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ABSTRACT
While urbanization in Mexico's northern border region is long-standing, the pace
of urbanization has increased significantly in recent years. Many observers acknowledge
the rise in urbanization, but few have examined how it is affecting Mexico's northern
border cities. This dissertation fills the void by investigating the effects of rapid
urbanization in Ciudad Ju^ez, Chihuahua, Mexico. I focus on Ciudad Juarez because; 1 ]
it is the fastest growing border city, and; 2] processes fueling growth in Ciudad Juarez are
shared by many other Mexican border cities.
The dissertation focuses on two principal aspects of urbanization in Ciudad
Juarez: urban morphology (i.e., land use) and the changing socio-spatial complexion of
the city. In the first instance, I investigate whether population growth and expansion of
the maquiladora (maquila) economy "distorted" the development of residential and
commercial land use during the period 1988-1993. The analysis builds on the
comparison of land use change in Ciudad Juarez versus three cities located in Mexico's
interior. In the second instance, I develop a socio-spatial deprivation index to investigate
whether population growth and industrialization (the maquila economy) have affected
social conditions in the city's neighborhoods. The deprivation index incorporates many
types of data (variables) that are organized within a GIS platform. The analysis is
dynamic, and uses the deprivation index to monitor socio-spatial change during the
period 1990-1995.
The results demonstrate how rapid urbanization has affected Ciudad Juarez. In
lerms of morphology, the analysis shows that residential land has developed more
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quickly than expected, given rates of growth in non-border cities. In contrast, the
development of commercial land use lags well behind non-border cities. In effect,
proximity to the border has distorted development of both residential and commercial
land uses. My analysis provides specific measures of these distortions. In the second
case, population growth and industrialization have changed the social complexion of the
city's neighborhoods. While it is difficult to discern whether these factors improved or
worsened conditions at the neighborhood scale, the deprivation index shows clearly that
neighborhood change is extensive and, as such, warrants closer inspection in subsequent
research.
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Chapter I. Scope and Objectives
A. Rationale and Statement of Purpose
The region surrounding the Mexico-United States border has capnired the attention of
scholars for several decades. Some scholars have dealt with the range of political issues
involved with international relations such as envirormiental problems (Herzog 1990;
Dedina 1995) and international trade (Feenstra 1997), whereas others have investigated
the special culture that arose from the blending of Mexican, Chicano, and Anglo
influences in the region (Martinez 1977; Rodriguez et al. 1997).
This dissertation focuses on urbanization on the Mexican side of the United
States-Mexico border. From Matamoros, Tamaulipas to Tijuana, Baja California, there
are 14 major cities and several small towns that line the 2,000-mile border, and each
Mexican city has a "twin city" located on the United States side of the border (See Figure
1.1).

While each northern Mexican border city possesses a special history, character,
and morphology, they all share the common bond of influence from their neighboring
cities to the north. This research investigates how these influences have affected land use
change and the social complexion of northern Mexican border cities. The research
focuses on the changing urban morphology and socio-spatial characteristics of Ciudad
Juarez. Chihuahua' in Mexico.

' l lic Mexican formal for lown names is preser\eil in this documcni: name of ihe cit> . slate, and, sometimes, the name
of ihc countr)—i.e.. Chihuahua. Chih.
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Figure l.I, The United States-Mexico Border.

There are several reasons why continued research on northern Mexican border
cities, and Ciudad Juarez in particular, is needed. First, urbanization along Mexico's
northern border is unsurpassed in the country—except for Mexico City. The rapid pace
of urbanization has created many problems as cities expand spatially to accommodate the
growing number of people who choose to live in them. This dissertation documents the
relationship between population growth and Mexican industrialization policies—the
imufiiila economy. From this background. I show how rapid population growth has
affectcd urban land use change and socio-spatial conditions. In this regard, the
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dissertation provides important results for scholars and policy makers who must deal
with urban social change on a daily basis.
Second, the dissertation provides rigorous analyses of land use change and sociospatial dynamics in Mexican border cities. This approach contrasts with previous studies,
which are overwhelmingly descriptive and static. Studies of urban land use, for example,
examine how the standard pattern of Mexican (Spanish) town-building was modified by
proximity to the United States, and models of the border city have been developed
accordingly (Hoffman 1983; Arreolaand Curtis 1993).
Research on the social conditions of northern Mexican border cities has also
followed the descriptive approach. Much of this research has examined coloniar, the
low-income squatter settlements that occupy fringe areas of cities, as well as the spatial
distribution of socioeconomic variables throughout cities. Poverty and housing have
received most attention (Mingione 1996; Kalltorp 1997; Schneider and Voriaufer 1997).
In both cases—urban morphology and social area analysis—the description of cross
sectional data has been the primary research approach.
Third, the dissertation brings deeper understanding to urban land use change and
socio-spatiai dynamics by focusing on a single city: Ciudad Juarez. Chihuahua Mexico.
While each border city's experience is special, the processes fueling change are similar
along the border. Thus, the empirical study provides important lessons that apply to
many border cities. Ciudad Ju^ez is especially worthy of study because it is the largest

' Although co/anias is commonly used as a short name for poor urban settlements, coloniaspaputares. m the Mexican
context, is a more precisc term that accounts for the marginal neighborhoods within the cities' development.
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Mexican border city—trailed closely by Tijuana. Additionally, Ciudad Juarez has
experienced the most rapid rate of population growth in recent years and houses more
maquila employees than any other border city (Salas-Porras, Axenal, et al. 1989; Fuentes
1992).

B. Research Objectives
This dissertation focuses on urban land use change and socio-spatial dynamics of
northern Mexican border cities. Using Ciudad Ju^ez as a case study, the research seeks
to:
1 ] show how rapid p)opulation growth and expansion of the maquila economy in Ciudad
Juarez have affected the development of residential and commercial land use. The
analysis focuses on land use change during the 1988-1993 period;
2] investigate whether rapid population growth and industrialization are affecting the
socio-spatial condition of neighborhoods in Ciudad Juarez. 1 do this by developing a
rigorous method of estimating change in deprivation at the neighborhood scale during
the period 1990-1995.
In the chapters that follow, these objectives are linked explicitly to hypotheses
that guide the analysis.

C. Research Approach
To pursue the objectives mentioned above, this research builds on the traditional
avenues of urban land use change and social area analysis developed in Anglo-America,
but introduces new methods of analysis. In the case of urban land use, 1 follow Lowry's
(1964) traditional model of land use change. Starting from this platform, 1 show how
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rapid population growth and proximity to the border leads to "distortions" in residential
and commercial land uses in Ciudad Juarez. Distortions are identified by comparing
growth in Ciudad Ju^ez with a set of non-border Mexican cities. These comparisons are
used to simulate change in Ciudad Juarez during the period 1988-1993—the most recent
years that data are available.
In the case of social area analysis, I move farther from traditional approaches in
two ways. First, the analysis develops an index of deprivation that is applied to the
neighborhood scale in Ciudad Juarez. Deprivation is favored over indicators that are
more traditional because it gets to the core of social inequalities—access to services,
infrastructure, health care, education, and the like. Changes in levels of deprivation from
1990-1995 will be used to identify neighborhoods that have experienced improved (or
worsening) conditions. Although deprivation indicators have been used elsewhere, this
analysis is the first to deal with a Mexican border city, and might be the first applied to a
Latin American city. Second, the analysis builds on a Geographic Information Systems
(GIS) platform. GIS is used to provide a rich compilation of data "layers" that includes
various types of infrastructure, measures of accessibility, housing conditions, and
analogous types of data. These data were obtained from the Mexican census, other
critical studies, and data manipulation methods that are explained in Chapter 4.

D. Summary of Dissertation
The dissertation is divided into five chapters. Following the initial chapter. Chapter 2
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explains the dynamics of cities in the northern Mexican border region^. The discussion
summarizes the border's history in the years following official definition of the presentday border. Chapter 2 also explores population change in the region and reports and
interprets industrialization trends taking place in cities of the northern Mexican border
region (see Figure 2.1). The chapter concludes with an examination of recent population,
land use, social, and industrialization trends in Ciudad Juarez.
Chapter 3 presents the analysis of land use change in Ciudad Juarez. The chapter
begins by reviewing traditional Anglo-American models of urban morphology and land
use. Attention then turns to models of urban morphology in Latin America and Mexican
cities in particular. This review describes previous research and demonstrates the extent
to which my research differs. Finally, 1 describe the model used for the analysis of land
use change in Ciudad Juarez and report results of the simulation exercise.
Chapter 4 turns to the analysis of socio-spatial change in neighborhoods of
Ciudad Juarez. First. 1 review traditional approaches to social area analysis that emerged
from the "Chicago School" and summarize subsequent contributions to the study of urban
social areas. Second, I discuss alternative methods of quantifying social area analysis,
including traditional measures of poverty and more irmovative measures of deprivation.
Third, the chapter moves to construction of the deprivation index, including discussion of
data and variables, model specification, and methods used to estimate the deprivation
index. The chapter concludes with a discussion of research findings.

' The northern Mexican border region, as utilized in this dissertation, includes all six border states at northern
Mexico—from west to east: Baja California. Sonora. Chihuahua, Coahuila. Nuevo Leon, and Tamaulipas. Although
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The dissertation concludes with Chapter 5. The chapter begins by summarizing
research problems, then moves to a summary of growth trends along the northern border
region. 1 highlight land use change and social conditions in Ciudad Ju^ez because it
serves as the case study for the dissertation. Given this background, I then review
research findings for both analyses; land use change and socio-spatial conditions in
Ciudad Juarez. Finally, I evaluate the imjwrtance of research results as they influence
future investigation of border urbanization, and tie results to applied problems and
approaches of urban development and planning in northern border cities.

Nuc\o t.con IS the richest border state, but none of its important cities are located at the United Statcs-Mt\\ico
boundary.
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Chapter 2. The Dynamic Border Region
A. Introduction
Urbanization in Mexico's northern border region is an on going process. It is
linked to the distant past and to recent changes that affect land use and the social
complexion of cities. Much of the region's history as well as recent change are intimately
connected with the United States, especially policies and programs developed at the
federal level.
This chapter describes the dynamics of the northern Mexican border region and
draws attention to current urban and social circumstances of its border cities. This is
accomplished by summarizing the broader history of the border region and describing
population and industrial growth in border cities. The chapter also provides a closer
inspection of population and industrial growth in Ciudad Juarez. I extend this inspection
to show how the influx of migrants and the rapid growth of the maquila economy led to
the physical expansion of many border cities, as well as the deterioration of social
conditions. Then, I explain how population growth has affected land use change in
Ciudad Ju^ez. Similarly, I describe the socio-spatial environment of the city.
The chapter begins with a brief history of the border region, moves to the
description of more recent growth in the region, and concludes with a detailed study of
the urban growth in Ciudad Juarez during recent years.

B. History of Me.xico's Northern Border Region
The northem Mexican border region (see Figure 2.1) has acquired increasing
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importance since 1848, the year in which the present-day boundary was recognized.
Although diplomatic disputes and armed conflict occurred prior to 1848, observers on
both sides of the border agreed that the newly formed boundary would bring conflict to
an end. But this was not the case.

Pacific Ocean

Gulf of Mexico

Figure 2.1, The Northern Mexican Border Region.

The 1848 agreement led Mexico to lose almost one half of its land to the United
States. But the United States was not content with its acquisitions. Instead, in the years
that followed, the United States continued aggression and made overtures towards
acquiring even more of Mexico's land.
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There are several examples of United States aggression. For example, the
notorious La Mesilla dispute emerged as the United States opted for more of Mexico's
land. After the La Mesilla conflict was resolved in favor of the United States, even more
of Mexico's land shifted to northern control. Thereafter, controversy continued,
particularly along the border defined by the Rio Bravo—or Rio Grande. Several acres
switched to the United States when the river inundated borderlands. After these floods,
problems emerged when Anglo-American troops occupied small towns north of the
border that were previously owned by Mexico (Moyano 1996).
Despite these conflicts, villages and towns along the border sought cooperation in
order to bring stability to the region. This attitude was so pervasive that daily interaction
across the border continually grew despite political disagreement. Much of this
cooperation is explained by the interdependence of economies and cultures (Castellanos
1981; Martinez 1982). The distance separating border cities from Mexico City's central
power also contributed to cooperation along the border; it remained isolated and removed
from the firm grip of Mexican national politics.
Until the middle of the 19"^ century, Mexico's population was overwhelmingly
concentrated in central states around Mexico City. In fact, this pattern colors much the
country's history. These and other important elements have framed northern Mexican
border cities (see Figure 2.2).
In the years that followed, the absence of overt conflict set the stage for urban
development along the border. Moreover, as the Mexican government became aware of
the border's rich promise, it began focusing more attention on the region, especially after
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the Mexican Revolution of 1910. Since then, federal policies and transnational
agreements set the stage for explosive urbanization. I summarize major cities and
urbanization trends in Mexico's recent history.

Tecate
Tijuana

lexxralt

in Luis R.
Ciudai

Nogaies

larez

Agua Priel

Sonon

Ojinaga
Piedras Negi
Nuevo Lari
Reyni

Pacific Ocean

Sue%ro Lcott

Matamoros

julf of Mexico

Figure 2.2, Major Northern Mexican Border Cities.

B. 1. Origin of Northern Mexican Border Cities
Even before Mexican-United States hostilities colored the border region, the seeds of
urbanization had been sown. These first settlements set the stage for urban development
and defined sub-regions that are anchored to core metropolitan areas. These
•transfrontier metropolis" (Herzog 1990) include Tijuana-San Diego, Me.xicali-Calexico,
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San Luis Rio Colorado-San Luis, Nogales-Nogales, Ciudad Juarez-EI Paso, Piedras
Negras-Eagle Pass, Nuevo Laredo-Laredo, Reynosa-McAllen, and MatamorosBrownsviile. I discuss the evolution of key transfrontier metropolis' below.
In 1769, San Diego was the first mission of Alta California. Later, it became a
Presidio while still under Mexican control. In the 1850's, San Diego began taking on the
appearance of an Anglo-American town. This process of conversion occurred as AngloAmericans settled in San Diego and challenged original homesteaders. Eventually, the
original Mexican landowners lost control over land, politics, and the region's economy
(House 1982). In the years that followed, the Anglo-American presence deepened and
eventually San Diego assumed the characteristics of a North American city.
In similar fashion, Tijuana emerged as the first Mexican border settlement in the
western fringe of the region. During its first years, Tijuana's development derived from
San Diego's growth. In recent years, however, San Diego and Tijuana share a much
closer existence characterized by interdependence and the melding of economies and
cultures (Herzog 1990).
Midway along the 2000 mile border, Ciudad Juarez joins with El Paso, Texas to
command the 'Paso Del Norte Border Region' (Llera 2000). Its history differs from
Tijuana in that it is the oldest north Mexican border city, established initially as a
crossing point into the present-day United States. In contrast to the Tijuana-San Diego
region. Ciudad Juarez has long dwarfed its northern neighbor. El Paso. Texas and only in
recent years has El Paso e.xperienced nearly equal rates of growth.
There are other small-towns and mid-size cities along the United States-Mexico

border. Several of these towns and cities have shown, and are experiencing, dramatic
growth and development due to the expanding border economy. The origins of some
towns traces to the post-boundary era (1848) and, since then, patterns of development
mirrored larger Mexican border cities. This is especially the case in recent decades
where, beginning with the early 20''' century, urban form and social structure increasingly
resembled those of larger cities.
Cities on both sides of the border—Mexican and North American—exploit their
location. Spurred by mounting levels of cross-border interaction, cities on both sides of
the border have merged. Benefiting from proximity and shared interest in economic
growth, they have become homogeneous urban regions. Examples include: Naco,
Sonora-Naco, Arizona; Agua Prieta, Sonora-Douglas, Arizona; Ojinaga, ChihuahuaPresidio, Texas, and; Acuna, Coahuila-Del Rio. Texas (see Figure 1.1).

