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ABSTRACT

Whereas no prior contribution has focused on the case of a medium-sized city in a
developing country, such as Mexico, to explore how urban structure and its expansion
has affected the spatial distribution of employment, three distinct, but related papers were
developed, which combine urban economics literature and spatial sciences techniques to
fill this gap and provide new evidence.
The first paper, entitled “Spatial Distribution of Employment in Hermosillo, 1999
and 2004” identifies where employment subcenters are. Testing the presence of spatial
effects, it concludes that an incipient process of employment suburbanization has taken
place; however, the city still exhibits a monocentric structure. As a complement, a second
paper, “Employment Density in Hermosillo, 1999-2004: A Spatial Econometric
Approach of Local Parameters” tests if the Central Business District (CBD), despite
suburbanization, maintains the traditional attributes of attracting activities and
influencing the organization of employment around it. The CBD is still attractive, but its
influence varies across space and economic sector, conclusions that were masked by
global estimations.
Thirdly, a study was essential to uncover how important is the urban structure and
the suburbanization of jobs in explaining the dispersion resulting of households and
workplaces (commuting). The paper entitled “Commuting in a Developing City: The
Case of Ciudad Obregon, Mexico” examines this issue. To take advantage of the
commuting information available, the study area was switched. In general, the results are
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consistent with those suggested by urban economics; moreover, the inclusion of
workplace characteristics was a novelty to model commuting behavior and proves that
space matters.
Additionally, new evidence was provided to the field of spatial science through
the applications of techniques able to expose the spatial effects associated with the
distribution of employment, more specifically, the Exploratory Spatial Data Analysis
(ESDA), Geographically Weighted Regression (GWR) with spatial effects, as well as the
generalized multilevel hierarchical linear model (GMHL) were used. The new findings
produced for this dissertation provide a more comprehensive understanding of urban
dynamics and could help to improve the planning process. It is hoped that this
dissertation will contribute to that development as well as stimulate further research.
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CHAPTER 1. INTRODUCTION

1.1 Explanation of the problem and its context

Currently over one-half of the world population lives in urban areas, 70% of urban
population (around 2,000,000,000 of inhabitants) live in less developed regions; and
population is expected to double by 2030 (Cohen, 2006).1 The Mexican Urban
Development Program (2000-2006) indicates the 66% of total population lived in 364
cities of over 15,000 inhabitants. According to the Mexican Bureau of Population
(Consejo Nacional de Población [CONAPO for its acronym in Spanish]), in the future,
Mexico will continue to strengthen its urban profile. Projections for 2030 show that most
of the urban population (56.8%) may concentrate in 15 large cities, while the population
of medium-sized cities (between 100,000 and 1,000,000 inhabitants) and small cities
(more than 15,000 and less 100,000), may be 30.8% and 12.4% of total urban population,
respectively (CONAPO, 2005).
Mexican cities also face, and will still face in forthcoming years, problems with
their physical expansion; since 51% of Mexican land is owned by Ejido and other forms
of communal property, while two-thirds of the land, surrounding the urban areas, is not
governed by land market conditions.2 In this context, expansion of cities has occurred
mainly through the illegal occupation of land. Therefore, the differences in population
1

The less developed regions comprise all regions of Africa, Asia (except Japan), Latin America and the
Caribbean, plus Melanesia, Micronesia, and Polynesia.
2
Ejidos are small-scale communal lands that were created as part of Mexico’s massive land reform in the
postrevolutionary decades of the 1930s and 1940s (Bray et al., 2003).
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size and land area between these cities are large. This is highly relevant because a number
of urban problems are linked with city size, and their consequences for urban life are
sizeable, depending on the planning processes implemented by local government.
Urban planning in Mexico is a task that was assigned to local governments in the
1980s, and even today it is conceived as an unfinished process in the face of the
centralization of federal administration. According to the Mexican Association of
Municipal Planning Institutes (Asociación Mexicana de Institutos Municipales de
Planeación [AMIMP for its acronym in Spanish]) just 51 planning institutes have been
created in Mexican cities, and at least 10 Mexican States do not have a single institute
(AMIMP, 2012). This suggests that in a large number of medium-sized cities, the
activities that lead to the expansion of the city and its urban structure are executed in the
absence of planning; also the consequences of urban sprawl on population, as well as on
the functioning of urban markets such as labor, housing, land, transportation, etc., are not
taken into account.
The Northwestern part of Mexico has been characterized by low population
densities. The State of Sonora does not have any cities above 1 million inhabitants.
Around the 60% of the total population lives in six medium-sized cities (see Figure 1);
these have experienced, in recent years, rapid population growth as well as urban sprawl,
exceeding the capacity of local government to provide jobs, infrastructure, and attend to
social demands.
Hermosillo is the capital city located in the center of the state; according to the
Mexican Bureau of Statistics (Instituto Nacional de Estadística, Geografía e Informática
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[INEGI for its acronym in Spanish]) it is the largest city, with 27% of Sonora’s total
population. Ciudad Obregon, in the southern part of the state, accounts for 11% of total
population (INEGI, 2010). Hermosillo is three times larger than Ciudad Obregon and is a
much more densely populated city, with 50 inhabitants per square meter more than
Ciudad Obregon. Hermosillo, since 2002, is the only city in Sonora to have a Planning
Institute. Ciudad Obregon does not have one, and their decisions about urban topics, such
as investments in infrastructure, are taken through a governmental office.
Figure 1. Medium-sized cities in Sonora, Mexico

After the signing of the North American Free Trade Agreement (NAFTA) among
Mexico, U.S. and Canada, the attractiveness of Northern cities increased. Foreign
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investment flows, in particular, rose. Nevertheless, Sonora and its cities have not taken
enough advantage of this economic process (Grijalva, 2004; Sobrino, 2002). Nowadays
medium-sized cities in Sonora have economies specialized in retailing and wholesale
trade as well as in service activities. There is a strong presence of manufacturing, but it
takes place mostly in assembly plants usually called maquiladoras (Lara et al., 2007;
Velázquez and León, 2006). As a consequence of the process of industrialization that
took place during the 1990s (Rodríguez-Gámez, 2003), the economy of Sonora is now
more vulnerable to international shocks of production in manufacturing (see Figure 2).

Figure 2. Gross Domestic Product (GDP) for Manufacturing in the U.S. and Sonora
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The gross domestic product (GDP) for manufacturing in the U.S. showed a fell in
2000-2001 by 4.6%, while in Sonora manufacturing GDP registered a higher 6.6%
decrease. Comparing both time series, the fall in manufacturing sector of Sonora was
deeper and delayed, as well as lengthier, for last three consecutive years. As a
consequence of the U.S. manufacturing crisis, the unemployment rate in Sonora rose.
Over the 2001-2004 period, the unemployment rate reached its highest level in 2002 at
6.5%; after that year, employment gradually recovered to the levels registered before the
manufacturing crisis. Nevertheless, the adverse effects caused by the manufacturing crisis
were deeper for the Maquiladora industry than for other industries, and the effects seem
to be higher for medium-sized cities, which have concentrated employment in
manufacturing as well as in maquiladoras. As a consequence the number of plants as
well as the employment rates in maquiladoras dropped more in Hermosillo than in
Nogales (see Figure 3).
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Figure 3. Employment growth for Maquiladora Industry in Hermosillo, Mexico
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On the other hand, in medium-sized cities of Sonora there are numerous
indications that the demand for urban and suburban land use are increasing rapidly, but
there are no data available to prove such a trial. The underlying factors are poorly
understood, however cartographic comparisons of the two cities show significantly urban
sprawl, according to the Mexican Bureau of Statistics (INEGI) and the most recent shape
files available. For instance, quinquennial data from Hermosillo indicates that, over the
period 2000-2005, there was a 14% increase in the city’s areal size. For Ciudad Obregon
the increase was smaller, but significant, around 2.1%; while the towns around the city
registered an urban sprawl higher than in Ciudad Obregon. As opposed to Ciudad
Obregon, Hermosillo does not have a multi-town structure, such as set of suburbs that
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plays a key role for population living there. Therefore for a comprehensive understanding
of jobs suburbanization, the complexity of commuting patterns needs to be captured.
The study of suburbanization in Mexican cities has been severely hampered by
poor data thus far. Furthermore, scholars in Mexico agree on the gaps in the field of
urban geography (see Valverde and Kunz 1994; Garza 1996; Schteingart 2001;
González-Arellano, 2005; Vilalta, 2008). These are summarized as follows: 1) the studies
are merely descriptive and interpretative, 2) few are based on their own surveys, 3)
studies with a temporal perspective are scarce, 4) the investigations are focused on some
sectors in the city, such as the center, the periphery, or low income neighborhoods, but
the studies avoid an overall view of the city; 5) there is a predominance of research on
Mexico City, 6) the comparative studies are not abundant, and 7) these have little
theoretical argumentation. Summarizing, the urban geography research in Mexico is not
theoretically maturing and, as a consequence, the studies are technically weak. For cities
in Sonora, the studies are scarce and exhibit the deficiencies listed above.
This investigation seeks to shed light on what is happening, studying how urban
structure and employment decentralization affect the jobs distribution in two mediumsized cities in the Northwestern State of Sonora, Mexico; and it makes an attempt to
explain the spatial effects associated with employment suburbanization according to the
most recent data available. More specifically, this work seeks to answer the following
questions:
1) Where is the Central Business District (CBD) and where are the other
employment centers in Hermosillo, Mexico? Answering this question will help us
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uncover if the city of Hermosillo is experiencing a trend towards employment
decentralization.
2) Does the CBD of Hermosillo maintain the traditional attributes of any
employment center, namely, attracting activities and influencing the organization
of all economic activities around it? Particularly, the research tests if these forces
are the same in all directions around the CBD.
For a comprehensive understanding of jobs decentralization, the research explores
the spatial distribution of homes and workplaces and the travel patterns that they
generate. In order to explore commuting behavior, the study area was switched to Ciudad
Obregon. For this medium-sized city, commuting data are available, although, the
information is scarce. Based on the above, a third set of questions to be investigated is:
3) What factors explain commuting distance in Ciudad Obregon, Mexico? This
information is used to test if commuting distances differs across neighborhoods.
The findings of the investigation were classified in theoretical and methodological
contributions, as well as those with urban policy implications. Each set of questions were
answered in a publishable paper format, appended to this dissertation. On the overall, the
three papers contributes to the field of study providing evidence for medium-sized cities
in developing countries, and filling the gaps relating with spatial patterns of employment
distribution. Moreover, the dissertation provides evidence for cities with high
unemployment rates. Therefore, the local approach to analyze the employment density,
one of the most widely issues studied in urban economics, contributes for a better
understanding of spatial patterns often masked by global estimations.

