved 

surfaces, therefore representing all improved roads 

according to usage here. 

This route pattern had been greatly altered by 

1940, at which time almost all major routes were 

completely paved and considerable mileage had been 

added. The construction of additional routes was 

oriented toward rural areas and providing shortcuts. 

With the addition of new routes, all of the incorporated 



8 9  

cities used in this study were connected by state 

highways. One new route of particular significance was 

that running from Benson to Willcox and then on to a 

connection with the New Mexico highway system near 

Lordsburg. This route ended the necessity of a long 

detour to the south along the older U.S.80, and the 

eventual importance of this route was shown by its later 

reconstruction as 1-10 (the importance of traffic on 

route improvements will be discussed in Chapter 8). The 

completion of Hoover Dam allowed a route to Las Vegas, 

Nevada, while the increasing importance of tourism is 

shown by the establishment of state highways to the 

Grand Canyon. 

The main changes between 1940 and 1950 were largely 

in road surfacing, as most of the remaining unpaved 

sections were paved. The remaining gravel roads in 1950 

were largely those of lesser importance. 

Before discussing developments in Arizona after 

1950, the early development of the New Mexico highway 

system will now be discussed. 

Early Highways in New Mexico 

Organized state highway construction in New Mexico 

also began in 1909 with the creation of the Territorial 

Highway Commission, though minor sporadic attempts had 

preceded this date {Third Report of State Highway 

Engineer of New Mexico, 1918). Although the policies 

and plans of this department have not been recorded in 

easily available sources, some idea of intentions may be 

gleaned from the construction and improvement work 

undertaken by this department. 

As in Arizona, the 1920 New Mexico highway system 

was very limited in extent and uniformly dirt or gravel 

construction. Internal connections were surprisingly 
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FIGURE 5.1 - Continued 

City Index to Figure 5.1 

1. Needles 30. Deming 
2. Blythe 31. Columbus 
3. Yuma 32. Las Cruces 
4. Williams 33. El Paso 
5. Flagstaff 34. Alamagordo 
6. Jerome 35. Tularosa 
7. Prescott 36. Carizozo 
8. Wickenburg 37. Truth or Consequences 
9. Phoenix 38. Socorro 
10. Casa Grande 39. Magdalana 
11. Florence 40. Belen 
12. Miami 41. Mountainair 
13. Globe 42. Estancia 
14. Winslow 43. Albuquerque 
15. Holbrook 44. Santa Fe 
16. Gallup 45. Farmington 
17. Clifton 46. Aztec 
18. Pima 47. Cimarron 
19. Thatcher 48. Raton 
20. Safford 49. Maxwell 
21. Willcox 50. Springer 
22. Winkelman 51. Wagon Mound 
23. Tucson 52. Roy 
24. Nogales 53. Tucumcari 
25. Tombstone 54. Clovis 
26. Bisbee 55. Melrose 
27. Douglas 56. Ft. Sumner 
28. Lordsburg 57. Vaughn 
29. Silver City 58. Santa Rosa 

59. Las Vegas 
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limited, while external connections were at a similar 

level. 

The much greater extent of the New Mexico state 

highway system in 1925 than that of Arizona is largely a 

result of the vast secondary highway mileage in New 

Mexico. The magnitude of this secondary mileage is 

shown by the relatively small amount of surfaced 

mileage, which is actually very similar to the surfaced 

mileage of Arizona at that time. Interestingly, the 

total state mileage in New Mexico increased very little 

between 1925 to 1990, though still far above Arizona's 

total mileage at the end of that time. The amount of 

surfaced mileage did however increase greatly, 

approaching quite closely the 1975 total mileage. It 

would appear that the road improvement efforts of New 

Mexico have been equal to the challenge of the vast 

state highway mileage, though even in 1990 many lesser 

rural roads remained unpaved. 

The route pattern of New Mexico state highways was 

reconstructed by the same procedure used for Arizona, 

although only primary routes were used. Because the 

differentiation of primary and secondary highways was 

not possible before 1930 when using what few state 

highway maps were available, primary routes for 1920 

were selected for inclusion based on federal aid highway 

maps for the years 1923 and 1926. While these maps 

without doubt depicted very important highways, there 

may of course have been additional routes of importance 

not receiving federal aid at these times. Also, routes 

in use in 1920 are not necessarily the same as those in 

1923. However, due to the lack of other data and the 

fairly great extent of the federal aid system for these 

years, this system alone was used as the criteria for 
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inclusion of routes as primary in New Mexico before 

1930. 

Identifying road surfaces before 1930 was also a 

problem, and the methods used for Arizona were repeated. 

Route conditions were obtained where possible from state 

highway maps, otherwise arbitrary conditions were 

assigned as for Arizona. 

TABLE 5.2 

State Highway Mileage in New Mexico, 1925-90 

Year Surfaced* Total 

1925 1,616 9,160 

1930 2,671 9,334 

1935 3,723 10,248 

1940 5,622 9,276 

1945 6,979 9,542 

1950 7,820 10,550 

1955 8,797 11,407 

1960 10,039 11,918 

1965 10,542 12,193 

1970 11,223 12,586 

1975 11,581 12,750 

1980 N.A. 11,811 

1985 N.A. 12,416 

1990 N.A. 11,914 

Note: Surfaced mileage not available for 1980-90. 

Sources: Highway Statistics: Summary to 1985, 

Highway Statistics, 1980. 1985, 1990. 

* Surfaced category includes gravel and paved 

surfaces, therefore representing all improved roads 

according to usage here. 
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It is important to note that the primary highway 

route system is roughly comparable to that of Arizona in 

length and connectivity, and remains so over time. The 

vast secondary highway mileage, not shown here, serves 

mainly as rural routes and farm-to-market roads, and 

although it provides a great deal of network 

interconnection, it is unlikely to be of any importance 

for any but very local travel for rural residents. The 

importance of the secondary route system in New Mexico 

is probably linked with the amount and political 

importance of the rural population in New Mexico (this 

topic was not pursued further, but remains of interest). 

By contrast, the vast majority of Arizona's state 

highways have been classed as primary, relying on county 

roads to provide more local service. Though the 

classifications of primary and secondary routes used 

here are that of the state highway departments, given 

the similar extent of primary highways it can be assumed 

that both states share a similar definition of primary 

and secondary. 

The 1920 New Mexico highway system was surfaced 

almost entirely with dirt or gravel, with a fairly 

limited network providing connections between larger 

cities. These connections are not always particularly 

direct, especially compared to the more efficient 

connectivity in Arizona. However, much of this lack of 

direct connection must be due to the use of federal aid 

routes, which may exclude some routes of importance 

providing more direct connections. The cases of 

Carizozo, Tularosa, and Alamagordo are particularly 

distinct, connected to the rest of the network only 

through the Pecos Valley (lying outside the study area 

and therefore not shown). Similarly, in the northwest 

corner of New Mexico, the neighboring towns of Aztec and 
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Farmington are connected only through a route passing 

through Colorado. This undoubtedly reflects the 

orientation of these communities, and the importance of 

their rail connections with Colorado. These towns were 

likely more a functional part of southern Colorado than 

of New Mexico at this time. 

Interstate connections are modest at this time, 

though most of the major future connections are already 

in place. The status of the future U.S.66/1-40 is of 

interest, as this road west of Gallup to the state line 

is not yet connected with a state highway in Arizona. 

This would be quickly remedied by the Arizona highway 

department, ending the brief importance of the older 

highway to the south. Even within New Mexico, U.S.66/1-

40 shows little of its future route. As for Arizona, 

due to the nature of the data, much of the road 

conditions must be estimated, but gravel surfaces 

nonetheless appear to predominate over dirt. 

By 1930 great changes had taken place both to the 

route pattern as well as in the provision of 

improvements. The extent of the network had expanded 

greatly, with a much higher level of connectivity 

throughout the state (again, this may reflect the use of 

federal aid routes at earlier periods). Important route 

additions include El Paso-Tucumcari, Gallup-Farmington, 

and several interstate connections. Paved roads are 

prominent around Albuquerque and along the southern 

east-west trunkline, while lesser portions are scattered 

throughout the state, but largely on important through 

highways. With only one exception (Socorro-

Mountainair), all non-paved primary highways are gravel 

surfaced. Although lagging in pavement behind Arizona, 

the roads of New Mexico show a more uniform level of 
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improvement, with only one minor segment of dirt roads 

remaining. 

The 1940 route pattern shows differences from that 

of 1930 largely because of the great increases in paved 

mileage. Relatively few new links have been added, 

though those that have, such as the completion of U.S.66 

and the Aztec-Albuquerque road are of some importance 

(the completion of the Benson-Willcox-Lordsburg road was 

mentioned in the Arizona section). 

The increase in paved mileage is impressive, as all 

of the major through routes were now completely paved, 

along with major segments of other roads. This 

situation was largely comparable with that in Arizona, 

and the overall Southwestern highway pattern shows 

little differentiation between these states. This 

pattern in New Mexico had changed little by 1950, the 

completion of pavement on a few routes being the only 

major change from 1940. The primary highway system of 

New Mexico thus was transformed from a sparse, dirt and 

gravel system to a paved, well connected (both 

internally and externally) network within 30 years. 

This achievement was matched by Arizona, and together 

these two states constituted in 1950 a well connected, 

largely homogeneous, paved highway system, providing 

good connections with other states. 

Southwestern Highway Patterns Before 1950 

One interesting aspect of route improvement in both 

states is that older, presumably more established and 

important routes, did not always receive improvements 

before newer routes. In Arizona, the lack of a 

completely paved surface between Tucson and Florence 

before 1950 is of note not only because of the slowness 

of improvement on this old route (one of the last of the 
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original 1920 routes to be paved), but also because of 

its apparent rapid replacement by a newer route. The 

Phoenix-Casa Grande-Tucson route (largely replaced by I-

10) came into existence between 1920 and 1930, was 

already partly paved by this time, and was completely 

paved by 1940. Although some allowance must be made for 

the possibility of existing county roads becoming state 

highways, and thus seemingly springing into being 

already partially improved, this apparent route 

succession is a result of a number of factors: the 

growth of Casa Grande (compared to the relative 

stagnation of Florence), the advantages offered by this 

Phoenix-Tucson route over the longer route through 

Florence, and the completion of a new east-west 

connection west from Casa Grande, all likely contribute 

in some manner. 

As one hypothesis to be tested in this research 

relates to the urban bias of road improvements, it is 

useful to examine the map sequence for apparent evidence 

in support of this hypothesis. This urban bias may be 

suggested by the presence of improved roads around or 

between larger towns, or the more rapid improvement of 

these routes (a detailed statistical analysis will be 

performed to more fully test thus hypothesis in Chapter 

7). 

Using this criteria, the 1920 network pattern 

appears to show urban bias, as paved roads are found 

only near Phoenix, between Bisbee and Douglas, and 

between Las Cruces and El Paso. Though much less 

distinct, and difficult to assess because of data 

limitations, gravel roads may also show some urban bias 

as well (compare Williams-Flagstaff and Holbrook Winslow 

with adjacent route segments). Although the 1930 route 

pattern shows a general increase in paved mileage, roads 
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around Phoenix, Tucson, and Albuquerque tend to show 

greater improvements than others. This trend is limited 

by several long, paved segments of largely rural routes. 

By and after 1940 the increasing paved mileage of the 

network makes any observations based on simple surface 

classifications impossible (improvements based on 

traffic characteristics will be discussed in chapter 8). 

Similarly, several generalizations may be attempted 

about major east-west or other through routes. While 

almost all of the primary highways were generally part 

of the federal aid system, and therefore eligible for 

extensive federal aid, great differences in improvement 

may be noticeable according to the orientation of the 

routes, and their potential importance to long-distance 

travel (again, a more detailed analysis with actual 

route traffic will be discussed in a later chapter). 

In 1920 interstate road connections were limited, 

both between Arizona and New Mexico and between the 

Southwest and other states. Because of the lack of 

route maps of these adjacent states it is difficult to 

determine if this degree of interconnection is unusually 

low, but it would appear likely. The barrier provided 

by the Colorado River and northern canyonlands has 

already been mentioned, and this is strongly apparent in 

1920. In general, however, though little can be said 

about the degree of isolation shown by the Southwest, 

few reasonably direct east-west routes exist, only one 

north-south route exists crossing the region, and no 

route improvement based on these routes (or any other 

potential major routes) is apparent. 

By 1930 additional routes had been established 

connecting Arizona with New Mexico and both states with 

others. Although Meinig's (1971) four trunklines have 

come into existence along the routes defined, these 
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routes in general are not particularly distinct by their 

level of improvement, though certain of these major 

trunklines had been notably improved, both by the 

addition of new routes as well as by paving. Due to the 

increasing homogenization of road conditions and new 

routes it becomes difficult to assess selective 

improvement of major trunk routes after 1930. Not until 

the Interstate Highway System began to alter the 

emerging homogenization would selective improvement 

again become apparent. The development of the 

Interstate system, along with other later highway 

efforts, will be discussed in the next section. 

Later Southwestern Highway Development 

and the Interstate Highway System 

In summary of the early years of highway 

construction and improvement, by 1950 the Southwest was 

fairly well connected by a homogeneous system of two-

lane, paved highways. A degree of separation between 

New Mexico and Arizona was apparent, though largely 

reflective of the lack of settlement in the center of 

the Southwest. With the exception of northern Arizona, 

where the Grand Canyon and a lack of state and federal 

highways across the large Indian reservations created a 

scarcity of routes, the Southwest was well connected 

with neighboring states. Though gravel surfaces were 

still found on a number of highways, these were not 

primary routes, and except for eastern New Mexico, they 

tended to be found in mountainous terrain. 

Between 1950 and 1960 little change took place in 

the basic route pattern, but considerable change took 

place in road surface and morphology. Regarding the 
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former, most of the remaining segments of gravel road 

were paved. Though not shown on the map, considerable 

mileages of highway were made into four-lane, divided 

highways (mostly in Arizona), and initial construction 

of the Interstate Highways took place (but only in New 

Mexico). 

By 1970 great progress had been made on Interstate 

highways throughout the Southwest, and a proliferation 

of other highways occurred as well. This latter 

phenomenon was most noticeable in northeastern Arizona, 

where a number of routes were opened as a result of the 

state accepting responsibility for routes formerly 

administered by the Indian reservations. Several 

additional links were built in both states, allowing for 

greater interconnection. These patterns were continued 

to 1980 and 1990. Especially by 1990 the proliferation 

of rural routes, including many formerly secondary 

routes upgraded or reclassified, made for a very well 

interconnected network system. Among these routes, 

Meinig (1971, 80) recognizes a group of roads referred 

to as "New Roads to Desert Recreation Centers." These 

roads, all of which connect Phoenix to major recreation 

areas such as Rocky Point and Lake Powell, are routes 

"across the broad belt of wastelands which so long 

served as a rather formidable regional boundary, and 

each is an illustration of how deserts and canyons and 

arid coasts are being converted from barriers into 

attractions and thus new points of interregional 

contact." Despite exclusive reference to Phoenix, this 

phenomenon may be seen throughout the Southwest. 

As at the national scale, the Interstate Highway 

System calls for special comment. According to Meinig 

(1971, 79), "The interstate system of superhighways now 

being completed is in general the newest version of the 
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older routes, with Interstates 40 and 10-8 paralleling 

Routes 66 and 80, and the A.T.&S.F and S.P." railroads. 

While 1-25 in New Mexico occupies much the same route as 

the earlier U.S. 85, in Arizona 1-17 is said by Meinig 

to represent a great departure from the earlier highway 

system in providing a direct link between Flagstaff and 

Phoenix. 

Construction of the Interstate Highway System in 

Arizona generally lagged behind that in New Mexico. In 

New Mexico relatively few completed segments existed in 

I960, scattered about the state. Only two segments were 

of any significant length, one of them, on 1-25 between 

Belen and Socorro, being one of the longest yet 

completed in the nation (Annual Report, 1960). By 1965 

each of these segments had been expanded, and most had 

been doubled in length, and by 1970 many of these 

segments had been connected to form long, continuous 

stretches. Areas lagging behind this trend included I-

25 between Albuquerque and Santa Fe, and 1-40 east of 

Tucumcari. Arizona did not reach a similar stage of 

completion until about 1975, although significant gaps 

existed on 1-10 west of Phoenix and on 1-40 between 

Kingman and Williams. Although substantial mileage of 

dual highways existed in Arizona in 1960, none had yet 

been upgraded to full Interstate status. 

In both states, several trends in Interstate 

Highway construction were evident. First, rural 

stretches tended to be completed earlier, with bypasses 

around towns or urban segments following later. 

Secondly, route segments of already divided, but 

uncontrolled access, highway were upgraded to full 

Interstate status before two-lane segments. Lastly, 

route segments along existing highways or rights-of-way 

were completed earlier than Interstate segments built 
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along totally new alignments. This can be seen most 

clearly in Arizona, where the Kingman-Seligman shortcut 

on 1-40 and especially 1-10 west of Phoenix lagged far 

behind adjacent construction. Interstate 10 west of 

Phoenix was in fact the last part of the Interstate 

system to be built in the Southwest, with completion of 

the urban section in 1990. 

Conclusions 

An attempt can be made to compare the observed 

pattern of highway development with models of network 

development in developing areas, such as those of Meinig 

(1972) and Taaffe, et al (1963). Not surprisingly, the 

Taaffe model is of limited use because of the insular 

nature of the region. Whereas the model is based on 

external entry into the region, as was the case with 

railroads in the 1880s, the Southwestern highway network 

emerged initially as an internal system, only gradually 

becoming more interconnected with the emerging national 

system. Nonetheless, certain aspects of the model, 

particularly interconnection, and the emergence of high-

priority trunk lines, are somewhat applicable, as the 

years 1930 and 1940 do show greater interconnection, and 

the Interstate system is clearly analogous to high-

priority linkages between major centers. 

Of Meinig's model, only the three later phases are 

useful; the route pattern for 1920 could be said to 

approximate Meinig's second phase, that of a limited 

road network with few connections to external areas. 

However, by 1930 the number of connections, both 

internal and external, had been increased to the point 

where Meinig's third phase could be used. In this 
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phase, the Southwestern highway system would be 

functioning as a part of the national system, with a 

high degree of interregional connections. Though the 

Southwestern highway network was improved and became 

more homogeneous after 1930, the interconnections did 

not greatly change after this time. The beginning of 

Meinig's fourth phase is based on the existence of 

Interstate Highways, and can be said to have emerged 

gradually around 1960, but not until the mid-1970s would 

this phase become somewhat complete. 

Clearly, as both of these development models are 

based on the presence of linkages, with little regard to 

the actual condition of any such links, it is somewhat 

difficult to apply either to the Southwest. Meinig's 

model proves more useful, and is probably a valid 

description of many of the processes underlying highway 

development. Despite the disappointing lack of 

usefulness of these models, Burghardt's (1969) comment 

(in reference to the Taaffe model) that the rise of a 

new mode is likely to begin at the first stage of any 

such model, though at a higher level of technology than 

the previous mode, appears to apply to the Southwest as 

well. Auto highways emerged as primitive and simple 

systems, only gradually becoming elaborated into true 

networks, in a manner broadly reminiscent of the earlier 

railroad networks, with the important difference that 

the railroad network originated as penetration lines 

rather than the local routes of the auto network. The 

later similarity in route patterns is even more 

interesting given this different origin of similar 

networks. 

Although the discussion of route and improvement 

patterns in the Southwest has been useful, a more 

quantitative analysis is likely to yield even more 
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information about this highway pattern. Accordingly, in 

the next chapter the highway route data will be 

transformed into numerical accessibility values, which 

will provide the basis for subsequent discussion of 

Southwestern highway patterns. 
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CHAPTER 6 

SOUTHWESTERN HIGHWAY ACCESSIBILITY, 1920-90 

In this chapter a quantitative measure of urban 

accessibility will be used to show the impact of highway 

improvements in Southwest for the period 1920-90. 

Accessibility will be calculated using two measures, 

which can then be mapped and the resulting patterns 

discussed in the context of changing highway patterns. 

These accessibility values will provide the basis for 

the statistical measurement of Southwestern highway 

improvements in the next chapter. 

Introduction 

Accessibility is a concept that has been often used 

or discussed, but with little general agreement of what 

it represents. It can be defined for the purposes of 

this research simply as "a measurement of the spatial 

distribution of activities about a point, adjusted for 

the ability and the desire of people or firms to 

overcome spatial separation" (Hansen, 1959, 73). For 

this research accessibility will actually refer to the 

distribution of places and population, rather than 

activities. 