B.2. Population Change in the Northern Mexican Border Region
The previous section described the background from which recent border urbanization
arose. Since urbanization is rooted in population growth, an analysis of population
change is warranted. This section summarizes the components of population change,
especially rates of migration from the interior, and natural increase along the border. The
lack of historical data prohibits a comprehensive analysis and forces discussion on
particular issues and regions.
Since the turn of the last century', population growih along the northern Mexican
border region reveals distinct trends. Figures 2.3 and 2.4 show the trends in the northern
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Mexican border region during the past 95 years. To understand these trends, it is
necessary to look at the components of population change, especially rates of natural
increase and migration. Although longitudinal data are not available for sp>eciflc
analyses. Figure 2.3 shows natural increase, and Figure 2.4 reports migration to northern
border states for selected years.
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Figure 2.3, Natural Increase in Northern Mexican Border States. 1900-1996.

While natural increase has contributed significantly to population growth in the
region, migration has played an even more importanl role. Figure 2.4 shows percentages
of the non-native population—in-migrants—in northern border slates for selected years.

I
I

These data indicate that in-migration slowed in some border states after the mid-1950s.
For the state of Chihuahua, differences appear after 1970, where a higher percentage of
the population is considered in-migrant—approximately 12 % in 1980, and over 17 % in
1995.
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Figure 2.4, In-migrant Population in Northern Mexican Border States. 1940-1995.

B.3. Border Industrialization
The discussion above illustrates the importance of migration as a component of
population growth in the northern Mexican border region. Migration, in turn, was a
response to government bi-national programs that targeted the use of Mexican labor in
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the United States. The first of these, the bracero program, is important because it was
the first large-scale program that led migrants to the northern border and beyond.
The bracero program was initiated in 1942, at the close of World War Two. The
program allowed Mexican farm workers to enter the United States and work in the
agriculture sector (Martinez 1994). The program achieved its objective: thousands of
Mexican workers were granted worker-contracts and filled jobs throughout the
southwest. Farm owners in Texas were especially keen to use the program and, for this
reason, much of the movement into the United States was channeled through Ciudad
Juarez (Castellanos 1981). Ultimately, the bracero program initiated the process of
northward migration and the subsequent growth of major cities along the border.
The bracero program was terminated in 1964; brought to a close by a unilateral
decision made by the United States (Martinez 1994). Many reasons explain termination
of the program, including poor agricultural conditions in the United States, mounting
racial tensions, and competition with United States labor. Regardless of the reason for
termination, the impact to the northern border region was enormous. During the bracero
program's life, over three million Mexican workers entered the United States. Most
workers returned to Mexico's northern border region, but some continued their northern
trek in search of employment in the United States. In sum, the Mexican government
faced critical problems as millions of works lined the northern border region.
The Mexican government responded quickly to the problem by initiating a second
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large-scale program: the Border Industrialization Program (BIP). Established in 1966^,
the BIP—also known as the Programa de Industrializacion Fronteriza (PIF)—sought to
employ the large reserve of labor by promoting industrialization (Campos 1968; Silvers
and Pavlakovich 1994; Tamayo and Gomez 1994; MacLachlan and Aguilar 1998).
Mexico identified a 20-km zone that stretched along the entire length of the border and
encouraged the location of United States plants within it. The maquila plant program
was bom out of Mexico's industrialization efforts.
Since the BIP began (1966), the maquila economy has had a profound impact on
the border region. Much of the impact stems from regulations that confined maquilas to
the 20-km zone. In 1967 the Mexican Minister of Industry and Commerce, Octaviano
Campos Salas, showed support for the maquila program by indicating its immediate
success. Despite his claims, observers urged the government to extend the program
beyond the border region (Campos 1968). These efforts were ignored and only recently
were maquilas permitted to locate in interior regions of the country (South 1990;
MacLachlan and Aguilar 1998).
These locational restrictions led to the rapid deepening of employment in the
region. Tamayo (1993), for example, reports that by 1970, five years after the first

maquila plant was established in Nuevo Laredo Tamaulipas, 30,000 persons were
employed in northern border maquila plants. This figure doubled to 60,000 employees
by 1975. While maquilas only accounted for 10% of all manufacturing plants in the

^ Although several researchers assume that the BIP was initiated in 1965. Octaviano Campos Salas mentioned in 1967
that the program started on July 1966 (see Campos Salas. 196S. p. 123). This must be accurate smce he was then the
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border region, they claimed 72% of all manufacturing jobs and 70% of total
manufacturing wages. Moreover, employment was highly localized within select border
cities in northern Mexico. By 1975, for example, Ciudad Ju^ez was the single largest

maquUa employment site, claiming 32% of all maquila ]ohs (Tamayo and Gomez 1994).
The maquila economy has continued to grow over the years and, more recently, is
the single largest source of employment in the northern Mexican border region.
Estimates for the first quarter of 1999 indicate that, overall, the program employed almost
850,000 persons who work in over 2,300 maquila plants (See Figure 2.5).
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Figure 2.5, Maquilas and Employment in Northern Mexican Border States, 1980-1999.
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Figure 2.6 provides a broader perspective of the location of maquila plants in
Mexican cities. The figure lists sixteen cities w^ith the largest concentration of maquilas
in the country as of 1998. Border cities are distinguished from non-border cities, which
are indicated by an asterisk. Tijuana, Baja California leads all other cities by a wide
margin, claiming 701, or 24% of all maquilas in the country. Ciudad Juarez places
second on the list, with 254, or 9% of the total number of plants. In total, north Mexican
border cities account for 59% of the country's maquila plants.
Figure 2.7 also suggests that non-border cities are becoming increasingly
important in Mexico's maquila economy. Non-border cities, house more than 200

maquilas, and Chihuahua City and Torreon have more maquilas than some border cities.
Maclachan and Aguilar (1998) argue that the spread of plants away from the northern
border region will alter the geographic impact of the maquila economy. Figure 2.7 also
suggests that the industry is including a broader set of non-border cities, which may lead
to the dispersion of economic impacts.
The spread of maquila plants is an outgrowth of the North American Free Trade
Agreement (NAFTA). NAFTA is the third and most recent program that affects
population growth and maquila employment in the northern border region. After hard
opposition and prolonged negotiations between Mexico and the United States, NAFTA
took hold in 1994. Although the main purpose of the agreement is to eliminate tariffs for
member countries (Canada, the United States, and Mexico), the flow of trade and rapid
pace of industrialization brought immediate and dramatic impacts to the border region.
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Figure 2.6, Maquila Plants and Employment in Selected Mexican Cities, 1998.
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Figure 2.7, Maquila Plants in Selected Mexican Cities, 1980-1998.
C. Urban Growth in Ciudad Ju^ez
Throughout its history, Ciudad Juarez has been a center of political and economic change
in Mexico. The legacy of the 1910 Revolution is firmly embedded in the city's culture
and, in later years, the city became the single largest site of maquila workers. I
summarize growth trends in Ciudad Juarez in this section.

C. 1. Population Change
Since inception of the BIP in 1966. Ciudad Juarez has experienced unprecedented
population growth. This trend is mirrored by other cities along the border. Figure 2.8
documents population growth in border mimicipios during the period 1900-1995. This
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figiire compares Ciudad Juarez with large border mimicipios in order to demonstrate
the magnitude of growth. Two of the mimicipios, Matamoros and Reynosa, are located at
the far eastern edge of the border region, in the state of Tamaulipas. Ciudad Juarez,
Chihuahua is located mid-way along the border, and Mexicali and Tijuana, Baja
California, define the western most edge of the Mexican-United States border.
While each city possesses a special history and geographic setting, they share
similar population growth characteristics. Figure 2.8 shows that in all municipios
population grew at a modest pace during the early decades of the 20'*^ century. This trend
is embedded in Mexico's history where, until recently, the absence of transportation
infrastructure isolated border cities from the interior. Physical isolation hampered
economic development and prevented northward migration so that population growth in
the region was due mainly to natural increase (Consejo Nacional de Poblacion 1988;
Herzog 1990). Beginning in the 1940s and continuing thereafter, population in all border
cities grew at alarming rates. Internal migration accounted for much of this growth,
although natural increase remained important (Stoddard 1984).
Migration grew out of many forces, including United States labor shortages
during World War Two, the bracero program which brought migrants to northern cities,
the growth of United States "twin-cities" which began in the 1950s, and other Mexican
government programs (South 1990;Tamayo 1993).
Finally. Figure 2.8 illustrates that among border cities. Ciudad Juarez has
experienced the highest rates of population growth. This is especially true for the period
1950-1995. where the population grew from 122.600 to 1.000,000 (in round numbers).
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This amounts to an increase of 877,400 persons, or a rate of growth exceeding 700%
during the 45-year period.

C.2. The Maquila Economy
Ciudad Juarez has become a major outpost of the maquila economy over the years.
Figxu-e 2.9 reports the number of maquila plants in the two largest cities in the state of
Chihuahua, Mexico: Ciudad Juarez and Chihuahua City—the state capital, which is
located approximately 350 kilometers south of the border. Data for both cities are
included to demonstrate how locational regulations shaped the geography of the maquila
industry. During the period 1980-1998, the number of maquila plants in Ciudad Juarez
grew from 121 to 254, an increase of 133 plants. During the same period, the number of
plants in Chihuahua City increased from 19 to 78, an increase of 59 plants.
Because Chihuahua City lies far south of the border industrialization zone, the
number of maquila plants locating there lagged well behind Ciudad Juarez. In recent
years, however, more plants are locating in Chihuahua City in response to the easing of
site regulations.
While the number of plants is indicative of the maquila presence in Ciudad Juarez, these
data reveal little about the scale of the maquila economy. Figure 2.9 gets at this issue by
reporting maquila employment for the same two cities and time period. 1980-1998. This
figure illustrates the dramatic impact maquilas have in terms of industrial employment.
In 1980. less than 50.000 persons were employed in maquilas in Ciudad Juarez. By
1990, employment equaled 120.854 and reached a high of over 210.000 by 1998.
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Figure 2.8, Population Growth in Northern Mexican Border Municipios, 1900-1995.
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Figure 2.9, Maquilas Plants and Employment: Chihuahua City and Ciudad Juarez. 19801998.
During the 1980-1998 period, employment rose by almost 170,000, an increase of
approximately 400%. Throughout the same period employment growth in Ciudad Ju^ez
out-distanced Chihuahua city's by a wide margin.
The data presented in Figures 2.5 to 2.9 indicate that population growth and the

maquila economy are principal catalysts for urban change in Mexico's northem border
cities. For several decades border cities have undergone enormous population growth,
due mainly to internal migration, and have experienced broad-based industrial change as
the number of maquila plants has burgeoned. This is especially so for Ciudad Ju^ez,
which has experienced faster population growth than any other border city and is home to
the second largest concentration of maquilas in the country.
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While the large number of maquilas in Ciudad Juarez signals a deepening
presence, the enormity of their impact is captured best by considering maquila
employment. Ciudad Juarez houses more maquila labor than any other border city (see
Figiu-e 2.6) with more than 200,000 workers employed in the city's maquilas. This figure
accounts for approximately 25% of the city's total 1998 population, and over 40% of the
total working age population.

C.3. Land Use Change
Growth of the city's population and maquila economy have fueled enormous expansion
of the city's boundary over lime. Figure 2.10 shows change of the city's physical size
from 1920 to 1995. In 1920, the city occupied approximately 230 hectares. Since then,
the city has gone through progressive stages of expainsion and by 1995 the city covered
over 15,000 hectares. In recent years, much of the land area is claimed by sprawling

colonias, the low-density squatter settlements that house the overwhelming majority of
migrants.
Figure 2.11 illustrates the spatial distribution of land use in Ciudad Juarez as of
1994, the most recent year that data are available. This map shows a mixed pattern of
land use on the city's eastern fringe—east of the railroad axis. In this area, residential land
use (R) competes with industrial (I) and services (S) land uses. Yet all urban land uses
continue lo consume agricultural land (ZIE)' especially southeast of the city center. In

ZiE stands lor Zona dc Intcgracion Ecologica (ccological integration zone), which was declared to restrain intensive
urban use since 1979. This zone has been reducing its agricultural land use by urbanization anyway. Indeed, real
estate developers have been pressuring so hard that urbanization is now faster.
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contrast, western areas of the city are dominated by residential land use. Much of this
land is occupied by low-income families that rely on the maquila economy for their
livelihood (Gobiemo Municipal de Ciudad Juarez 1995).
Table 2.1 identifies land uses within the city. The table shows the spatial extent
of

residential land use, which claimed nearly one half of the city's total area in 1994. The

amount of land dedicated to streets and roads equaled 25% of the total land area in the
same year, while "vacant land" and "open space" each accounted for 14% of the land.
Indeed the city has roughly 2,000 hectares of vacant land and open space within its
boundaries, suggesting little need for annexation in the years ahead. Even though some
commercial activities are included in "services," industrial land use surpasses the amount
of

land dedicated to commercial purposes (See Table 2.1). This reveals the growing

presence of maquilas, which consume vast tracts of land.

C.4. Social Characteristics of Ciudad Juarez
Ciudad Juarez houses over one million people (INEGI 1996) who reveal a variety
of social characteristics. This section highlights some of these characteristics by
reporting census data (FNEGP 1996) for the period 1950 - 1990, and data for 1995
obtained from Conteo95'. As Table 2.2 indicates, the city's female population surpassed
the male population in all years except 1995.