20
The chosen methods, which capture spatial heterogeneity across neighborhoods,
provide successful applications and strong evidences for the spatial analysis. Particularly,
the research demonstrates that Exploratory Spatial Data Analysis (ESDA) is a useful tool
for employment center identification, and validates the use of Geographically Weighted
Regression (GWR) and Generalized Multilevel Hierarchical Lineal model (GMHL) to
capture spatial effects and uncover spatial patterns in urban contexts. Therefore, the
evidence could help urban planners to lead the development with more knowledge and
effectiveness. Moreover the spatial patterns uncovered along this dissertation can be used
for planning; while the methods applied can be used as guidelines for planning
authorities, because these are easily available and easy to use.

1.2 Review of the literature

In order to examine the set of questions described above, the literature review draws upon
the literature on urban economics; more precisely those focusing on how suburbanization
and employment decentralization affect employment distribution. This section is divided
in three parts. The first subsection provides the main ideas to understand the permanence
of a CBD and the emergence of new employment subcenters, as well as those studies to
analyze if the CBD keeps its traditional economic role and importance. The second takes
into account the spatial distribution of employment, analyzing the distribution of homes
and workplaces, in order to explore how urban structure influences decisions related to
journey to work. These issues of the literature on urban economics illuminate significant
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interactions among economic theory and geography. Detailed literature reviews on each
topic appear in the three papers appended to this dissertation. Therefore, this section
offers just a brief background, stressing the gaps within the scholarly literature.

I. Suburbanization and employment decentralization

The suburbanization process has had an impact on traditional monocentric urban
structure, according to which, cities are organized around a Central Business District
(CBD) and employment density gradually decreases with distance from it (von Thünen,
1826; Alonso, 1964; Muth, 1969; and Mills, 1972). The monocentric city has only one
center, where workers are concentrated and the employment density declines
monotonically with distance from the CBD at a constant rate; that means the gradient is
the same in all directions. From an economic geography point of view, the trend toward
polycentrism implies that the CBD counts for smaller portions of employment than it did
in the past (Griffith, 1981; Griffith and Wong, 2007).
The emergence and permanence of a CBD can be explained by the persistent
presence of agglomeration economies (see Fujita, 1988; Parr, 2002), as well as by
exogenous factors such as the history of the city, the planning decisions by the local
government, and the decision of large firms to locate outside the city’s core (Redfearn et
al., 2008). Once agglomeration leads to higher land prices and wages, and creates
congestion problems, the CBD becomes less attractive, and agglomeration of
employment can occur in other areas. As such, identifying a single employment center is
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trivial (it is the zone with the highest employment density), while identifying
employment subcenters is more challenging. However, the literature offers different
options in order to detect both.
In one of the earliest works on centers identification, Giuliano and Small (1991)
identified an employment center as a cluster of contiguous zones for which total
employment exceeds a predetermined cutoff level (10 jobs per acre and 10,000 jobs for
its adjacent zone). Later, variations in the extent of the cutoff were used (see McMillen
and McDonald, 1998; Giuliano et al., 2007). Another set of studies based on nonparametric procedures has been applied to a variety of large American cities (McMillen
and McDonald, 1997; McMillen, 2001a; McMillen and Smith, 2003). More recently, a
set of studies has relied on new advances in the fields of spatial statistics and spatial
econometrics to formally account for spatial effects in the identification of employment
subcenters (see Baumont et al., 2004; Guillain et al., 2006).
A number of approaches to analyze the employment spatial patterns in urban
context are applied, especially to identify employment centers and subcenters. However,
the earliest procedures to employment center identification based on cutoff levels have
the weakness of establishing inaccurate cutoffs if researchers do not have a wide
knowledge of local conditions. Moreover, the complexity of non-parametric procedures,
which can capture the spatial effects in the identification of employment subcenters,
encouraged new studies based on more flexible and more spatial procedures.
As a consequence of suburbanization a complex structure of employment
emerges, which can be classified into locally-centralized or dispersed (Gary, 1990).
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However, with regards to the latter structure, the urban literature discusses two forms of
employment decentralization: the edge city (also called the ‘suburban downtown’
phenomenon) and the scatteration process (Shearmur et al., 2007). Both of these
archetypes exhibit a flat employment density gradient outside the CBD and lack a strong
spatial pattern. Although employment has decentralized, the CBDs in developed cities
have been able to maintain their traditional economic roles and importance (see, among
others, the work of Shearmur and Coffey, 2002, as well as Coffey and Shearmur, 2002,
for the Montreal metropolitan region, or Guillain et al., 2006, for the region of Paris,
France). In others studies (see as an example McMillen and McDonald, 1998, for
metropolitan Chicago), growth is now shared between the CBD and suburban
agglomerations, while in other cases the CBD is losing ground to edge cities (see Lang,
2003, who has conceptualized this generalized dispersion based on 13 U.S. metropolitan
areas, as well as Gordon and Richardson, 1996, for the case of Los Angeles).
A way to uncover the traditional economic role played by any employment center,
such as its attractiveness and its influence on shaping the employment distribution around
it, is through a comparative analysis of urban densities. Although a large variety of
functional forms have been used to model urban density (for a literature review see
Griffith, 1981; McDonald, 1989; Glaeser and Kahn, 2001) the negative exponential
function popularized by Clark (1951) is still the most widely used. However, many
authors argue that the most appropriate form is the inverse power function proposed by
Smeed (1963), contrary to conventional practices (see Batty and Kwang, 1992; Torrens
and Alberti, 2000; Chen, 2008) since: 1) the inverse power function has a tendency to
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over-predict in areas close to the CBD, while the negative exponential function generally
does a poor job predicting central densities; and 2) in Western cities the fall-off in urban
density is likely to be great near city boundaries, even higher than the negative
exponential function is able to predict.
Not surprisingly, much of the work done in the past decades has concentrated on
modeling employment density. Since the pioneering work of Clark (1951), three
important conceptual changes have occurred (Griffith and Wong, 2007). The first change
focuses on accurately modeling urban density by deriving the best mathematical equation
to describe it (see McDonald, 1989). The second change is the re-conceptualization from
monocentric to polycentric form (see Griffith, 1981; Griffith and Wong, 2007). The final
change offers a more complex model specification considering the presence of spatial
autocorrelation and linear weighted regression (see Páez et al., 2001; McMillen, 2001a,
2004; McMillen and Smith, 2003; Guillain et al., 2006; Griffith and Wong 2007; Guillain
and Le Gallo, 2009).
Recently, significant scholarly attention has focused on the suburbanization
process and, specifically, on employment decentralization outside the CBD. From an
economic geography point of view, the relationship has been documented for large
American and European cities. However, few studies have been carried out on mediumsized urban areas. Under this approach, suburbanization has drawn very little attention in
developing countries like Mexico, and over less attention has been paid if to
suburbanization processes taking place in medium or small cities. In fact, to our
knowledge, no prior contribution to understand the emergence of new employment
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subcenters and the economic role that the CBD plays in a suburbanization context has
focused on the case of a medium-sized city located in a developing country.