Using accessibility does of course restrict the 

measure of highway improvements to the points served, 

rather than routes or areas, but this allows a later 

comparison with city population. Thus, rather than 

using a route measure to describe highway change, a 

point measure will be used. This reflects the 

importance in this research of comparing highway 
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improvements to the location and characteristics of 

particular cities and towns. This of course does 

require measuring network characteristics and 

improvements from the standpoint of the settlement 

system, regardless of whether this network in fact is 

based on this system. Nonetheless, accessibility 

provides a useful means of assessing the changing 

locational importance of a given point within a changing 

network. 

Pirie (1979) defines four basic methods of 

measuring or defining accessibility: distance measures, 

topological measures, gravity measures, and cumulative-

opportunity measures. Not only do the means of 

determining accessibility differ between these measures, 

so too does the basic concept of accessibility. While 

distance and topological measures are more concerned 

with the closeness of places, cumulative-opportunity 

measures address the number of places within given 

distances, and gravity measures relate to the 

probability of going to a place. As topological and 

gravity models are the most widely used accessibility 

measures, all further discussion will be confined to 

these. 

Whichever measure used, it is important to keep in 

mind that assumptions are made regarding the use of this 

measure. Pirie refers particularly to a destination 

assumption (all nodes are potential destinations) and an 

origin assumption (all nodes such as a town or region, 

consist of a single point, regardless of the actual area 

of that town or region). Pirie also stresses the 

problems and assumptions inherent in the use of gravity 

measures, which will be discussed in greater detail 

below. 
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Referring to Robinson (1976), the concept of 

accessibility immediately raises several questions: what 

are the locations for which accessibility will be 

measured, what units will accessibility be measured 

with, what transport modes will be used, what is being 

moved by these modes, how is the capacity of these modes 

and their routes involved, and can the results from 

different measures and modes be aggregated or compared 

directly? These questions must be addressed before 

moving on to the measurement of accessibility in the 

Southwest. 

The question of what points to include is commonly 

resolved by use of selected cities and towns, usually 

included on the basis of a minimum population threshold. 

However, in some studies (such as Kissling, 1968) 

network junctions are also included regardless of 

population size. The question of distance measures has 

been solved in a number of ways. Topological measures 

are common, while mileage, travel costs, and behavioral 

perceptions have also been used. Travel time is 

sometimes used, presenting a solution to the use of 

arbitrary topological measures, or even fixed mileage. 

However, travel time is somewhat more complicated, being 

a composite measure, as it is "a function of the mode of 

movement, the density of traffic on the route, the 

physical movement or characteristics of the surface over 

which movement occurs, the manmade regulations 

concerning movement, and, finally, the state of the art 

with reference to movement technology" (Lowe and 

Moryadas, 1975). 

These questions will be addressed below in the 

context of this research, however, the final questions, 

those regarding route or modal capacity and the 

possibility of aggregating different accessibility 



1 1 0  

measures or similar measures for different modes, can 

largely be ignored here. This is not to suggest that 

highways, and even Interstates, do not have capacity 

limitations, but that these capacities are not relevant 

to this research. Due to the use of only one mode, 

comparability of networks will not be a problem, and 

though two different accessibility measures will be 

calculated, these will be directly compared only to 

assess to what degree they produce similar results. 

Shimbel Accessibility Measure 

The primary means of accessibility that will be 

used in this research is the Shimbel measure of 

accessibility, which shows the aggregated distances 

between each point to all other points. Though quite 

simple in practice, when applied to complex networks 

this method requires a high degree of abstraction. 

The basis of this abstraction is graph theory, in 

which points and lines are used as a simplified visual 

representation of an actual network, the structure of 

which (including the "layout, geometry, or network 

pattern of transportation facilities or systems" 

[Kansky, 1963, 5]) can then be statistically analyzed. 

To simplify a network, all nodes on the network are 

reduced to a set of points or vertices, while all routes 

become lines or edges. This simplified structure can 

then be analyzed by either using the number of edges and 

vertices, or their relation to one another. The Shimbel 

index and related connectivity measures are but several 

such measures of transport networks. However, although 

Garrison and Marble (1962) and Kansky (1963) introduced 

a large number of additional network measures, the 
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usefulness of these have been widely questioned, due to 

their extreme simplicity and common inability to 

distinguish between networks (Tinkler, 1979, James et 

al, 1970). Although more reliable measures have been 

created (see James et al, 1970), such measures will not 

be used in this research. 

In addition to the problems of these measures, all 

graph- theoretic measures, including the accessibility 

measures used here, also suffer from several 

disadvantages inherent in the abstraction required. 

Several of these have been summarized by Garrison 

(1960): graph theory is not normative, and does not 

allow the evaluation of problems or decision-making 

questions. Graph theory, because of the abstraction 

required, also demands many, perhaps arbitrary, 

decisions as to what information will be included in the 

simplified network. To these problems Tinkler (1979) 

adds a third: that of the simplicity and information 

loss implicit in transforming reality to a graph. 

Because of the complexity of the subject, and the highly 

specialized language used with graph theory, only a 

brief discussion of accessibility matrices will be given 

here, and the reader is referred to Taaffe and Gauthier 

(1973), for a full description. 

Review of Shimbel Accessibility Literature 

A number of studies applying Shimbel accessibility 

matrices to transport networks can be found. These can 

be divided into two categories: those dealing with 

networks at one point in time, and those dealing with 

changes between several points in time. More elegantly, 

these can be described as punctiform (or static, 

representing a single point in time) or dynamic (several 

points in time) network studies (Forer, 1978). Of the 
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former group, the earliest to be written (and one of the 

first geographic works to make use of graph theory) is 

Garrison's (1960) analysis of the Interstate Highway 

System. 

The Garrison study used a simple connectivity 

matrix with a portion of the Interstate system in the 

southeast U.S. Although interesting, the topological 

distance measure (later modified to give slightly 

different values based on distance) prevents a very 

detailed or meaningful analysis of a highway network. 

Also, boundary effects (to be discussed below) on the 

southeast U.S. system used by Garrison are ignored, with 

the result that accessibility is largely a measure of 

centrality within the southeast. 

Garrison includes as nodes all metropolitan areas 

on the network, along with junctions of Interstate 

routes outside of the selected metro areas, and uses as 

links only the Interstate system, thus giving a 

reasonable though very arbitrary selection of network 

information to be included. It must be noted that the 

Interstate Highway System used by Garrison hardly 

existed in 1960, as very few links had yet been 

constructed by that time (Garrison mentions the 

existence of routes similar in morphology or function 

to, but not part of, the Interstate System. Though he 

ignores these other routes, this points out the fact 

that the problem of route selection is not necessarily 

straightforward, even for a seemingly distinct network 

such as the Interstate System. If anything, this 

problem would be even more pressing now than in 1960, as 

many states, particularly California, have completed 

substantial mileages of non-Interstate intercity 

freeways. These routes, though they would be excluded 

from Garrison's study, are identical in form and 
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function to the actual Interstate routes). Also, 

despite addressing the subject of changing 

accessibilities of cities as a result of this radically 

new transport system, no comparison is made with earlier 

highway systems. Nonetheless, Garrison's study of the 

Interstate system is important for emphasizing not only 

highways as a field of study but the different spatial 

and functional characteristics of the Interstate Highway 

System. 

A similar study was carried out by Kissling (1969) 

in Novia Scotia, but this study differed from Garrison's 

in several important respects. Perhaps most 

importantly, Kissling was concerned more with the 

properties of transport links than with the relative 

location of nodes. Given this, much greater emphasis 

was put on measuring route characteristics and their 

importance to the network. First, distance was 

determined not by topology but by travel cost, itself an 

aggregation of a large amount of data, including driving 

time, number and steepness of grades, speed reductions 

through small towns, and traffic congestion. Second, 

the Shimbel accessibility matrix was calculated in order 

to show the number of times each link was used, giving a 

measure of its importance. Weighting these link 

importances by nodal population gave a more realistic 

gravity-model assessment of route importance within the 

network. 

Though undoubtedly useful to an analysis of 

changing network problems, the greatest drawback of 

Kissling's study is the method of measuring travel 

costs, which is based on actually driving each route 

while measuring its characteristics. Though ensuring 

very precise data, this method is obviously not feasible 

for a very large area (such as the Southwest) and cannot 
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be used to reconstruct network properties at earlier 

points in time. Nonetheless, Kissling's uses of routes 

(virtually all in the study area) and nodes (all towns 

down to a very small population threshold) presents a 

more realistic situation than Garrison, and Kissling is 

able to make a claim of utilizing a closed region. 

Taaffe and Gauthier (1973) provide several examples 

of the use of Shimbel accessibility, including both a 

simple topological distance example of Ohio roads, and a 

more useful example comparing topological and travel 

time as distance measures. This example, of the 

Interstate Highway System in the American Manufacturing 

Belt, shows the topological distance measure creating a 

cluster of highly accessible towns in central Ohio, a 

"result of a spatial bias inherent in this method that 

assigns equal values to all linkages" (1973, 143). By 

contrast, the time distance measure shows a less 

concentrated pattern of highly accessible places (though 

still biased by network topology) which can be matched 

to actual travelling conditions rather than simple 

connectivity. Though performed for a single point in 

time, Taaffe and Gauthier also performed an 

accessibility analysis of the Interstate System and 

major railroads at the national scale, showing very 

similar patterns between modes for metropolitan areas. 

Of more importance to this research are the several 

studies making use of multiple time periods, and 

comparing accessibility change between these periods. 

Gauthier (1968) performed accessibility calculations for 

three time periods (1940, 1950, and 1960) in Brazil. As 

in the Kissling study, travel costs were used rather 

than a topological distance measure. The cost measure 

is closely related to actual distance and road 

conditions, and can be expected to change between years 
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as a result of a variety of conditions, such as mileage 

changes, road improvements, or lowered vehicle operating 

costs. Given that any or all of these may take place 

over time, the exact cause of cost reduction over a 

specific route would remain undetermined, a situation 

that will be encountered later in the analysis of 

Southwestern accessibility patterns. 

Marchand (1973) provided an additional example of 

the use of accessibility with a road network over time, 

using Venezuela and four time periods (1936, 1941, 1950, 

and 1961). Of the accessibility analyses discussed so 

far, Marchandls research has perhaps the greatest 

similarity with the analysis of Southwestern 

accessibility performed here. 

Travel time is used as the distance measure, and is 

based on a reconstruction of road types and estimated 

vehicle speeds over each type of road (the 

categorization of road types is based heavily on 

environmental considerations, such as mountainous or 

swampy, rather than actual road surfaces). Because of 

physical terrain, Venezuela is considered as a closed 

highway system. Marchand shows that the Venezuelan 

accessibility patterns, and particularly changes in 

relative location of cities, have not always been 

consistent or smooth, as highway improvement has been 

very uneven, both spatially and temporally. Within the 

network, larger cities tended to have better 

accessibility, and the results of highway improvement 

are clear at a regional level, with certain parts of the 

country receiving preferential improvements. 
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Construction of Shimbel Accessibility Matrix 

At this point the measurement of Shimbel 

accessibility in the Southwest will be discussed, 

beginning with the selection of routes, points, distance 

measures, and other characteristics. 

Route and Point Selection 

In order to calculate Shimbel accessibility values, 

decisions must first be made regarding the routes and 

points to be used. For this research, all primary state 

highways inside the Southwest study area will be used as 

routes, including all Interstate, U.S., and state 

numbered roads. Though secondary state highways are 

extremely numerous in New Mexico, and some county roads 

may also be important for rural transportation, these 

roads will be excluded. Lack of data on the location 

and surface of these roads is the primary consideration, 

though in general they are unlikely to be of great 

importance for the vast majority of traffic. 

Points used in this research will be defined as 

cities and towns within the study area. Unlike Garrison 

(1960) and Kissling (1969), highway junctions will not 

be used as points on the network (except of course where 

they occur inside a city). The selection of these towns 

and cities is hampered by the relative recency of large-

scale settlement in the Southwest and the limitations of 

census data, with the result that the number of places 

for which population can be given is quite limited 

except in recent decades. The cities to be included 

will therefore be restricted to incorporated cities, a 

group for which census data are available throughout the 

study period. 
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Because of the fact that many of these incorporated 

cities exist in what would later become metropolitan 

areas, presenting difficulties in measuring intercity 

distances, these cities will be aggregated and the 

single metropolitan area (or county, according to census 

definitions) used. All such areas reaching SMA status 

by 1990 (of which there were seven: Albuquerque, El 

Paso, Las Cruces, Phoenix, Santa Fe, Tucson, and Yuma) 

were thus aggregated. Though the use of counties as 

metropolitan areas results in the inclusion of rural 

population, no alternative area was available for the 

entire study area (the census-defined urbanized areas 

are not available for all years). 

For purposes of adding data points to sparsely 

settled areas, three additional cities have been added. 

Needles and Blythe, both in California, are on or near 

the Colorado River, and serve both as important entry 

points to the Southwest as well as important data points 

in otherwise empty areas. These cities, along with 

Wickenburg in Arizona, will be used although they are 

technically within metropolitan areas. Because each of 

the three cities lies within a metro area solely because 

of the size of the county unit, and each lies on the 

extreme edge of their respective counties and cannot be 

considered a part of the actual urban area by any 

realistic definition, these cities will be used in the 

study, giving a total of 59 cities. However, the use of 

these three cities introduces a slight redundancy into 

later calculations, as the populations of these cities 

are counted twice: once by themselves, and again as part 

of the metropolitan area of which they are a part. 

Therefore, the populations of these cities will be 

subtracted from their respective metropolitan area. 
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In accordance with the Pirie's origin assumption 

mentioned above, each of the 59 incorporated cities and 

metropolitan areas are considered as a single point for 

the purpose of determining intercity distances (these 

intercity distances are based on highway department 

mileage figures, which typically are calculated from a 

single point in each city). 

Except in the metropolitan area counties, rural 

populations will be ignored in this study. Although 

based on convenience and the urban orientation of this 

research, this choice does exclude other important 

influences on road construction. Hecht and Reeves 

(1981) mention that road densities in Arizona are 

particularly great in the Casa Grande-Florence area 

(containing many small farming towns) and the White 

Mountains (a major recreation area), suggesting that 

rural populations and recreation can be important (as 

does Meinig's [1971] desert recreation roads). The main 

difficulty with using rural population is of course the 

problem of aggregating small, dispersed communities into 

single points. Given the dependence on census data, 

county population would likely be the source of such 

data, producing aggregation little different from that 

of metropolitan areas (which already include rural 

population, given the immense size of many western 

counties). Again, the primary focus of this research is 

on urban-oriented networks, and so cities will be the 

points of study (though the disappointing results of 

Chapter 7 suggest that rural population might have been 

of more importance than was expected). The changing 

populations of these 59 cities are summarized in Table 

6.1. 

Despite using incorporation as the criteria for 

inclusion, this sample does not appear to be over-
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representative of larger cities. Though this size 

distribution is not directly comparable to that 

previously presented for Arizona and New Mexico, the two 

distributions are similar in the growth and increasing 

importance of larger places. Although the distribution 

of the 59 places has become more even since 1950, this 

is of course largely due to the closed nature of this 

group, as no new smaller towns are added as they are 

established or grow. Interestingly, in earlier years 

many of the larger as well as the very small towns were 

found in New Mexico, reflecting not only the earlier 

importance of that state in Southwest urban growth but 

also a larger number of smaller settlements. For the 

most part these cities represent Anglo settlement in the 

region, with only a few of the larger towns (El Paso, 

Las Vegas, Santa Fe, Tucson, for example) having origins 

in the Spanish/Mexican periods. 

TABLE 6.1 

Size Distribution of the 52 Non-Metropolitan 

Southwest Study Area Cities 

Number of Cities (excluding the seven metro areas): 

Less than 2500- 5000- 10,000- 25,000-

2500 5000 10,000 25,000 50,000 

1920 34 10 8 0 0 

1930 33 9 10 0 0 

1940 28 10 12 2 0 

1950 25 12 12 3 0 

1960 22 10 12 8 0 

1970 23 9 10 8 2 

1980 19 8 15 7 3 

1990 19 7 14 7 5 
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No attempt will be made here to differentiate 

growth of these towns by function, as identifying the 

function, however defined, of the majority of these 

towns would be impossible for even a single year. 

Additionally, the changes taking place over time in many 

towns would render a single year's estimates largely 

meaningless for any other year. 

Route Measure Selection 

The next important consideration for such a study 

is the nature of the route measure. While Garrison 

(1960) and others used a simple topological measure 

(presence or absence of a direct link), this does not 

allow for any useful means of studying network change. 

Instead, a valued graph will be used, with travel time 

over a route representing the value of that route 

inserted into the appropriate cell of the accessibility 

matrix. This matrix can be summarized as: 
n n 

V|-E I-y 
i=l j—1 

where Vi is the row sum of each cell in the final 

matrix, representing the aggregation of the shortest 

paths between.a given point and all other points. 

Travel time as used here has been somewhat 

simplified. Particularly, rest stops or overnight stops 

have not been taken into account, though quite obviously 

a trip of more than several hours (let alone a 70-hour 

trip in 1920), would require several such stops. Longer 

distance trips are therefore likely to be somewhat 

underestimated. Due to the difficult nature of 

estimating such travel characteristics as the frequency 

and duration of stops, these will be ignored. The use 

of such stops would create a non-linear distance curve, 

with travel times to places increasing at a faster rate 
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than distance. Additionally, highways, and specifically 

auto travel, will be the only mode to be used in this 

study. Although scheduled railroad and even air travel 

existed in the Southwest during the study period, these 

will not be studied due to data limitations and the lack 

of a potential local network orientation. Likewise, and 

in keeping with the use of autos, only passenger travel 

will be discussed. In particular, it the potential of 

persons, traveling by individual autos, with no 

limitations to their use of time, to travel from one 

city to another (or all others), and the ease (as 

measured by travel time), which is of interest here. 

The use of travel time, though providing a much 

more accurate measure of distance than connectivity or 

road mileage, has several important consequences. 

Firstly, it means that accessibility will likely change 

greatly over time, as travel times can be assumed to 

have fallen greatly since 1920. Secondly, it means that 

although the cities selected will remain fixed in their 

absolute locations, their relative locations on the 

transport network will be constantly shifting. 

The second consequence of using travel time as a 

distance measure is the need to spend a great deal of 

time to obtain this data. Although travel times are 

sometimes printed on road maps or driving logs, these 

data are available for a very few routes and years, and 

characteristics of many routes will therefore have to be 

estimated. The problem of estimation is however 

compounded by the fact that highway travel times is the 

result of a number of factors, among them vehicle 

technology, road condition and surface, terrain, speed 

limits and other traffic controls, and traffic 

congestion. Rather than attempt to integrate these 

factors (virtually impossible for all routes and years), 
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travel time will be based on the average driving speeds 

over a given road surface in a given year, with the 

mileage of different types of road surfaces for each 

route previously measured for that year. Travel time 

thus becomes a problem of estimating vehicle speed over 

different road surfaces at different time periods, and 

identifying the road surfaces present (and their length) 

over each route for each year. This is similar to 

Janelle (1969), in which average travel times over 

different road surfaces are estimated for different 

years. The problem of identifying road surfaces will be 

addressed first. 

Travel Time Calculation 

State highway department road maps from Arizona and 

New Mexico were used as the primary data source for 

identifying and measuring road surfaces. These maps 

provided the most consistently available and definitive 

data sources for road mileages and surfacing. However, 

because these sources were not available for every time 

period, in some cases commercially produced (oil 

company) road maps were substituted (usually with 

highway maps from the closest year obtainable used to 

identify primary routes, and the oil company map used 

for road surfaces and mileage). For both Arizona and 

New Mexico, road data for 1920 were obtained from more 

specialized sources; for Arizona, from maps and road 

logs in highway department reports, while the New Mexico 

data came from highway maps published in highway 

department reports and the departmental journal. 

Additionally, as in some cases road maps for a 

given year were unobtainable from any source, the year 

following the desired year was used. Though introducing 

some inaccuracy, the lack of very great change between 
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sequential years ensures that little error will actually 

be present. Indeed, in most cases relatively little 

change took place even over ten year periods. The road 

maps used are listed in Table 6.2. 