'• INKGI—the Mexican census agency—stands for Instiiulo Nacional de Esiadisiica. Geocratla e Informatica (National
Institute for Statistics. Geography, and Informatics).
For the very first time in Mexico,

INEGI (Mexican census office) has taken a mid-census in 1995—C0N"rH095.
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Figure 2.10, Ciudad Juarez Chihuahua, Urbanization 1920-1995.
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Table 2.1, Ciudad Ju^ez: Land Use 1994
Category
Hectares
Acres
Vacant Land
5,487.6
2,219
Residential
8,416
20,812.8
Open space
446
1,103.0
Industrial
2,989.9
1,209
Services
1,075
2,658.5
Mixed
1,525.8
617
Roads
4,785
1U833.3
Total
46,410.8
18,767

%
11.82
44.84
2.38
9.44
5.73
3.29
25.50
100.00

Source: Adapted from Plan dc Dcsarrollo Urbano de Ciudad Juarez. 1995. p. 35.

However, data for the working-age population reveal a different trend. Table 2.3
indicates that in Ciudad Juarez the number of male workers is nearly equal to the number
of women. These data counter claims that maquilas employ mainly female workers (see
also Table 2.4). But Ciudad Juarez appears to be an exception; nation-wide, males are
under-represented in the maquila economy, even though this trend is changing.
Ultimately, Tables 2.2 through 2.4 reveal the umque employ profile of Ciudad Juarez.

Table 2.2, Population by Gender: Ciudad Juarez, 1950-1995.
Male
%

Year
1950
1960
1970
1980
1990
1995

47.9
48.5
49.3
48.2
49.5
50.0

Female
%
52.1
51.5
50.7
51.8
50.5
50.0

Source: INEGI 1996. Cuademo Estadistico Municipal.

Total
131.308
276,995
424.135
567.365
798.499
1 011.786
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Table 2.3, Ciudad Ju^ez: Working-Age Population*, 1980-1990.
12 and over
Male
Female

1980
384015
47.16%
52.84 %

1988
558711
48.69 %
51.31 %

1989
578778
47.99 %
52.01 %

1990
563120
48.94 %
51.06%

Source; INEGI 1993 and 1996. Cuadcmo Estadistico Municipal.
* Working-Age Population Comprised of persons 12 years and older.

Table 2.4, Ciudad Juarez: Employment by Gender, 1980-1990.
1980
Male

-

Employed
Female

-

-

Employed
Total
Employed

-

206868
98.87 %

1988
198128
98.69 %

1989
204594
99.62 %

1990
201391
97.57 %

95015
97.79 %

93147
99.16%

88163
98.33 %

293143
98.40 %

297741
99.48 %

289554
97.80 %

Source: FNEGl 1993 and 1996. Cuadcmo Estadistico Municipal.

Two important components of population growth, migration and natural increase,
are presented in Tables 2.5 and 2.6. Although data are limited to just a few years, it is
clear that migration and natural increase have had a profound impact on the city. Table
2.5 and Figure 2.12 indicate that natural increase in Ciudad Juarez and the State of
Chihuahua are similar. Although the dramatic fall in births reported for the municipio in
1987 and 1989 affected natural increase, deaths remained stable. In sum, natural increase
in Juarez municipio and the State of Chihuahua state resembles the trend in the birth rate.
This is expected, given the comparative stability of the death rate.
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Table 2.5, Natural Increase in Ciudad Juarez, 1986-1996.
Year
1986
1989
1991
1995
1996

Births
Male
Female
10097
10029
8137
8591
9757
10219
11473
11551
12276
12852

Total
20126
16728
19976
23024
25128

Deaths
Male
Female
1684
2211
2305
1764
2632
1855
2841
2068
2865
2047

Infant Deaths
Total
Male Female Total
3895 341
248
589
4069 342
262
604
4487 396
236
632
4909 305
205
510
4912 322
240
562

Source; Modified from rNEGI's Cuaderno Estadistico Municipal. 1993 and 1996 editions

Table 2.6, Origin of Migration to Ciudad Juarez 1990.
Population bom out of the state
Absolute
Total
From
77874
9-75%
Durango
44989
Coahuila
5.63%
Zacatecas
36083
4.52%
Other states
69425
8.69%
Other countries
16768
2.10%
27149
Non specified
3.40%
272288
Total in-migrants
34.10%

In-migrant
34.1%
19.7%
15.8%
30.4%
2.1%
3.4%
100.0%

Sourcc: Modified from INEGI's Cuaderno Estadistico Municipal. 1993. P. 20

D. Chapter Summary
This chapter provided background on the border region and Ciudad Juarez in particular.
It began by building the historical context needed to understand the current situation in
Mexico's northern border region. I showed that for many decades the region remained
underdeveloped because of its physical isolation from Mexico's interior.
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Figure 2.12, Natural Increase in Ciudad Ju^ez and Chihuahua State, 1900-1996.

The lack of transportation infrastructure, combined with Mexico's overall
development problems, played a key role in the region's persistent isolation. I
demonstrated that during the 1920s the border region began to change, mainly because of
influences from north of the border. These changes were connected to World Wars I and
II, alcohol prohibition in the United States, and the growth of cities in the southem
United States.
During the years that followed, three international programs propelled regional
and urban change. The bracero program, established in 1942, was the first program to
fuel growth in Mexico's northern border region. Termination of the program in 1966 left
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a vast reserve of unemployed labor in many border cities, especially Ciudad Ju^ez
(Fernandez 1981). The second program, the BIP, was created by the Mexican
government in resjwnse to the unemployment problem. The program was successful in
that it employed workers, but it also deepened the pattem of northward migration to the
border region. Initiated in 1994, NAFTA, the third program, seeks to broaden economic
cooperation with North American* countries. NAFTA has affected the border region in
many ways, including the lessening of locational restrictions so that maquilas are now
locating in Mexico's interior.
Finally, while these international programs affected the entire border region, their
impacts are especially noticeable in Ciudad Juarez. For instance, Ciudad Juarez is the
largest border city—in terms of population—and houses the greatest number of maquila
employees. Combined, population growth and industrialization created a dynamic urban
environment that led to the rapid expansion of the city and poor living conditions for
much of the population. The analyses presented in Chapters 3 and 4 investigate the
extent of land use change and the socio-spatial conditions of neighborhoods in Ciudad
Juarez.

" In this context, 1 prefer to use the concept Sorth Amcncan countries—or Sortli America—to include those countries
locatcd in the northern region of America—also known as Conttncnte Americano—in Spanish—or the Americas, in
English.
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Chapter 3. Land Use Change in Ciudad Ju^ez
A. Introduction
The previous chapter detailed processes propelling urbanization along the northern
Mexico border region. Two factors, population growth and industrialization were
identified as principal agents of urban change. This chapter investigates the extent to
what these two elements—population growth and industrialization—have affected land
use change in Ciudad Juarez.
The chapter begins by reviewing traditional, Anglo-American, models of urban
land use. These models deal more broadly with urban morphology, and specifically with
the analysis of land use change. Attention turns to models of urban morphology in Latin
America and Mexico. Next, I describe conceptually the model of land use change,
simulation methodology, and data. Finally, I describe the results of the analysis.

B. Models of Urban Morphology: The Anglo-American Experience
Studies of urban morphology—land use—have substantial bases in the work of AngloAmerican scholars who were involved with, or influenced by, the widely recognized
"Chicago School of Urban Sociology." At the beginning of the 20''' century, this group
pioneered the analysis of modem Anglo-American cities (Hiebert 1996).
Followers and critics of these approaches became involved in debates that
influenced planning and decision-making in many Anglo-.American cities. Other cities,
beyond the Anglo-American context, were also influenced by the Chicago School (Lo
1994; Derman and Whiteford 1985). Among all cities of the world. Latin American
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cities were influenced most strongly, although different rates of adaptation are
apparent.

B.I. Traditional Models of Urban Morphology
Most models of urban morphology derive from the Park and Burgess "concentric
ring" model (Park et al. 1925). The impact of their work is such that the concentric ring
models is the most recognizable model of Anglo-American urban formBeginning in the late 19*^ century, many Anglo-American cities experienced rapid
industrialization and population growth (Levy 1997). These characteristics captured the
attention of urban sociologists, who sought to understand how the rapid pace of
urbanization was affecting the social complexion of cities.
The model developed by Burgess explained the city's spatial development (Park
et al. 1925). The model portrays land use patterns in older industrial cities of the
midwest, especially Chicago. According to this scheme, cities grow "naturally" in
concentric sectors that contain different land uses. These zones, or concentric rings,
spread from the central business district (CBD) towards the periphery of the metropolitan
area. Warehousing occupies the ring nearest to the CBD, and industrial land uses occupy
the adjacent ring. Low-income housing (the working class) fills the next ring, while highincome housing is located furthest from the CBD, in the outer-most ring.
Despite popularity of the model, it was challenged in later studies. This gave rise
to the "sector modeP' of urban form. The sector model was developed by Homer Hoyt
(1933) a land economist who brought a different perspective to the analysis of Anglo-
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American urban morphology. Hoyt was one of the earliest scholars to study the
"human ecology" approach introduced by Park and Burgess. This led him to modify the
concentric ring model and, instead, he developed a new model—the sector model of
urban land use (Hoyt 1933).
In contrast to the concentric ring model, Hoyt's sector model describes sectors,
wedge-shaped areas, which extend outward from the CBD toward the periphery. Sectors
were identified by analyzing housing costs and land values within sectors. Hoyt found
that a city's land use is affected by proximity to major transportation corridors. These
corridors (in older cities) often extend outward from the CBD, creating a type of "hub
and spoke" pattern. As land uses developed along these corridors, they formed sectors or
wedges, rather than concentric rings. In some areas of the city, warehousing or
commercial land uses formed these sectors, while in other areas, sectors were formed by
high-income residential land uses.
While Hoyt's scheme attracted attention, it too was eventually challenged. This
led to the development of the third-most recogmzed model of urban form, the
"polycentric cities model." Harris and Ullman (1945) took essential elements from both
the zonal model and the sector model in an attempt to make them more applicable to the
changing urban morphology of the Anglo-American city. In contrast to Park-Burgess
and Hoyt, Harris and Ullman argued that most cities follow a pattern of development that
has several different nuclei, or nodal centers.
Harris and Ullman's model was influenced by the evolution of the Anglo.-\nierican city, which by the 1940's had changed dramatically. The use of automobiles
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was wide spread by this time, suburbanization was emerging as the primary form of
urban residential development and mass transportation was far less popular than in years
past. These factors worked in unison to erode the importance of a single CBD and,
instead, enabled the development of several nodal centers that are spread throughout
metropolitan regions. Because this became the dominant pattern of urban morphology,
the multi-nuclei model provides a better description of the function and form of most
Anglo-American cities.

8.2. Models of the Post-Industrial City
Tlie traditional models described above guided studies of urban morphology for several
decades. However, beginning in the late 1970s, the metropolitan areas of most AngloAmerican cities had taken a much different form. Suburbanization had already altered
the complexion of cities by developing low-density residential land use that sprawled
from the central city to the fringe of the metropolitan area. Shortly after, a new form of
urban development appeared: exurbanization.
Exurbanization involves the movement of urban dwellers outside of the
metropolitan area. In contrast to suburbani^tion, exurbanization is not contiguous.
Instead, people seek to live in small towns or remote areas that are far removed from core
urban areas (Esparza and Carruthers 2000). Exurban communities remain connected to
larger metropolitan areas because e.xurbanites still commute to cities, mainly suburbs, for
work and other purposes (Nelson 1988). The outward e.xtension of the urbanization
process has fueled the development of "edge cities."
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B.3. Urban Morphology of the Latin American City
The preceding discussion indicates that the Anglo-American city has evolved into a form
that differs significantly from cities in other parts of the world. This is especially the case
for the Latin American city.
Scholars generally agree that cities throughout Latin America were founded long
before those of North America, and that industrialization in more recent times has altered
their initial form and character. Historically, city building in much of Latin America was
guided by the "Laws of the Indies," specific guidelines imposed by the Spanish Crown to
direct the form and fimction of cities, regardless of location (Jojola 1992; Arreola and
Curtis 1993). For this reason, cities in Mexico have the same basic pattern of land use as
cities in South America that were build by the Spanish.
These regulations set forth rigid and specific plans for the layout of central city
functions and surrounding housing districts that remain characteristic of many cities
throughout Latin America. Prominent themes include central plazas that fostered social
interaction, the location of cathedrals, government offices, commercial buildings, and the
orientation and width of streets and roadways.
With the advent of industrialization, the morphology of the Latin American city
began to change. However, deciphering the specific nature of these changes is an
arduous task, especially for the northern Mexican border city. Indeed, studies of the
recent urban morphology of the Latin American city are less straightforu'ard than those
found in the Anglo-American context, and identifying a specific morphology is difficult.
This has occurred for two reasons.
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First, Latin American scholars, especially those from Mexico, tend to be less
systematic and comprehensive in their analyses. Most studies of Latin American cities
have mixed descriptive, historic, historical, and other morphological approaches without
showing clear attempts to generalize or link case studies to other urban methodologies.
For instance, Jimenez et al. (1995) provide an excellent historical description of
Guadalajara's urban growth through three chronological periods (Wario 1995).
However, their study fails to provide clear research objectives that guide analysis or a
description of methodologies used in the study. Similarly Zuniga's (1993) studies of
urban areas of Monterrey, Nuevo Leon, lacks clear definition and systematic connections
to broader-based studies of urban morphology.
The work of Di Pace et al. (1992) and Hayner (1945) are exceptions in that they
link their studies to broader issues of urbanization and urban form. In general, however,
urban morphology research conducted by Latin American scholars tends to be
inconsistent, void of systemic analysis, and lacks substantive support, especially maps
and other materials that provide objective evidence.
Second, while Anglo-American scholars have conducted better systematic studies in
Latin America, they often aim to compare the Latin American cit>' to the AngloAmerican experience, or impose models of urban form developed for Anglo-American
cities. These tendencies are even more pronounced in studies of the northern Mexican
border cities. For example. Hoffman (1983) acknowledges that the urban morphology of
Latin American cities shows different patterns of development when compared to the
.\nglo-American experience. He then argues that in more modem border cities, the

53
urban morphology resembles the multi-nuclei model of the Anglo-American city
(Hoffman 1983). Similarly, while acknowledging the dynamic nature of northern
Mexican border cities, Arreola and Curtis (1993) resort to comparisons with AngloAmerican cities and conventional models of Anglo-American urban morphology.
Confusion concerning the morphology of Latin American cities is also heightened by
the diversity of geography over which cities are found. This is especially the case in
northern Mexico's border cities, which have clearly been affected by their proximity to
the United States. In sum, it may well be that there is no single morphology for Me.xico's
border cities—beyond their classical central city form—because their histories, settings,
and levels of involvement with the United States along the 2.000 mile border region.