II. Employment center/subcenter and travel to work patterns

The suburbanization process in developed cities supports the idea that most people
working at employment subcenters live far away from their workplace. Also,
employment decentralization has significantly increased the amount of exchange
commuting, as the proportion of suburb-to-central city journeys has declined as
automobile use has increased (see Cervero and Wu, 1998; Shearmur and Coffey, 2002 for
Canadian cities; Aguiléra et al., 2009 and Guillain et al., 2006 for French cities; Vega
and Reynolds-Feighan, 2008 for Dublin region). Individual households seek ways to
avoid the time penalties caused by the extensive congestion in monocentric urban areas,
while firms, also, attempt to escape the disadvantages of high-density locations and find
new locations in less congested parts of the city. Therefore, the spatial distribution of
employment or, more precisely, the spatial distribution of homes and workplaces and the
travel patterns that they generate suggest increasing commute lengths under a
suburbanization process.
Whereas polycentrism was accompanied by a decline in the importance of mass
transit -as well as of cycling and walking- the importance of the automobile increased
(Buchanan et al., 2006; Schwanen et al., 2004; De Palma and Rochart, 1999). Actually
the use of motorized vehicles (Gordon and Richardson, 1989; Vega and Reynolds-
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Feighan, 2008; Cebollada, 2008), and particularly car ownership, is closely related with a
higher probability to obtain a job (Baum, 2009; Sultana and Weber, 2007). For instance,
vehicle ownership expands job searches, geographically increasing feasible commuting
distance, facilitates employment farther from home, facilitates employment requiring
unusual or non-standard work hours, and reduces commuting times relative to those
offered by public transportation (Baum, 2009).
As a consequence of greater automobile travel, locations are spatially distributed
over a larger area, which forces a more dispersed employment distribution. Commutes
are more dispersed in terms of origins (home) and destinations (work), but commuting
time/distance can be expected to be lower (Lee et al., 2008; Schwanen et al., 2004).
Rising polycentrism does not always match with lower average commuting times or
distance (Cervero and Wu, 1998; Van Ommeren and Rietveld, 2005; Kim, 2008; Lee at
al., 2008). Some explanations of this phenomenon are residential choice behavior,
multiple workers in a household, lags in housing development, or zoning measures
(Schwanen et al., 2004). However, another set of factors such as the spatial structure of a
city and its size, as well as the population density and employment decentralization (Kim,
2008; Lee et al., 2008) play an important role in determining commuting time/distance,
although these impacts are not always clear (Cervero and Wu, 1998).
Commuting concerns people´s spatial behavior as a result of the geographic
separation of their home and workplace (Rouwendal and Nijkamp, 2004). Therefore the
urban economic approaches study commuting behavior through the interaction between
three markets: labor, housing, and transportation (Kim, 2008; Rouwendal and Nijkamp,
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2004; Gordon et al., 1991). The co-location hypothesis, developed by geographers to
study commuters, assumes that in an equilibrium model commuting distance will be a
matter of indifference for homogeneous workers who make rational decisions (Levinson
and Kumar, 1994; Gordon et al., 1991).
In this case, longer home to work distances imply a trade-off for lower housing
prices with workers living farther away from the CBD in order to maximize their welfare
(utility). Therefore in a monocentric model, workers, who dislike commuting, must
nevertheless, accept residential locations at some distance from their employment
location if lower housing prices compensate for the disutility caused by commuting
distance (Rouwendal and Nijkamp, 2004). With increasing polycentrism, and as a
consequence of co-location, commuting times/distances should exhibit a constant trend,
since changes in commutes are small and unperceivable (Ory et al., 2004).
However, assuming that all workers are identical in taste and income is
unrealistic, as is the hypothesis that all employment is concentrated in the CBD.
Therefore, the New Urban Economics (NUE) has relaxed these assumptions, by
considering that income is inversely related to the distance from CBD; thus commuting
costs, housing costs and income are considered jointly in order to predict the location of
households for different income groups in a city. This suggests that commuting is no
longer a matter of indifference, and workers are not indifferent with respect to the
location of their jobs (Rouwendal and Nijkamp, 2004). Moreover, in a context of
employment decentralization and heterogeneous workers, more than one commuting
pattern is possible for the city.
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Given the difficulties in finding a good approximation for the commuters’ or
households’ utility function, empirical works have analyzed commuting time or distance.
In general, the rate of substitution between commuting cost and living costs is estimated
by a ratio of commuters’ valuation of time or an objective mobility measure such as
commuting distance to commuters’ preference for living in a specific area. Therefore,
commuting behavior can be visualized as result of a complex set of interactions between
travelers’ decisions (mode, route, departure time), commuters´ characteristics (gender,
income, age, etc.), travel or network characteristics (itinerary, recurrent congestion, travel
time, and variability in travel time), and environmental conditions (congestion) (De
Palma and Rochat, 1999). Altogether the interactions exhibit an adjustment process based
on both on commuter attributes, as well as place characteristics. For an overview about
how commuting behavior (measured through commuting time/distance) is affected by
those characteristic listed below, see the literature review in Appendix C.
Although the influence of urban structure on commuting behavior has been
widely studied in the field of urban economics, it still presents several gaps, especially
when one moves to a geographical point of view. Geographers have put forward some
relevant hypotheses that attempt to explain the observed regularities with respect to
commuting time; although these approaches have some intuitive appeal, they are not
embedded in a formal model (Rouwendal and Nijkamp, 2004). Besides, according to
Schwanen et al. (2004), variations in commuting patterns across metropolitan areas
exhibit the following gaps: 1) most investigations of commuting time or distance are
based on U.S. data; 2) variations in commuting patterns have been attributable to changes
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or differences in the spatial distribution of employment relative to residence place and
differences in economic prosperity and employment growth, which have often not been
taken into account; and 3) many previous papers do not account for micro-level variation
in commuting behavior.
Apparently, the evidence of differences on commuting behavior as a consequence
of urban structure for developing urban regions, like Latin American cities, is scarce. One
exception is the work of Miranda and Domingues (2010) for Belo Horizonte, Brazil.
Although this study is focused on large metropolitan regions, they do not offer insights
for medium-sized cities (for the case of a small area in the U.S. see Horner, 2007). In
Miranda and Domingues (2010), as well as in Schwanen et al. (2004), Bottai et al.,
(2006), Mercado and Páez (2009), and Zolnik (2009) for developed cities, the authors
recognize that the investigation on commuting behavior clearly involves some
hierarchical levels of analysis, ranging from individual workers to a metropolitan region
(see Figure 4). However, until now, no study has tried to fill the gaps listed below in the
context of medium-sized cities in developing countries.
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Figure 4. Pictorial representation of the multivariate and multilevel model

III. Relevance of the study of spatial effects

The approach of this dissertation is situated in the core of quantitative revolution and
spatial science,3 which is based on the construction and assessment of formalized
abstractions that involve the application of mathematics, statistics, as well as predictive

3

Barnes (2002) identified three stages in the history of economic geography thought. The first stage was
the colonialism with an environmental determinism framework (late XIX century); the second was the
regionalism (1918-1941) that emphasized the geographical differences; and the third, the quantitative
revolution and spatial science (after 1945) with the use of statistical and mathematical techniques. In fact
the “new economic geography” is located theoretically on the borderlands between geography, economics,
cultural studies, and various kinds of sociology (Barnes, 2001).
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and normative approaches.4 Under this approach, spatial analysis is structured in terms of
discrete objects and events, spaces and times, and cause-effect relationships.
As was pointed out in previous subsections, the suburbanization process, which
includes urban growth and sprawl, and its impacts on economic change as well as the
mobility, are processes of interest in urban analysis. A characteristic of most urban
processes is the fact that they are intrinsically spatial and, moreover, space dependent
(Páez and Scott, 2004). Spatial data frequently exhibit complex patterns that are difficult
to represent and that cannot be explained using global statistics (Getis, 2007; Griffith,
2000; Anselin and Bera, 1998). Employment data and analysis of its patterns across space
is not an exception. For instance, the reliability of inferences made using density
functions may be affected by the presence of spatial autocorrelation (Griffith and Wong,
2007).
Two main reasons explain the need for a spatially explicit approach. Firstly, most
spatial data exhibit spatial dependence (Páez and Scott, 2004). Nearby observations tend
to display similar characteristics (Anselin, 1995), therefore testing for spatial
autocorrelation and analyzing our data introducing spatial effects produce better
statistical practice and avoid misspecification problems, wrong conclusions and
erroneous policy recommendations (Anselin and Bera, 1998; Griffith, 2000; Griffith and