Road surfaces or types were aggregated into four 

basic categories: unimproved dirt, gravel, paved, and 

Interstate/freeway. These four categories do not 

represent the full variety of road surfaces found on 

Southwestern highways since 1920, but provide useful 

groupings of this full variety. 

This categorization is necessary for several 

reasons. First, the actual number of surfacing 

categories given on highway maps during the study period 

varies from two (presence or absence of a road) to about 

seven. Due to the variation between classifications on 

maps produced by Arizona and New Mexico, and changes in 

this classification over time, the three pre-Interstate 

categories used provide the only consistent means of 

grouping the highway surfaces of two states over a 70-

year period (Interstate routes were easy to identify and 

did not therefore require a great deal of attention when 

measuring). Second, the classifications actually 

assigned to a route are often impossible to accurately 

distinguish. The difficulty of understanding the 

vocabulary used to describe road surfaces in the past, 

and the apparent obsessions with minor differences 

between these classifications, encourages a simple 

grouping into dirt, gravel, or paved. 

Of these categories, gravel surfaces represent the 

greatest variety of road surface categories used on 

maps, and in particular includes the common categories 

of graded and surfaced roads. Unimproved dirt is a 

fairly unambiguous and also fairly uncommon category, 

while paved surfaces were uncommon in the earlier years. 
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Once a useful and simple typology of surfaces had 

been arrived at, and these surfaces had been identified 

for each route on a map, the mileage of these routes 

were measured. All of the later maps and many of the 

earlier maps included mileage figures for route 

TABLE 6.2 

Road Maps Used to Obtain 

Road Surface Data and Mileage* 

(H.D.= state highway department) 

Year AZ NM 

1920 1918-20 H.D.map/report 1920/1923 H.D. maps 

1930 1931 H.D. map 1931 H.D. map 

1940 1940 H.D. map 1940 H.D. map 

1950 1951 H.D. map 1950 H.D. map 

1960 1960 H.D. map 1959 H.D./1961 Gousha maps 

1970 1970 H.D. map 1969 H.D./1970 Gousha maps 

1980 1980 H.D. map 1979 H.D. map/1980 Road Atlas 

1990 1991 H.D. map 1988 H.D. map/1990 Road Atlas 

* Road surfaces for the Texas portion of the 

Southwest were obtained from New Mexico maps, while the 

California portions are similarly obtained from Arizona 

maps. 

segments, but as these segments were not often of a 

single surface type, an odometer was used to calculate 

mileages. The mileage of each type of surface between 

every pair of cities within the Southwest study area 

that had a direct road connection was obtained in this 

manner and tabulated on a computer spreadsheet. 

The next problem was to estimate vehicle speeds. 

Despite the commonness of publishing mileage and other 
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travel information, average driving speeds are not 

commonly found. Therefore, a variety of sources was 

used to estimate baseline speeds, from which speeds for 

other years were estimated (it is important to note that 

these speeds represent average driving speeds, not top 

speeds obtainable while driving a route, and also only 

indirectly reflect speed limits over these routes). The 

driving speeds used are shown in Table 6.3. 

TABLE 6.3 

Average Driving Speeds, 1920-•90 

Freeway/ Paved Gravel Dirt 

Year Interstate Roads Roads Roads 

1920 30 25 15 

1930 30 25 15 

1940 35 30 20 

1950 40 30 20 

1960 49 41 30 20 

1970 49 42 30 20 

1980 47 45 30 20 

1990 60 50 30 20 

Paved and Interstate/freeway speeds for 1960-90 

were derived from Rand McNally Road Atlases, using 

transcontinental mileage and driving time maps. Average 

speeds were calculated using 10 paved and 10 Interstate 

road segments for each year (the same segments were used 

for each year, except for 1960 Interstate speeds, at 

which time only two such routes existed. The 1970 

Interstate speeds were therefore used for 1960). Paved 

road speeds for 1950 were calculated by similar means 

using a U.S. road map (H.M. Gousha, 1950), while paved, 

gravel, and dirt speeds for 1930 were estimated from 
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from a road log published in Arizona Highways magazine 

(January, 1931). All other speeds are estimates based 

on these calculated speeds. Although the early auto 

speeds used here are quite low, they represent a 

considerable improvement over the 5 mph average speed 

estimated for stagecoach travel not many years before 

over roads not much different from the early state 

highways (Peterson, 1973). 

These speeds were then multiplied by mileages of 

the respective road surfaces for each year for each 

direct route to find travel times over these routes. 

These data could then be used for the construction of 

the shortest path matrix. Unfortunately, a problem not 

yet addressed requires some clarification. This is the 

manner in which the results of the Shimbel accessibility 

matrix are distorted towards the edge of the network. 

Selection of Outer Points and Routes 

The use of an accessibility measure in a region 

which is not completely closed has been examined by 

Isard (1960), who shows that points or areas on the 

outer edge of the study area will be distorted by their 

extreme position. Referring to the computation of 

market potentials, Isard states "that the selection of a 

region which is not in actuality isolated tends to 

underestimate the accessible market of counties and 

subareas which are off-center, at least of those 

counties along the boundaries of the defined region. On 

the other hand, it does not follow that a researcher 

should completely discard market potential computations 

and maps for the analysis of location within regions 

which cannot be conceived as isolated. The wise analyst 

tends to add to any region already identified as 

meaningful for his problem, one, two, or even more tiers 
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of counties or subareas. By this blowing-up step he 

corrects for underestimation of the market potential of 

counties and subareas along the boundary of his 

meaningful region" (Isard, 1960, 523-524). 

Therefore, as the Southwest here defined cannot be 

conceived as completely isolated from the rest of the 

U.S., some effort must be made to allow for distortion 

of non-central accessibility values. As the areal units 

being measured are towns and cities, rather than 

counties or subareas, an additional set of cities will 

be selected outside the Southwest study area and used 

for the calculation of accessibility values. 

To achieve this, all metropolitan areas within a 

predetermined area were selected for inclusion in the 

accessibility analysis. The area from which these 

cities were chosen was itself chosen on a similar basis 

as the Southwest study area was defined: on the basis of 

transcontinental routes within this area. The resulting 

outer addition to the Southwest consists of southern 

California, southern Nevada, Utah, Colorado, 

Oklahoma,Kansas, and all but eastern Texas (Table 6.4). 

Cities within this area were selected according to their 

status as MSAs in 1990 or an earlier year. The 

population of each MSA was obtained from census reports 

for each year the MSA existed. For years preceding the 

introduction of the MSAs (1950), and for particular 

cities not yet classified as MSAs after this date, a 

procedure introduced by Borchert (1967) was used. 

Following Borchert, the county or counties making 

up a MSA during the year of its creation were taken to 

represent that metropolitan area in earlier years 

(Borchert acknowledges the overestimation likely to 

result) for the purpose of identifying population (a 

procedure used by Borchert to identify potential MSAs 
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before 1950 was also used to determine if any additional 

cities should be included that did not later become 

MSAs. Only one, Muskogee, Oklahoma passed the test, but 

it was decided not to include it, as its population has 

remained small since this date). This procedure allowed 

the inclusion of 24 additional cities in the study 

(Bryan/College Station, Texas, was excluded despite MSA 

status in 1990 because it was not located on a major 

highway at any time during the study period). Rather 

than repeat the time consuming classification and 

measurement of primary highways for the entire outer 

study period, only major through highways were used, as 

defined and shown in Rand McNally road atlases. As 

these road atlases were not available for all years (and 

indeed did not exist before 1926), several years, 

particularly 1930, were based on interpolations of 

adjacent years, made easier by the relatively few 

changes between these years. As for the Southwestern 

highway patterns, the outer area maps required 

estimations for early years, modified slightly to 

reflect the more improved status of these roads 

(intermediate mileages of route surfaces were used for 

1930, with route surfaces lowered one grade from this 

year for 1920). Table 6.5 lists the atlases and maps 

used to obtain this data. 

Once all travel times were calculated, the next 

step was to enter these data into the accessibility 

matrices. To calculate the shortest path accessibility 

matrices, a computer program was written. This program 

(see Appendix A), based on the shortest path algorithim 

used in Taaffe and Gauthier (1973) was written for the 

SAS statistical package and run on a Univax mainframe 

computer running the VMS-Plus system. 
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TABLE 6.4 

Additional Metropolitan Areas 

•Used for Accessibility Calculation 

California 

Los Angeles 

San Diego 

Nevada 

Las Vegas 

Utah 

Provo 

Salt Lake City 

Colorado 

Colorado Springs 

Denver/Boulder 

Pueblo 

Kansas 

Kansas City 

Lawrence 

Topeka 

Wichita 

Oklahoma 

Enid 

Lawton 

Oklahoma City 

Tulsa 

Texas 

Abilene 

Amarillo 

Austin 

Brownsville 

Corpus Christi 

Dallas/Ft.Worth 

Houston/Galveston 

Killeen/Temple 

Laredo 

Lubbock 

McAllen 

Midland 

Odessa 

San Angelo 

San Antonio 

Sherman/Denison 

Victoria 

Waco 

Wichita Falls 
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TABLE 6.5 

Sources of Route Data for Outer Area Highways 

Year 

1920 

Source(s) 

1926 Rand McNally Road Atlas (routes & 

mileages), estimates for surfaces 

1930 

1940 

1950 

1960 

1970 

1980 

1990 

1926 Rand McNally Road Atlas 

1940 Rand McNally Road Atlas 

1947 & 1953 Rand McNally Road Atlases 

1960 Rand McNally Road Atlas 

1970 Rand McNally Road Atlas 

1980 Rand McNally Road Atlas 

1990 Rand McNally Road Atlas 

Although such a shortest path algorithim would 

require at most n-1 repetitions (in this case, 100) to 

calculate all shortest paths, in practice this was 

achieved much sooner. Therefore, the program was set to 

run only 20 iterations, a procedure that nonetheless 

took over an hour to complete for each year. Following 

Shaw (1993), the raw accessibility values obtained from 

the matrix were converted to a standardized value by 

dividing the raw values by the number of nodes in the 

network for that year (these values are listed in 

Appendix B). 

Southwestern Accessibility Patterns. 1920-90 

Eight accessibility maps were created, representing 

the beginning of each decade from 1920-90 (Figure 6.1). 

For simplicity and to emphasize those areas with above 

or below average accessibility, the maps only show areas 

more than 10% above or below the mean accessibility 



1 3 1  

value for each year, with an additional contour line at 

15% above or below (plus or minus signs on the maps 

indicate directionality). Because a lower Shimbel 

accessibility value represents better accessibility, 

places with lower than mean accessibility values are 

more accessible than average for that year. 

Several general trends are apparent from these 

maps. Most notable is the fact that the Shimbel 

accessibility surfaces throughout the study period show 

a similar basic pattern. Within this pattern the 

eastern half of the study area (New Mexico) tends to 

show better than average accessibility, while the 

western half (Arizona) shows worse than average 

accessibility. These trends are at least partially a 

result of the Shimbel measure, in that they reflect the 

greater number of cities in the eastern part of the 

study area. Given the use of the outer study area to 

help alleviate boundary effects, it seems that the 

eastern side of the Southwest is preferentially 

advantaged by the presence of larger numbers of outer 

cities in Kansas, Oklahoma, and especially Texas. 

Within the study area, the distribution of towns also 

tends to favor New Mexico, particularly given the number 

of towns in the northeastern part of this state. These 

and other accessibility trends to be discussed are thus 

a partial result of the assumptions and decisions made 

on which areas, points, and routes to include in the 

study, a point which should be kept in mind. 

Within these general trends differences between 

years can be noted. The poor accessibility of Carizozo, 

Tularosa, and Alamagordo in 1920 has already been 

explained as a partial result of limited data. Much of 

the poor accessibility of northern towns such as Aztec 
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FIGURE 6.1 

Shimbel Accessibility, 1920-1990 
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FIGURE 6.1 - Continued 

Shimbel Accessibility, 1920-1990 
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and Farmington is also likely a result of poor highway 

connectivity. 

The 1930 accessibility pattern shows a general 

improvement for most towns with poor accessibility, 

though Aztec and Farmington are still isolated. The 

pattern of above average accessibility shows a notable 

southward shift, with a lessening of extreme values. 

This pattern is continued with little change up to 1990, 

suggesting a very stable highway system in the 

Southwest. 

While Garrison (1960) put emphasis on the 

Interstate Highway system radically changing the 

accessibility of places, this cannot be seen in the 

Southwest. It would of course be expected that the 

Interstate system would improve accessibility for all 

towns (though preferentially for those actually on 

Interstate routes), but this does not seem to have 

happened. Rather, no great changes in the relative 

position of cities is visible during the Interstate era. 

This is somewhat surprising, though one thing is clear: 

the construction of the Interstate Highway system, at 

least up to 1990, was a lengthy process, not an event. 

One important question is the degree to which the 

Southwest has existed as an isolated region within the 

United States. While this question has been answered 

for the highway system, and will be addressed later for 

traffic flows, isolation by poor accessibility will be 

discussed here. This topic is of course made somewhat 

difficult because of the previously mentioned properties 

of the Shimbel measure. Thus, while cities along the 

western boundary of Arizona show consistently poor 

accessibility, this is due at least in part to the 

biases of the Shimbel measure rather than actual 



1 3 5  

transport conditions. About the only thing that can be 

said is that accessibility conditions have been 

relatively stable, and the Southwest appears to have 

maintained its position within the larger groupings of 

cities in the outer study area. Whatever level of 

isolation the Southwestern boundaries had relative to 

other parts of the Southwest in 1920, it has not greatly 

changed since then according to the Shimbel measure. 

In addition to accessibility for a given year, 

accessibility change between years has also been mapped 

(Figure 6.2), using the same contour intervals. These 

maps show percentage above or below the mean rate of 

accessibility change for the 59 cities. Changes in 

accessibility produce much less stable patterns than 

accessibility values for individual years, and are 

therefore likely to be more difficult to interpret, but 

may give some additional insight. During the period 

1920-30 the great improvements in accessibility of those 

areas with poor accessibility is clear, and due partly 

to better road connections in those areas. Areas of 

high improvements are notable similar to those with 

worse than average accessibility, especially central 

Arizona, while the highly accessible areas of New Mexico 

experienced lower than average improvements. These 

latter changes are most likely due to the already high 

accessibility of these areas, with any improvements 

resulting in smaller changes than elsewhere, such as 

central Arizona. Overall accessibility change was high 

during this period, likely due to the great impact even 

modest transport changes could make on accessibility. 

Between 1930-40 and 1940-50 the accessibility 

changes are not as easily explained, as above and below 

areas are scattered about the study area. While the 

northwest quarter of the study area benefitted most from 
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FIGURE 6.2 

Shimbel Accessibility Change, 1920-1990 
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FIGURE 6.2 - Continued 

Shimbel Accessibility Change, 1920-1990 
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improvements during the 1930-40 period, peripheral areas 

benefitted the most during 1940-50. During both periods 

the spatial extent of accessibility changes were small. 

Accessibility change remained high during these periods, 

though falling between 1940 and 1950. 

After 1950 accessibility changes take on a 

different pattern, with large areas of above and below 

average change. Extreme values are more common, though 

not consistent between time periods. However, overall 

accessibility changes after 1950 and 1980 were much 

lower than the changes recorded earlier. These 

accessibility change values remained stable, reflecting 

the growing homogenization of the network and the lack 

of steady increases in driving speeds. The return to 

higher speed limits between 1980 and 1990 is the main 

reason for the greater rate of accessibility change 

during this period. 

Looking at the maps, it can be seen that the 

southeast corner of the study period received much 

greater improvements than did the northwest during 1950-

60, possibly reflective of Interstate construction to 

the east of the study area, particularly in Texas. 

Changes between 1960-70 and 1970-80 are also likely to 

be indicative of Interstate construction, as the 

improvements are highly variable between years. This has 

implications for assessing the isolation of the 

Southwest, suggesting that the Interstate system was of 

great importance in removing what isolation may have 

remained. 

Accessibility change has also been mapped for 

longer time periods, 1920-60 and 1950-90 (Figures 6.3). 

The overlap between these periods was designed to give 

each period an equal time span. The changes between 

1920-60 show the great improvements in Carizozo, 
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Tularosa, and Alamagordo already noted, as well as the 

greater integration of Aztec and Farmington. In this 

early period the most stable area is northeast New 

Mexico, an area of fairly high accessibility throughout 

the study period. During the period 1950-90 east-

central New Mexico showed the highest rates of change, 

while Wagon Mound and Miami/Globe showed the lowest. In 

both cases, it is difficult to account for these changes 

with highway improvements. As an additional indicator 

of underlying accessibility changes, Table 6.6 shows the 

mean rate of change of accessibility between years. It 

can be seen that accessibility has shown the greatest 

rate of change between 1920 and 1950, with a consistent 

but low rate of change after this period. The rise in 

average driving speeds (resulting from higher speed 

limits) is likely responsible for the return to higher 

rates of change between 1980 and 1990. The effects of 

Interstate Highway construction are not reflected in 

rates of accessibility change, despite higher speeds 

over these routes. 

TABLE 6.6 

Mean Rate of Shimbel Accessibility Change 

period 

1920-30 

1930-40 

1940-50 

1950-60 

1960-70 

1970-80 

1980-90 

rate of change 

-41.41 

-26.0 

-19.36 

- 2 . 8 0  

-6.41 

-2.78 

-16.62 
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Population Potential Measure 

The second accessibility measure to be used is the 

population potential measure, developed by a number of 

researchers, although Pirie (1979) gives credit to 

Hansen (1959) for first using it as a measure of 

accessibility. The main difference between this 

measure and the Shimbel measure is the inclusion of 

population, thus going beyond the ease of interaction to 

include the probability of interaction and the likely 

intensity of that interaction (Hansen, 1959). 

The population potential measure is created "by 

coupling real.internode distances on a network with a 

measure of the opportunity at, or attractiveness of, 

each other node of interest" (Pirie, 1979, 300). The 

use of population potentials as measures of 

accessibility has been questioned. Marchand (1974) has 

compared population potentials with urban growth in 

Venezuela, with very little relationship found. It is 

concluded that "Such a lack of correlation is probably 

typical of developing nations [as] Demographic 

growth in such countries is not related to the 

commercial influence of the cities" (1974, 510) but to 

decline within traditional agricultural economies. 

Much attention has been given to the selection of 

exponents to be used as weights on distance and 

population. While Stewart (1960) advocated the use of 

either 1 or 2 as a distance exponent, a large number of 

other exponents have been used. Although there is no 

theoretical reason justifying any exponent over any 

other, exponents "will vary of course with the mode of 

transportation. Since auto transportation to and from a 
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given city declines more rapidly with distance than does 

air transportation, one would expect the absolute value 

of the distance exponent to be highest in the case of 

auto transportation, lowest in the case of air 

transportation" (Taaffe and Gauthier, 1973, 82). As the 

purpose of using population potentials in this research 

is simply to obtain a measure of accessibility, rather 

than model interaction, the use of distance exponents 

will be kept simple. Potentials will be calculated 

twice using exponents of both one and two (to some 

extent the changing travel times will tend to act as a 

surrogate for changing distance exponents). No exponent 

will be applied to population. 

Creation of Ponulation Potentials 

Population potentials were calculated between each 

of the 59 Southwestern cities and the 7 Southwestern and 

24 outer metropolitan areas. The population of these 

metro areas was divided by the travel time distance, 

according to the equation: 
n P: 

Vi = ̂  
j=l djjb 

where Vi is the aggregate population potential of a 

given point, pj is the population of a metropolitan 

area, dij the distance between the given point and the 

metro area, and b is the distance exponent (either a 1 

or 2). 

The problem of self-potential with the 7 

Southwestern metro areas was solved by using half the 

nearest neighbor distance. Although these distances 

tended to be large, they were considered acceptable 

given the large size of the counties used to establish 
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metropolitan area population. As some city pairs had 

distances of less than an hour, and would thus act to 

increase the product of the populations in the 

calculations of the population potentials (rather than 

reducing it), all distances were multiplied by 60 to 

transform hours into minutes and ensure that all 

distances were larger than 1.0. 

Because population data was available only for the 

beginning of each decade, population potentials were 

calculated only for these eight years. City and 

metropolitan populations were obtained from census 

reports, while travel times between cities was obtained 

from the shortest path matrix used in the calculation of 

Shimbel accessibility. As for Shimbel accessibility, 

the resulting raw potential values were converted to 

standardized values. Additionally, these values were 

further modified by transformation into natural 

logarithms. 