C. The Model of Land Use Change
The models of urban morphology described above provide usefiil descriptions of urban
form but they offer little guidance in understanding urban land use change. That is, for
the most part, they deal with the city's land use pattern at a single point in time. Moving
to the dynamic case, where land use change is the focus of attention, requires accounting
for the interdependency of urban land uses.
This research uses one of the most widely recognized models of land use change,
the Lowry model (Lowry 1964; Garin 1966; Goldner 1971; Webber 1984). Lowry's land
allocation model provides an excellent conceptual framework for capturing land use
interdependencies because it describes how change in one land use precipitates change in
others. While the Lowry model does not deal well with the complexity of cities in more
developed countries (Pumain 1998), it is well suited for the level of development found
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in northern Mexican border cities. These cities are experiencing rapid industrialization
and in the Lowry model industrial employment growth propels the overall land
development process. The discussion below applies the Lowry model to the Mexican
context.

C. 1. The Conceptual Model
For the typical non-border Mexican city, the system of land use interdependencies begins
with the growth of maqiiila employment. As maquila plants locate in a city the demand
for labor increases. Initially, local labor is employed, but due to the rapid influx of

maquila plants, each employing hundreds of workers (on average), additional, "outside"
labor is needed. This leads to in-migration and overall urban population growth. The
data reported above (see Chapter 2) suggest that the relationship between growth of the

maquila economy and overall urban population growth applies to Ciudad Juarez and
other border cities. In turn, the inflow of labor increases the demand for residential land
as workers and their families seek housing. Vacant housing units are initially filled, but
the escalating number of in-migrants leads to the development of new residential
districts.
Population growth also inflates the demand for commercial activities (defined
broadly to include wholesale, retail, and businesses/personal services). The demand for
commercial activities leads to the expansion of commercial establishments already in
place, as well as the formation of new enterprises so that the amount of commercial land
use rises. Finally, expansion of the commercial sector creates more employment, and
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these employees require additional residential land.
Figure 3.1 (Case 1) provides a formal conceptual model of urban land use change
in Mexican cities. Building on the discussion above, the conceptual model consists of
four sequential stages. In Stage 1 the process is initiated by the addition of new maquila
plants that employ large numbers of workers. This leads to in-migration and, ultimately,
overall urban population growth in Stage 2. In Stage 3, the rise in urban population
triggers the expansion of residential and commercial land uses. In the former case,

maquila labor requires housing—residential land—and the amount of land used for
residential purposes is determined by the density of residential development (i.e., persons
per hectare). In the latter case, workers and their families also require commercial
services, and the amount of land brought into use for commercial purposes is determined
by the density of commercial land use (i.e., commercial workers per hectare). Finally,
commercial expansion contributes to additional land use change as persons employed in
this sector require housing and commercial services as well. Stage 4 captures this
process as a "feedback loop" with Stage 2.
The conceptual model described above illustrates the general relationships that
motivate urban land use change. In the case of northern Mexican border cities, however,
growth of the maquila economy is expected to lead to distortions in associated residential
and commercial land uses. These distortions are illustrated in Figure 3.1 (Case 2).
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Case 1: Land Use Change in Non-Border Cities.
STAGE I

/'

STAGE2

STAGE 3

MAQUILA
EMPLOYMENT
GROWTH

RETAIL/SERVICES
COMMERCIAL
LANDUSE

STAGE 4

Case 2: Land Use Change in Border Cities.
STAGE I

STAGE 2

STAGE 3

MAQUILA
EMPLOYMENT
GROWTH

RETAEVSERVICES
COMMERCIAL
LANDUSE

STAGE 4

Figure 3.1, Urban Land Use Change Conceptual Model.
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While the underlying system of interdependencies captured in Stages 1 through
4 remains, two distortions are introduced. First, because of the rapid rate of
industrialization, a "surplus" of population builds (Stage 2) so that residential land is
•'over-developed" in Stage 3. That is, the inflow of population exceeds employment
opportunities, although the number of jobs is increasing.
My rationale hinges on the process of chaimelized rural-urban migration (Harris
and Todaro 1970; Stoddard 1984). In this process, initial migrants induce additional
migration as information about job opportunities filters back to origin destinations (rural
settlements). The spread of information causes migration to build over time to the extent
that the number of in-migrants eventually surpasses the number of job opportunities and,
even in the absence of employment, migrants continue to enter destination cities.
This process is documented widely in developing countries and applies equally to
Mexico (Stem 1976; Ruiz 1990; Garza and Damian 1996; Staudt 1998). The formation
of colonias popidares provides physical evidence of the overflow of in-migrants. These
low-density squatter settlements are typically located at the fringe of many Mexican
cities, including Ciudad Juarez.
Second, even as the urban population grows, it is expected that commercial land use in
border cities is "underdeveloped." This arises from the ease of crossing the border and
consuming commercial goods and services in United States cities. Stoddard (1984)
summarizes a series of impacts that arise from proximity to the border, including the
demand for health, education and public services (Stoddard 1984). The same process
holds for the purchase of commercial goods and services, especially since wages in
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border cities are higher than in cities of the interior (South 1990; Sargent 1997).

C.2. Land Use Hypotheses
Two hypotheses emerge from the discussion above.
1.

Residential land in Ciudad Juarez is expected to be overdeveloped, when compared
to cities in the interior of Mexico.

2.

Commercial land is expected to be underdeveloped when compared to cities in the
interior of Mexico.

D. Empirical Analysis
The empirical analysis uses the conceptual model described above as a platform for
evaluating whether population growth and maquila employment have distorted
residential and commercial land uses in Ciudad Juarez. This section describes the
methodology, data, and results of the analysis.

D. 1. Methodology and Data
Identification of potential land use distortions in Ciudad Juarez hinges on establishing a
base line, or expected level of population growth and commercial employment that would
occur in the absence of "border effects." My methodology identifies expected rates of
population and employment change and compares them to observed rates in Ciudad
Juarez. Following the logic of the Lowry model, population and commercial
employment change are converted to land uses. In effect, I use the residential and
commercial land development processes illustrated in Figure 3.1 to compare non-border
and border cities.
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The identification of base line or "normal" rates of population and conunercial
employment change follows a two-step procedure. The procedure begins by targeting a
set of three non-border cities: Hermosillo, Sonora; Chihuahua City, and Torreon;
Coahuila. There are three reasons why these cities were selected for the analysis.
First, population sizes of the three cities are comparable to Ciudad Ju^ez. This is
important because I wish to compare Ciudad Juarez with cities of roughly the same
economic, social, and land use complexity. As Table 3.1 indicates, Hermosillo is the
smallest of these non-border cities, with a population of approximately 514,000 in 1993.
The population of the largest non-border city, Torreon, reached nearly 840,000 in the
same year. The third city. Chihuahua city, falls between the other cities with a 1993
population of over 588,000. These cities compare well with Ciudad Juarez, with a
population of 926,000 (in round numbers) reported for the same year.
Second, location was important in selecting non-border cities because proximity
to border regions, coastal areas, and Mexico City may bias economic and land use
systems. For this reason, the three cities selected for study are located well within the
interior of Mexico, yet far from each potential source of distortion. Figure 3.2 shows the
location of the three cities and Ciudad Juarez. Finally, maquila plants have recently been
introduced to the three non-border cities. While the scale of the maquila presence is
dwarfed by Ciudad Juarez, the set of non-border cities share similar industrialization
experiences.
The second step of the analytical procedure requires identification of base-line or
"normal" rales of change. These rates are defined by calculating population and
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commercial employment change between 1988 and 1993. These rates are averaged
across the three non-border cities so that a composite value is used as the benchmark for
comparison with Ciudad Ju^z. Developing a composite rate of change is more reliable
than comparing Ciudad Ju^ez with a single city because it controls for potential biases.
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Figure 3.2, Location of Mexican Cities Included in the Empirical Analysis.

Following identification of benchmark rates of change, three steps are required to
complete the analysis. First, the benchmark percentages are used to simulate population
and commercial employment growth in Ciudad Juarez during the period 1988 to 1993. In
effeci. I assume that the rates of growth in Ciudad Juarez and non-border cities are
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identical. Second, estimates of population and commercial employment are compared
to the actual values recorded for Ciudad Ju^ez. Differences between estimated and
observed values indicate the extent to which population and commercial employment in
Ciudad Juarez differs from non-border cities. Finally, differences—surpluses or
deficits—in population and commercial employment are converted to physical land use
by applying the development densities for residential and commercial in Ciudad Juarez.
All population, employment and land use data used for the analysis were obtained
from Mexico's census—INEGI. Data were gathered from several sources, including CDROM, internet sites, and hard copy publications, all provided by INEGI (1992-1996).
Because this study deals mainly with urban-based data, several issues of INEGI's
"Cuademo Estadfstico Municipal" were a primary source of information for this and
other parts of the research. For present purposes, Ciudad Juarez, Chihuahua City, and
Hemiosillo, Sonora are defined at the scale of the municipio. Torreon, Coahuila is part of
a larger urban complex consisting of three municipios: Gomez Palacio, Durango; Lerdo,
Durango; and Torreon, Coahuila. Torreon is the largest municipio in the urban
agglomeration. To avoid potential bias, population and employment data were
aggregated for Torreon across all three municipios.
Table 3.1 presents commercial and industrial employment and population data for
the three non-border cities and Ciudad Juarez. Employment and population data are
expressed as percentages of total city—municipio—employment to enable comparison.
Several important characteristics surface from Table 3.1. First, compared to non-border
cities. Ciudad Juarez has a smaller percentage of its labor force employed in the
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commercial sector. For 1988, these differences are not large (with the exception of
Hermosillo), but are more significant in 1993. This suggests that commercial
employment in Ciudad Juarez fell further behind non-border cities. Second, industrial
employment in Ciudad Ju^z accounts for a much larger percentage of total city
employment than in non-border cities. In 1988, industrial employment in Ciudad Ju^ez
claimed nearly 15% more total employment than in Chihuahua City, and nearly 27%
more than in Hermosillo.
Table 3.1, Employment and Population: Ciudad Juarez and Non-border Cities, 1988
and 1993.
Commercial

Absolute

City

%•

1988
Industrial

Absolute

Commercial

%

Pop.

Absolute

%

1993
Industrial

Absolute

%

Pop.

Chihuahua

42,436

22.71

42J38

22.66

509.741

58.773

2603

50.722

22.47

588.625

Ilermosillo

33.297

32.20

11,244

10.92

427J29

48J08

25.77

20,411

10.89

514,901

Torre6n

52,746

21.03

41,791

16.66

756,998

82,562

26.07

52J6I

16 53

839.147

Judrcz

55.461

19.23

108,172

37.50

752,529

76.823

22.18

143.823

42.80

926,471

• Pcrccnl of total municipio employment
Source: INEGI 1988-1993. Encucsta Nacional de Empleo Urbane (digital version).

By 1993 industrial employment in Ciudad Ju^ez had grown to over 42% of total
employment, but remained virtually unchanged in non-border cities. Finally, population
growth in Ciudad Juarez out paced non-border cities by a wide margin. This suggests
that population growth is tied to maquila employment, as described in the conceptual
model above (See Figure 3.1).
Data in Table 3.1 indicate significant differences in commercial and industrial
employment. In the first case, commercial employment accounts for a smaller percentage
of total employment, even though the total population of Ciudad Juarez is larger than in
non-border cities. In the latter case, non-border cities have far fewer industrial
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employees—in percentage terms—yet register significant growth of commercial
employment—with the exception of Hermosillo. Given these population and
employment relationships, continued growth of the tnaquila economy will likely widen
the gap between Ciudad Ju^ez and non-border cities. That is, industrial employment and
population gain in Ciudad Ju^ez—and border cities in general—does not foster
employment in the commercial sector. In the case of non-border cities, however,
commercial employment continues to rise with gains in total population.

D.2. Results and Discussion
In the methodology, land use distortions are identified by comparing average population
and commercial employment change in non-border cities with Ciudad Juarez. Table 3.2
shows percentage changes from 1988 to 1993 for all cities, as well as the average
percentage change—composite—for non-border cities. The rate of commercial
employment growth in all cities is sizeable. Yet the rate of growth in Ciudad Juarez
lagged well behind Hermosillo and Torreon so that on average, the difference between
Ciudad Juarez and non-border cities is significant: 38.5% versus 46.7% respectively. The
opposite patterns holds for population change. In this case, the rate of population growth
from 1988 to 1993 exceeded 23% in Ciudad Juarez, compared to an average rate of
15.6% for the non-border cities. By themselves, these data indicate that patterns of
growth in Ciudad Juarez differ from non-border cities.
Table 3.3 presents the estimates of land use distortions in Ciudad Juarez. Column
1 lists simulated employment and population change from 1988 to 1993. These numbers

indicate the levels of employment and population that Ciudad Ju^ez would have
experienced if rates of change were the same as non-border cities. Column 2 shows the
difference between estimated and observed employment and population in 1993.
Observed values are listed in Table 3.1. In the case of commercial employment, an
additional 4,540 employees would be needed in Ciudad Juarez if this sector of the
economy had grown at the same rate as the other cities. In the second case, Ciudad
Juarez would have 56,495 fewer persons if the rate of population growth from 1988 to
1993 mirrored that of non-border cities.

Table 3.2, Percentage Change in Commercial Employment and Population, 1988-1993.
% Change:
Population

Otx

% Change:
Commercial
Employment
1988- 1993

Chihuahua
Hermosillo
Torreon
Juarez

38.498
45.082
56.528
38.517

15.475
20.493
10.852
23.114

46.703

15.607

Average Change: Non-border Cities

1988- 1993

Column 4 of Table 3.3 lists the adjustments to commercial and residential land
use. The values were calculated by dividing the employment and population adjustments
shown in Column 2 by the respective land use densities listed in Column 3. Column 4
indicates that an additional 83.3 hectares of commercial land would have been developed
if Ciudad Juarez had grown al the same rate as the other cities. Similarly, we would
expect to find 713.7 fewer hectares of residential land in Ciudad Juarez if the rate of
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population growth equaled non-border cities.

Land Use

Estimated 1993
Employment/
Population*

Employment'
Population
Adjustment**

1993
Land Use
Density

Land Use Adjustment
(Hectares)***

Commercial

81,363

+4,540

54.52

+ 83.3

Residential

869,976

- 56,495

79.16

- 713.7

• Commercial; 1.46703 • 55,461 (1988 commercial employment)
Residential: 1.15607 * 752.529 (1988 population)
** DifTerence between 1993 estimates and actual commercial employment and population.
*** Adjusted Employment and Population divided by land use densities.