4

Inside the economic geography new debates have emerged to recover the sense of economic theory from
the evolutionary economic geography (see Grabher, 2009) as well as a methodological turn which proposes
to emphasize the economic and behavior action using actor network method, triangulation, in situ research
and deconstruction (see Yeung, 2003).
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Wong, 2007). Statistically, many and manifold advantages emerge when spatial
autocorrelation is taken into account (Getis, 2007).5
Secondly, the urban process does not always operate in exactly the same way over
space, it often exhibits patterns of spatial heterogeneity (Páez and Scott, 2004), as a
consequence of the fact that some geographical clusters of high or low employment
densities may be present in the city because of differences in the quality of local
amenities, local labor or real estate markets (Anselin, 1995), as well as a result of largescale regional effects or administrative subdivision (Páez and Scott, 2004). These
methodological problems were considered for the design and development of the
methodological strategy of this dissertation.
The issue that permeates the three studies of this dissertation is the analysis of
spatial heterogeneity. It is one of the two spatial effects analyzed in the field of spatial
econometrics (Anselin, 1988), but it has been less analyzed compared to spatial
autocorrelation, even when both spatial effects are intrinsically linked with each other
and may be simultaneously present in the dataset. Statistically speaking, “spatial
heterogeneity can be represented as structural variation in the definition of the variance or
as systematic variation in the mean of the process” (Páez and Scott, 2004). Two of the

5

According to Getis (2007), if spatial autocorrelation is studied the spatial analysis achieves advantages
such as 1) tests on model misspecification, 2) estimations on the strength of the spatial effects on any
variable in the model, 3) tests on spatial stationary and spatial heterogeneity, 4) findings related to the
possible dependent relationship that a realization of a variable may have on other realizations, 5) insights
about the spatial interaction on any spatial autoregressive model, 6) testing the influence that the geometry
of spatial units under study might have on the realizations of a variable, 7) tests on the strength of
associations among realizations of a variable between spatial units, 8) testing about spatial relationships, 9)
valuations to weigh the importance of temporal effects, 10) knowledge based on a spatial unit for a better
understanding of effects that it might have on other units and vice versa, that is local spatial
autocorrelation; and 11) new insights on the study of outliers.
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common methods to deal with spatial heterogeneity, geographically weighted regression
and the multilevel model, will be briefly introduced next.
Geographically weighted regression (GWR) is a locally weighted, linear, and
nonparametric estimation method. Recently, there has been a surge in the use of GWR to
integrate and examine spatial effects from a “local” point of view, as proposed by
Brunsdon et al., (1996). Under this approach, the regression method is able to capture, for
each observation or area, the spatial variation of the regression coefficients based on the
value of the characteristics taken by neighboring observations. The method uses a kernel
function to determine the size window that will produce sub-samples of data around a
specific point. Moreover, the GWR allows estimating local rather than global parameters
through the allocation of weights.
Páez et al., (2002a, 2002b), propose GWR as a model of error variance
heterogeneity called “locational heterogeneity” and use one of the most common
weighted functions based on the concept of distance decay. The variance of the error term
is defined as an exponential function of the squared distance between two observations.
In order to avoid spatial model misspecification, GWR has been extended to include
spatial association components, namely, lagged or error structures (Anselin, 1988). This
has been a useful method to identify the nature of spatial non-stationarity patterns over
the study area (Ertur and Le Gallo, 2009).
Although it has limits, such as the lack of a method to estimate kernel bandwidths
(Wheeler and Tiefelsdorf, 2005; Páez et al., 2002a; 2002b), the mixture of spatial
econometrics and linear weighted regression have been used by Páez et al., (2001),
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McMillen (2001 and 2004), McMillen and Smith (2003), Guillain et al., (2006), Griffith
and Wong (2007) and recently by Guillain and Le Gallo (2009). This approach offers
significant advantages over simple linear regression procedures. One of the primary
advantages is the ability to easily map and visualize the local regression coefficients
(Wheeler and Tiefelsdorf, 2005; Bitter et al., 2007). But overall, it has a great
attractiveness based on its simplicity, the power of its predictions, and the easy way to
interpret the results based on all elements and diagnostics of a traditional regression
model (Páez et al., 2002a).
Evidence of a parameter of heterogeneity has been found in non-spatial models
using different statistic methodologies, such as multilevel models. Under this approach
the dependence among observation, as well as the heteroscedasticity on error term, are
usually linked to the hierarchical structure of the data (Albright, 2007; Goldstein, 1995).
A Multilevel Hierarchical Linear model (MHL) is used to capture the relationships
between individual level variables, such as commuters, and variables at a group level,
such as households or urban areas. This was proposed in geographical research as a way
to model spatial heterogeneity (Duncan and Jones, 2000).
MHL deals with heterogeneity through the covariance matrix where fixed-effects
and random-effects are defined. The fixed-effects represent a systemic relationship
between the dependent variable and explanatory factors through the intercept and slope,
while the random-effects allows for variations around these fixed parts (Goldstein, 1995).
Although commuting is usually conceptualized in terms of physical movement of people,
the data link events at spatially dispersed locations (Páez and Scott, 2004). Therefore,

35
spatial interaction is captured at some levels of analysis across the nested structure. The
recent empirical evidence on commuting (see Miranda and Domingues, 2010 for Belo
Horizonte, Brazil; Zolnik, 2009 for U.S. metropolitan areas; Bottai et al., 2006 for Pisa,
in Italy; Mercado and Páez (2009) for Hamilton, Canada; and Schwanen et al., 2004 for
The Netherlands) has demonstrated the success of using the multilevel approach for data
that has a hierarchized and nested structure.

1.3 Explanation of dissertation format

The research presented in this dissertation is organized into three related studies testing
different aspects of the problem and its context focused on questions identified in the
introduction and using the background exposed in the subsection “Review of the
literature” in the current chapter. The remainder of this dissertation is organized as
follows. Chapter 2 presents four subsections related to data, methods, results and the
author’s contributions. The three individual studies as well as the survey used to collect
commuting information were included as appendices in this dissertation. Each study was
prepared in the form of publishable papers, which consists of an introduction, methods,
results and discussion, and conclusion sections. According to the format, the appended
papers are ordered as follows.
Appendix A, titled: “Spatial Distribution of Employment in Hermosillo, 1999 and
2004”, was prepared for submission to Urban Studies; the paper, co-authored with Sandy
Dall’erba, was accepted at the end of 2011, and it is waiting for publication. The study