Given the use of multiple accessibility measures, 

it is interesting to compare these to determine to what 

extent they are redundant or significantly different. A 

Pearson correlation matrix was therefore calculated 

(Table 6.7). 

The correlation values tend to be very low, though 

some higher values can be seen in the earliest years. 

It is interesting that in some cases values from 

different years correlated to a higher degree than did 

values from the same year. While in some cases this may 

represent a degree of leading or lagging in the 

relationship, in general the results have been 

interpreted as evidence that these are significantly 

different measures of accessibility, and can therefore 

be applied without redundancy. 
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Southwestern Population Potential Patterns. 

1920-1990 

As for Shimbel accessibility, the standardized, 

logarithmic values were mapped according to percent 

above or below the mean for each year, beginning at 10 

percent (Figure 6.4). Unlike Shimbel accessibility, 

higher population potentials indicate better 

accessibility; and thus the plus signs indicate better 

than average accessibility. 

Because the lower exponent did not at any time show 

values in excess of 10% different from the mean, no maps 

were constructed for absolute potential with this 

exponent. However, an examination of the data shows a 

relatively stable pattern, with El Paso showing the 

highest values for 1920 and 1930, after which time 

Phoenix has had the highest population potential. The 

lowest value was initially held by Carizozo in 1920 (due 

to the poor highway connectivity already discussed), 

after which time the lowest value has alternated between 

Farmington and Aztec. In general, northeast New Mexico, 

including the area around Albuquerque, southwest 

Arizona, and the area around El Paso have had the 

highest population potentials, while the central and 

northern interior of the Southwest has had the lowest 

values. The principal difference between the two 

exponents appears to be the magnitude of deviation from 

the mean, with the lower exponent showing a much more 

homogeneous accessibility surface than the higher 

exponent (and Shimbel accessibility as well). 

In 1920 the higher exponent patterns show both 

proximity to metro areas within the study area as well 
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TABLE 6.7 

Correlation (R) of Shimbel Accessibility 

and Population Potentials 

Shimbel Accessibility and Population Potential 

(b=l) 

1920 1930 1940 1950 I960 1970 1980 1990 

1920 .700 .340 

1930 .105 .700 .151 

1940 -0.022 .387 .412 

1950 .447 .464 .227 

1960 .479 .242 .516 

1970 .243 .521 .356 

1980 .445 .337 .542 

1990 .345 .523 

Shimbel Accessibility change and Population Potential 

(b=l) Change 

1920-30 1930-40 1940-50 1950-60 1960-70 1970-80 1980-90 

1920-30 -.885 .134 

1930-40 -.174 -.617 -.09 

1940-50 -.144 -.136 .03 

1950-60 .022 .037 -.000 

1960-70 .01 .016 -.027 

1970-80 .061 .274 .12 

1980-90 -.164 -.098 
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TABLE 6.7 - Continued 

Shimbel Accessibility and Population Potential 

(b=2) 

1980 1990 1920 1930 1940 1950 1960 1970 

1920 .390 .068 

1930 -.016 .246 .001 

1940 -.016 .142 .08 

1950 .183 .116 .152 

1960 .123 .152 .180 

1970 .149 .174 .122 

1980 .179 .139 .263 

1990 .101 .223 

Shimbel Accessibility Change and Population Potential 

(b=2) Change 

1920-30 1930-40 1940-50 1950-60 1960-70 1970-80 1980-90 

1920-30 -.682 .069 

1930-40 -.038 -.504 -.051 

1940-50 -.117 -.031 -.072 

1950-60 -.07 -.144 .225 

1960-70 -.04 -.098 -.016 

1970-80 .179 .048 -.021 

1980-90 .027 -.022 
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as external cities. The influence of the outer cities 

is most clear in northeast New Mexico and the western 

edge of Arizona, while higher potential areas around 

Albuquerque, El Paso, Phoenix, and Tucson are also 

apparent. 

This pattern was continued with little change to 

1990, though with a general shrinking and stabilization 

of areas of higher accessibility. The shrinking of 

areas of below average accessibility also suggest a 

growing homogenization of the Southwest accessibility 

surface. Surprisingly, despite the growth of outer 

metro areas, the influence of these cities is not 

visible. This is likely due to the importance of the 

Southwestern metro areas in driving up the mean 

accessibility values to the point where the effect of 

the outer cities would be minimized. 

Like Shimbel accessibility change, population 

potential rates of change have also been mapped (Figures 

6.5 and 6.6) and displayed (Table 6.8), again with 

contour lines showing 5 percent intervals in mean 

difference from rate of change, beginning at 10 percent 

above or below. 

The lower exponent shows a highly variable pattern 

of changing accessibility, with both higher and lower 

rates of change scattered throughout the study area. 

Despite this, the pattern appears to become more 

homogeneous until around 1950, at which time the 

Southwestern accessibility surface again becomes more 

variable. The higher exponent likewise shows a mixed 

pattern, with areas of better than average accessibility 

tending to show a lower rate of improvement than less 

accessible areas. Unlike the lower exponent, no network 

homogenization is visible with the higher exponent. 
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As with Shimbel change, the rates of change of 

potential accessibility have gradually declined. As can 

be seen, these rates of change show clear differences 

between exponents. 

TABLE 6.8 

Mean Population Potential Rates of Change 

period exponent®1 exponent=2 

1920-30 14.734 50.232 

1930-40 7.933 24.834 

1940-50 12.619 26.715 

1950-60 7.501 11.430 

1960-70 3.626 3.623 

1970-80 4.787 11.978 

1980-90 4.58 7.26 

Longer term changes (Figures 6.7 and 6.8) show 

similar mixed patterns, but with the higher exponent 

showing larger areas of extreme change. In both cases a 

northwest-southeast trend of higher accessibility change 

exists, with areas of lower accessibility change in the 

other corners. These areas of higher change are similar 

to the areas of lower accessibility previously noted, 

indicating that areas of lower accessibility underwent 

greater increases in population potential than more 

accessible areas. The later period shows a less 

similar, but more mixed, pattern of rates of increase. 

Areas of greater increase do not appear to be related to 

areas of lower accessibility. For both exponents the 

eastern half of the study area was more stable, with 

higher rates of change and more variable occurrences of 

that change found in the western half. 
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Population Potential Change (b^l), 1920-90 
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Population Potential Change (b*2), 1920-90 
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Though a degree of isolation can be seen to exist 

for some years, the Southwest does not represent an 

internally homogeneous region. As for Shimbel 

accessibility, several main areas of high accessibility 

exist, centered on central and southwest Arizona and 

northcentral or northeast New Mexico, but also on El 

Paso. Although areas of low potential remain scattered, 

this pattern for high potential areas becomes more 

pronounced over time, suggesting that urban growth has 

increasingly divided the Southwest into separate 

spheres, with that of Tucson being subsumed by Phoenix. 

Within this trend, the potential patterns around these 

urban centers appear to be becoming more independent of 

the effect of outside cities, suggesting that the growth 

of internal cities has been great enough to counteract 

this exterior influence. 

Conclusions 

A natural outgrowth of the preceding development of 

changing travel times and accessibility patterns is the 

concept of space-time convergence (Janelle, 1968,1969). 

The use of space-time convergence requires the use of 

relative space, "defined only by the objects within it 

and their relationship one to the other" (Forer, 1978, 

232). The discussion of accessibility patterns made 

clear use of relative space and dynamic settlement 

patterns, which will now be discussed in more detail 

here. 

Geographic and other literature is full of examples 

of shrinking distances, but these are often misleading, 

suggesting a general shrinking in all directions rather 

than the more likely selectively shrinking space (Forer, 



1 5 6  

1920-60 

_ 1 * \  '  

|i *\ 
1 I • * 

1 \ ' 1 ' 

^0 • • + 
1 

i . 71/^'-
* «\̂ / . . : 

J ~e 
• • /'* 

• » 

. _ i 
+ * • ' 
© V 19S0-90 

• 
^«J/ + rs« ' • -\ 

• • • ' 

FIGURE 6.7 

Long Term Population Potential Changes (b=l) 
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Long Term Population Potential Changes (b=2) 
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1978). In his Venezuelan accessibility work, Marchand 

(1974) has identified two related aspects of time-space 

convergence: a general shrinking of the country, and 

varied movement of cities relative to one another. The 

shrinking of Venezuela is not as consistent or smooth as 

others have found for American examples, due to uneven 

road improvements, and the limiting factor of investment 

and political interest, rather than gradual 

technological change. 

Janelle (1968) provides the best example of 

shrinking distance, showing convergence curves for 

different transport modes over time. As new transport 

innovations are introduced, cities will approach each 

other, but at a constantly decreasing rate. The 

convergence rate will not necessarily be smooth, and 

indeed travel time between two points may briefly rise 

depending on circumstances. Any convergence that occurs 

will of course be related to the mode over which it is 

measured; a new freeway bypassing a small town will not 

necessarily result in the same level of convergence for 

that town as for the cities directly linked by the 

freeway (Lowe and Moryadas, 1975). 

In the Southwest, both measures of accessibility 

show gradually reducing rates of change (except for the 

last period), roughly paralleling Janelle's convergence 

curve. Like Janelle's curve, the Southwestern curves 

tend to flatten out as transport innovations produce 

changes of increasingly less significance. One major 

exception to this is the raising of speed limits on 

Interstate Highways between 1980 and 1990, which did 

produce notable changes. Interestingly, the lowering of 

speed limits to 55 miles per hour in 1974 did not appear 

to greatly affect the rates of change. This fact may 
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account for the relative lack of the Interstate Highway 

system to have a great impact on accessibilities in the 

Southwest, as it would otherwise be expected that the 

convergence rate would be greatest during modal change 

or other major transport innovations (Lowe and Moryadas, 

1975). 

The lowering of speed limits might have produced 

only minor changes because driving speeds were high 

until 1974 on both the Interstate as well as other 

routes. The lowering of speed limits at this time would 

therefore reduce any potential change inherent in the 

Interstate system, and would help to continue the 

relative homogeneity existing before the Interstate 

system began construction. Not until Interstate speed 

limits were raised, while other routes remained at 55 

m.p.h., were the Interstate routes potentially able to 

exert the accessibility changes that might be expected 

of them. Additionally, the slow process of construction 

might also negate any rapid changes, as would the 

construction of other highways, making any accessibility 

change over time difficult to narrow to a single source. 

Although accessibility patterns have been 

discussed, including their relationships with 

population, these discussions remain generalizations, 

based on simple visual comparison of map patterns. In 

order to more fully and precisely identify the nature 

and directionality of any population-accessibility 

relationship, the next chapter will consist of a 

statistical analysis of these characteristics. 
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CHAPTER 7 

THE INFLUENCE OF URBAN GROWTH ON TRANSPORTATION 

IN THE SOUTHWEST, 1920-90 

In this chapter the relationship of urban 

population to the spatial pattern of highway improvement 

in the Southwest will be addressed. Understanding this 

relationship in the Southwest is a major objective of 

this research, not only as a goal in itself but also to 

determine the degree to which the development of highway 

systems in this area reflects local concerns. It has 

been hypothesized in this research that the Southwestern 

highway system has been primarily urban-oriented, and 

may also favor certain locational and functional 

groupings (to be described below). 

In addition to identifying whether a close 

relationship exists between Southwestern towns and local 

highway improvement, it is of importance to determine 

the directionality of this relationship. The 

relationship between transport and urban growth 

typically consists of three basic possibilities: 

transport change leading urban growth, transport change 

lagging behind urban growth, and transport change and 

urban growth taking place more or less simultaneously. 

The extent to which each of these possibilities may be 

expected to be found, and the conditions influencing 

these possibilities, will be discussed below. First, 

however, a background on transport/settlement 

relationships will be provided. 
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Evolution of Transport-Settlement Relationships 

Because the role of railroads in creating 

settlement patterns is an important aspect of their 

penetration into sparsely settled areas of the Western 

U.S, and it has been suggested that these settlement 

patterns may form the basis of urban population in such 

an area, this aspect of railroads will be used as the 

starting point for discussion of transport-population 

relationships. 

Role of Railroads in Population Growth 

The importance of railroads in initiating or 

influencing settlements is largely because Western 

railroad patterns often did not, unlike Eastern 

railroads, "reflect a prior urban pattern" (Abler, 1971, 

281), with the result that "cities and towns were 

located with respect to rail lines" (1971, 281), but 

detailed discussion of this role is limited. One 

notable exception to this generalized description (as 

well as that of Thomas (1963) and Vance (1989)), is 

Hudson (1982,1985), who has provided detailed studies of 

railroad towns. 

Not surprisingly, these towns had their origin in 

railroad construction, being founded either by the 

railroads as a profit-generation activity or by private 

entrepreneurs. They were founded as trade centers along 

railroads during or in expectation of construction, and 

thus differ from mining, agricultural, or non-railroad 

trade centers, though many of these may later have been 

served by railroads as well (it is origin, not later 
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function, that defines a railroad town as the term is 

used here). The establishments of townsites by 

railroads was generally limited to those possessing land 

grants enabling them to select potential sites (usually 

on odd-numbered townships) and hold auctions to sell off 

lots. Though non-railroad entrepreneurs could also 

speculate in townsite creation, this practice could be 

risky, as the railroads would not necessarily serve a 

townsite created by anyone but themselves (Hudson, 

1985). 

At least in the Great Plains, these townsites were 

created by railroads for two basic reasons: in order to 

create local traffic by colonizing potentially 

productive agricultural regions, and to locate "stations 

and sidetracks in an orderly fashion so as to achieve 

operating economies" (Hudson, 1985, 54). The motives 

behind townsite speculators go largely unrecorded, but 

it may be presumed that profit was the leading, if not 

sole, interest. Interestingly, Hudson (1985) suggests 

that transcontinental railroads tended to pay little 

attention to townsite creation, as they were motivated 

mainly by long-distance construction. Only after these 

initial transcontinental lines were completed did town 

promotion become commonplace. 

Greever (1954) provides some information on 

Southwestern railroad townsite creation, which was 

limited as only the Santa Fe possessed a land grant. 

Although establishing six townsites, it "never sought 

settlers for its grant. It knew that the area was too 

arid for farming without irrigation" (Greever, 1954, 

103). Nonetheless, the Santa Fe, Southern Pacific and 

others all established numerous service stops and land 

speculators established many more towns, giving the 

Southwest no lack of railroad townsites. 
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The creation of a town or town pattern does not of 

course guarantee the future survival of towns, in the 

Great Plains or anywhere else, and, according to Hudson 

(1985), most railroad towns were failures. The 

potential for.town growth or decline was of course 

contingent on more than the presence of a railroad 

station, and a large body of research has emerged 

relating to explaining the selective growth of such 

small towns. Muller (1977) presents a detailed 

discussion of the standard explanations for the 

selective development of towns and regions, which 

includes differential adoption of transport innovations. 

Although the future of a small town bypassed by a nearby 

railroad is unlikely to be promising (Hudson, 1985), the 

potential role of transport in selective growth is more 

complex when railroads are ubiquitous. 

Higgs (1969) has shown that while improved 

transportation access to towns in the Midwest has shown 

a positive relationship to population growth, this trend 

is very weak and little certainty can be attributed to 

it. It is important to note that although 

transportation may be thought of as a prerequisite for 

town growth, it is not necessarily the stimulus for that 

growth, and the potential effect of differential 

adoption of transport innovations is limited when all 

towns are supplied with the same degree of transport 

access at much the same town (Muller, 1977). 

Berry's (1967) example, although having an emphasis 

on settlement and transport changes, appears to show the 

stability of settlements along railroad lines (and these 

routes as well), as these towns tended to remain at the 

top of the local hierarchy and be better served by the 

early road network. The persistence of a settlement 

pattern during such changes depends on the survival of 
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older centers, such as those that sprang up along early 

railroad lines, and the lack of new centers arising as a 

result of different locational considerations. 

One explanation for selective growth and continuity 

of route location is provided by Whebell (1969), who 

uses the idea of development corridors, or a "linear 

pattern of major towns joined by highly developed 

'bundles' of transport routes" (1969, 4), to explain 

observed linear settlement/transport patterns, such as 

those arising along railroad lines. In this model, the 

initial settlement pattern is given linearity by the 

introduction of railroads and this in turn is reinforced 

by roads. Interurban freeways complete the 

linearization process, increasing the locational 

advantages of larger centers as small towns are 

increasingly marginalized and economic activity 

continues to migrate to the larger towns and cities. 

Whebell's corridor model fits well with the idea of 

transport and settlement layers or eras, and also 

suggests how multiple layers can overlap into much the 

same pattern. Even though a new layer or era will 

potentially produce a new set of locational conditions, 

in the corridor model these conditions tend to reinforce 

existing areas. Certain of Whebell's layers, such as 

the era of Rail Transport Dominance, Early Auto Period, 

and the era of Rapid Transit and Metropolitanism, fit 

closely with Borchert's (1967) epochs. Like Borchert's 

epochs, these stages of corridor development reflect the 

technological and economic conditions under which 

development is taking place, and the effect of these new 

layers in confirming or redirecting existing growth is 

particularly important. 

Using criteria established by Whebell ("The 

presence of at least one major highway and at least one 
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main railway along parallel courses, in general not more 

than a mile apart; both road and rail passenger 

services, more than once each way daily; motor traffic 

in excess of three thousand vehicles per day over at 

least two-thirds of the length of highway elements." 

(1969, 14)), several corridors can be identified in the 

Southwest, comprising essentially those routes 

identified by Meinig (1971). Although the corridor 

model assumes an existing settlement pattern before the 

arrival of railroads, in the Southwest railroad towns 

can be expected to have provided much of the initial 

linearity found in the settlement pattern. 

Highways and Population 

Although work relating highways to settlement 

patterns is scarcer than that for railroads, a number of 

examples do exist that are specifically concerned with 

these relationships. One of the more useful works on 

this topic is Janelle (1969), in which the changing 

locational utility, or accessibility, of places is 

changed by transport innovations, with resultant changes 

in the activity which takes place at that location. 

This process of spatial reorganization is demonstrated 

in a Michigan example, in which changes in travel time 

within a small urban pattern is tested against changes 

in urban wholesaling activity. Travel time is not used 

alone, but in a gravity model calculation, which is used 

to represent demand over a particular highway link 

connecting a city pair. A hypothesis that wholesaling 

activity would become more concentrated in more 

accessible locations was upheld, with areas of greatest 

accessibility increase tending to show greatest 

increases in wholesaling activity as well. That these 

areas of greatest accessibility increase also tend to be 
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larger cities or towns is a reflection of their 

importance at an earlier period. Though keeping in 

mind that human behavior is not always rational, Janelle 

suggests that activity will nonetheless shift to 

locations of more utility. This utility or 

accessibility tends to be cumulative; those places which 

are advantaged at an earlier point in time tend to 

maintain this lead in later years. 

Hodge (1965) has compared population and economic 

characteristics of small towns located on the Canadian 

Great Plains in an effort to identify under what 

conditions these towns may be expected to grow or 

decline. Importantly, the study area consisted of 

fairly linear town patterns, based on the underlying 

railroad pattern of the area. Similar to Janelle, 

Hodge's study showed that small towns nearer to large 

cities could be expected to decline more than small 

towns located further away. 

While this observation was not explicitly connected 

to changes in transportation, it was based on increasing 

trade areas of larger centers and increasing personal 

mobility. These interrelated characteristics allowed 

rural residents to bypass smaller towns and patronize 

larger centers, a pattern very close to that identified 

by Janelle (1969). Hodge also showed that successful 

small towns are becoming increasingly farther apart, 

though in a very irregular manner. 

Hodgson (1972) has used regression analysis to 

attempt to explain selective growth of small towns in 

Ontario, Canada. Importantly, accessibility (as 

measured by a population potential calculation) was used 

as a major variable, as "it is assumed that the growth 

of a centre will be related positively to its 

accessibility to the larger population centres within 



1 6 7  

the area of study" (1972, 140). Small town population 

growth over a ten-year period was used as the dependent 

variable, while other independent variables included 

population at the beginning of the study period, 

distance from the Ontario transport corridor, a major 

freeway running east-west through the study area, and a 

dummy variable representing whether or not a town is 

within arbitrary commuting distance of Toronto. 