The results presented in Table 3.3 support the hypotheses. In the first case, I
hypothesized an "overdevelopment" of residential land due to the rapid growth of the

maquila economy and the attendant rise in migration. Table 3.3 indicates an excess of
residential land equal to approximately 714 hectares. This amount of residential land
easily accommodates the largest colonias popidares in Ciudad Juarez. For example,
colonia Azteca, one of the oldest and most established colonias populares in the
metropolitan region, occupies an area of approximately 306 hectares, approximately onehalf of the residential land estimated in the analysis. The over development of residential
land, much of which is occupied by colonias populares. illustrates the extent to which
population growth in Ciudad Juarez deviates from traditional cities of the interior.
In the second case. I expected commercial land in Ciudad Juarez to be
underdeveloped because of proximity to the Mexico-United States border. Table 3.3
shows a deficit of roughly 83 hectares of commercial land in the metropolitan area. This
number may appear insignificant, but an area of this size can accommodate several major
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shopping malls, or hundreds of smaller, "stand-alone" commercial businesses. For
example, the largest shopping mall in Ciudad Juarez—Ri'o Grande Mall—occupies
approximately 14 hectares, and the entire central business district, the hub of commercial
activity, fills a space of roughly 100 hectares. Thus, a far more expansive commercial
district would have emerged if commercial development in Ciudad Juarez had followed
the pattern of non-border cities. The underdevelopment of commercial land is tied to the
ease of crossing the border.

E. Chapter Summary
This chapter evaluated land use change in Ciudad Juarez. In order to position the
analysis in a broader context, the chapter began by reviewing models of urban
morphology in North America and Latin America. The review revealed that
contemporary urban forms in North America do not resemble Mexican border cities and
provide little guidance in deciphering their urban form. Models of the Latin American
City go much further in explaining the morphology of the border city, but most of these
studies do not organize or generalize principles so that it is difficult to apply this
literature. Some scholars have looked specifically at the morphology of Mexico's
northern border cities, but they most often use the classic models of Anglo-American
urban morphology; an approach that offers limited assistance.
The chapter then explained the model of urban land use used in this study.
Lowry's (1964) land allocation framework served as the basis for the conceptual model
of land use change. From the Lowry framework, two hypotheses were developed that
guided the analysis. First. 1 hypothesized a "surplus" of population, which was explained
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by the process of channelized rural-urban migration. Second, I hypothesized that
commercial land use was underdeveloped in Mexican border cities because of the
border's proximity. This proximity offers Mexican fronterizos^ easy access to cities'
commerce in the southern United States.
The results supported both hypotheses. In the first instance, the simulations show
that Ciudad Ju^ez experienced a population surplus requiring 714 hectares of residential
land. This is a significant area, which can easily house the largest colonias populares in
Ciudad Juarez. In the second case, commercial land was underdeveloped: approximately
83 hectares of commercial land would have been developed if Ciudad Juarez had grown
at the same rate as non-border cities. This quantity of commercial land is significant in
that it can easily accommodate several regional shopping malls. Stated otherwise, the
city's central business district would be nearly double its current size if the 83 hectares—
205 acres'"—had been developed.

l"ronlori/os is ihc Spanish term for people residing in the border region.
One hectare equals 2.47 acres.
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Chapter 4. Socio-Spatial Change in Northern Mexican Border Cities: the
Case of Ciudad Juarez
A. Introduction
Results from the analysis in Chapter 3 show that the maquila economy has had a
significant influence on the land uses in Ciudad Juarez. This chapter turns to the analysis
of that socio-spatial change and its impact on the socio-spatial complexion of
neighborhoods in Ciudad Juarez. The rationale for undertaking this investigation results
from the fact that no studies have examined socio-spatial conditions at the neighborhood
scale in northern Mexican border cities. The build up of population, rapid urbanization,
and industrial employment growth all signal the potential for significant impacts to the
city's neighborhoods.
The analysis introduces two innovations absent in other works in Latin America,
and Mexico, in particular. First, I examine deprivation as an indicator of socio-spatial
conditions at the neighborhood scale. Deprivation is used instead of traditional
indicators—such as poverty—because it includes many factors that play a role in
determining social conditions. Such factors include socio-spatial differentiation, housing
conditions, and access to public services. Second, I place the analysis in a dynamic
framework; that is, I look at change in levels of deprivation between two points in time to
understand if socio-spatial conditions in the city are improving or getting worse. This
type of analysis provides clues about the effects of industrialization (the maquila
cconomy) in Ciudad Juarez and. by e.xtension. other northern border cities.
The chapter is organized as follows. First. 1 review traditional approaches to
urban area analysis born out of the Anglo-American tradition. 1 show how social area
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analysis has evolved in Anglo-America, and how approaches to social area analysis
have been applied in Latin American research. Second, I explain the development of the
spatial index of deprivation using it as a device to examine socio-spatial conditions at the
neighborhood scale. This deprivation index is applied to the census tracts in Ciudad
Juarez for 1990 and 1995. Changes in levels of deprivation are then mapped in order to
understand patterns of change within the city. The chapter concludes by highlighting the
main elements of the socio-spatial character of Ciudad Juarez, and explaining how these
outcomes might apply to other northern Mexican border cities.

B. Traditional Approaches to Urban Social Area Analysis
This section summarizes the examination of traditional social area analysis in Anglo.A.merica and, to a lesser extent Latin America, including Mexico and its northern border
region. As with urban morphology, examined in Chapter 3. social area jmalysis in Latin
.A.merica has been influenced heavily by the Anglo-American tradition. However, as this
review demonstrates, the Anglo-American social area analysis has followed a much
clearer path of development than that of Latin America and Mexico in particular.

B.l. Social Area Analysis of the Anglo-American City
.A.S with urban morphology, social area analysis in Anglo-America has been strongly
influenced by the Chicago School of Urban Sociology. Among the group of scholars
who initiated this sociological approach. Park et al. (1925) have been the most influential.
In particular. Park believed that the city's social groups exhibit competitive behavior, and
through this process "naturally" shape the city's physical expansion. Park also argued
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that this competitive behavior is complemented by cooperation. This seemingly
contradictory process of "competitive-coojjeration" was believed to be self-regulating,
and it was compared to the ecological process of invasion-succession (Park et al.l925).
While their work has been replaced by the ideas of others. Park and Burgess initiated the
study of social area analysis in Anglo-American cities.
In explaining how invasion and succession led to physical growth in cities.
Burgess linked social change to the zonal model of urban morphology. By doing so, the
city's zones, which housed specific segments of the city's population, became dynamic
units of social change. In short, the Park-Burgess model argued that neighborhood
change occurs through territorial disputes among socioeconomic groups, where one zone
of the city is "invaded" by people—social group—occupying another zone. Thus, a
progressive process of succession occurs in response to invasion. As the process
continues, succession moves higher income, Anglo populations outwards from the central
city to the periphery. Ultimately. Park et al. (1925) believed that this process led to social
sorting along both income and class lines.
This model of urban social organization persisted for several years, but it was
eventually modified as others entered the arena. Shevky and Bell (1955) are noteworthy
among this group. Although highly influenced by the Chicago School, Shevky and Bell
de\ eloped a new method of social area analysis. They explored changes in the social
structure of urban areas through a set of variables that were combined to develop up to
three standardized indices: social rank, urbanization, and segregation. Consequently, by
categorizing residential sectors in metropolitan areas, social analyses can be best
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achieved (Shevky and Bell 1955).
Also building on the Chicago School, Kain (1968) was instrumental in reorienting
the scope of urban social area analysis. Kain was among the first to draw attention to the
"urban underclass" by focusing on the role of segregation, the plight of inner-city blacks,
and the lack of employment opportunities. His work spawned an entire field of research
that focuses on other dimensions of inner-city poverty (Kain 1968).
Several urbanists have articulated the conditions and plight of the urban
underclass more carefiilly. Among these, Wilson's work in Chicago (1991) has attracted
the most attention, but others such as Hughes (1990), Hughes and Madden (1991),
Friedmann (1992), Jordan (1996). Mingione (1996), Jargowsky (1997), and Teitz and
Chappie (1998) offer equally compelling research on poverty and the urban underclass.
These, and others, have linked the formation and persistence of the underclass to
global industrial change, the lack of investment in inner-city neighborhoods, the
suburbanization of industry, discrimination, and residential segregation (Hughes 1990;
Wilson 1991; Hughes and Madden 1991; Friedmann 1992; Jordan 1996; Mingione 1996;
Jargowsky 1997; Teitz and Chappie 1998). It is worth noting that what might be more
useful to search for explanation of deprivation is to focus on irmer-city patterns of
development. It may be more valuable to evaluate and classify all the neighborhoods by
analyzing their spatial access to a comprehensive set of city's services.
.A.llied areas of study emerged as urbanists managed to provide explanations for
inner-city poverty. The spatial-mismatch hypothesis is perhaps the most recognized
theor>- that tries to explain the conditions of inner-city residents (Fainstein 1987; Holzer

1991; Teitz and Chappie 1998). Simply put, the mismatch hypwDthesis argues that
inner-city poverty persists because inner-city dwellers lack access to jobs.
Extending from the urban underclass debate, the suburbanization of jobs left
inner-city neighborhoods void of employment opportunities and lacking access to
suburban job sites. Central-city poverty deepened as incomes fell, and both industrial
and commercial decline advanced. More recently, the spatial mismatch hypothesis has
been recast in the "jobs-housing imbalance" as a new generation of scholars delve deeply
into the problems of access to housing and transportation (Ihlandfeldt and Sjoquist 1991;
Opalski 1992; Immergluck 1998; Ong and Blumenberg 1998)
In recent times, scholars have started looking at research on deprivation rather
than central city poverty and the urban underclass. The motivation for deprivation
research is found in the singular focus on poverty in many previous studies. Deprivation
research is more prevalent in Europe and Canada (Townsend 1979; Nolan and Whelan
1996; Sloggett and Joshi 1998). but is starting to make its way into the United States.
At issue here is that the social conditions of inner-city residents is examined better
by considering a broader range of material and institutional conditions that affect
standards of living. Among these is the deterioration of physical conditions (Gilbert
1992), access to institutions that improve quality of life, such as schools and health care,
and services like commercial hubs and jobs (Townsend 1987; Broadway and Snyder
1989; Szreter 1997).
It is important to recognize that poverty and deprivation are related, but not
necessarilv identical. Povertv is essentiallv a measure of income and, in most studies, is
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used to approximate overall standards of living (Townsend 1979; Nolan and Whelan
1996). In contrast, deprivation deals with a wider range of issues that affect urban
dwellers and is not necessarily confined to the poor. For example, it may apply to the
elderly with sufficient incomes but who are deprived of social contact and integration in
neighborhood activities. In this case, social isolation (not poverty) leads to deprivation
and a lower quality of living (Townsend 1987).
Deprivation may be directly affecting those children in families not suffering
from poverty, but settling in areas iacking some urban services (spatial deprivation). For
example, some public schools lack access to basic urban services because they are
located in deprived areas. Despite these important differences, poverty and deprivation
have been used interchangeably whereas some scholars link both concepts to income
(Callan et al. 1993).
In sum, deprivation carries with it a far more exhaustive range of factors that
contribute to poor living conditions in cities. It moves well beyond the implications of
poverty-based research because it addresses issues of access to institutions and jobs that
are meaningful indicators of urban living conditions. Indeed, socioeconomic status might
be improved at lower social costs by reducing spatial deprivation through implementation
of sound local policies.

B.2. Social Areas of Latin American Cities
The social problems of Latin .American cities are widely known in the urban literature.
However, most of these studies on Latin American cities have focused on regional
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approaches rather than inner-city areas. Principal research approaches and problems
are identified.
A persistent problem with social area analysis in the Latin American context is
that it is not built on "indigenous" theory or models of social interaction and change.
This creates a problem because researchers often must look to foreign literature for
guidance, which in turn leads to the imposition of models and theories that are not well
suited to the Mexican and broader Latin American contexts (Hoffman 1983). Others
have shown that neither social area analysis of the Shevky and Bell (1955) vintage nor
the factorial ecology approaches of the Chicago School can be successfully applied in the
Latin American context (Hoffman 1983; Morris 1998). At issue is the special Hispanic
heritage and culture of Latin American cities, regardless of levels of industrialization.
Since poverty is so pervasive throughout Latin America, it is central to most of
the urban research in Latin American countries. Moreover, poverty ranks high on the
agenda of some global institutions such as the United Nations (UN), the International
Monetary Fund (IMF), the World Bank (WB), and other similar organisms (Organization
for Economic Co-operation and Development 1978; Banco Mimdial 1991). In addition,
much of the literature within the Latin American context links urban social problems—
especially poverty—with widely defined urbanization processes (Bailly 1996).
Consequently, the local level is often ignored, and particularly the study of inner-city
neighborhoods. This is expected given that rural-urban migration continues to be a major
force shaping the social complexion of urban populations in this world region. This
applies especially to the formation oicolonias which are characteristic of fringe areas of
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Latin American cities.
Others follow the tradition of regional studies and urban development (Pradilla
and Anaya 1990; Fadda 1993). However, these kinds of studies rarely go to scales
smaller than that of the city and its area of influence. Even the more specific studies that
are used for city planning purposes lack specification at the city's neighborhood scale.
Indeed, in the later case several local planning documents lack supporting references in
spite of their official character.
Being part of Latin America, most Mexican cities have followed the traditional
social structure in the development of their neighborhoods. However, the majority of
urban studies focusing on the Mexican city have favored the regional approach. Although
some emerging research exists at the local level, its convergence toward the AngloAmerican method makes it fruitless for present purposes (Hoffinan 1983). For the most
part in Mexico, urban studies aimed at the neighborhood scale refer to large metropolitan
areas. Since these areas are far larger than most middle-size Mexican cities, researching
them is much like doing a regional project. For instance, Garza and Damian (1996)
analyze research on urban and regional studies for the 1940-1991 period. They trace
most of the published work on urban and regional research and demonstrates (in the
Mexican context) a large concentration of research on larger metropolitan areas.
Other published results demonstrates the urban-regional preference (Riviere 1973;
Schieingart 1989; Vjizquez 1990; Zuniga 1993; Perez and Polese 1996). For example.
Schteingart (1989) analyzes the behavior of real state entrepreneurs in Mexico City.
Obviously a local approach, it becomes regional due to the overwhelming difference in
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size between Mexico City and other middle-size Mexican cities. In conclusion, a
somewhat different approach should be designed for the Mexican context to provide a
fruitful explanation of the spatial character of urban areas at the local, i.e., neighborhood
scale.
The few studies focused on northern Mexican border cities have reverted to the
traditional approach of using Anglo-American models for social area analysis
(Gildersleeve 1978; Hoffman 1983; Arreola and Curtis 1993). That is, social ecology as
presented by the Chicago School has been applied to small areas of border cities and
conclusions reached accordingly. Yet, in view of the problems mentioned above, my
research resists the use of normative theories of urbzm social change that have been
developed in, and for, the Anglo-American context.
My design builds on the development, and application, of a spatial index of
deprivation to identify those neighborhoods that have experienced improved conditions
over time, and looks to the effects of local spatial factors leading to socio-spatial change.
Such an approach has not been applied to Latin American cities or to northern Mexican
border cities. Thus, a major contribution of this research is its focus on spatial
deprivation for the urbzm analysis of social differentiation in a Latin American city. This
chapter analyzes social change by development of a suitable model. This model embodies
the design of a spatial index of deprivation for small urban areas; i.e., AGEBs", as
explained in the methodology section.