36
investigates where the Central Business District (CBD) and other employment centers in
Hermosillo, Mexico are. Through an Exploratory Spatial Data Analysis (ESDA) the
study tests the presence of spatial dependence and spatial heterogeneity. These spatial
effects take the form of clusters of high values of employment around the historical
district of the city shaping a huge CBD. Although Hermosillo is still characterized by a
monocentric model, two subcenters of high values emerged to the south and to the
northwest of the CBD at the end of the period of analysis. The paper shows how the role
of the CBD has changed, and offers evidence to help understand the suburbanization
process. These results are the first highlights on employment distribution in a mediumsized and developing city, which provide a broader context of the research problem
analyzed in the second paper, which appear in Appendix B.
Appendix B, titled “Employment Density in Hermosillo, 1999-2004: A Spatial
Econometric Approach of Local Parameters”, was submitted for publication to The
Annals of Regional Science at the beginning of 2012. The paper merited Honorable
Mention Status in the 25th Annual Competition for the Charles M. Tiebout Prize in
Regional Science, organized by the Western Regional Science Association (WRSA). The
paper tests if the CBD of Hermosillo, Mexico maintains the traditional attributes of any
employment center, namely, attracting activities and influencing the organization of
economic activities around it. The study analyzes the pattern of employment distribution
through the 364 districts that composed Hermosillo in 2004, and the 254 areas in 1999. It
captures spatial heterogeneity through a Geographically Weighed Regression (GWR)
model with spatial effects, and offers evidence for local gradients of employment density
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among economic sectors and over time. The results show that the fall in employment
density from the CBD does not follow the concentric pattern suggested by global
estimations; it varies markedly from one area to the next in different directions.
Additionally, local estimators show how, in some sectors, such as services, employment
rises rather than falls when distance from the city center is increased. The main
contribution of this paper is to provide the first detailed evidence on the role of local
spatial effects in the distribution of employment density in a Latin American context, and
how global estimations can mask local spatial variations. The spatial heterogeneity
exhibited by employment data is also covered in Appendix C.
Appendix C, titled “Commuting in a Developing City: The Case of Ciudad
Obregon, Mexico”, was prepared for submission to the Journal of Transport Geography.
This paper, co-authored with Dr. Daoqin Tong, presents an analysis of commuting in the
city, based on the survey Employment and Quality of Life (E&QL) conducted by El
Colegio de Sonora in 2008. Given that the data have a hierarchized and nested structure,
the study uses the multilevel approach to measure the impact of a set of explanatory
variables, such as demographic and socioeconomic factors, mode choice and regional
characteristics, on the commuting behavior in the city; as well, this approach captures
interdependencies among different levels of aggregation. The novelty of including the
business nature (private business vs. public offices) showed great and positive effect on
the length of commuting distance. While some results demonstrated consistency with the
existing literatures in developed countries, the income proxy variables showed an
opposite effect, and others, such as age, occupation and education, were found to be not
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significant. Results indicated that, although space is important for explaining the
observed commuting patterns, the worker-related factors at the individual level are
stronger. In addition, the inclusion of random-effects to quantify and test contextual
variability in commuting behavior indicated that mode choices, university education, and
workers in manufacturing contribute differently in explaining the corresponding impacts
in various urban areas.
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CHAPTER 2. PRESENT STUDY
The methods, results and conclusions of this study are presented in three papers appended
to this dissertation. Therefore the following is a summary of the most important
methodological issues and findings based on the papers appended. Recently scholars have
been incorporating the spatial statistics and spatial econometric approaches, as well as
using Geographic Information Systems (GIS) to analyze social and economic issues
(Páez and Scott, 2004). However, urban geography studies in Mexico, especially related
to the spatial analysis are scare; scientific production of such analysis is not mature, and
the studies are technically weak (Vilalta, 2008; González-Arellano, 2005). Therefore, the
inclusion of the spatial dimension on the analysis of employment distribution, using the
techniques mentioned before, is a relevant and innovative methodological approach in
Mexico.
As contributions to the field of study, the papers appended offer three different
techniques to investigate spatial patterns on the analysis of urban employment. Firstly,
the application of Exploratory Spatial Data Analysis (ESDA) to detect employment
center and subcenters in Appendix A. Secondly, the use of Geographically Weighted
Regression (GWR) models with spatial effects to analyze the employment distribution
complexity in Appendix B. Finally, the application of Generalized Multilevel
Hierarchical Linear models (GMHL) to capture the interaction between labor market and
urban structure in Appendix C.
Although these techniques are not new, their application in the field of urban
geography and regional science is relatively recent. These have been modified to
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incorporate spatial effects, to analyze spatial data in a GIS environment to capture spatial
heterogeneity, and to estimate local parameters and represent them through techniques of
geo-visualization. The spatial approach has been used to investigate spatial patterns in
large metropolitan areas in developed cities. Its application has been less frequent in the
case of medium-sized cities in developing countries, where the socioeconomic context is
different to American or European cities. Therefore, the evidence in this study allows
validating the application of these techniques in developing county.

2.1 Data

One of the elements that delayed the advance of the field of regional science as well as
the use of more complex and sophisticated methods on the analysis of employment in
developing countries is the availability of information. Although the approaches to
capture the spatial patterns are substantively great improvements over traditional
approaches to analyze the relationship between employment distribution and urban
structure, two limitations persist: 1) the concerns of the limits of the case studies on
which our current information is built, and 2) urban planners and local governments often
lack sufficiently disaggregated data for their urban areas of jurisdiction. In spite of these
limits, the particular purposes that were analyzed by the three papers appended in the
current dissertation required the creation of two datasets. The first one, the employment
dataset, was used for Appendices A and B for the case of the city of Hermosillo. The
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second one, the commuting dataset, was used to conduct the study presented in Appendix
C for Ciudad Obregon. Below, the availability and limits of each datasets are uncovered.
The information included on the employment dataset came from the Mexican
Bureau of Statistics (Instituto Nacional de Estadística, Geografía e Informática [INEGI
by its acronym in Spanish]), the main source of information in Mexico. Most of the data,
used as information for context across the dissertation, as well as in the three papers
appended, has been collected through census and surveys conducted by INEGI. The
cartography is also generated by INEGI, based on the smallest unit area for Mexican
cartography (área geo-estadística básica [AGEB by its acronym in Spanish]), for which
the main demographic and socioeconomic variables, such as employment data and other
geo-statistical information are available at this level. Beside the employment data
availability, the comparative approach over time is constrained to the most recent data
which is accessible each five years. But it is possible to compare information only since
1999, as a consequence of the change in the classification system of economic activities
and products in Mexico (Clasificación Mexicana de Actividades y Productos ([CMAP by
its acronym in Spanish]) into the North America Industrial Classification System
(Sistema de Clasificación Industrial de América del Norte [SCIAN by its acronym in
Spanish]) in order to compare statistics among NAFTA partners.
The analysis over time compares results of employment distribution in 1999 and
2004, which are the most recent datasets available at the moment to conduct the
dissertation research. According to SCIAN, the employment information is disaggregated
in subsectors, however, only the information for six subsectors was available at the
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AGEB’s level.1 These were: 1) forestry, fishing, hunting, and agriculture support, 2)
mining and oil extraction, 3) water and electricity production, 4) manufacturing 5)
retailing and wholesale, and 6) services, except professional services, related with
subsectors excluded. The information was linked in a geo-database (GDB) with
cartography at the AGEB’s level, which also contained area attributes such as AGEB’s
size. For 1999, the employment dataset was linked across the 264 AGEBs that composed
Hermosillo, as well as for 364 AGEBs in 2004. After that, the centroids of each AGEB
were generated in a GIS environment to calculate the distance between the CBD and each
urban area or AGEB. Hermosillo’s GDB was developed for both years (see Table 1).

Table 1. Thematic layers for employment GDB in Hermosillo
Layer: Centroids
Map use: house locations as started point of travel
Source: Will produce using a geo-coding process
Representation: Point
Spatial relationships: Points of interest can have one or more addresses
Spatial relationships: Streets intersect only at endpoints and generally do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according to AGEB´s characteristics
Layer: CBD
Map use: Workplace location as ended point of travel
Source: Will produce using a geo-coding process
Representation: Point
Spatial relationships: Points of interest can have one addresses
Spatial relationships: Streets intersect only at endpoints and generally do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according to CBD’s characteristics
Layer: AGEBS
Map use: Management AGEB’s maps
Data source: INEGI
Representation: Polygons
Spatial relationships: Districts of the same type do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according to AGEB’s characteristics
Source: Based on own research.

1

The analysis excluded the subsectors of construction, transportation and storage, financial services, and
governmental services; since reporting data of these economic activities at the AGEB’s level would reveal
the precise location of a particular business and its confidential information if these were geo-referenced.
Therefore displaying information related to these subsectors at the AGEB’s level transgresses the “principle
of confidentiality” of information that INEGI guarantee to its informants.
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The commuting dataset, to capture the relationship between labor market and
urban structure in Appendix C, required disaggregation at the individual level related to
home and workplace locations, mode of transportations, and other complementary
information. INEGI and other official sources in Mexico, such as governmental offices,
do not collect commuting information. Commuting studies in Mexico (see Fuentes, 2009
and 2008 for the border city of Ciudad Juarez; Brugués and Rubio, 2010 for the cities of
Los Mochis and Mazatlan) used local surveys conducted by scholars, in association with
planning institutes, and through grants of the National Council of Science and
Technology (Consejo Nacional de Ciencia y Tecnología [CONACyT by its acronym in
Spanish]). In Sonora, the commuting information was first available through the survey
Employment and Quality of Life (E&QL) in two medium-sized cities in Sonora: Ciudad
Obregon and Heroica Nogales. The survey was conducted in 2008 by El Colegio de
Sonora, a research center in social sciences located in Hermosillo, Sonora, usually called
Colson.
Scholars of Colson followed a multistage sampling method to conduct the full
survey, which was composed of three modules: home residents (HRs), which collected
demographic information, home and household attributes (H&H), and employment
(E&QL) to capture quality of life characteristics (see Appendix D). In order to take
advantage of Colson’s information to analyze the labor market and the urban structure it
was necessary to extract the commuting information. The commuters were identified as
follows: 1) employees who worked at least one hour during the previous week to the
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application of Colson’s survey, or all who got a payment for a job, as well as those
individuals who helped relatives in a family business; and 2) workers who provided
information (name and/or location) about the places where they worked.
The analysis was conducted in a GIS environment. The survey information was
organized in a geo-database (GDB) in order to take advantage of data centrally stored and
managed, as well as the integrity between the three different components (HRs, H&H,
and E&QL) and levels of information (multistage sampling) of the survey, which implied
a normalization process.2 Following the object-oriented approach to activity/travel
behavior research proposed by Buliung and Kanaroglou (2004), the commuting reality in
Ciudad Obregon were comprised of objects characterized by descriptive attributes or
properties, and operations that represent behavior. The steps were: 1) the description of
research questions, 2) development of the conceptual modeling of activity/travel survey
data, 3) design of the schematic representation of the database with the standards of some
type of database technology, and 4) the implementation of a fully documented spatial
database.3
After building two feature classes, one for origin points (house) and the other for
destination points (workplaces) (see Table 2), the information at the commuters’ level
was linked to origin points to compute the commuting distance and associate them with
commuter attributes, including variables related to workplaces’ characteristics. At the
end, the commuter information was linked with AGEB’s cartography and its
2

It is the process of organizing, analyzing, and cleaning data to reduce redundancy and remove
inconsistencies, considering that this survey was not designed in a geographic perspective (Longley et al.,
2005).
3
The approach took into account the feedbacks in the research process, as well as, the iteration of the entire
process or specific components of the process.
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socioeconomic attributes in order to complete the GDB. Hence, as a consequence of the
multistage sampling, the hierarchical dataset structure has 505 commuters, nested in 374
households in 39 urban areas or AGEBs sampled in Ciudad Obregon (see Figure 5).