Accessibility emerges as the most significant 

independent variable, but "the most important result, 

however, is perhaps that the two simple variables of 

existing population and relative location are 

significantly related to the growth of small urban 

places, and that at least two attempts to introduce more 

complicated variables do not enhance the explanation of 

growth" (1972, 144-45). These two attempts refer to the 

commuting variable and distance from the transportation 

corridor, which contributed very little to explanation 

of town growth. The best explanation of this growth is 

provided by the use of both population and accessibility 

together. 

A particularly important study is that of Gauthier 

(1968), who used an accessibility matrix (based on 

travel cost as a distance measure), to compare 

structural changes in the highway system of the Sao 

Paulo area of Brazil with urban growth in that area. 

Gauthier's study is based on an assumption of a "high 

degree of interdependence between the development of a 

transportation system and the geographic pattern of 

urban economic growth" (1968, 77), and on the fact that 

highway investment "can produce serious changes in the 

pattern of internal accessibility for many of the urban 

centers of the network. In turn, the change in 

accessibility may disrupt existing patterns of spatial 
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competition in the region and have an effect on relative 

rates of urban growth" (1968, 77). 

The resulting comparison of accessibility change 

and urban growth characteristics shows that both 

manufacturing activity and population growth exhibited 

relationships with transportation improvements, though 

only for selected areas and time periods. Manufacturing 

activity more clearly showed this lag than did 

population growth, though both display what Gauthier 

refers to as unbalanced development, in which transport 

infrastructure and other activities are not developed at 

the same rate in the same areas. 

Transport and Regional Characteristics 

In a slightly different approach, MacKinnon (1974) 

has used regression analysis with the spread of highway 

pavement in Canada. This analysis was further refined 

by a lead/lag analysis between population growth and 

pavement, but with no strong results either way. 

Importantly, although MacKinnon considers population 

potential a useful measure of transport demand, it is 

not very satisfactory as a measure of the effect of 

transport improvement. Leading or lagging population 

relationships between early roads and population growth 

have been noted in the early 19th century in Canada 

(Mcllwraith, 1970), as the creation of primitive roads 

tended to follow the creation of rural settlements. 

Additionally, improvements to these primitive roads, 

because they were largely or entirely a result of effort 

by landowners adjacent to the road, were greatest near 

settlements and tended to lag behind population growth 

or expansion of settlements. 

Although somewhat less relevant to the present 

research than the preceding literature, several studies 



1 6 9  

attempting to relate economic or social characteristics 

of a region to the transport development or 

technological level of that region are also of interest. 

Garrison and Marble (1962) using graph theoretic 

measures, find that the highway and railroad structures 

of several nations, tend to regress well with 

technological development, demographic level, and the 

size, shape, and relief of the country. In general, it 

may be said that "technological development is always a 

major determinate of structure, with other of the 

independent variables important only in cases" (Garrison 

and Marble, 1962, 52). 

An analysis is also performed of network 

characteristics within individual nations, where it is 

found that the 'neighborhood effect,' in which networks 

tend to preferentially link adjacent points or areas, is 

common for surface networks, although this tendency is 

naturally somewhat less for airline networks. 

Following the general trend of the work done in 

Garrison and Marble (1962) but greatly expanding it, 

Kansky's analysis, is of more interest. Like the 

earlier paper, Kansky attempts to identify relationships 

between various measures of economic development and 

network structure among 18 countries. Although 

demographic characteristics of a nation appear to have 

little effect on transportation networks, size of the 

country and physical terrain do have some effect, and 

economic development shows a close relationship with 

networks. 

One important element of this study is the 

allowance made for external influence of national 

transport networks. As "some of the features of network 

structure exist because of economic and other factors 

located outside the areas of study" (1963, 63), Kansky 
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created a measure of this external influence and 

repeated the analysis, but the results were little 

different. From this result, Kansky concluded that 

international borders were strong enough barriers to 

transportation routes to allow individual nations to be 

considered functional regions. Kansky also tested 

network structure at various scales within the United 

States. In general, his measures allow useful 

distinction of networks and good relationships with 

economic and physical variables at state and county 

levels, although secondary roads were added at the state 

level. It is concluded that political units such as 

states and counties behave less as functional regions as 

the scale decreases, though changing the data used in 

the analysis (for example, by including secondary roads) 

may alter the results. This finding is of importance 

for this research, as it suggests the Southwest study 

area may not be of large enough size to show noticeable 

relationships between transportation and population. 

Southwestern Transportation and Population 

Relationships 

As mentioned in the previous chapter, population 

data for Southwestern cities is very limited, and any 

sort of economic data is virtually non-existent for the 

first half of the study period, greatly limiting any 

attempt to compare transport change with settlement and 

population. Nonetheless, this will be attempted. 

Though the goal of identifying "the degree to which 

particular types of economic development were associated 

spatially with various kinds and levels of achieved 

accessibility" (Conzen, 1975, 75) will be necessarily 
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constrained by data considerations, this is the main 

objective of this section. 

Several expectations can be stated. In general, it 

can be said that "places having the initial advantage of 

early development and accessibility remained at or near 

the top of the urban hiearchy" (Dahms, 1981, 176), it is 

expected that railroad towns and cities on major east-

west routes at the beginning of the study period will 

tend to show higher accessibilities than other towns, 

and will tend to maintain these leads throughout the 

study period (or as long as these locations stay on 

major routes). The same can also be said for the larger 

cities, as evidence of urban biases in transport 

improvements suggest that these locations will be more 

accessible and receive improvements more preferentially 

than lesser centers. As many larger towns exist on 

major routes, these two characteristics will of course 

tend to be self-reinforcing (if not already explaining 

the larger sizes of these cities and/or their location 

on major routes). 

Given these expectations, two settlement groupings 

based on location will be used: railroad origin of the 

settlement, and location on the Southwest trunk routes 

(as identified by Meinig, 1971). These trunk routes 

approximate the major railroad lines and Interstate 

System, as well as earlier highways. Railroad origin 

of settlements will be based on whether a post office 

had been established in a settlement before or after the 

arrival of a railroad line. Though somewhat crude, it 

allows for a quick and consistent determination of a 

town's status. Information regarding the establishment 

of post offices were found in several place name guides 

(Barnes, 1988, and Pearce, 1965), while dates of 

railroad arrival were obtained from local railroad 
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histories (Myrick, 1963,1975,1980,1990). The origins of 

several towns were estimated because of a lack of post 

office data. 

Similarly, two basic groupings of cities were used 

for population. The first grouping involved testing the 

seven metropolitan areas identified in the last chapter 

separately from the other towns. This was done because 

the historical prominence of these seven cities may be 

expected to result in greater accessibility differences 

than lesser cities would receive. In order to more 

evenly test the effect of population size, all of the 

cities were also grouped and tested according to size 

categories for each decade. The size categories were 

based on fixed population ranges rather than adjusting 

these population ranges upward as overall population 

levels increased. Six size categories were used: (1) 

2,500 or smaller, (2) 2,501-5,000, (3) 5,001-10,000, (4) 

10,001-25,000, (5) 25,001-50,000, and (6) 50,001+. 

The problems of grouping towns based on function 

have already been noted in the previous chapter, and so 

will not be attempted (accessibility and highway 

improvement differences between town functions would not 

likely be all that great during the auto period). An 

exception to both the difficulties of classification as 

well as likely transport differences are county seats. 

These locations can be easily identified, and theory 

(Berry, 1967), anecdotal evidence (Vance, 1990), and 

highway department statements (Arizona State Engineer, 

1914) exist to suggest that county seats would likely be 

preferentially favored with transport improvements. 

County seats would also be likely to be larger towns and 

might perhaps also be located on major routes, 

reinforcing their political importance. 
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Given the fact that accessibility in the Southwest 

is strongly influenced by location within this area (and 

in turn strongly influenced by the choice of locations 

to include in the study), no attempt will be made to 

differentiate accessibility change by state. Despite 

this, it may be expected that each Southwestern state 

had different highway policies resulting in different 

spatial patterns of improvement and transport-population 

relationships, at least in the early decades. 

Changing.Accessibility of Individual Cities 

At this point the changing accessibilities of 

cities will be examined, with emphasis on comparing 

these to population growth. Before proceeding to the 

statistical analysis, it is useful to examine the 

accessibilities of several cities in particular. This 

can be done using threshold accessibility diagrams. 

These diagrams show the amount of population within 

a specified distance from a selected point. This is a 

measure of individual accessibility rather than areal 

patterns. Although more a descriptive tool than a 

analytical method, this measure of showing accessibility 

will be briefly discussed before proceeding to the main 

analysis. 

Four cities within the Southwest study area were 

arbitrarily chosen (Alamagordo, Albuquerque, Tucson, and 

Holbrook) to show a mix of locations and sizes. The 

creation of threshold accessibility diagrams is based on 

Plane and Rogerson (1993). These diagrams were 

constructed by grouping all cities on the basis of their 

distance from the origin city. The total population of 

distance group was then calculated and the percentage of 

the total population (of the 59 Southwest study area 

cities) were calculated. The cumulative percentage of 
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the Southwest population falling within a certain 

distance of a city can then be displayed on a chart (as 

in Figures 7.1-7.4, for 1920, 1950, 1970, and 1990). 

The accessibility of all the four cities in 1920 

was low, with Holbrook and Alamagordo extremely so. The 

similarity of the cumulative accessibilities of these 

two cities is interesting given their respective 

locations. While Alamagordo was peripheral to the study 

area (especially so in 1920, given the very poor route 

access of this city to others in the Southwest (see 

chapter 5)), Holbrook was located near the center of the 

area, located on a major east-west route. Despite this, 

both cities were located over 15 hours away from almost 

all other cities (the farthest city from Holbrook was 

44.68 hours, that from Alamagordo 64.1 hours). In both 

cases this is a clear result of the very high travel 

times at this time, as even Tucson and Albuquerque, 

located near many other towns, also show low cumulative 

proximity to population. In this case, the slightly 

higher accessibility of these cities stems not from 

their centrality but from the proximity of neighboring 

cities within relatively short distances. The higher 

accessibility of Tucson at this time was greatly 

influenced by the proximity of Phoenix, though this 

influence would be much greater in later years. 

In 1990, accessibility is almost the reverse of 

that of 1920, with fairly rapid rises in cumulative 

accessibility before leveling off at or near 100% of the 

total population. The fact that each of the remaining 

58 cities could be within 11 driving hours of 

Albuquerque, and even within 11 hours of Alamagordo, 

shows the great changes in highway travel since 1920. 

Despite Holbrook"s somewhat central location, the lack 

of a close neighboring population can still be seen. 
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However, the rapid rise within the cumulative population 

provides the most extreme example of the four cities 

that population in the Southwest is anything but evenly 

distributed. To some extent, the other three cities 

follow a similar pattern to that of Holbrook, but with 

more population in closer proximity (in the case of 

Tucson and Albuquerque the substantial populations of 

these metropolitan areas contributes to this higher 

starting threshold accessibility). 

Although Alamagordo is influenced by the proximity 

and size of the El Paso and Las Cruces metropolitan 

areas, these areas are not particularly visible in the 

graphs, though the influence of Phoenix is. The general 

leftward shift of the accessibility curve can be better 

seen for Albuquerque, though this city has always been 

in closer proximity to population than Alamagordo. 

Aside from the initial very low accessibility of 

Holbrook, this city and Tucson show similar leftward 

patterns over time, and both show somewhat consistent 

curves within this shift. 

Several points are of interest relating to these 

accessibility diagrams. First, as most of the 

incorporated cities chosen for this research are 

relatively far from one another, the low threshold 

accessibility within the first 1 or 2 hours is not 

surprising. The rapid rise of accessibility after these 

initial hours is somewhat surprising, but is reflective 

of the number of routes connecting these cities. 

A second point concerns the consistency of the 

accessibility curves over time. Tucson and Holbrook 

have the most consistent of the cities shown, suggesting 

that the accessibility of these cities has been 

gradually improved, both as a result of transport 

improvements as well as population growth, rather than 
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being radically altered by these twin factors. Thus, 

Tucson's threshold accessibility curves show a 

progressive shift toward the left of the diagram along 

with a gradual evening of that curve's slope, indicating 

that population has been moving closer to Tucson while 

at the same time becoming more even in its distribution. 

While the same trends are apparent for Alamagordo, in 

this case a peripheral location has meant that 

accessibility would not be even, and instead would 

increase rapidly with distance. 

As these diagrams are based on population growth as 

well as highway improvements, assigning responsibility 

for any change to a particular transport change would be 

difficult. This is made even more unlikely by the fact 

that population growth was most rapid during the period 

of Interstate Highway construction, making the impact of 

that high-speed urban oriented network unidentifiable. 

Clearly, looking at the four diagrams, it can be seen 

that accessibility changes tended to be greatest in the 

earlier years, and of less magnitude in more recent 

years, even though the aforementioned population growth 

and Interstate system might be expected to produce the 

greatest changes at this time. However, reference to 

the accessibility rates of change in the previous 

chapter will show that the magnitude of that change has 

decreased, however unevenly, over time (although with a 

rise in the rate of change between 1980-90). Thus, the 

rate of accessibility change would be lowest at the time 

that population growth would be highest and major new 

highway systems would be constructed, with the net 

result being less threshold accessibility change in 

recent years. 

No great difference in patterns are apparent given 

the variation in size of the four cities (except of 
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course for the percentage of population within several 

hours). The major determinant of accessibility appears 

to be location within the Southwest study area (most 

important for Alamagordo, although the potential 

isolation is somewhat offset by close proximity to the 

Las Cruces and El Paso metro areas) and the number of 

neighboring cities within close distance. The nearness 

to a major metro area is of particular significance, and 

the very large size of these metro areas in later years 

likely dominates much of the variation in threshold 

accessibility curves. 

The generalized nature of the preceding discussion 

highlights the need for a more objective determination 

of transport and settlement interrelationships (though 

it is likely these threshold accessibility curves could 

provide the basis of a useful measure of accessibility, 

perhaps if a Genie index was used to summarize the 

varying distances to populations). Regressions will 

therefore be used to identify any such relationships. 

Shimbel Accessibility and Urban Population 

The testing for transport-settlement relationships 

in the Southwest was done in two broad steps. First, it 

was determined whether significant differences in 

accessibility or accessibility change existed between 

the city groupings described above. The second step 

consisted of testing all cities, and then the groupings 

for which significant differences exist, with 

regression. Because Shimbel and population potential 

measures produced different results, these will be 

discussed separately. 

The results of ANOVA testing of Shimbel 

accessibility did not show any significant differences 

between any groups. Using accessibility changes, only 
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four significant differences (at the .05 level) were 

found, showing differentiation between county seats and 

other towns as well as between metro areas and other 

cites for accessibility change during 1980-90. 

Accessibility change during 1920-30 was also 

differentiated between county seats and others, as was 

change during 1960-70 by the size groups. 

The lack of significant differences among these 

groups is somewhat surprising, though the fact that 

almost all larger towns and metro areas are county seats 

may reduce the usefulness of such a grouping. The lack 

of differentiation between the seven metropolitan areas 

and the other cities is also surprising, and suggests 

that further analysis of population-transport 

relationships may not be as fruitful as originally 

thought. 

Despite the importance of railroad-era settlements 

in the Southwest, using railroad-origin towns as a 

grouping variable was of no help whatsoever. It appears 

clear that towns which came into existence before or 

during the arrival of railroads did not benefit from 

more or better highway improvements than towns which 

emerged later. While this is not directly discouraging 

to the hypothesis that rail-era towns would form the 

basis of the later highway system, it does show that 

once the basic highway system had been put in place (in 

the case of the Southwest, by 1920) the pattern of 

improvements did not distinguish between the origins or 

age of towns. Though it might be expected that much of 

the lack of usefulness of this grouping may be avoided 

by use of the trunkline grouping (as this groups cities 

according to location rather than origin), this grouping 

also shows no differentiation. In summary, it appears 

that the prospects of differentiating accessibility on 
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the basis of settlement characteristics is unlikely to 

be of much use. 

The next step in the analysis was to use 

regressions, with population and population change used 

as dependent variables, and with accessibility and 

accessibility changes as independent variables, in an 

attempt to identify what transport-settlement 

relationships exist among all cities together. This 

step was initiated by testing straight population for 

each year against accessibility values for that year, 

the decade following, and the decade preceding. 

Although it is not likely that population and 

accessibility values would show great similarity, this 

provided a useful starting point for the analysis. The 

results held up to the expectation, as only one barely 

significant relationships (at the 95% confidence level) 

between population and accessibility values was found 

(between 1950 population and 1950 accessibility). 

Similar negative results were found when straight 

population was tested with leading and lagging 10-year 

accessibility changes. Absolute population is evidently 

almost completely unrelated to Shimbel accessibility. 

Next, population change between decades was 

similarly tested against straight accessibility values 

for the beginning, middle, and end of the population 

change period. The results were slightly better, with 

only two significant regression resulting, neither with 

R2 values above .200. No clear leading or lagging 

relationships were apparent. Following this, population 

change over the same intervals was regressed with 

accessibility change over leading and lagging 10-year 

intervals. Four significant regressions were obtained, 

all very weak (R2 below .100) and scattered, producing 

no clear or useful patterns. 
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Next, some simple multiple regressions were 

attempted to provide closer relationships between 

population and accessibility. Population change was 

tested against several combinations of population and 

accessibility change characteristics. These efforts 

were no more successful than for single regressions. 

The results obtained from the Shimbel accessibility 

tests are discouraging, as almost no relationship (and 

even less that is consistent) exists between population 

and accessibility in the Southwest. Notably, attempts 

to combine accessibility characteristics in the multiple 

regressions was of only limited success, and did little 

to increase the understanding of transport-settlement 

relationships in the area (regressions with 

accessibility on a logarithmic scale were also 

attempted, but initial testing showed that no 

improvements in explanation could be expected, so this 

was not pursued further). 

In general, using the Shimbel measure, the 

Southwest highway network appears to be fairly 

indiscriminate of city size or location, and 

improvements appear to be almost completely unrelated to 

population characteristics of cities. These negative 

results may be overcome by the incorporation of 

population into the calculation of accessibility. 

Population Potential and Urban Population 

The analysis of population potentials is of course 

made more complicated by the fact that these were 

calculated with two different exponents. Despite the 

different distance exponents, surprisingly little 

difference was found. As for Shimbel accessibility, the 

first step is to use ANOVA to identify grouped 

differences. The resulting population potential 
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differences can be seen in Table 7.1 (no significant 

differences were found for accessibility change with the 

smaller exponent). 

As with Shimbel accessibility, railroad towns are 

not differentiated according to potential accessibility. 

Significant differences between trunkline locations, 

metro areas, and county seats were more common for the 

larger exponent, though county seats show only a modest 

level of differentiation with the higher exponent. 

ANOVAs were also performed for size groupings, though 

with the metro areas removed to eliminate the higher 

values of these locations. Only three significant 

differences were found (scattered over the years), 

providing no aid in grouping population potentials by 

town size, and suggesting that this measure of 

accessibility is also fairly indiscriminate of town 

size. 

As for Shimbel accessibility, regressions were 

performed using population and population change with 

accessibility and accessibility change. The first 

step, comparing absolute population and potential, 

produced results very different from Shimbel 

accessibility. In the case of both exponents most 

regressions were significant beyond the 99% confidence 

level (Table 7.2). Slight variation in the R2 values 

suggests that population is leading population potential 

by a decade, but this is only a mild pattern. 

The surprising success of this testing ended when 

absolute population was tested against potential change 

over leading and lagging 10-year intervals. Several 

regressions were significant (for the b=2 potential), 

but very weak, and were not useful. Results were little 

better when comparing population change against absolute 

potential. These results were best after 1950, although 
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TABLE 7.1 

Population Potential Differences Between Groupings 

Distance Exponent = 1 
County Metro RR Town Trunklines 

1920 .015 
1930 
1940 .002 .014 
1950 .012 .044 
1960 
1970 
1980 .017 .022 
1990 .000 

Distance Exponent = 2 
County Metro RR Town Trunklines 

1920 .001 .000 .010 
1930 .017 .000 .021 
1940 .000 .042 
1950 .000 .002 
1960 .000 .028 
1970 .018 .000 .002 
1980 .031 .000 .002 
1990 .033 .000 .037 
1920-30 .01 
1930-40 .036 .001 
1940-50 
1950-60 .005 
1960-70 .011 
1970-80 .004 
1980-90 — -

in no case did any R2 values exceed .260, and in general 

these values were quite weak. No leading or lagging was 

identifiable. 