'' AGIiB stands for Area GeoEsiadislica Basica—basic gcographic-statistical unit, which is equivalent to a United
States census tract.
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C. Analysis of Socio-Spatial Deprivation in Ciudad Juarez
This section explains the methodology employed to analyze variation in neighborhoods'
deprivation within the city's built-up area. The spatial index of deprivation is central to
this methodology. As stated earlier, the emphasis on deprivation is rather different and
goes well beyond the Chicago School heritage.
To orient the study, I develop a working hypothesis arguing that levels of
deprivation are lower near the central city and the border but higher at the city's
periphery, the location of colonias. This is expected because core areas are easiest to be
provided with services. However, I argue that areas been improved over time (19901995) are those nearest to concentrations of maquilas. This is so because the government
wishes to provide the best level of services so that maquilas remain in the city.

C.l. Data
This section describes the data used for the index of deprivation. Official publications for
both years 1990 (ten-year census) and 1995 (mid-census, C0NTE095) provide data on
demographic variables (INEGI 1992; INEGI 1996). Specifically the 1990-census data
includes variables that account for income, education, and infrastructure (households), as
well as more traditional demographic variables. Unfortunately, the 1995 count reduced
the number of variables by excluding all those related to economics and most variables
that measure educational attainment. I develop several variables to overcome the absence
of economic and education data.
Most of the demographic data used in this study rely on Mexican censuses, but
other sources contribute to the index of spatial deprivation. These other variables capture
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access to urban services and amenities. Likewise, to preserve geographical linkages in
all selected variables and perform geographical analyses as well, a set of geo-referenced
files was prepared from hard-copy maps.
Since these spatially based variables were not available—as required by this
design—in past studies or in other official publications, this dissertation presents an
innovative method. First, different methods for data acquisition were considered (e.g.,
field surveys). Given time and financial constraints, the census data proved to be the most
effective for designing the deprivation index. In a subsequent step, irrelevant variables
(e.g., population older than 18 years, religious preferences, etc.) were eliminated. This
was then followed by a reduction of variables using principal components analysis.
Ultimately, other spatial variables were included but the whole set required further
analytical filtering.
To localize most of the urban services required for the model, two telephone
directories, corresponding to the years following the census years, were utilized to
determine the spatial location of the institutions providing the identified urban services.
More precisely, the 1991 edition of these books lists those items existing in 1990, while
the 1996 edition does so for 1995. Next, most items were checked against other
published material like aerial photographs, city maps, and city development plans, to
control for accuracy.
Once spatially assigned to the geographical files—i.e..

geo-referenced, these

features were used to perform the measurements needed to be conceptually linked to the
spatial units of analysis; i.e., AGEBs. That is. each item was included as a spatial variable
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into those tables originally extracted from the censuses. As established earlier, only a
subset of variables was selected from INEGI's published material to perform this
analysis.
A second set of variables was added to the model by using a unique approach that
sought to capture the spatial differences among all AGEBs in the city. This second set of
variables is mainly geographical and is explicitly developed later in the CIS section (see
Section C.2.C.). A conceptual definition of these variables is furnished here to explain
their utility within the spatial inde.x of deprivation. Table 4.1 lists all 21 variables and
provides a brief explanation of their conceptual definition including the measurement
criteria.
In Table 4.1, variables appear grouped by their conceptual definition. This way.
group D (variables D1 to D7) includes demographic variables; group H (variables HI to
H5) contains household information. Similarly, group C (variables CI to C6) measures
distances from the geographic center of each AGEB, and group A (variables A1 to A3)
includes other types of variables with no change over time.
Since all variables are measuring deprivation, the scale of measurement links
higher values with higher deprivation scores. That is, variables with values close to zero
represent a better rank for AGEBi. Although most variables measure percentages, a small
group measures absolute numbers. In short, distances range from a true zero value to any
value up to the extension of the city's built-up area. Some variables are dichotomous
with zero-values representing presence of the measured item and value 1 otherwise; i.e..
variable DSCH measures schools" service coverage. Even these binar\' variables can be
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used as reliable for deprivation because category 1 measures the highest possible value
while category 0 measures the lowest one; i.e., 0% to 100% (Morgan and Griego 1998).
Overall, these 21 variables capture the spatial variation of the city's neighborhoods,
which is important for developing the spatial index of deprivation.

C.2. Methodology
This section explains the development of the spatial deprivation index. In the first part,
several components of this index of deprivation are explained to show correspondence
with the overall development of the model. The second part describes both the scale of
analysis and the structure of the selected units. The third and fourth parts provide an
e.xplanation of the methodology utilized to compress the information and the structural
composition of the spatial index of deprivation. The final section explains the GIS
techniques used to analyze the spatial distribution of the index and to map the results as
well. This analysis uses information at the scale of small areas, broadly defined as a
proxy for neighborhoods. For this dissertation, the census tracts, defined by INEGI as
AGEBs, fit this purpose well. There is no better inexpensive and/or stable source of
information available than INEGI's publications. Unfortunately, for enhanced crosssectional comparative studies little reliable information is available. Therefore, some
adjustments are required to make data sets geographically and statistically comparable
from 1990 to 1995.
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Table 4.1, Explanation of Variables Used in the Deprivation Index.
Explanation
ID Variables
0 GEO-ID Unique Identification for Geo-code
D1
IP Percentage of population younger than 6 years old in AGEB,.
D2 P614NR Percentage of schooling-age illiterate population (6-14 years old).
D3
P65U Percentage of elderly population (65 over) in AGEB,.
D4 P15UNR Percentage of illiterate adults in AGEBj. Older than 15 years old.
D5
CF Children-female ratio within AGEB;. Number of children" per 100 women in
fertile age**.
D6
MFR Male/Female ratio. Number of men for each 100 women in AGEB,.
D7
PD Population density in AGEB, (persons per hectare).
H1
H2
H3
H4
H5

PPHH
HHD
HHNE
HHNSS
HHNW

CI

DCCR

C2

DHOS

C3

DCBD

C4
C5

DINT
DSCH

C6

DMQ

A1

GPOS

A2
A3

IMP
AREA

Average number of persons per household in AGEBf.
Households density. HH per hectare in AGEB,.
Percentage of households with no electricity in AGEB,
Percentage of households with no sewage system in AGEB,
Percentage of households with no water service in AGEB,.
Distance from AGEBj's center to the nearest commercial area in km. Mainly
used as a concentration of retail stores providing groceries and other essential
commercial services.
Distance to nearest hospital (IMSS)"* in km. Health care service provided
mostly for low-income workers (minimum wage).
Distance from AGEBj's geographic center to the CBD' in kilometers (km).
Fixed for both years.
Distance to international border (crossing points) in km. Fi.xed.
Schools coverage—walking distance—for population younger than 16 years
old. See GIS section for details.
Distance to the nearest maquila industrial park. Major job centers mainly for
low-income workers.
Geographic position. Binary variable. I if west part of the city; 0 otherwise.
West area is empirically evidenced as less developed.
Impedance. Average slope within AGEB,.
Measures the area of AGEB, as a proportion of the total study area (i.e.. all
266 AGEBs). Fixed for both years.
•*) Younger than 5 years old.
'') Women 15 to 49 years old.
') CBD: Central Business District.
IMSS: Instituto Me.vicanodel Scuuro Social. (Health Care National Institute).

82
First, a set of adjustment criteria is applied. For the 1990 census the city
included almost 300 AGEBs. Only 266 AGEBs were selected for this analysis because at
least one of the following criterion invalidated the others: (1) the imit was vacant or not
developed; (2) the entire unit's land-use is "unusual": airport, large park, rural acreage
and the like; or (3) the unit is located outside the built up urban area. Every unit under
one or more of these conditions was excluded from the analysis in both 1990 and 1995
data sets.
Second, due principally to natural growth, some 1995 AGEBs were modified or
aggregated. These adjustments are essential because INEGI applied a new subdivision to
the city to allocate a specific number of households or population in 1995. This is
reasonable since the city hosted more population in 1995 than in 1990. Therefore, more
precise criteria were required to regroup some 1995 AGEBs to make them fit into the
same 1990 geographic units. Consequently, the 1995 data set was compressed to match
the 266 units—AGEBs—identified in the 1990 data set.
Specific information regarding geographical adjustments is provided in the GIS
section ahead. In addition to spatial adjustments, all variables required similar adjustment
so that they reflect the 1995 aggregations. In summary, 266 units of analysis—AGEBs—
are used for each year generating two identically structured, and completely comparable,
data sets.

C.2.a. Principal Components Methodology
Once checked for both inconsistencies in scales and accuracy problems, all 21 variables
bearing the information for the 266 AGEBs were grouped in a pair of matrices. The first
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matrix was used to analyze data for 1990 and second matrix for 1995 data. In
SPSS®9'^, a data reduction procedure was used to extract a set of principal factors from
each table. These principal factors condensed the majority of the variation within each
table. In turn, these new variables were used as inputs to the next step, as explained in
the following section.
For the 1990 matrix, the data reduction procedure suggested five principal factors
that account for a little more than 77% of explained variation (see Table 4.2). The same
procedure performed on the 1995 matrix generated five principal factors also, but this
time explaining nearly 79% of the variation (see Table 4.3). All suggested factors are
included as new variables on both matrixes. Although data reduction techniques can be
used as a subjective way to perform rigorous statistical analyses, such a procedure is not
used in the design of this spatial index of deprivation. Instead, I am using principal
components as a method to compress the information into a small number of variables.
Finally, these new sets of variables are employed to generate two composite values as
explained below.
Table 4.2, Total Variance Explained by Principal Factors in 1990.
Component
1
2
3
4
5

Rotation Sums of Squared Loadings
Total
% of Variance
Cumulative %
3.567
16.985
16.985
3.413
16.253
33.238
3.312
15.771
49.009
3.193
15.204
64.213
2.730
13.002
77.215

Extraction Method: Principal Component Analysis.

SPSS for windows, version 9.
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Table 4.3, Total Variance Explained by Principal Factors in 1995.
Component
1
2
3
4
5

Rotation Sums of Squared Loadings
Total
% of Varizince
Cumulative %
3.872
18.439
18.439
3.475
16.549
34.988
3.472
16.532
51.520
2.869
13.664
65.184
2.815
13.407
78.591

Extraction Method: Principal Component Analysis.

C.2.b. Spatial Index of Deprivation
Each set of five factors is used to produce a composite value for each year (Ki90 and
Ki95). Thus, to generate the K value for AGEBi, the score of all five principal factors for
Fik are aggregated to embody all the information for AGEB; in only one dimension (Kj).
In short, this new value identified as Kj (Ki90; Ki95) represents the sum of all factor
scores for each AGES, and is computed by the following formula:
1]

Ki = F ,I

+ Fi2 + Fi3

...+Fin.

In this formula K, is the composite value at AGEBj; Fik represents the score of
factor K, K=l,...,266 for AGEBj, i=l,...,266 (See Table 4.4). From values in column Ki
(See Table 4.4), the spatial index of deprivation (Dj) for each AGEB; is then calculated
through the following formula.
2]

Di = (K-i — K-min)/ (K-max

K.min) where:

Di represents the spatial index of deprivation for AGEBi (Dj from 0 to 1). Di=0
implies least deprivation and Di=l indicates maximum deprivation.
K, is the added value of all factors in AGEBj
Kmin is the minimum value on column Kj
Kma\ is the ma.\imum value on column Kj(See Table 4.4).
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Finally, this operation produced two sets of DjS (Di90) and for 1995 (Di95) for
each AGEBj. This is the spatial index of deprivation (Di) used to measure change in
neighborhood deprivation conditions from 1990 to 1995 as illustrated later.

Table 4.4, Deprivation Index Structure.
Observations
(AGEBs)
1
2
3

Components
F,

.

Fz

.••

F„

K,
K,
Ki
FCj

Di
D,
Di
D3

,

.

.
.

266

K.266

D266

C.2.C. GIS Platform
Several geographical attributes and specific requirements for data measurement and
spatial constraints need to be explained. Additionally, all required geographical analyses
and corresponding spatial adjustments for both 1990 and 1995 electronic versions of the
maps are explained in detail.
The selected base maps used for the analysis come originally from INEGl's
publications in both digital and printed formats (INEGI 1992; INEGI 1996). Since some
inconsistencies were found within the original sources in all assorted formats, a decision
was made to standardize both sets of digital maps as explained below. First, as
previously explained, some 1995 spatial units (i.e.. AGEBs) were merged to match 1990

boundaries and data aggregation. Second, both geographic sets were checked for edge
matching within the resulting sets of AGEBs (1990 and 1995). Each set containing 266
identical spatial units was arranged to merge both demographic and spatial variables as
well. In short, the measurements of spatial attributes and the linkages with the sets of
demographic variables were performed.
For the spatial attribute part, the first step was performed using features that most
GIS software includes. For instance, using both layers, the one containing the points
(e.g., a hospital school, shopping center, etc.) and the base layer containing the AGEBs,
the "overlay" procedure was used. This was followed by minimal distance calculations
between the AGEBs centroid and the point of interest (e.g., hospital, CBD, etc.).
Therefore, the minimal distance between the AGEB's geometric centroid and a point
becomes a proxy to represent the minimum distance between every household in the
AGEB and the point representing, for instance, an urban service. This procedure was
applied to all urban services defined in this study such as commercial/retail centers,

maquila industrial parks, other job centers, and international crossing sites.
In particular, the school imits were included with a rather different approach,
since a special criterion was needed due to the large number of schools. First, all school
locations were used as points representing school services for populations younger than
15 years old. Second, these points were then processed in GIS software to create buffer
zones within a 0.5-kilometer radius'^ (walking distance: about 1/3 mile). Third, the new
layer embedding schools regions; i.e.. buffers, was "overlayed" on the AGEBs' layer to
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select those AGEBs not being covered by at least 30 percent (arbitrarily selected to
account for a conservative coverage) of schools region. Finally, those AGEBs that do not
include enough schools coverage were categorized as deprived in terms of schools
service. Thus, these deprived AGEBs received a score of 1 while the rest received a 0
score. In this design high scores mean higher levels of deprivation.
On other spatial attributes, those AGEBs with highly irregular topography, as
included in the 'impedance' variable below, were assigned an index value so higher
scores also represent higher level of deprivation. Conceptually, the steeper the land, the
harder and more expensive it is for a household to receive services. Similar criteria are
assumed for improvement of local conditions—i.e.. neighborhood's road network, piped
water, and sewage system. Sloped land increases costs for services. In summary, this
"impedance' value is calculated by measuring the length of all contour lines at a specified
interval; that is, 5 meters vertically measured, divided by its area as explained below. The
following formula explains how the impedance variable is computed.
3]

lMP = (i*l*.0029)/A where:
IMP measures the impedance variable.
i measures contour lines interval in feet.
1 is the added length of all contour lines in the AGEB (feet)
.0029 is a fixed factor'^
A = AGEB's area in acres.