Table 2. Thematic layers for commuting’s GDB in Ciudad Obregon
Layer: Origin
Map use: house locations as started point of travel
Source: Will produce using a geo-coding process
Representation: Point
Spatial relationships: Points of interest can have one or more addresses
Spatial relationships: Streets intersect only at endpoints and generally do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according with commuters attributes
Layer: Destination
Map use: Workplace location as ended point of travel
Source: Will produce using a geo-coding process
Representation: Point
Spatial relationships: Points of interest can have one addresses
Spatial relationships: Streets intersect only at endpoints and generally do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according to economic sector
Layer: AGEBS
Map use: Management AGEB’s maps
Data source: INEGI
Representation: Polygons
Spatial relationships: Areas of the same type do not overlap
Map scale and accuracy: Scale and accuracy varies depending upon the data source
Symbology and annotation: Symbolized according to AGEB’s attributes
Source: Based on own research.
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Figure 5. Pictorial representation of nested data in the survey E&QL

Source: Based on own research.

2.2 Methods

The three studies, integrated as a whole, explored the distribution of employment in
urban contexts; therefore the spatial statistics and spatial econometrics are the main
methods to analyze the employment data. Table 3 shows the objectives, variables and
methodological steps involved in each paper appended to this dissertation. Altogether, the
methods stress the local model as opposed to global ones to detect spatial complex
patterns in spatial data that are inexplicable by global statistics and models. However,
under spatial analysis, both approaches -global and local- have their own merit; global
indicators show us the inefficacy to model spatial data forcing us to move away from
global models, study local relationships and discover local heterogeneity (Páez and Scott,
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2004; Lloyd, 2007). Therefore global and local estimations are complementary
approaches.
In order to know if the city of Hermosillo is experiencing a trend toward
employment decentralization or still follows the traditional monocentric hypothesis,
Appendix A “Spatial Distribution of Employment in Hermosillo, 1999 and 2004”
identifies where the Central Business District (CBD) and other employment centers are.
To answer the research questions, the paper shows the results of ESDA to test the
presence of spatial effects over time and across the economic sector according to the
employment dataset described above. In order to investigate the spatial dependence and
spatial heterogeneity, the spatial connectivity among AGEBs was defined through a
weight matrix (W) based on k-nearest neighbor’s criteria. Several weight matrixes were
used to test the sensitivity of the results, but k4 (the average number of neighbors in
Hermosillo) shows the robustness estimators of global spatial autocorrelation. Moreover,
taking advantage of ESDA’s technique the identification of employment subcenters was
conducted by Local Indicators of Spatial Association (LISA) according to two attributes:
1) it is an AGEB (or a set of neighboring areas) for which the employment per hectare is
significantly higher than the average employment density in Hermosillo and, 2) it is an
AGEB (or a set of neighboring areas) surrounded by AGEBs for which the average
employment density is significantly lower. The ESDA’s analysis was conducted on the
open source version of GeoDa 0.9.5-i5 developed by the Spatial Analysis Laboratory of
the University of Illinois at Urbana-Champaign under the direction of Luc Anselin.
Moreover, in order to get insight about subcenter characteristics and uncover their degree
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of specialization and diversification, the final methodological step was to calculate the
location quotient and regional diversity index.
Appendix B, “Employment Density in Hermosillo, 1999-2004: A Spatial
Econometric Approach of Local Parameters”, explores the characteristics of employment
subcenters and stresses the CBD’s attributes in Appendix B. The research questions focus
particularly on investigating if Hermosillo’s CBD maintains traditional attributes: to
attract activities and influence the organization of all economic activities around it. In
order to detect the appropriate form of spatial autocorrelation, the contiguity matrix
showed the robustness estimations for the Lagrange Multiplier (LM) test, proposed by
Anselin and Florax (1995). After that, global density gradients for total employment and
each economic sector under study were estimated through a Maximum Likelihood (ML)
method for 1999 and 2004, according with the spatial error model specification. The
significance level and the sign were used to test the attractiveness and the influence of
CBD, respectively. Alternatively the paper goes on local approach of employment
gradients which were estimated through a GWR model with spatial effects, proposed by
Páez et al., (2002a; 2002b), to test if the CBD’s forces of attraction and organization are
the same in all directions. Added, local heterogeneity was tested as well as the
appropriate form of spatial autocorrelation through LM test. Both estimations, global and
local gradients, were computed using the Spatial Econometric Toolbox in Matlab
(LeSage, 1999) and codes provided by Antonio Páez and adapted to the employment
dataset described above, respectively. The codes were run in Matlab©, version 7.9.0
(R2009b), a numerical computing environment developed by Math Works, Inc. In order
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to find the patterns of CBD’s attributes, the local gradients were mapped using the
ArcGIS© Desktop, version 10.3, developed by ESRI, Inc.

Table 3. Research questions and methods

Appendix B

Appendix A

Research questions

Is the city of Hermosillo
experiencing a trend
towards employment
decentralization?

Variables

 Employment
density
 Economic
specialization

Method

 Exploratory
Spatial Data
Analysis
(ESDA)

Software

 ArcGIS
 GeoDa

Appendix C

Does the commuting
distance differ across
neighborhoods?




 Employment
density
 Distance to
CBD

 Spatial
econometrics
 Geographically
Weighted
Regression
(GWR) with
spatial effects

 ArcGIS
 Matlab






Are these forces the same
in all directions around
the CBD?

What factors explain
commuting distance in
Ciudad Obregon,
Mexico?





Where is the Central
Business District (CBD)
and where are the other
employment centers?
Does the CBD of
Hermosillo maintain the
traditional attributes of
any employment center,
namely, attracting
activities and influencing
the organization of
economic activities
around it?

Methodological steps

 Commuting
distance
 Mode choice
 Demographic
information
 Socioeconomic
attributes
 AGEB’s
characteristics

 Generalized
Multilevel
Hierarchical
Linear (GMHL)
model

 ArcGIS
 MLwiN








Spatial autocorrelation
(Moran’s I)
Spatial heterogeneity
(LISA maps)
Subcenter
identification
Specialization and
diversification indices
Test the form of
spatial autocorrelation.
Global estimations of
employment density
gradients.
Local estimations of
employment density
gradients.
Geo-visualization of
local gradients.

Develop a Geographic
Information System
(GIS):
a) Identify O-D points
b) Compute distance
Define levels
Calculate the
interclass correlation.
Descriptive analysis.
Multilevel analysis of
commuting behavior.

Source: Based on own research.

Appendix C, “Commuting in a Developing City: the Case of Ciudad Obregon,
Mexico”, draws on the commuting patterns based on the evidence from survey E&QL
conducted by Colson (see Appendix D) to answer two questions. First, the question of
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how much the commuting distance -the output variable to measure the interaction
between urban structure and employment- differs across neighborhoods (AGEBs), and
thus, more specifically, does space matter? This was answered through a hierarchical
intercept-only model. This model estimates residuals or deviations from the fixed
intercept for each AGEB, in order to calculate the intra-class correlation coefficient (ρ) or
the intra- AGEB variance. Second, in order to investigate what the explanatory factors
(focus on its significance level) are, and their relationship with commuting distance
(depending of the sign of its relation), commuting behavior was modeled through a full
model with random intercept and slopes estimated following a GMHL model. The
regression model was estimated using the software MLwiN© version 2.24, developed by
the Center for Multilevel Modeling, University of Bristol.
For commuters and households, variables come from the Colson’s survey and can
be classified into mode choice, demographics, and socioeconomic attributes, while the
AGEB’s variables were estimated based on INEGI information (see Table 4). In order to
classify the journeys to work according to Van der Laan’s typology (1998),4 the paper
uncovers where was located the CBD, following the method used in Appendix A. Next, a
step-by-step method was used to develop the GMHL model. Our strategy of analysis
follows the recommendation of building up multilevel models by starting with a basic
model in which all parameters are fixed and then adding random coefficients
(Raudenbush and Bryk, 2002; Twisk, 2006). In particular, there was an interest in
4

The journey to work is a centralized trip if commuters go to the central area of the city (i.e., the CBD and
its area of influence defined by a HH clusters according to LISA), while the trip is decentralized if residents
commute between non-central areas; otherwise the trip is safe-contained (into the same area or AGEB) or
an exchange commuting (if commuters go to towns around the city).
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including random-slopes on mode choice variables to uncover if differences in
commuting distances differ by mode choice among AGEBs.