The next step was to compare population change 

against potential change. A few significant results 

were scattered over the years, but remained mostly weak, 

with no R2 values over .220. No consistency over time 

or leading/lagging relationships were visible, though 

for the first time the smaller exponent produced better 

results. 



1 8 5  

Multiple regressions were attempted, but with a few 

exceptions, were largely unsuccessful (Table 7.2). 

Although relatively few significant regressions were 

obtained, and these were scattered, improved 

relationships were obtained. 

Unlike Shimbel accessibility, population potentials 

were grouped (by county seats, metro areas, and 

trunklines) and tested separately. Within these 

groupings, potential change was not used given the 

extremely poor results in earlier regression testing. 

It is only to be expected that metro areas would 

show higher population potentials than other areas, as 

their own population would be a sizable part of their 

total accessibility. Metro areas did in fact show a 

number of strong regressions (Table 7.2), particularly 

in more recent years. The lower exponent showed 

stronger R2 values for the first time, and in fact these 

R2 values are the strongest yet obtained. By contrast, 

non-metro cities did not show a single significant 

regression for any year. 

For trunkline locations both potential measures 

showed significant results over the entire time period 

(Table 7.2). While the results are better for the 

higher exponents, no leading or lagging effect is 

visible. For cities not on these trunklines, the 

results are completely negative, with no significant 

relationships. 

Potentials were also grouped and tested for county 

seats. The results (Table 7.2) were fairly strong, but 

distributed over the entire time period though with a 

slight leading effect perhaps visible. As for the other 

groupings, no significant regressions were found for 

non-county seats. 
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When using the potential measures, the larger 

exponent usually provided more explanation (higher R2 

values), but about the same number of significant 

regressions. For both exponents R2 values tended to 

rise when testing all cities (though more consistently 

for the higher exponent), but this was not as consistent 

for grouped regressions. 

Population potentials were clearly biased towards 

metro areas, county seats, and trunkline locations, 

though not for all years. Relationships between 

transportation and urban growth for these locations 

tended to be closer than for all cities, but no more 

notable leading of lagging relationship was 

identifiable. For the higher exponent the county seats 

and metro areas provided the closest relationships, 

while with the lower exponent metro areas were clearly 

the closest. Nonetheless, though population can be 

closely related to accessibility improvements, the 

directionality of this relationship cannot be 

determined. 

One disadvantage of this measure is the fact it 

contains both population and accessibility, making it 

more difficult to isolate the effect of highway 

improvements. Though this was a hypothesized outcome of 

uneven patterns of transportation improvement and 

population growth, the similarity of population 

potential change to population growth makes 

interpretation and identification of the process 

occurring difficult. 

Because potential accessibility is closely 

connected with population of metro areas, ANOVAs were 

similarly performed on population to determine to what 

extent accessibility differentiation by groups was 

likely to be a result of population variation. The 
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TABLE 7.2 

Population Potential Regression Results 

All Cities(b=2) 
apulation Population Potential R2 P 
1990 1990 .454 .000 

1980 .421 .000 
1980 1990 .481 .000 

1980 .443 .000 
1970 .414 .000 

1970 1980 .463 .000 
1970 .435 .000 
1960 .447 .000 

I960 1970 .468 .000 
1960 .480 .000 
1950 .492 .000 

1950 1960 .413 .000 
1950 .425 .000 
1940 .386 .000 

1940 1950 .518 .000 
1940 .447 .000 
1930 .439 .000 

1930 1940 .428 .000 
1930 .440 .000 
1920 .403 .000 

1920 1930 .440 .000 
1920 .223 .000 

All Cities (b=l) 
apulation Population Potential R2 p 
1990 1990 .307 .000 

1980 .225 .000 
1980 1990 .314 .000 

1980 .223 .000 
1970 .192 .000 

1970 1980 .223 .000 
1970 .191 .001 

1960 1970 .183 .001 
1950 .160 .002 

1950 1950 .191 .001 
1940 .250 .000 

1940 1950 .155 .002 
1940 .216 .000 

1930 1940 .208 .000 
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TABLE 7.2 - Continued 

All Cities (b=2) 
Population Population Potential 
1980-90 1990 

1980 
1970-80 1980 

1970 
1960-70 1970 

1960 
1940-50 1950 

R2 
.254 
.223 
. 102  
.116 
.176 
.153 
.187 

P 
.000 
. 000  
.014 
. 0 0 8  
.001 
.002  
.001 

All Cities (b=l) 
Population Population Potential 
1980-90 1990 

1980 
1960-70 1970 
1940-50 1950 

R2 
.204 
.078 
.094 
.164 

P 
. 0 0 0  
.032 
.018 
.001 

All Cities (b=2) 
(Multiple Regressions) 

Population Population Potential 
1940 1940+1940-50 

1940+1930-40 

R2 
.550 
.493 

P 
. 001  
.029 

All Cities (b=l) 
(Multiple Regressions) 

Population Population Potential 
1980 1980+1980-90 
1960 1960+1960-70 

1960+1950-60 
1950 1950+1940-50 
1940 1940+1930-40 
1930 1930+1930-40 
1920 1920+1920-30 

R2 
.324 
.153 
.165 
.251 
.275 
.168 
.119 

P 
.000 
.010 
.006 
.000  
.037 
.010 
.030 
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TABLE 7.2 - Continued 

Population 
1990 

1980 

1970 

1960 

1950 

1940 

1930 

1920 

Trunkline cities (b-2) 
Population Potential R2 P 

1990 .525 .000 
1980 .503 .000 
1990 .558 .000 
1980 .531 .000 
1970 .517 .000 
1980 .557 .000 
1970 .546 .000 
1960 .528 .000 
1970 .593 .000 
1960 .573 .000 
1950 .561 .000 
1960 .460 .000 
1950 .452 .000 
1940 .408 .000 
1950 .577 .000 
1940 .489 .000 
1930 .609 .000 
1940 .464 .000 
1930 .612 .000 
1920 .447 .000 
1930 .609 .000 
1920 .459 .609 

Population 
1990 
1980 
1970 
1960 
1950 

1940 

1930 

Trunkline cities (b=l) 
Population Potential R2 P 

1980 .352 .001 
1980 .347 .001 
1980 .346 .001 
1950 .165 .026 
1950 .187 .017 
1940 .328 .001 
1950 .143 .040 
1940 .272 .003 
1940 .259 .004 

Metro Areas (b=2) 
Population Population Potential 

1990 

1980 

1970 

1960 

1930 
1920 

1990 
1980 
1990 
1980 
1980 
1970 
1960 
1970 
1960 
1930 
1930 

R2 
.645 
.607 
.693 
.644 
.694 
.571 
.593 
.656 
.679 
.592 
.599 

P 
.030 
.039 
.020 
.030 
.020 
.050 
.043 
.027 
.023 
.043 
.041 
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TABLE 7.2 - Continued 

Metro Areas (b=l) 
Population Population Potential R2 P 

1990 1990 .764 .010 
1980 .712 .017 

1980 1990 .780 .008 
1980 .691 .020 

1970 1980 .688 .021 
1960 1950 .591 .043 
1950 1950 .816 .005 

1940 .835 .004 

County Seats (b=2) 
Population Population Potential R2 P 

1990 1990 .598 .000 
1980 .556 .000 

1980 1990 .637 .000 
1980 .587 .000 
1970 .537 .000 

1970 1980 .615 .000 
1970 .565 .000 

1960 1970 .615 .000 
1940 1930 .650 .000 
1930 1930 .651 .000 

1920 .545 .000 
1920 1930 .653 .000 

1920 .558 .000 

County Seats (b=l) 
Population Population Potential R2 P 

1930 1920 .428 .000 
1920 1920 .445 .000 
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results are shown in Table 7.3 (metro areas were not 

used as a group). Although population is not 

differentiated among railroad-origin towns or county 

seats, cities located on trunklines did have larger 

populations than others up to 1960. Some population 

growth is differentiated within each of the three 

groups, but without any pattern. Compared to the 

results of grouping population potentials, the absence 

of any differences among county seat populations is 

striking, while trunkline locations do show both 

population and population potential differences. This 

comparison suggests that, however closely tied to 

population, the potential measure is likely to be enough 

of an independent measure of accessibility to be useful, 

and does not necessarily reflect the location of metro 

areas on trunklines or as county seats. 

TABLE 7.3 

Population Differences Between Groups 

County seats Railroad towns Trunklines 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 

.042 

.038 

.025 

.017 

.042 

1920-30 
1930-40 
1940-50 
1950-60 
1960-70 
1970-80 
1980-90 

044 

002 
012 
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Conclusions 

The relationships between population and 

accessibility in the Southwest has been measured for all 

cities and by groups, using two measures of 

accessibility. Using the Shimbel measure there can not 

be said to be any relationship. While relationships can 

be identified with the population potential measure, 

these can only be viewed as concomitant, with perhaps a 

slight rise in the closeness of this relationship in 

recent years. Within these general statements, 

additional observations can be made about specific 

groups of cities. 

The influence of county seats on highway 

improvements has been mixed. In very early years these 

towns did benefit from highway improvements, but for the 

most part they have been indistinguishable from other 

towns using a distance-based accessibility measure. 

Although these towns cannot be differentiated from 

others on the basis of population, the use of population 

in the measurement of accessibility does create a 

differentiation of these county seats. 

Despite this differentiation, county seats have had 

few strong relationships with accessibility change. 

While the population potential of these towns has shown 

strong relationships with population for certain years, 

the evidence for these locations having had an influence 

on highway improvements is limited. The better 

accessibility of these locations is more likely due to 

the location of most county seats on major routes rather 

than preferential improvements. 
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As was mentioned earlier, the Southwestern highway 

system appears to be fairly indiscriminate of population 

size, and the results of using the seven metropolitan 

areas as a separate group bear this out particularly 

well. Shimbel accessibility does not differentiate 

these areas from other cities, and using only distance 

to measure accessibility the seven largest Southwestern 

cities have not been advantaged with better highway 

improvements. Though the population potentials do show 

strong differences between these cities and others, this 

is largely due to the fact that their population is used 

in determining their accessibility. The very poor 

results of size groupings among the remaining non-metro 

areas shows the importance of population in producing 

differentiation between metro areas and other locations. 

Another group of Southwestern towns, those 

established before the arrival of railroads, have also 

not shown different accessibilities from those 

established afterward (neither have they tended to have 

had higher populations or greater population growth 

rates). Thus, these pre-railroad cities have not shown 

different characteristics from post-railroad cities, and 

do not appear to have formed the basis for any later 

highway systems. This measure is of course limited by 

dividing all cities into groups depending on whether 

they were established before or after a railroad line 

arrived at that location, rather than dividing these 

cites according to their location along major railroad 

lines, as the trunkline grouping. These trunkline 

cities do in fact show significant differences in 

population potential, and up to 1960, population, though 

with growth rates little different from other locations. 

Cities on trunkline routes have benefited from 

improved accessibility during periods of population 
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growth in recent decades, but only if proximity to other 

population is used within the accessibility measure. 

Given that these locations would likely be within easier 

reach of metropolitan areas ensures that distance is of 

some importance in the population potential measure 

(though of course all seven Southwestern metro areas are 

trunkline cities as well). The lack of greater 

accessibility improvements to trunkline cities does 

suggest that the Southwestern highway system is not 

externally oriented. 

In conclusion, the hypothesis that Southwestern 

highway construction and improvement has been strongly 

influenced by the size, location, or function of 

settlements cannot be proven at this point. Although 

evidence exists to show a growing, concomitant 

relationship between population and highway 

improvements, it is difficult to isolate the importance 

of highway improvements within the accessibility measure 

used. Within this analysis of transport-settlement 

relationships, the effect of transport innovations, 

including the construction of the Interstate Highway 

System, is not apparent. 

Given the poor and inconclusive results of 

examining transport-population relationships, traffic 

levels and route improvements will be examined in the 

next chapter. 
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CHAPTER 8 

SOUTHWESTERN HIGHWAY IMPROVEMENTS 

AND TRAFFIC, 1920-90 

Traffic is of obvious importance when analyzing 

transportation networks or systems. Although gravity 

models and population potentials can be used to show the 

potential or expected interaction between points, these 

do not show the actual usage of routes between these 

points. "Unlike the propensity for interaction, which is 

a somewhat inferred or derived concept, a spatial flow 

is an observable phenomenon that can be measured 

directly as the specific volume passing a point during a 

particular time interval" (Lowe and Moryadas, 1975, 

159). 

In order to more fully understand the spatial 

pattern of highway improvements in the Southwest, 

limited traffic data will be analyzed with route 

improvements (travel time rate of change). This 

analysis is being conducted to provide an alternate, not 

necessarily urban, explanation for the spatial pattern 

of highway improvements in the Southwest. It may also 

be of importance for determining the degree to which 

external influences have been of importance to 

Southwestern highways. Given the hypothesis that 

highways will lag behind rising urban populations, it 

may be hypothesized as well that they will tend to lag 

behind rising traffic levels, until the arrival of the 

Interstate System. 

Because this analysis is not directly comparable 

with the analysis of the previous chapter (the traffic 

analysis will examine selected routes, while 

accessibility focused on points) it will be used as an 
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aid to improve the understanding of highway improvements 

based on the results of the last chapter. 

The application of traffic flow data to this 

research is important for the ways in which it can 

demonstrate the actual importance of a route, rather 

than its potential importance based on its location 

alone. The relationship of highway improvements with 

traffic may further explain the spatial pattern of these 

improvements, and in particular may suggest the extent 

to which the Southwest's role as a bridge between 

California and the eastern U.S. has influenced highway 

improvement within this area. Also, with flow data, it 

may be possible to differentiate the network based on 

route function, also of importance when estimating the 

degree of outside influence on Southwestern highway 

systems. 

This analysis will be carried out at two levels: 

the entire Southwest, and Arizona. This is necessary to 

cover as many years as possible despite data 

limitations. The analysis will be similar to that for 

accessibility, with testing performed to identify 

leading and lagging relationships between traffic levels 

and travel time rates of change. 

Southwestern Traffic Flow Patterns. 1940-60 

Before beginning the analysis of traffic and route 

improvements, a general comparison of traffic levels and 

Southwestern road network maps (Figures 5.1 through 5.8) 

will be useful. Data sources for Southwestern highway 

traffic are very limited. While the Arizona highway 

department has published traffic flow data or maps for 

many years, New Mexico has not consistently tabulated 



197 

traffic flow information. Table 8.1 lists the sources 

of traffic data used here. 

Because of these limitations, traffic flows will be 

measured and analyzed at two levels: for the entire 

Southwest for the years 1940, 1950, and 1960 (traffic 

volumes in New Mexico for 1960 were calibrated from 

Arizona traffic flow map), and for Arizona for the years 

1924, 1926, 1940, 1950, 1955, 1960, 1965, 1970, 1975,and 

TABLE 8.1 

Southwestern Traffic Flow Data Sources 

Year Source (for Arizona, except where noted) 

1922 Sixth Biennial Report, 1924 

1926 Seventh Biennial Report, 1926 

1940 Interregional Highways, 1944 (both states) 

1950 Factual Review, 1950 

1955 Factual Review, 1955 

I960 Traffic Flow Map of Arizona, 1960 

Annual Report, 1960 (New Mexico) 

1965 Arizona Traffic, 1966 

1970 Arizona Traffic, 1971 

1975 Traffic on Arizona State Highway System, 1976 

1985 Traffic on Arizona State Highway System, 1986 

1985. While these years do not cover the entire study 

period, they will have to suffice as indications of the 

relationships between traffic levels and road 

improvements. The data for the entire Southwest will 

however cover the period 1940-60, during which time the 

basic highway network was completed and the Interstate 

System begun, a period likely to be of some importance 

for route differentiation. 
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In 1940, traffic in the Southwest was dominated by 

east-west traffic along Meinig's (1971) four trunklines, 

with the northern route showing the highest east-west 

traffic levels (Interregional Highways, 1944). Paved 

roads appear to show higher traffic levels in 1940, 

though distinctions are clear between several competing 

paved routes. A certain isolation of the Southwest is 

clear, with traffic from other areas falling off rapidly 

as it approaches the Southwest. In particular, very 

little traffic occurs across the northern boundary, as 

the heavy traffic flows around Denver and Salt Lake City 

fall off rapidly long before approaching the Southwest. 

Towns such as Raton, Tucumcari, Clovis, and El Paso 

serve as major gateways on the eastern edge of the 

Southwest, with Yuma, Blythe, and Needles performing 

this role on the west. 

By 1960 traffic flow patterns remained much the 

same, but traffic levels had increased greatly (Annual 

Report, 1960, Arizona Traffic Flow Map, 1960). The 

rising importance of the Interstate System is seen by 

the massive increase of traffic on these routes, 

particularly on east-west routes. 

Southwest traffic levels were tested against travel 

time reductions over selected routes for 1940 and 1960. 

Twenty routes were selected to include both east-west 

and north-south segments, with these segments about 

evenly divided between location on the Interstate System 

and others. The routes used tended to be short, 

although averaging of multiple traffic values was 

common. The routes used for the Southwest and Arizona 

are shown in Table 8.2. Rates of change in mean travel 

times for routes examined with traffic flows are shown 

in Table 8.3. 
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Following the trend in accessibility change noted 

in the previous chapter, travel time changes show 

initial high rates of change, followed by a lessening of 

change between 1950 and 1960 and a sharp increase 

between 1980 and 1990. As with accessibility change, 

the period 1950-80 represents a long period of small, 

but consistent, decreases in driving time. 

Interestingly, the period of greatest travel time 

reductions was not between 1920 and 1930, but in the 

following decade. This is rather surprising, as it 

would be expected that the travel time changes between 

years would be greatest in the earlier years. The 

transition to paved roads, as well as increases in 

overall driving speeds, probably account for this 

anomaly. 

Testing the traffic data with ANOVA to determine 

significant differences between Interstate routes and 

others reveals differences at greater than the 99% 

confidence level, although the rate of increase between 

1940 and 1960 does not show any significant differences 

between Interstate and other routes. Regression 

analysis shows leading relationships between traffic and 

travel time for these two years (Table 8.4). 

Despite this leading relationship, the traffic 

increases between 1940 and 1960 does not show a 

significant relationships with the 1940-60 travel time 

changes. It can therefore be expected that although 

travel time reductions over a certain period tended to 

be greatest over those routes with the highest traffic 

volumes, these travel time reductions were not related 

to increases in traffic volumes. Thus, major routes in 

the Southwest (at least during a narrow time period) 

tended to receive improvements more than did lesser 

routes, but the overall pattern of traffic increases in 



2 0 0  

the Southwest during this same time was not related to 

these improvements. This suggests, as the ANOVA testing 

has already confirmed, that traffic increases were not 

related to the major trunklines/future Interstate 

System, although absolute traffic volumes were greater 

over these routes. Highway improvements lagged behind 

higher volumes, but were unaffected by traffic growth. 

TABLE 8.2 

Routes Selected for Traffic Analysis 

Southwest 

Needles-Williams 

Belen-Socorro 

Flagstaff-Winslow 

Holbrook-Winslow 

Las Vegas-Wagon Mound 

Albuquerque-Gallup 

Casa Grande-Tucson 

Santa Rosa-Tucumcari 

Blythe-Wickenburg 

Deming-las Cruces 

Prescott-Jerome 

Holbrook-Globe 

Alamagordo-El Paso 

Carizizo-Socorro 

Douglas-Willcox 

Lordsburg-Saf ford 

Gallup-Farmington 

Carizozo-Vaughn 

Ft Sumner-Melrose 

Deming-Silver City 

Arizona 

Needles-Williams 

Phoenix-Yuma 

Flagstaff-Winslow 

Holbrook-Winslow 

Phoenix-Wickenburg 

Tucson-Nogales 

Casa Grande-Tucson 

Tucson-Florence 

Blythe-Wickenburg 

Phoenix-Prescott 

Prescott-Jerome 

Holbrook-Globe 

Tucson-Willcox 

Yuma-Casa Grande 

Douglas-Willcox 

Wickenburg-Prescott 

Williams-Flagstaff 

Globe-Pima 

Tombstone-Nogales 

Tombstone-Bisbee 
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TABLE 8.3 

Mean Travel Time Change Over Selected Routes 

For Entire Southwest 

Period 

1930-40 

1940-50 

1950-60 

1960-70 

Rate of Change 

-25.98 

-14.74 

-3.63 

-6.87 

1920-30 

1930-40 

1940-50 

1950-60 

1960-70 

1970-80 

1980-90 

For Arizona Routes Only 

-20.55 

-23.79 

-16 .26  

-4.7 

-7.13 

-4.64 

-9.82 

TABLE 8.4 

Regression Results for Southwest Traffic 

Traffic Travel Time Change 

(Average Daily Vehicles) (% Change) R2 P 

1940 1940-50 .366 .005 

1960 1960-70 .526 .000 
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Arizona Traffic Patterns. 1922-85 

Although these Southwest traffic findings are 

interesting, they are limited to a short time period. 