^ I'his walking distance is used in most urban design projects and similar developments.
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The results of this impedance variable can be observed in Figure 4.1. This figure
indicates that those AGEBs showing higher impedance values cluster towards the
southwestern and western parts of the city. Aparently, less steep land, preferred for
development, is located towards the river while the opposite occurs towards the
mountainous areas over the Sierra de Ju^ez—western section of the city.
In preparation for the geographical analysis linking deprivation indices, some
additional tasks were required. First, two sets (Di90 and Di95) of five deprivation
categories (defined below) were prepared using the spatial index of deprivation. Second,
both sets of categories were compared to elicit changing AGEBs through time. Third, a
combination of these tasks was also used to generate a new set of five resulting categories
that summarize the new position for each AGEB group in 1995. This process is explained
later.
A good threshold criterion in defining the five categories is the combination of the
mean and the standard deviation of the Dis. As suggested by its wide use in several
statistical analyses, these measures of central tendency work well to group observations.
In this case, these five categories are defined in Table 4.5.

''' I'his is a widely used lacior in most urban developments. It is principally used by urban designers, planners, and the
like, when measuring relative slope in a lot.
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Figure 4.1, Ciudad Juarez; Pattern of Impedance Variable, 1995.

90

Table 4.5, Deprivation Categories.
Category

Formula
Dj values grouping
Di < (X - s.d.) All Dj smaller than the mean minus one standard
deviation
^
(X - s.d.) < D| < (x - !4 s.d.) Dj between the mean minus one standard deviation
and the mean minus Vz the standard deviation.
(x - Vz s.d.) < Di < (x + Vz Dj between the mean minus Vz the standard deviation
s.d.) and the mean plus Vz the standard deviation.
^ (x + Vz s.d.) < Di < (x + s.d.) Dj between: the mean plus Vz the standard deviation
and the mean plus one standard deviation.
_
Di > (x + s.d.) All Dj greater than the mean plus one standard
deviation
x - Mean.
s.d.= Standard deviation.
J

Table 4.6, Categories for Maps of Spatial Deprivation and Change.
#
1
2
3
4
5

A
Categories in 1990 and 1995 maps
Highly developed
Moderately developed
Moderately deprived
More deprived
Highly deprived

#
2
1
0
-1
-2

B
Categories in 1990-1995 change map
Improved the most
Improved moderately
No change
Declined moderately
Declined the most

In summary, the first group of labels (column A in Table 4.6) classifies the
AGEBs in each year in conformity with the corresponding Di values as stated in Table
4.5. The second group of labels (column B in Table 4.6) identifies those groups of
AGEBs as they moved from a category in 1990 into another category in 1995.
Consequently, this second group of categories simply summarizes the comparison from
AGEB(90) to AGEB(95) databases and maps. Finally, following this criterion, the only
feasible combinations of change should utilize the outcomes presented in Table 4.7.
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In Table 4.7, the diagonal of zeros signals no change at all. This diagonal also
separates both groups of change. Groups that have switched from lower categories in
1990 to higher levels in 1995 are shown on the top right of Table 4.7. Conversely, those
groups that switched from higher categories in 1990 to lower levels in 1995 are shown on
the lower left side. In short, positive values mean positive change—improvement—while
negative values mean a worsening of conditions over time—deepening deprivation.
Table 4.7, Change in Deprivation Index
Categories, 1990-1995.
Change
1

5

1

0
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C.3. Results
The analysis reveals several significant outcomes. First, the spatial distribution of
deprivation—categories by AGEB—shows a clear pattern of distance decay away from
the railroad, the CBD. and the international borderline. Second, the overall classification
of

neighborhoods shows clear clustering patterns across the city for 1990 and 1995.

Third, the assumptions regarding the spatial deprivation index are confirmed, though the
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patterns of change in neighborhoods condition from 1990 to 1995 show that the
majority of the neighborhoods have not substantially changed.
The spatial distribution of 1990 AGEBs shows a clear pattern of distance decay
both south of the international border and west of the railroad axis (See Figure 4.2). In
particular, the farther from the railroad and the borderline, the more deprived the
neighborhoods are. This is so because those neighborhoods located far from these
features are also far from most urban services. The same pattern is observed when
considering the CBD: AGEBs that are more distant show higher deprivation. These
results uphold my assumptions regarding deprivation; neighborhoods that are away from
the urban services included in the study show higher levels of deprivation.
Generally, most AGEBs located east of the CBD show lesser deprivation than
those located to the west. On the contrary, a good number of western AGEBs show
higher deprivation; i.e., higher values of Di. For instance, a large cluster of AGEBs
showing category 1 is located east of the CBD and south of the Rio Bravo—the
borderline. In fact, no single AGEB shows a category 1 on the western side of the
railroad axis. In sum, the classification of neighborhoods shows a clear pattern of
clustering throughout the city in 1990 (See Figure 4.2).
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Figure 4.2, Ciudad Ju^ez: Categories for Deprivation Index in 1990.
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The 1995 distribution of AGEBs is similar to that exposed by the analysis of
the 1990 pattern. Figure 4.3 reveals that no "highly developed" AGEBs appear in the
western section of the city. Also, the most deprived AGEBs in 1995 are those located far
south and west from the eastern section of the borderline—the Rio Bravo. These areas are
called la periferia—the periphery. Perhaps the most notable point is that conditions in
some neighborhoods worsened; an issue I consider later.
Another empirically defined variable reflects the geographical distribution of
neighborhoods development. Previous studies have shown that the city's neighborhood
distribution reproduces a pattern of differentiation that clearly splits the urban area at the
railroad towards eastern and western environs (Loeraand Chavez 1995). In fact, towards
the west this characteristic reveals increasing levels of deprivation the farther the distance
from the railroad. It is important to point out that the railroad axis is only used in this
analysis as a cultural feature that provides a reference to explain spatial location. The
same applies for topographic conditions in western areas; larger distances from railroad
axis increases the slope of the land. Perhaps both situations have joined with several other
issues to characterize the slow pace of development in these western areas when
compared to other neighborhoods of the city. Indeed, this is why western AGEBs
received a value of one while eastern neighborhoods received values of zero for variable
•QFOS'—geographical position. Again, this means that higher values relate to higher
deprivation.
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C.4. Socio-Spatial Condition around Maquilas
To investigate how the maquila has affected the socio-spatial conditions of
neighborhoods in Ciudad Juarez; the study compares the situation of neighborhoods in
1990 with their condition in 1995. The results report that most neighborhoods throughout
the city have not changed. To confirm this, several examples are provided by analyzing
those neighborhoods around the maquila concentrations. This analysis is performed to
supply evidence regarding the influence that maquila industrial parks have on nearby
neighborhoods.
I have chosen to analyze those neighborhoods surrounding the maquila industrial
parks to follow my hypothesis. These industrial parks (delimited by a thick solid line in
Figure 4.4) contain the majority of the maquilas in the city as of 1995, though in 1987
more plants have started to operate citywide. In general, as shown in Figure 4.4, more
neighborhoods near the industrial parks have not changed their socio-spatial condition.
Particularly, those neighborhoods around the oldest industrial parks in the city have not
changed at all and few of them have worse condition in 1995 when compared to 1990.
These two industrial parks (enclosed in a circle) were the first to receive maquila plants
in the last years of the 1960s. The rest of the industrial parks have been built after 1975
(Gutierrez 1999).
Most neighborhoods near the largest (one of the two oldest) industrial park were
reported as moderately developed in 1990 (Figure 4.2), but moderately deprived in 1995.
Although these neighborhoods include mostly middle to high-income households, they
are not showing better condition in 1995. This evidence fails to support my hypothesis
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that the maquila economy is improving those areas around the industrial parks. I
provide with an explanation regarding this point later in this section.
In other areas near maquila parks, improvements in conditions have actually been
seen in some cases. This, however, may be explained as effects of local planning policies
(Guillen and Rodriguez 1995). For example, some southern neighborhoods close to the
airport reveal improved condition from 1990 to 1995 (see Figure 4.4). Declared in 1995
as the most suitable land for the city's growth (Gobiemo Municipal de Ciudad Ju^z
1995), these areas and those around them have received more attention fi-om the Federal
government through several assistance programs (e.g., SOLIDARIDAD") since about
1984 (Guillen 1992). As confirmed in the mid-census (1995) more population is settling
in these neighborhoods. In addition, the latest city plan confirms that enough vacant land
is still available to continue growing (Gobiemo Municipal de Ciudad Juarez 1995). For
example, two neighborhoods in this area have improved as a result of local development
policies. First, a large AGEB located to the northwest side of those industrial parks by
the airport was reported empty in 1990 but has been increasingly populated in 1995
(6,428 people). Most of the residential developments in this area are being built for
middle income households. Second, an AGEB south of the eastem-most industrial park
(near the border) encloses mainly mral land being incorporated into the city's growth.
This neighborhood contains mostly vacant land showing an increase in population of 236
(6 persons in 1990 and 242 in 1995). The rest of the improved neighborhoods reported in
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this sector also have more population, and increasing number of maquila plants are
been built in their surrounding land.
In sum, these results show that most neighborhoods near the maquila plants have
not improved their socio-spatial condition, especially those around the maquila industrial
parks created first. This outcome counters my hypothesis that neighborhoods around the

maquilas have improved. Those few improved neighborhoods close to the newest
industrial parks support my hypothesis, but improvement may not be tied to maquilas.
Their improvement follows a growth trend for the city to expand towards the
southeastern sectors. Since public policies are more successful in these areas, their
increasing improvement cannot be attributed directly to the expansion of the maquila
economy (Guillen and Rodriguez 1995).

C.5. Discussion
The sequence of maps in Figures 4.2 to 4.4 present a qualitative picture of the spatial
change in deprivation for Ciudad Juarez from 1990 to 1995. To analyze these patterns of
change 1 include a section comparing the western and eastern sectors of the city. This
separation fits well with the premise stated previously regarding differences between
each sector. In general, a pattern of distance decay is observed in 1990 and 1995.
Western-most neighborhoods from the railroad and the eastern section of the border are
the more spatially deprived neighborhoods. This pattern supports the empirical evidence

A federal program otTicialiy staled lo larget ihe socioeconomic conditions of the poor seeking to improve it at the
national level. Spatially concentrated, however, in city's sectors where non-PRI candidates were being supposedly
fa\ored.
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that the city shows opposite patterns of development on each side of the railroad axis.
Regarding the influence of the maquila economy, these results show that most
neighborhoods near the maquila plants have not improved their socio-spatial condition
and especially those surrounding the oldest industrial parks.
Categories in Figures 4.2 and 4.3 show that most neighborhoods on the eastern
parts of the city reveal better socio-spatial conditions than western counterparts.
However, some neighborhoods witliin this eastern sector experience a different pace of
development because they have received more govemmental attention (from all
governmental levels) in recent years. Those southem-most areas especially typify this
differential development. This situation started about 1984. after voters supported a nonPRI'^ local government for the first time ever (Rodriguez and Ward 1992). After the
turnover in 1983, the federal government was accused and strongly criticized from
spending government money in this sector of the city, trying to support PRI candidates
through SOLIDARIDAD'^ and other similar programs. This represents an isolated effect
within the eastem sector of the city.
Towards the western fringe, the particular pattern shows that the distance decay
assumption is affirmed quantitatively. Neighborhood conditions along western sectors
are deficient. This part of the city is an area where most neighborhoods suffer from
adverse topographical conditions in addition to poverty, insufficient services, and lack of
private investment. As explained already, most of those variables influence socio-spatial

"* PRI (['artido Revolucionario Institucionai) is well known. a.s the "otncial". political party in Mexico holding power
from the national to the local level for over seven decades.
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conditions. Indeed, land use prices do not compete within the city's real estate
market. In short, the farther west a neighborhood is located, the topography of the land
increases in slope. This characteristic creates "impedance" for any improvement in terms
of roads, travel ease, travel time, access to services, paved roads, and the like. Therefore,
most AGEBs in the western side show higher deprivation (i.e., higher index scores).
These results indicate that eastern and western sections of the city reveal opposite
characteristics in terms of physical conditions and socioeconomic development. For
instance, while the topography on the western sector is highly variable, as explained
above, most of the eastern land is flat or smoothly sloped. Hence, most businesses, more
people (comparatively) more amenities, and more services are available in eastern
sectors. At the same time, the most highly ranked AGEBs (i.e., those within a lower
spatial deprivation index score) are the older of this eastern sector as well. In general,
access to all kinds of services is widely provided for most urban activities within this
eastern section. In fact, in this part of the city, more AGEBs score low on the deprivation
index (i.e., highly developed).
An important variable that has possibly biased the index, is the geographical
extension of the AGEB (the "AREA" variable). Physically larger AGEBs show
"Moderately Deprived," ''More Deprived," or even "Highly Deprived" categories. Thus,
larger AGEBs show higher levels of deprivation. Nevertheless, there is a reasonable
explanation for this. Since most of these AGEBs are mostly vacant and therefore not
full\- developed, they are located far away from most developed areas.