Table 4. Variables to model commuting in Ciudad Obregon
Commuter’s variables (level 1)
OD_DISTln
Dependent

Demographics

Mode choice

Socioeconomics

SEX
YOUNGER
OLDER
MARRIAGE
FAM_SIZE
NUM_HOUSEHOLDS
NOCAR
MT1
MT2
MT3
MT4
COMMTYPE1
COMMTYPE2
HOME_RENT
HOME_SIZE
APPLIANCES
EDUnone
EDUhigh
EDUniversity
OCCUP_no_skills
OCCUP_mod_skills
OCCUP_high_skills
SEC2
SEC1
PRIVATE_D
D_SIZE
EMPLOYEE
WORKTIME
EARNINGS

Log of commuting distance

Double

-----

Man vs. woman
Adult vs. younger people
Adult vs. older people
Marriage vs. single
People living in house
One households vs. more than one
Car ownership vs. no car
Car vs. bus
Car vs. walking
Car vs. bike
Car vs. shuttle
Centralized vs. decentralized commuting
Centralized vs. other commuting
House ownership vs. rented house
Number of rooms
Amount of appliances in home
Basic vs. None education
Basic vs. High School education
Basic vs. Under & Graduate education
Low-skilled jobs vs. No skills
Low-skilled jobs vs. Moderately skilled
Low-skilled jobs vs. Highly skilled
Workers in services vs. in manufacturing
Workers in services vs. in agriculture
Private business vs. public offices
Small vs. big enterprise
Employee vs. employer
Daily vs. nightly work time
Salary vs. profits

Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Double
Double
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal

Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
----Max 13
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]
Code [0,1]

Log of AGEB's size (square meters)
Years of schooling (AGEB's average)
Job Housing ratio
Population density in 2005
Employment density in 2009
Gain / loss employees per ha (2009-2005)

Double
Double
Double
Double
Double
Double

-------------------------

AGEB’s variables (level 2)

AGEB’s
characteristics

AREAln
SCHOOLING
JHR
POPDEN05
EDEN09
DIF_EMP

Source: Based on Appendix D.
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2.3 Results

The studies, integrated as a whole, explored how urban structure and its expansion in the
context of developing countries have affected the spatial distribution of employment in
medium-sized cities. Results and conclusions of the individual studies comprising this
dissertation are presented in the three appendices of this study. Therefore, this section
summarizes the scopes of each paper, which are described, briefly, as follows.

Appendix A: “Spatial Distribution of Employment in Hermosillo, 1999 and 2004”

Based on evidence from employment dataset in Hermosillo, Mexico, analyzed through
ESDA, this paper identifies where the CBD and other employment centers are. The
results reveal important findings. First, the Moran´s I and Moran’s scatterplot reveal a
significant presence of global spatial autocorrelation. The increase in the Moran’s I
values over time suggests that, on average, the employment density in each AGEB has
become more similar to the one of its neighbors. The results also indicate that positive
spatial autocorrelation is not present in all the sectors; it is an increasingly important
element for employment in manufacturing, retail and wholesale, as well as services.
Secondly, after conducting the methodology of subcenter identification for 1999
and 2004 based on the employment density data, the results showed that employment is
significantly clustered around the CBD for both years, which indicate the presence of
spatial heterogeneity in the city. Therefore, the High-High (HH) cluster (observation with
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high values surrounded by similar neighbors) as defined by the results of LISA
(observations with a high value surrounded by high values) was the tool used to identify
the employment center and subcenters. The biggest HH cluster (integrated by 25 AGEBs)
is located in the center of the city, around the CBD –that is the AGEB with the highest
employment density which is also the historic and retailing center of the city. It is more
extensive in 2004 (composed of 34 AGEBs), which indicates that the CBD is spreading
over time. The method also allows identifying two subcenters of employment in 2004.
One of them located northwest of the CBD in 1999; it has moved northward in 2004, and
now it is composed of three AGEBs. In addition, a new cluster made of two HH AGEBs
emerged in the southern part of the usual CBD at the final period.
Finally, the results of the degree of specialization and diversification show that
the historical CBD is specialized in retailing and wholesale, while the CBD (HH cluster)
is specialized in services; moreover, a spreading CBD is associated with high values of
the regional diversity index. Although the Northwestern subcenter specialized in
manufacturing as well as in retailing and wholesale, it kept its degree of diversity over
time. In contrast, the southern subcenter was more diversified in 2004, while its trend to
specialization was moving from manufacturing to service activities.
The results listed below allow concluding that Hermosillo is experiencing a trend
towards employment decentralization in conjunction with increasing spatial dependence
between neighboring spatial entities, while the CBD has remained the densest area in
terms of employment. Despite this suburbanization process, Hermosillo is still a
monocentric city. Undoubtedly this result contradicts the idea of polycentrism that
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Hermosillo's Planning Institute supports. Their misconception might come from the
absence of consideration for spatial effects in the methodology they rely on.

Appendix B: “Employment Density in Hermosillo, 1999-2004: A Spatial Econometric
Approach of Local Parameters”

Based on findings in Appendix A, the paper in Appendix B investigates the attractiveness
of the CBD and its influence on organizing the economic activities around it. In order to
test these attributes, the employment gradients were estimated following a global
approach, according to a spatial econometric model based on Spatial Error Model
specification (SEM), as well as through a local point of view using a GWR. Using the
employment dataset, the paper also uncovers differences in the attractiveness and
influence of the CBD across economic sectors and over time. The results are displayed
below according to global and local estimations of employment gradients.
Global results confirm the attractiveness of CBD and its influence to organize the
economic activity around it; the density gradient (γ) for total employment is negative and
strongly significant. Moreover, low values of γ mean that a suburbanization process took
place in the city between 1999 and 2004. However the CBD’s attractiveness depends on
the economic activity under study. For instances in retailing and wholesale as well as
services, the CBD still influences the distribution of employment and it is attractive for
employees; while for manufacturing, the CBD is not attractive. For other economic
activities, the city’s CBD does not show attractiveness, but it is governed by the distance
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from the CBD in farming, hunting, fishing and agriculture support; mining and oil
extraction, and water and electricity production. On the other hand, the value of the
spatial coefficient () that measures the intensity of spatial dependence across residuals is
statistically significant, but less important, in 2004 than in 1999. All these results are
consistent over time and suggest that, overall, the fall in employment density from the
CBD follows a monotonic pattern (the change is the same in all directions).
The analysis of local heterogeneity and the geographical distribution of local
gradients display different patterns of falls in employment density () with different
distances and/or directions from the CBD. The local results show the CBD is attractive
and influences the distribution of employment in Hermosillo; however the fall in total
employment density is not uniform in all directions around it. For instance, in 2004 the
local employment gradients are less pronounced to the north and along the northeast
corridor from the CBD, and the density gradients increase more rapidly to the south and
the west of the CBD. Worse, the employment decentralization pointed out by global
results contradicts the trend toward polarization of jobs suggested by local gradients.
The CBD’s influence and attractiveness by AGEB, likewise in global estimations,
differ by economic sector. Although small differences persist, the geographical
distribution of local gradients for retailing and wholesale is quite similar to that of total
employment. However, the employment density for services showed a lack of
attractiveness in the city center (positive local gradient) and along the northeast corridor
from the CBD, drawing different patterns to different directions. This repellent effect was
not observed through the global results that showed a decay pattern in this sector for all
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areas. In the case of manufacturing, the CBD does not have any influence organizing this
activity and also shows a repellent effect. For other economic sectors, the local
heterogeneity was not statistically significant. A broader description of employment
patterns over time, as well as their geo-visualization, can be browsed in Appendix B.
As final conclusion, the results indicate the CBD still has a significant and
widespread influence on employment densities in Hermosillo, and the CBD’s
attractiveness has been present in the most important economic sectors in the city, such as
retailing and wholesale, services, and manufacturing, which constituted 98.7% of total
employment. Moreover, the spatial error autocorrelation indicates that the CBD
dominates the spatial patterns of employment (distance-decay), but its influence varies
across space, economic sector and, even, over time. The local point of view is highly
relevant in the analysis of employment, since global estimations mask local patterns.