Traffic data for Arizona highways are available for more 

years, and so these may be utilized to give a longer 

term view of traffic and highway development. In order 

for this discussion to have any validity for the 

Southwest it must be assumed that many of the observed 

patterns in Arizona are representative of New Mexico as 

well. 

Traffic flows were first recorded in Arizona in 

1922, but were not tabulated regularly until the 1950s. 

Early traffic data show a moderate amount of travel 

across the state. Rural traffic seems to be very minor 

compared to urban, and it is notable how areas of very 

little traffic exist between certain groups of towns. 

For example, an area of moderate traffic could be said 

to exist from Phoenix to Globe, or Tucson to Douglas, 

but these corridors are isolated from one another by 

larger areas of lower traffic. Unfortunately, not 

enough traffic data exists for the early years to 

attempt to relate road improvements with traffic levels. 

Such an analysis will therefore have to be carried out 

only from 1940 on. It would be expected that traffic 

and road quality would tend to be related, and in fact 

some evidence exists for this in 1926. Comparing these 

traffic values with the 1930 road conditions shows that 

the Phoenix-Globe corridor is paved in 1930, as is about 

half of the Tucson-Douglas corridor. However, other 

areas of pavement exist without corresponding higher 
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traffic levels, so little weight should be given to this 

relationship. 

As 1940 traffic flows have already been discussed, 

only a few comments need to be made. One relates to the 

greater east-west traffic west of Phoenix compared to 

the older east-west trunklines. The lead acquired by 

this new route is still apparent in 1950, while the 

overall importance of the east-west routes has grown in 

relation to others. It is important to note that well 

over half of traffic on these trunk routes consists of 

out of state passenger cars. Only on the main north-

south route do in state vehicles come close to equaling 

the volume of out of state cars. 

An origin-destination study made for the period 

1948-49 (Statewide Origin-Destination Traffic Survey, 

1950) helps to clarify some of the traffic patterns. 

This study shows that the majority of traffic entering 

the state on the east-west trunklines passed through the 

state on the same route. While ultimate destinations or 

points reached during these traverses are not known, 

this study makes the importance of through-traffic 

clear. Importantly, little of the traffic traversing 

the state on the northern trunkline passed through 

Phoenix or the southern part of the state, but remained 

on a relatively direct route across the state. This 

traffic undoubtedly accounts for much of the visitors 

at the Grand Canyon, and the fact that about half the 

total traffic is to/from Las Vegas, NV, rather than 

to/from southern California, is of particular interest. 

By contrast, traffic across the southern part of the 

state is broken up by the existence of multiple routes 

and large cities. The importance of Phoenix, both as a 

origin/destination of traffic as well as an important 

intermediate stop, is clear. 
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Interestingly, a degree of separation between the 

northern and southern halves of the state is apparent, 

suggesting that there is little interchange of through 

tourist traffic between the north and south. This 

reinforces the idea of Arizona (and the Southwest) as a 

bridge between more populous parts of the country. One 

additional feature of the origin-destination study, and 

the 1950 traffic map, is the great volume of traffic 

between Tucson and Phoenix, a trend which has continued 

in more recent years. 

The proportion of all east-west traffic shared by 

the three major trunklines had become more evenly 

distributed by 1960, though in general the 1950 flow 

pattern still held throughout the state. A similar 

origin-destination study was performed for 1961 (Arizona 

Highway Department, 1965), but with more reliable 

results. In terms of transstate traffic (traffic with 

both origin and destination outside the state), the 

northern trunkline accounted for almost twice as much 

traffic as the next largest route. 

A trend apparent in the 1948-49 study becomes more 

identifiable in the 1961 study. This is the very small 

traffic flow traversing the state from north to south. 

The most heavily traveled of these routes recorded a 

daily average of six vehicles crossing the state in this 

direction. Both the northern and southern boundaries 

show very little transstate traffic movement in any 

direction, though the northern has about three times as 

many crossings as the southern. Arizona, and to a 

lesser extent probably the entire Southwest, showed a 

remarkable degree of isolation from adjacent areas to 

the north and south in 1961. The degree of separation 

between the northern and southern parts of the state is 
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still clear, though north-south instate travel has 

increased. 

Traffic flows in 1970 and 1985 (traffic flows in 

1980 are not recorded in a useful format) continue the 

trends of previous years. Major east-west routes 

continue to handle large traffic volumes with continuing 

increases. The most heavily used route, Tucson-Phoenix, 

shows a tenfold increase between 1950 and 1985, with a 

mere 2,319 vehicles per day in 1950 and 23,000 in 1985. 

The completion of the Interstate System shifted traffic 

levels, as volumes along older U.S. highways declining 

despite a great upward trend in overall traffic. 

Although'no origin-destination surveys are 

available at the state level since the 1960s, some 

useful observations may be made anyway. Traffic levels 

between the northern and southern parts of Arizona 

appear to have increased in advance of overall traffic 

increases, and the northern boundary of the state has 

become more permeable, with more routes and much greater 

traffic volumes than before. In terms of east-west 

travel, 1-10 (the southern trunkline) carried many more 

vehicles across the western state boundary than the 

competing 1-8 and 1-40, but again the effect of Phoenix 

can be seen (as well as traffic splitting off from 1-40 

to go to/from Las Vegas), and at the eastern edge of the 

state 1-40 and 1-10 are about even. 

The examples of Phoenix, and to a lesser extent, 

Tucson, show that larger cities do have an effect on 

long-distance travel, if only that of causing such 

traffic to be routed through these centers. Such 

centers may also be important generators or destinations 

of long-distance travel. Other concentrations of 

traffic around or between larger towns in Arizona are 

not common. Continuing a trend first noted for 1926 is 
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the slightly higher traffic flows eastward from Phoenix 

to Globe, still recognizable in 1985. Other areas of 

slightly higher traffic are between Bisbee and Douglas 

and perhaps westward from Flagstaff to Williams. 

The increasing homogenization of the Southwestern 

highway system from 1940-60 is not accompanied by a 

homogenization of traffic flows. These remain somewhat 

concentrated on a few major routes. Although an 

increasing concentration of traffic may be seen along 

the routes of Interstate highways, this is somewhat 

misleading due to the great route similarity of the new 

Interstates with older highways. The future Interstate 

pattern was largely identifiable in 1940 on the basis of 

traffic volumes, and has become more so since that time. 

Even recently, U.S. and state routes may carry more 

traffic than Interstate routes. Therefore, it would 

appear that the construction of the Interstate system 

(which can also be viewed as the improvement of the 

existing highways) will be seen to lag behind traffic 

volumes over those routes. The lead-lag of other 

highways is likely to be very mixed, but overall will 

likely lag behind increasing traffic volumes as well. 

Arizona Traffic/Highway Improvement Relationships 

Arizona traffic trends were tested as for 

Southwestern traffic. Referring to Table 8.5 it can be 

seen that no significant traffic differences existed 

between Interstate and other routes before 1950. After 

this time the greater traffic volume over the Interstate 

routes before and during the actual construction of this 

system is greater than that for other routes. This lack 

of route differentiation in early years is however 

likely due to the small number of routes for which 

traffic data is available, rather than to the lack of 
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any great difference in traffic volumes. Despite the 

difference in traffic volumes by route types, only over 

one 10 year period is there any differentiation of 

traffic volume growth by route type. 

Much of the Arizona traffic data is also available 

for foreign (out of state) passenger traffic, and this 

has also been tested and displayed in Table 8.5. 

Although not available for early and later years, this 

traffic shows the same route differentiation as total 

traffic, as well as the lack of differentiation in 

TABLE 8.5 

Differentiation of Arizona Traffic Patterns 

by Routes 

Year Total Traffic Foreign Passenger Traffic 
1924 N.A. 
1926 N.A. 
1940 N.A. 
1950 .005 .000 
1955 .002 .000 
1960 .001 .000 
1965 .018 .000 
1970 .000 .001 
1975 .004 .000 
1985 .006 N.A. 
1926-40 N.A. 
1940-50 N.A. 
1950-60 
1950-55 
1955-60 
1960-70 .045 
1960-65 
1960-85 N.A. 
1965-70 
1970-75 
1975-85 N.A. 
N.A.=data not available 

traffic growth. While the unknown origins and 

destinations of this (and all) traffic preclude 

identification of this traffic as transcontinental, 
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given the results of the travel surveys discussed above, 

it may be assumed that this traffic is broadly 

representative of through traffic crossing the 

Southwest. 

Total and foreign passenger traffic volumes were 

tested against travel time changes using absolute 

volumes as well as rates of change over five- and ten-

year intervals (Table 8.6). The significant 

relationships between both total and foreign passenger 

traffic and travel time change were split about evenly 

between leading and lagging results. Using traffic 

change over time introduced only mixed relationships, 

with both traffic and travel time reductions taking 

place over the same period. 

Grouping traffic volumes by route type produced 

several additional significant relationships, but again 

no overall directionality was apparent (Table 8.6). 

Grouping did however increase the level of explanation 

of the regressions, reinforcing the fact of different 

traffic volumes according to route type regardless of 

directionality of route improvement. 
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TABLE 8.6 

Arizona Traffic-Highway Improvement Relationships 
Total Traffic 

Traffic* 
1926 
1960 
1970 
1970 
1975 

1950-60 
1950-55 
1960-70 

Travel Time % Change R2 P 
1925-35 .332 .025 
1960-70 .379 .004 
1960-70 .547 .000 
1970-75 .475 .001 
1970-75 .495 .001 
1950-60 .200 .037 
1950-55 .363 .005 
1960-70 .289 .015 

Out of state passenger traffic 
Traffic* Travel Time % Change R2 P 

1960 1960-70 .352 .006 
1965 1955-65 .284 .015 
1965 1960-65 .284 .016 
1965 1965-70 .290 .014 
1965 1965-75 .216 .039 
1970 1960-70 .303 .012 
1970 1965-70 .206 .045 
1970 1970-75 .319 .010 
1970 1970-80 .198 .049 
1975 1970-75 .572 .000 
1975 1970-85 .215 .040 

1950-60 1950-60 .203 .046 
1950-55 1950-55 .316 .010 
1970-75 1970-75 .214 .040 

Total traffic over Interstate routes 
Traffic* Travel Time % Change R2 P 

1950 1950-55 .529 .017 
1970 1960-70 .610 .046 

Out of state passenger traffic over Interstate routes 
Traffic* Travel Time % Change R2 P 

1965 1955-65 .411 .046 

Total traffic over non-Interstate routes 
Traffic* Travel Time % Change R2 P 

1975 1965-75 .459 .031 
1985 1975-85 .555 .013 

1960-70 1950-60 .418 .043 

Out of state passenger traffic over non-Interstate routes 
Traffic* Travel Time % Change R2 P 

1975 1965-75 .727 .002 
1975 1975-85 .455 .032 
1975 1970-75 .716 .002 

* average daily number of vehicles over route. 
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Conclusions 

The only clear trend apparent for Southwestern 

traffic patterns is that of concomitance, as traffic 

trends and travel time decreases are show mixed 

leading/lagging relationships. This lack of clear 

causality probably reflects the fact that the period of 

greatest traffic increases after World War II coincided 

with a period of relatively homogeneous networks and 

little or no rise in average driving speeds. It is 

perhaps therefore not surprising that little clear 

relationship would exist during this period. However, 

the possibility also exists that both traffic increases 

and highway improvements were incremental, with no 

identifiable causality at the scale of this analysis. 

While regression analysis showed that busier routes 

tended to get the most improvements, no indication of 

causality is available, and the fact that traffic 

increases are almost entirely concomitant with travel-

time reductions suggests that both of these changes may 

involve a great deal of short term adjustment. It is 

notable that no changes are visible which may be 

attributed to the construction of the Interstate Highway 

system. 

The main objective for including this chapter was 

to test the relation of traffic to highway improvements 

in an effort to provide an alternative, non-urban 

explanation for highway improvements. Given the 

results, this objective must be assessed as 

unsuccessful. Clearly, traffic levels and highway 

improvements were related, but not in such a way as to 

show that Southwestern highways have been largely 

oriented toward serving traffic flows, regardless of 
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their local or external origin. Although the traffic 

analysis could not be carried out up to the present 

because of data limitations, it is notable that the 

later years show the strongest relationships. Non-

interstate traffic is particularly noteworthy in this 

respect, showing the strongest relationships of all 

between traffic and road improvements in recent decades. 

This may be reflective of recent trends in non-

interstate construction, such as the roads to recreation 

areas identified by Meinig (1971). 

The lack of traffic data available for analysis has 

made any comparison with highway improvements difficult, 

and the major contribution of this chapter lies in 

identifying the growing importance of traffic in the 

Southwest, rather than in identifying a traffic-serving 

orientation to Southwestern highways. While some 

evidence for such an orientation is supported by the 

data, no causality can be identified. Thus, while 

Southwestern highways were clearly improved as traffic 

increased, it cannot be stated whether these highways 

were developed in advance of this traffic or 

improvements were implemented after traffic levels had 

increased. 
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CHAPTER 9 

CONCLUSIONS 

The main goal of this research was to use the 

influence of urban populations to explain the spatial 

pattern of highway improvement in the Southwest, and 

additionally, identifying the particular influence 

certain locational or functional groups of cities have 

had on highway improvements. It was expected that urban 

population would be of great importance in determining 

highway improvements, and locational and functional 

groupings would be able to further refine this 

explanatory ability. Given the statistical results, it 

can only be concluded that the Southwestern highway 

system has been almost entirely independent of such 

urban influence. While this conclusion is of course 

based on the particular measurement of highway 

improvements, as well as the selection of cities for 

which to measure influence, the lack of any useful 

results from the testing of Shimbel accessibility values 

does not provide any evidence of urban influence. 

Although population potential values do show strong 

relationships with urban population, and even closer 

relationships when these urban populations are grouped, 

the importance of population in the population potential 

makes it difficult to assign any meaningful results to 

this measure. Rather, it appears that the population 

potentials are more reflective of the metro area 

populations, a point made clearer by the lack of useful 

results obtained using population change or population 

potential change. Thus, while absolute population 
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regresses well with absolute population potential, rates 

of change of either do not regress well against either 

absolute values or rates of change to the other. The 

lack of directionality of the population potential 

results also show the close correspondence of 

populations. 

As was stated earlier, the Southwestern highway 

systems appears to have shown little discrimination by 

city size, and in general the hypothesis that highway 

improvements were oriented toward population cannot be 

supported. This is not to say that routes were not 

attracted to population, and indeed the use of 

incorporated cites existing from 1920 to the present 

insures that most of the locations used in the study 

would be large enough to be located on state highways 

during the entire period. Certain cities, such as 

Albuquerque and Phoenix, have always been at the center 

of the state highway systems, and although population 

has very likely been an important consideration in the 

choice of whether a route was to be built and where, 

subsequent improvements to these roads (the subject of 

this research) does not appear to have been strongly 

related to population. 

Several possibilities exist which cast doubt on the 

negative findings of this research. First, the 

measurement of highway improvements makes use of a 

number of characteristics, including average vehicle 

speeds over different surfaces, which would not of 

course show any relation whatever to population. The 

possibility also exists that the measures of highway 

improvement used here are not appropriate at this scale, 

both because of the size of the study area and because 

of the cities selected for inclusion in the study. The 

sample of cities may be a source of some error as well, 



2 1 4  

given that it is a closed group, with no cities below a 

certain population threshold being dropped and no new 

emerging cities being added. Thus, many of the cities 

used may not be important throughout the study period, 

assuming they were of any importance in 1920. The many 

new cities which have emerged in the Southwest since 

World War II are likely to have been of considerable 

importance, but were not included in this study. Rural 

populations, as well as areas of importance for tourism 

or recreation, may also be important considerations for 

highway construction. 

The use of accessibility as a measure of transport 

improvement does not seem to have been a problem; rather 

it is the fact that any highway improvement at one point 

will likely affect all travel tends to minimize the 

localization of transport improvements. Instead, these 

improvements are spread throughout the network. Also, 

the distribution of city population within the study 

area means that any improvements are unlikely to show 

any focus on particular sizes of cities. One potential 

problem is analogous to the destination assumption: 

every (shortest) route segment is equally likely to be 

chosen, when in actuality it may be expected that 

drivers would tend to choose Interstate routes over 

other paved roads except when the Interstate routes are 

much longer. Expecting routes to be chosen based soley 

on travel time, with no regard to surfaces (along with a 

myriad of other considerations) is very unlikely, and 

may also account for the apparent lack of impact of the 

Interstate Highway System. 

The use of traffic levels as an alternative 

explanation for the spatial pattern of road improvements 

is not of any greater importance than population. 

Though a number of significant relationships do exist 
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between traffic flows and highway improvements, the only 

clear pattern shown by these relationships is that of 

concomitance, with highway improvements and traffic 

increases increasing at a similar rate within the 5 and 

10 year intervals used for this testing. The fact that 

highway improvements show some relation to rising 

traffic levels suggest that highway department 

priorities were aimed at facilitating the efficient 

movement of vehicles, regardless of the location and 

origin of these flows. This may account for the limited 

usefulness of city population as a determinant or 

reflection of highway improvements. 

One important objective of this research was to 

identify whether, and at what times, the Southwestern 

highway systems have been oriented toward local or 

external influences. The importance of local population 

as an influence on the development of this highway 

system is minimal, while traffic flows cannot be 

directly differentiated according to local or external 

origin and destination. Given that significant 

differences do exist in the improvement of trunkline 

routes, including the Interstate system, and that these 

trunklines are of great importance to transcontinental 

as well as local traffic, any relationships between 

traffic and improvements over these routes would be 

inconclusive as to local or external origin. However, 

the fact that trunkline cities are not favored with 

greater accessibilities (using only distance) suggests 

that the Southwestern highway system has not been 

externally oriented. 

Given the potential importance of transport 

infrastructure layers as aids in understanding transport 

change over time, the lack of notable layers in the 

Southwest is of interest. Some generalizations can of 
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course be made based on the mapped highway patterns, 

showing an initial period of growing interconnection and 

improved road surfaces, leading to a somewhat 

homogeneous network around 1950, before construction of 

the Interstate Highways and other roads disrupted this 

pattern. However, these periods cannot be statistically 

substantiated, and the long period of Interstate 

construction makes any periodization based on this 

feature difficult (as well as suggesting that not enough 

emphasis has been giving to the lengthy period of 

construction in the literature). The declining rate of 

change of accessibility and highway improvements shows 

that the period in which the Interstate system was 

constructed was actually one of fairly stable and low 

network change, due largely to the stabilization of 

average driving speeds (until after 1980, when speeds 

and the rates of change all rose). As the Interstates 

arrived at a time when driving speeds had levelled off, 

the impact of these routes was minimized. It is 

interesting that the creation of such a seemingly new 

system had so little effect on the network and local 

accessibility. It is also noteworthy that the rise in 

speed limits between 1980 and 1990 is one of the most 

noticeable transport innovations affecting travel times 

that can be identified during the entire study period. 

In addition to being useful for showing transport 

changes, infrastructural layers are also potentially 

useful for identifying changing relationships between 

transport and population. However, no changes in 

transport-settlement relationships, or in transport-

traffic relationships, can be identified in the 

Southwest corresponding to transport layers. 

One final related aspect is the degree of isolation 

of the Southwest and to what extent the highway systems 
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might have helped overcome this isolation. Ullman 

(1956, 863) has suggested that 

Improvement in transportation and circulation 
has produced two contrasting and contradictory 
results: (1) In many cases it has made the world 
and its peoples more alike, since they are enabled 
to share ideas, products, and services...[and] (2) 
Simultaneously, in many cases it has made areas 
more unlike, since each region has been enabled to 
specialize in activities it can do best. 

Although the boundaries of the study area were drawn in 

such a way as to ensure some degree of transport 

isolation, it is notable that roads have been built 

across many formerly empty areas, and especially the 

provision of connections between the Southwest and Utah. 