'' See footnote 15
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One interesting location by the oldest crossing point shows a "Moderately
Deprived" category. This might be because nearly all activities there are oriented to
tourism and related services rather than residential neighborhood needs. This AGEB
hosts also the CBD. Other adjacent AGEBs, sharing higher categories, are also
extensions of the CBD activities aided by some commercial movement that serve lower
income population. In fact, most population from the western part of the city comes to the
CBD and its surrounding AGEBs for shopping. For this reason, mainly low-priced
groceries like vegetables and fruit but also clothes and electronics are available here
(Martinez 1983). Not surprisingly, several of these products come from United States
imports due to a special program from the federal government. This federal program
allows most commercial establishments in the border region to import U.S. products.
Identified as "programa de articulos gancho " {gancho means hook), it has been in
operation for several years now (Martinez 1986).
Apparently, this program represents an official response from the federal
government to the local retailers' demands. Asking for special treatment that can enable
them to compete with those retail stores located north side of the border, local
entrepreneurs have pushed hard to extend this program. It has been well documented
elsewhere in the borderlands literature that Mexican border shoppers are attracted to U.S.
retail outlets, which can hurt local Mexican retailers (Castellanos 1981; Martinez 1986;
Herzog 1990).
Another apparently biased classification of neighborhoods is the AGEB located to
the west of the geometric center of the city's built-up area. This AGEB is mainly covered
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by maquilas. It is important to recall that the Vciriables used in this study measure
mostly households' services and accessibility. Thus, any AGEB whose land use is mostly
dedicated to activities other than residence might be incorrectly ranked.
In summary, the overall classification of neighborhoods through the spatial index
of deprivation used in this study shows a significant pattern of distribution throughout the
entire city. The majority of the assumptions stated elsewhere in this investigation have
been confirmed throughout. However, evidence failed to confirm my hypothesis
regarding neighborhood conditions near the maquilas, though I provided a reasonable
explanation for why this occurs.

D. Chapter Summary
This chapter reviewed traditional approaches to urban social area analysis beginning with
models of Anglo-American cities, then models of Latin American and border cities. It
covered also the development of the spatial index of deprivation that is central to this
dissertation. Finally, the chapter highlighted the main findings of the social area analysis.
The spatial deprivation index in both dates (1990 and 1995) shows that the city's
neighborhoods follow a distance decay pattern away from the border and the CBD.
Similarly, the overall classification of neighborhoods indicates that the city may be split
in two large, clearly defined, sectors. Westward from the railroad lines, as a center a.xis,
the neighborhoods' socio-spatial conditions range from 'Moderately Developed' to
"Highly Deprived'—D, \'akies from 2 to 5 but predominantly 3 to 5. Indeed, as shown in
Figures 4.2 and 4.3 none of the neighborhoods falls in a "Highly Developed" categor\'.
Eastern areas show ihc opposite image. Here, more "Highly Developed* and
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'Moderately Developed' categories predominate ranking from 1 to 4 in most of the
neighborhoods (See Figures 4.2 and 4.3). An in-depth explanation of these results is
provided in the next chapter.
Results show that most neighborhoods near the maquila plants have not improved
their socio-spatial condition and especially those around the industrial parks created first.
However, those few neighborhoods close to the new industrial parks and showing
improved condition suggest a tendency for the city to expand towards the southeastern
sectors. Perhaps recent public policies are targeting successfully these areas, though their
increasing improvement cannot be attributed directly to the expansion of the maquila
economy (Guillen and Rodriguez 1995).
Generally, these results respond to the research agenda by demonstrating how
neighborhoods have been affected in their socio-spatial condition by the maquila
economy. In particular, the evidence is that the maquila economy has not directly
extended its benefits into those neighborhoods surrounding the maquila industrial parks
except for those in developing areas towards the southeast. The tendency for
development in these southeastern areas can be explained as resulting from joint federal
and local government policies that promote urban growth towards this sector.
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Chapter 5. Summary and Concluding Discussion
A. Introduction
This dissertation responds to the rapid pace of development that has taken place in the
northern Mexican border region. The overall objective of the research was to analyze
impacts arising from rapid development, and to make this evidence available to those
interested in critical problems of northern Mexican border urbanization.
In this Chapter, I summarize and discuss some of the main points of the research.
First, I discuss elements influencing the growth of the northern Mexican border region—
northern border states including Mexican border cities. Second, I describe the general
conditions in Ciudad Juarez in light of this growth and industrialization. Third, 1
summarize my research findings by evaluating their connection to established
methodologies and theories. Finally, I discuss the most important implications for future
research and public policies.

B. Growth in Mexico's Northern Border Region
Empirical evidence indicates that the northern Mexican border region has experienced
unprecedented growth. If this trend remains, the global economy will continue to affect
the region, in-migration will increase, more maqidla plants will appear, and border cities
will continue to grow in size and complexity. Indeed, evidence shows that these effects
are extending to other Mexican non-border cities. However, there are also several
problems associated with the expansion of the global economy and its implications for
urban regions worldwide. These problems affecting Ciudad Juarez suggest that local
planning policies have to deal with these issues as growth continues in the years ahead.
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Census data used in this study confirms that the northern Mexican border
region—the six northern states—experienced fast rates of population growth and urban
expansion during the 20"* century (See Figure 2.2). In-migration is responsible for much
of this growth, although natural increase is also important. This is an outcome of
Mexico's proximity to a leading world economy. Since the market in the United States is
strongly linked to several economic regions worldwide, its influence in adjacent
territory—Mexico—is predictable. Northern Mexican border states respond to this
powerful economy. For this reason, the urban mosaic in the northern Mexican border
region is shaped as a combination of daily interaction across the border and longer-term
economic trends. Culture recreates itself and produces, through this process, more
profound outcomes (Herzog 1990; Martinez 1994).

B.I. Demography
It is apparent that demography plays an important role in the development of
urban areas. Indeed, the northern Mexican border region joins the group of Mexican
states showing the fastest growth nationwide. In particular, northern Mexican border
cities have grown faster because in-migrant population rates are high in the region (See
Figure 2.3). Additionally, a major catalyst to this growth in the last four decades in the
border region is the maquila economy. More maquila companies begin operations every
month in several Mexican cities but more frequently in the northern Mexican border
region. Therefore, more population has been attracted to these cities by the promise of
jobs.
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In summary, evidence indicates that the northern Mexican border region is
following a developing trend highly influenced by global phenomena. The world
economy and government actions have been shaping the northern Mexican border region
generating at the same time some problems related to this rapid growth. In particular,
northern Mexican border cities have grown faster because population is highly attracted
to this border region. Perhaps the border region has built its own appeal: the region has
formed a distinct morphology or "personality" for northem Mexican border cities
(Arreola and Curtis 1993). The dynamic development of Ciudad Juarez has been
influenced by demographic phenomena coupled with the maquila economy.

B.2. Industrialization
Globalization of the border economy is inevitably bound to industrialization.
Northem Mexican border cities are showing much greater expansion than other Mexican
cities of comparable size. In spite of light industrial processes coming to these border
cities, environmental disturbances are not absent. In fact, worldwide industrial expansion
has become a major force in the development of Ciudad Ju^ez. Although the maquila
has continued to grow over the years becoming the single largest source of employment,
it has also produced detrimental impacts.

B.3. Growth in Ciudad Juarez
In general, development in Ciudad Juarez has been touched by the same forces that have
shaped urbanization along the northem border during the last three-quarters of the 20^*^
centur\'. Along with other border cities in northem Mexico, Ciudad Juarez has been
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affected by several trends. Phenomena like massive in-migration, the job market and
mass production, maquilas, government policies have contributed to the growth of
Ciudad Juarez; a city that has the longest history along the United States-Mexican border.
As pointed out in this dissertation, demographic events have seriously affected the
development of cities located in the northern Mexican states. For Ciudad Juarez inmigration has played an important role in the growth of the city. Specifically, most
popular settlements in the city—colonias—are occupied by in-migrant population.
Several scholars argue that migration to the northern Mexican border cities is due
to the U.S. job market. Indeed, during the bracero program and up to the establishment
of the first maquilas. this might have been true. However, since the maqiiila economy
propelled employment in Ciudad Juarez, more population is coming to the city attracted
by this overflow of'low-skilled' employment. In recent years, the news media in Ciudad
Juarez have documented this trend and its implications for the city's development
(Medina 1997; Zaragoza 1997; Linares 1999). Most of those outstanding trends have
been dependent on the growth of employment in Ciudad Juarez, at least in recent years as
shown in Chapter 3.
From events mentioned previously, it is safe to summarize that Ciudad Juarez has
grown because of its centrality to the northern border region. Population growth has
fueled a seemingly unending increase in the city's physical growth. The arrival of the

maquila economy coupled with other global issues has changed the social, economic, and
demographic structures of Ciudad Juarez society. Ciudad Juarez society has been
definitely modified by the maquila economy though producing some impacts on
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neighborhoods conditions.

C. Summary of Research Findings
This section explains results from the land use analysis as a modifier of the urban
morphology in northern Mexican border cities. Similarly, changes in the socio-spatial
areas of Ciudad Juarez are summarized as reported in Chapter 4.

C. 1. Land Use Change
An important element of this dissertation is the study of land use development in
Mexican cities. I designed and tested a model that compares land use change in a
northern Mexican border city to other non-border Mexican cities. Specifically, Chapter 3
sought to determine whether residential and commercial land-uses have experienced
different levels of development in Ciudad Juarez when compared to cities in the interior
of Mexico (i.e., Hermosillo. Son.; Chihuahua, City; and Torreon, Coah.). The analysis
employed a modeling approach to estimate amounts of commercial and residential land
use during the period 1988-1993. Several results warrant mention.
In short, my results show some significant findings.

First, 1 found that the

percentage of commercial employment in Ciudad Juarez is less than expected—when
compared to non-border cities. Second, population growth in Ciudad Juarez was higher
than in any of the non-border cities. Third, the percentage of industrial employment in
Ciudad Juarez is larger than in any of the other three non-border cities studied.
These results suggest strongly that both the maquila economy and the border
proximity are important forces shaping the employment and population structure of the
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city. Consequently, the morphology of the city is modified by these forces as well.
Thus, patterns of growth in Ciudad Juarez are significantly different when compared to
corresponding non-border cities' morphology. In sum, proximity to the border has
"distorted" urban development in Ciudad Juarez. This analysis, therefore, provides firm
evidence of certain forces shaping urbanization along the Mexico's northern border.

C.2. Social Area Analysis
Results from Chapter 4 support my argument that social patterns in Ciudad Juarez are
spatially clustered. To investigate this, 1 developed an index of deprivation that measures
socio-spatial conditions at the neighborhood scale. A data reduction method was used to
develop the deprivation index that ranges from 0 (little deprivation) to 1 (extreme
deprivation). Then, I followed my hypothesis to show how the maquila economy
influences urban life at the neighborhood level.
Variables included in the index deal mainly with socio-spatial differentiation by
measuring housing conditions, access to services, education, employment, and
topography. In particular, topography is quite important because it imposes constraints
on the development of basic infrastructure. The anaJysis was dynamic in that it measured
change in levels of deprivation from 1990 to 1995. GIS techniques were used to
manipulate data and map the results as well.
Several of the most important results are summarized as follows. First, the
empirical analysis shows that most neighborhoods did not substantially change their
urban socio-spatial condition during the period 1990-1995. The majority of
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neighborhoods have not changed, in general, their socio-spatial situation from 1990 to
1995. Second, the city shows a clear differentiation between western and eastern areas
confirming that the railroad serves as a north/south divide in the city. Third, the poorest
and less developed neighborhoods during the 1990-1995 period remained in the most
deprived categories. Not surprisingly, these deprived neighborhoods are located at the
fringe of the urban area, far from the location of most maquilas.
These results highlight the overall effect of the maquila economy in the
development of the city's neighborhoods. Although this study covers a short time
interval (1990-1995), there is enough evidence suggesting that the maquila economy has
had little direct influence on overall living conditions in Ciudad Juarez. This applies
especially to the majority of the working-class population because they settle in those
deprived neighborhoods. This and other evidence leads to one major conclusion: local
policies should require that the maquila economy contribute to neighborhood
improvements. Future research should look specifically at the link between maquila
revenues and public investment, with neighborhood improvements. Although the
research hypothesis was rejected as tested in areas near the industrial parks, a citywide
comparison of neighborhoods conditions validate it. Most neighborhoods did not showbetter condition in 1995 than in 1990 citywide.

C.3. Research Implications for Scholars
More research is required in Mexican cities to tackle the variety and complexity of urban
problems across the country. Most critically, research on inner-city problems is needed
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in places beyond the dominant urban core areas of Mexico (e.g., Mexico City,
Guadalajara, Puebla, and Monterrey). Mexican research in general needs to be more
comprehensive and organized, building towards the resolution of essential urban
questions. The review of the literature, for example, reveals little consistency between
studies such that research remains fragmented and difficult to integrate into this study.

C.4. Research Implications for Planning and Policy Making
One of the main objectives in this dissertation was to contribute to the design and
implementation of urban policies and development planning. 1 am certain that academic
research can contribute to the development of theory for both local planning actions and
local government policies through the comprehensive analysis of inner-city issues.
Through this process, urban life will be improved as services reach those who need them
the most.
In general, the Mexican context allows all levels of government to promote
private investment in local sectors by implementing local budgets. This might have
meaningful justification in areas identified as lacking private investment and suffering
from deprivation. In summary, when an important sector of the local economy is
expanding as is the maquUa economy, it is desirable that deprived areas receive particular
govemment attention seeking to incorporate them into the overall development of the
city.

C.5. Limitations
Highly important for this study, the quality of data limited investigation on inner-
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city issues. Statistics that are more accurate should be available. Even though
INEGl—Mexican censuses' office—has been improving its service down to the regional
level, there is still room for improvement at the local level. In addition, both the
consistency of data and the timely release of information need improvement. More useroriented progress should be addressed by INEGl's statisticians and technical staff.
Similarly, better attention should focus on local needs for reliable, consistent, and timely
statistics for the sake of academic research. Much of my research, for example, was
guided by the availability of certain types of data so much more rigorous analysis could
have been accomplished if data were available. Lastly, INEGl has been receiving a
tremendous amount of material and human resources to improve their duties. These
resources need to be valuable to the users of INEGl's products and services. INEGl
should listen to and accept feedback from its data users.
Although some more comprehensive variables could be included in this analysis,
time and costs constraints were the main limitations to achieving this goal. Additionally,
because of the nature of this methodology as a novel approach (i.e.. by including some
spatial variables and using combined information from several sources like hardcopy
maps, aerial photographs, digital maps, and telephone directories) issues regarding
accuracy were addressed carefully. This research is limited to the census data available
at this time and to the information provided by those other spatial variables explained
above. Perhaps studies that are more comprehensive might be feasible (time and cost) by
the time the 2000 census information becomes available.
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C.6. Recommendations
My research shows, above all, that the maquila economy has not contributed to the
improvement of socio-spatial conditions in less developed neighborhoods citywide.
Future research should attempt to uncover where, if, and how the maquila revenues are
being—and should be—invested. It might be revealed that the government consumes
most of the revenues generated by maquilas.
At the same time, it would be interesting to discover why specific neighborhoods
show different rates of development. What is the role of local political action and how is
the complexion of local policies affecting neighborhoods' development. By addressing
these and other similar inquires researchers can find out how and why some
neighborhoods improve while others suffer even deeper levels of deprivation; especially
when an important activity shows such an expansion like the maquila economy is doing.
The overall understanding of these phenomena may lead to a better implementation of
local policies seeking to improve urban development citywide.
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