The actual effect of these routes on the changing 

accessibility surface of the Southwest has apparently 

been minimal, though the nature of the measures used 

does of course favor more central locations. Even with 

greatly lessened isolation in later years as a result of 

road building, the Southwest remains of importance as a 

bridge between California and the eastern U.S., and it 

remains to be seen what effect future transport systems 

will have on the Southwest, and how this region's 

position within the nation will change in the future. 
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APPENDIX A 

SHORTEST PATH ALGORITHIM 

The shortest path accessibility algorithim used in 

this research is based closely on the discussion of 

valued graphs in Taaffe and Gauthier (1973, pages 138-

148), while manuals written by Spector (1993) and SAS 

Institute (1990) were used in writing the computer 

program. 

Although the complete program was several hundred 

lines long, the vast majority of this was taken up by 

the data, data input commands, and printing commands. 

Because it would be impracticable to print the entire 

program here (it would take about 8 single spaced pages) 

the central part of the alogrithim only will be shown. 

Line numbers are for convienence only, and are not used 

in the actual program (the program as run used 101 

cities, not all of which were used in the analysis). 

1) array x(101,101) xl-xl0201; 

2) array xt(101,101) xtl-xtl0201; 

3) array xc(101) xcl-xclOl; 

4) z=101; 

5) y=20; 

6) do i=l to z; 

7) xc(i)=0; 

8) end; 

9) do i=l to z; 

10) do j=l to z; 

11) xt(j,i)=0; 

12) end; 

13) end; 

14) do i=l to z; 



do j=l to z; 

x(i,j)=x(i,j)+x(j,i); 

if x(i,j)=9.99 then x(i,j)=999; 

end; 

end; 

do m=l to y; 

do i=l to z; 

do j=l to z; 

xt(i,j)=x(j,i); 

end; 

end; 

do j=l to z; 

do k=l to z; 

do i=l to z; 

xc(i)=xc(i)+(x(i,j)+xt(i,k)); 

end; 

n=min (of xcl-xclOl); 

if n<x(j,k) or (n>x(j,k) and x(j,k)=0) then 

do i=l to z; 

xc(i)=0; 

end; 

end; 

end; 

end; 
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APPENDIX B 
STANDARDIZED SHIMBEL 

AND POPULATION POTENTIAL ACCESSIBILITY VALUES 

Alamagordo 
Albuquerque 
Aztec 
Belen 
Bisbee 
Blythe 
Carizozo 
Casa Grande 
Cimarron 
Clifton 
Clovis 
Columbus 
Deming 
Douglas 
El Paso 
Estancia 
Farmington 
Flagstaff 
Florence 
Ft. Sumner 
Gallup 
Globe 
Holbrook 
Jerome 
Las Cruces 
Las Vegas 
Lordsburg 
Magdelana 
Maxwell 
Melrose 
Miami 
Mountanair 
Needles 
Nogales 
Phoenix 
Pima 

1990 
7.817 
7.399 
9.618 

7.54 
9.486 
11.53 
7.838 
9.713 
8.963 
8.644 
8.256 
8.384 
7.757 
9.300 
8.005 
7.688 
9.548 
9.651 
9.652 
7.937 
8.243 
9.061 
8.697 
10.28 
7.636 
8.059 
8.082 
7.863 
9.034 
8.103 
9.104 
7.745 
10.36 
10.15 
9.675 
8.700 

1980 
9.248 
8.890 
11.16 

9.102 
11.43 
14.32 
9.265 
11.61 

10.53 
10.35 
9.658 
10.16 
9.460 
11.21 
9.742 
9.156 
11.16 

11.83 
11.25 
9.313 
9.970 
10.61 
10.54 
12.64 
9.301 
9.646 
9.833 
9.427 
10.62 
9.494 
10.63 
9.169 
12.97 
12.33 
11.76 
10.45 

Shimbel Accessibility 

1970 1960 1950 1940 
9.771 
9.141 
11.74 
9.281 
11.67 
14.36 
9.671 
12.04 
11.13 
10.52 
10.21 
10.33 
9.589 
11.44 
9.860 
9.482 
11.72 
11.87 
11.84 
9.815 
10.11 

11.06 
10.66 

12.58 
9.448 
10.10 

9.942 
9.690 
11.21 

10.03 
11.18 

9.419 
12.86 
12.48 
12.22 

10.82 

10.25 
9.973 
12.78 
9.845 
12.27 
15.62 
10.11 

13.05 
11.77 
11.08 
10.85 
11.00 
10.23 
12.02 
10.60 
9.947 
12.76 
12.97 
12.59 
10.49 
10.89 
11.71 
11.58 
13.75 
10.10 

10.79 
10.52 
10.15 
12.00 
10.82 
11.84 
9.791 
13.95 
13.38 
13.14 
11.38 

10.53 
10.18 
12.71 
10.33 
12.81 

15.75 
10.36 
13.12 
12.29 
11.84 
11.62 
11.55 
10.77 
12.56 
11.01 

10.49 
12.62 
13.14 
12.71 
11.02 
10.95 
11.81 

11.69 
13.77 
10.46 
11.05 

11.1 

10.59 
12.09 
11.51 
11.92 
10.38 
14.33 
13.80 
13.26 
11.88 

13.23 
12.62 
16.23 
12.69 
15.76 
19.64 
13.06 
16.27 
14.92 
14.55 
14.72 
14.32 
13.27 
15.43 
13.45 
13.01 
16.32 
15.92 
15.80 
13.93 
13.73 
14.66 
14.20 
16.68 
12.91 
13.76 
13.62 
13.00 
14.87 
14.71 
14.80 
12.97 
20.66 
17.60 
16.26 

14.51 

1930 
16.99 
17.10 
24.85 
16.79 
20.21 

25.10 
16.92 
21.09 
19.68 
19.52 
19.48 
18.39 
14.99 
19.80 
17.40 
18.37 
24.26 
21.52 
20.14 
18.90 
19.56 
18.97 
20.27 
22.04 
16.81 

18.42 
17.49 
17.22 
19.64 
19.79 
19.09 
17.87 
27.89 
22.45 
20.54 
18.57 

1920 
35.29 
23.02 
41.30 
22.42 
29.17 
NA 
36.57 
NA 
25.73 
27.64 
26.14 
25.48 
24.23 
28.79 
24.18 
24.42 
41.88 
32.11 
32.79 
25.90 
28.91 
31.09 
29.94 
35.88 
23.24 
24.30 
25.23 
23.11 
25.39 
26.04 
31.21 
23.91 
41.77 
32.89 
33.57 
29.21 



Prescott 10.32 12.67 12.85 14.00 14.08 16.97 21.53 33.79 
Raton 9.187 10.80 11.38 12.03 12.32 15.15 20.11 25.66 
Roy 9.169 10.84 11.29 12.19 12.54 15.35 21.12 NA 
Safford 8.629 10.37 10.70 11.25 11.77 14.40 18.46 29.01 
Santa Fe 7.B14 9.329 9.690 10.25 10.67 13.31 17.81 23.76 
Santa Rosa 7.586 9.063 9.322 10.12 10.41 13.03 18.31 25.55 
Silver City 8.036 9.746 9.834 10.35 11.02 13.41 17.62 25.70 
Socorro 7.590 9.183 9.327 9.814 10.25 12.62 16.69 22.32 
Springer 9.073 10.67 11.26 12.19 11.99 14.73 19.43 25.20 

Thatcher 8.653 10.39 10.74 11.28 11.80 14.43 18.49 29.06 

Tombstone 9.285 11.36 11.42 12.29 12.79 15.98 20.59 29.64 

TorC 7.704 9.418 9.502 10.06 10.69 13.08 17.13 22.93 

Tucson 9.208 11.28 11.36 12.29 12.69 15.94 21.58 30.96 

Tucumcari 7.830 9.404 9.614 10.48 11.05 13.65 19.80 26.98 

Tularosa 7.843 9.274 9.717 10.16 10.48 * 13.23 16.96 34.74 

Vaughn 7.774 9.190 9.431 9.924 10.23 12.98 17.43 24.62 

Wagon Mound 9.295 10.95 11.60 12.45 11.77 14.53 19.04 24.85 

Wickenburg 10.51 12.64 13.08 14.06 14.18 17.02 21.42 NA 

Willcox 8.575 10.52 10.56 11.32 11.82 14.64 20.51 NA 

Williams 10.04 12.31 12.40 13.58 13.71 16.62 21.54 32.63 

Winkelman 9.547 11.16 11.63 12.43 12.89 15.91 NA NA 

Winslow 9.120 11.09 11.13 12.14 12.25 14.85 20.96 30.40 

Yuma 12.11 14.82 15.33 16.48 16.79 20.52 26.47 44.38 

NA = Not Applicable (this city not yet located on highway network) 
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Population Potentials (distance exponent = 1) 
1920 1930 1940 1950 1960 1970 1980 1990 

Alamagordo 1.73 2.18 2.33. 2.62 2.81 2.91 3.06 3.21 
Albuquerque 1.99 2.26 2.46 2.78 2.96 3.07 3.24 3.35 
Aztec 1.76 2.01 2.23 2.54 2.70 2.85 3.01 3.14 
Belen 1.92 2.20 2.39 2.69 2.87 2.99 3.15 3.24 
Bisbee 1.86 2.18 2.33 2.63 2.82 2.94 3.06 3.27 
Blythe NA 2.17 2.52 2.82 3.01 3.14 3.24 3.42 
Carizozo 1.72 2.15 2.31 2.62 2.80 2.92 3.06 3.18 
Casa Grande NA 2.31 2.46 2.93 2.97 3.11 3.23 3.41 
Cimarron 1.95 2.22 2.42 2.70 2.88 3.01 3.11 3.17 
Clifton 1.81 2.15 2.32 2.62 2.79 2.91 3.04 3.23 
Clovis 1.86 2.16 2.31 2.63 2.84 ' 2.85 3.07 3.19 
Columbus 1.86 2.17 2.31 2.60 2.79 2.91 3.02 3.21 
Deming 1.90 2.21 2.35 2.64 2.83 2.95 3.06 3.25 
Douglas 1.77 2.14 2.31 2.61 2.77 2.89 3.03 3.25 
El Paso 2.15 2.36 2.47 2.74 2.93 3.05 3.17 3.35 
Estancia 1.90 2.19 2.40 2.69 2.91 2.99 3.13 3.22 
Farmington 1.76 2.02 2.22 2.54 2.70 2.85 3.00 3.15 
Flagstaff 1.87 2.20 2.37 2.66 2.85 2.99 3.24 3.27 
Florence 1-97 2.29 2.44 2.75 2.94 3.06 3.21 3.37 
Ft. Sumner 1-8® 2.16 2.33 2.64 2.82 2.94 3.07 3.18 
Gallup 1-78 2-1° 2 28 2 58 2 76 2 89 3 05 3 21 

Globe 190 2 25 2 42 2 71 291 3 03 316 3 32 

Holbrook 180 214 2 32 2 61 2 79 2 92 3 07 3,26 

Jerome 1.91 2.23 2.42 2.72 2.90 3.04 3.15 3.29 
Lascruces 2.10 2.29 2.42 2.70 2.88 2.86 3.13 3.29 
Las Vegas 193 2.19 2.39 2.68 2.85 2.97 3.09 3.18 
Lordsburg 1-B5 2.17 2.34 2.63 2.83 2.94 3.04 3.25 
Magdelana 1.85 2.13 2.31 2.60 2.78 2.92 3.12 3.19 
Maxwell 1-98 2 24 2 42 270 2 87 2 99 3-10 317 

Melrose 187 2-15 2 31 2 64 2 82 2 92 3 05 318 

Miami 191 2 26 2 42 2 73 2 92 3 03 317 3 32 

Mountanair 1.87 2.15 2.33 2.61 2.82 2.90 3.10 3.20 
Needles 1-98 2 22 2 43 2 73 2 93 2 96 3 21 3 41 

Nogales 186 219 2 33 2 63 2 83 2 97 3 09 3 32 

Phoenix 2 07 2 39 2 55 2 85 3 06 3 20 3 35 3 55 

pjma 1.83 2.19 2.35 2.64 2.84 2.95 3.04 3.26 
1.96 2.26 2.46 2.74 2.94 3.08 3.18 3.31 
1.99 2.24 2.43 2.70 2.88 3.00 3.10 3.18 
NA 2.18 2.39 2.67 2.85 2.97 3.06 3.15 

Prescott 
Raton 
Roy 



S afford 
Santa Fe 
Santa Rosa 
Silver City 
Socorro 
Springer 
Thatcher 
Tombstone 
T or C 
Tucson 
Tucumcari 
Tularosa 
Vaughn 
Wagon Mound 
Wickenburg 
Willcox 
Williams 
Winkelman 
Winslow 
Yuma 

1.83 2.18 
1.03 2.19 
1.97 2.17 
1.90 2.15 

1.88 2.16 
1.97 2.23 
1.83 2.18 
1.88 2.16 
1.89 2.16 
1.92 2.26 
1.86 2.15 
1.74 2.17 
1.86 2.17 
1.95 2.21 
NA 2.30 
NA 2.16 
1.90 2.24 
NA NA 
1.71 2.16 
1.96 2.32 

2.35 2.65 
2.39 2.68 
2.37 2.67 
2.30 2.60 

2.33 2.63 
2.42 2.70 
2.35 2.65 
2.35 2.65 
2.31 2.60 
2.41 2.72 
2.38 2.67 
2.32 2.62 
2.35 2.66 
2.40 2.68 
2.50 2.87 
2.37 2.67 
2.39 2.67 
2.37 2.67 
2.33 2.62 
2.48 2.78 

2.84 2.96 
2.86 2.98 
2.85 2.97 
2.79 2.91 

2.81 2.93 
2.87 3.00 
2.84 2.95 
2.84 2.97 
2.79 2.91 
2.92 2.96 
2.85 2.97 
2.80 3.01 
2.83 2.95 
2.85 2.98 
3.00 3.'13 
2.86 2.99 
2.86 2.99 
2.90 3.01 
2.80 2.93 
2.97 3.09 

3.07 3.26 
3.11 3.23 
3.11 3.20 
3.01 3.23 

3.12 3.21 
3.10 3.17 
3.03 3.26 
3.09 3.35 
3.09 3.22 
3.13 3.42 
3.13 3.20 
3.05 3.20 
3.08 3.18 
3.08 3.16 
3.15 3.41 
3.21 3.30 
3.12 3.27 
3.12 3.31 
3.10 3.24 
3.20 3.38 

NA = Not Applicable (this city not yet located on highway network) 
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Population Potentials (distance exponent - 2) 
xlOO 

1920 1930 1940 .1950 1960 1970 1980 1990 
Alamagordo 0.37 1.34 1.59 1.93 2.12 2.13 2.42 2.57 
Albuquerque 1.82 2.10 2.45 2.90 3.04 3.18 3.34 3.64 
Aztec 0-48 0.72 1.16 1.59 1.75 1.85 2.19 2.34 
Belen 1-30 1.59 1.94 2.38 2.60 2.64 2.84 2.94 
Bisbee 0.77 1.15 1.45 1.83 2.07 2.17 2.41 2.67 

Blythe NA 1.12 1.83 2.20 2.43 2.58 2.71 2.99 

Carizozo 034 112 1-41 180 2 01 2 03 2 33 2 45 

Tawifirande NA 1.70 1.94 2.36 2.63 2.86 3.03 3.21 

Cimarron 0 89 120 157 190 211 218 2 39 2 46 

Clifton °-60 1 07 1 38 179 194 2 04 2 29 2 53 

Clovis 065 109 133 179 2 05 1 82 2 34 2 49 

fnlumhus 0.85 1.19 1.42 1.78 2.00 2.09 2.27 2.50 
1.05 1.38 1.58 1.92 2.16 2.27 2.42 2.63 

0.63 1.06 1.36 1.74 1.91 2.00 2.32 2.59 
2.24 2.35 2.45 2.77 2.96 3.15 3.26 3.55 

0.97 1.26 1.70 2.09 2.34 2.37 2.65 2.75 

0.46 0.73 1.15 1.59 1.76 1.86 2.18 2.35 
0.67 1.16 1.47 1.83 2.11 2.24 2.80 2.66 
1.32 1.65 1.84 2.28 2.52 2.63 2.91 3.09 
0.66 1.05 1.39 1.79 2.00 1.96 2.32 2.44 
0.52 0.93 1.31 1.70 1.92 1.99 2.30 2.48 
0.91 1.44 1.70 2.08 2.32 2.42 2.70 2.88 

0.51 1.01 1.36 1.72 1.94 2.05 2.37 2.63 

Deming 
Douglas 
EI Paso 
Estancia 
Farmington 
Flagstaff 
Florence 
Ft. Sumner 
Gallup 
Globe 
Holbrook 
Jerome 0.79 1.24 1.62 1.99 2.24 2.37 2.57 2.74 

LasCruces 1.87 2.01 0.94 2.45 2.63 2.88 2.94 3.17 

Las Vegas 0.91 1.20 1.55 1.91 2.05 2.06 2.40 2.49 

Lordsburg 0.78 1.16 1.45 1.81 2.03 2.13 2.33 2.59 
Magdelana 0.76 1.08 1.41 1.79 2.02 2.18 2.37 2.48 
Maxwell 0.98 1.25 1.60 1.91 2.10 2.16 2.39 2.49 

Melrose 0.69 1.05 1.33 1.78 1.99 1.79 2.25 2.46 
Miami 0.94 1.48 1.73 2.17 2.36 2.45 2.72 2.90 

Mountanair 0.77 1.12 1.45 1.71 2.12 1.86 2.50 2.59 
Needles 0.94 1.36 1.63 2.00 2.25 2.41 2.65 2.98 

Nogales 0 94 131 156 196 2 21 2 38 2 57 2 85 

Phoenix 182 2 20 2 43 2 82 3 09 3 25 3 49 3 82 

Pima 0.65 1.18 1.47 1.85 2.09 2.17 2.43 2.63 

Prescott 0 91 136 169 2 05 2 32 2 47 2,65 2-82 

HaXon 1.06 1.29 1.65 1.94 2.12 2.22 2.41 2.54 



Roy 
Safford 
Santa Fe 
Santa Rosa 
Silver City 
Socorro 
Springer 
Thatcher 
Tombstone 
TorC 
Tucson 
Tucumcari 
Tularosa 
Vaughn 
Wagon Mound 
Wickenburg 
Wiilcox 
Williams 
Winkelman 
Winslow 
Yuma 

NA 1.11 

0.64 1.17 
1.21 1.44 
1.40 1.08 
0.79 1.12 

0.87 1.18 
0.95 1.23 
0.64 1.17 
0.91 1.42 

0.94 1.18 
1.27 1.71 

0.67 1.03 

0.39 1.26 
0.72 1.11 

0.90 1.19 

NA 1.70 

NA 1.07 
0.73 1.26 
NA NA 

0.59 1.06 
0.97 1.48 

1.49 1.Q3 
1.47 1.85 
1.83 2.16 
1.50 1.87 
1.34 1.76 

1.52 1.91 
1.58 1.91 
1.47 1.85 
1.54 1.94 
1.49 1.84 

1.95 2.37 
1.50 1.85 

1.52 1.87 
1.48 1.89 

1.54 1.88 

1.99 2.37 

1.53 1.91 

1.49 1.85 
1.60 2.00 
1.36 1.73 
1.78 2.15 

2.02 2.05 
2.09 2.20 
2.33 2.48 
2.11 2.22 
2.00 2.15 

2.15 2.24 
2.09 2.22 
2.09 2.20 
2.18 2.33 
2.05 2.15 
2.62 2.85 

2.06 2.12 

2.07 2.02 
2.00 2.12 
2.03 2.17 

2.62 2.09 

2.18 2.36 

2.08 2.23 
2.35 2.44 
1.97 2.11 

2.38 2.52 

2.28 2.40 

2.41 2.64 
2.67 2.91 
2.45 2.51 
2.24 2.53 

2.55 2.59 
2.38 2.47 
2.27 2.63 
2.57 2.95 
2.47 2.55 

2.96 3.35 
2.53 2.50 

2.36 2.52 
2.35 2.46 

2.32 2.42 

2.43 3.17 

2.99 2.74 
2.43 2.64 
2.59 2.83 
2.48 2.55 
2.67 2.94 

NA = Not Applicable (this city not yet located on highway network) 
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