Appendix C: “Commuting in a Developing City: The Case of Ciudad Obregon, Mexico”

The paper in Appendix C shows the results of modeling commuting behavior in Ciudad
Obregon through a GMHL model. The commuting dataset is nested in three levels of
analysis, however, the multilevel model only includes commuters (level 1) clustered in
AGEBs (level 2), since the design effect did not allow using an intermediate level
(household) because the number of commuters nested in households is fairly similar. The
first conclusion draws on the importance of space to explain differences on commuting
behavior. Based on a two level model, 15% of variations in commuting distance are
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explained by regional differences across AGEBs or urban areas. To illustrate how the
commuting distance varies among the 39 AGEBs, the residuals from the fixed intercept
were plotted and arranged from those with the smallest residuals on the left to those areas
with the largest residuals on the right. These results reported that eight areas have
residuals significantly different from zero.
Based on two levels of analysis, the commuting behavior was modeled for each
commuter as a function of its own attributes as well as AGEB’s characteristics. When a
random-intercept and fixed-effects were included, the commuting data fit better to
explain variations among AGEBs; the changes in χ2 support this preliminary conclusion.
Since most of the commuter attributes have been captured through categorical data and
coded as dummy variables, the reference categories are married workers (male) who used
car as mode of transportation, those who lived in their own house with car ownership,
those with basic education and low-skilled occupation, and those who worked in a small
private business and received salary for working during the daytime in services sector
(including retailing).
The results suggested that, in general, the effects of demographic and
socioeconomic variables as well as mode choice are consistent with expectations. With
our reference group, the highest effect on commuting distance is produced by walking
mode choice (-), other commuting type such as safe-contained and exchange commuting
(-), workers in agriculture (+), biking mode choice (-), workers who gain some type of
profits (-), occupation (moderately skilled jobs +), followed by public offices (+),
employers (-), commuters who rent a house (-), bus mode choice (+), workers in
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manufacturing (+), female (-), decentralized commuting trip (-), single workers (-),
AGEB’s size (+), JHR (-), schooling (-), house size measure through the number of
rooms (-) and employment density in 2009 (-).
These findings enrich the empirical evidence in the field. The introduction of new
variables related to workplaces contributes to the literature in providing additional
explanation for commuting distances, such as the business nature (private business vs.
public offices), which was found to have a great effect on the length of commuting
distance. Moreover, it is interesting to note that in the case of age (younger and older
commuters), education (with the exception of elementary education), and categories of
occupation, such as highly skilled, are not statistically significant for explaining
commuting behavior, while these are often important factors that have been identified in
the commuting literature. On the other hand, the income proxy variables, such as house
size and years of schooling, show an opposite effect on commuting comparing with what
existing studies suggest.
Results also show that commuting variation at the individual level was much
stronger than that introduced by the structure of the city (level 2). This is partly because
the commuting patterns, such as centralized, decentralized, self-contained and exchange
commuting were captured at individual worker level, while in other studies (see
Schwanen et al., 2004) they were reported at a higher level of aggregation such as urban
area. When random-effects were introduced and extended to regression slopes, the
geographical variation characterized by AGEBs provided a better explanation in the
overall commute variation. Actually, when the intercept goes up the slope decreases for
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bus and walking and increases for biking. The random part of the slope for bus increases
with an increase in the slope for walking or a decrease in the slope for biking. For
walking there are no significant random-effects on its slope. Hence these results
suggested that the association of these variables with commuting differed with various
AGEBs. For a broader description of covariance matrix see Appendix C.

2.4 Contributions

This section points to the contributions of the current dissertation to our field of study.
The contributions have been classified into three main categories as follows:

I. Employment descentralization in developing contexts

a)

Whereas, to our knowledge, no prior contribution has focused on the case of a
medium-sized city located in a developing country, the paper in Appendix A
“Spatial Distribution of Employment in Hermosillo, 1999 and 2004” makes a
contribution in fills this gap and provides evidence for comparison according to
the following:


Whether the medium-sized city is developed or it is developing, its CBD can
be identified as a HH cluster centrally located, highlighting its monocentric
structure; nevertheless a developed city can be more monocentric when
compared with a developing city. Over time the trend toward the expansion
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of CBD in Hermosillo was throwing back, while the number of employment
subcenters increased in developed cities.


As a consequence of different degrees of development, employment centers
and subcenters in developing cities specilize in very different sets of
economic activities. Therefore, further studies must consider increasing the
level of sectoral disagregation on retailing and services, the main sectors in
developing cities, like Hermosillo.



As shown in the case of Hermosillo, employment decentralization occurred
over the 1999-2004 period, and the influence of the city center on the location
of employment increased during that period. The logical question to ask is if
the findings will be consistent within the next five year period (2004-2009),
which might mean that employment decentralization is an ongoing process.
Future work aims at updating our results, in order to verify over a ten-year
period how the city sprawled across space, if new centers have emerged, and
if the CBD still influences the distribution of employment.



Clearly, in developing cities the environmental conditions impose limits on
the form of the city and its expansion, as well as to the way in which new
employment centers will arise in forthcoming years, and thus how
employment decentralization will impact daily life as expressed through
commuting patterns. It is important to note that Hermosillo is one of the four
Mexican cities in a water crisis, according to Mexican Water Commission
(Comisión Nacional del Agua [CONAGUA by its acronym in Spanish]) and
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although increasing investment in water infrastructure, the problem has not
been fully solved; instead, the city still continues sprawling. Therefore in
order to get a comprehensive view of suburbanization, future studies should
include "environmental factors" such as the main sources of water in the city,
and pumping plants. These will be key elements to determine the urban
growth, the expansion of employment centers and potential locations for new
employment subcenters.
b)

Appendix B “Employment Density in Hermosillo, 1999-2004: A Spatial
Econometric Approach of Local Parameters” allows primary findings to be drawn
as to how the international literature studies the employment distribution with
respect to medium-sized cities in developing countries.


First, with respect to the medium size city of Hermosillo, the negative power
density gradient implied by the standard urban model fits the data quite well,
contrary to conventional practice in large and developed cities.



Second, according to the standard urban model, the density gradients of cities
become flatter with distance from the CBD, but the “local gradients” show
different patterns to different directions.



Third, the geographic patterns displayed allow identifying some forces of
attraction and repulsion that have operated among AGEBs; even so, global
estimations masked those patterns.



The main contribution of this paper to the field of study is to make evident
that employment density does not decrease monotonically. However, there
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are many land use controls that affect sprawling and employment
decentralization, which should be controlled and taken into account for a
comprehensive understanding of spatial patterns.
c)

Contributions related to Appendix B are important because they present the first
detailed evidence on the role of local spatial effects in the distribution of
employment density in a medium-sized Latin American city and at the same time
enrich the evidence in our field of study.

d)

Empirical evidence on commuting behavior showed in Appendix C “Commuting
in a Developing City: The Case of Ciudad Obregon, Mexico” allow us to make
the following points:


In general, the effects on demographics and socioeconomic variables, as well
as mode choice are consistent with those suggested by economic urban
literature. These findings enrich the empirical evidence on the field and
provide insights about the commuting behavior in developing countries.
However, further studies should investigate the effects of some interaction
terms such as age and gender, and its association with education and
occupation.



The commuting model is novel in including variables related with
workplaces, which have been neglected by other studies. The results indicate
that business nature (private business vs. public offices) has a large and
statistically significant effect on the length of commuting distance. To test the
validity of this contribution, further research on commuting can be developed
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in Heroica Nogales, a medium-sized city for which Colson conducted the
same survey.


Despite the commuters' rationality preliminary findings in medium-sized
cities in developing countries reveal the importance of the government (the
public sector) as an employer. Therefore the location of public workplaces
has a great influence on commuting distance.



The results evidenced the importance of public transportation and nonmotorized modes in medium-sized cities, which are common modes of
transportation in developing countries, while in U.S. cities the car is the main
mode for all purposes. Besides, further research on this topic should include
an analysis of public transportation that is a more important mode choice for
certain group of commuters, rather than the use of cars.

e)

In developing countries is hard for urban residents find a job since the conditions
of the local labor market are characterized by increasing unemployment rates and
the few positions available are often low-pay occupations. In a situation of excess
of workers, logically, variables associated with education level are not significant
to explain commuting patterns, like in Ciudad Obregon’s case. Moreover, in
developing countries, finding a job is more important no matter how far the
employees must commute, even for those highly educated. These findings
contrast with those in developed cities where education and occupation explain
differences on commuting.
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f)

Our commuting dataset compiled from the survey conducted by Colson is the
most comprehensive information available for examining the commuting patterns
in Ciudad Obregon, as well as to get insights about commuting behavior in the
medium-sized cities of Sonora.

II. Methodological suitability

a)

Appendix A showed evidence to support that ESDA is a useful tool for the
identification of centers and subcenters, as well as a tool to uncover the spreading
and suburbanization phenomenon over time. However, it is necessary to increase
the disagregation level of analysis among sectors to uncover the spatial effects of
an specific economic activity, as well as new data for 2009. That is extremely
important because, in a comparative perspective, deep differences in
specialization can be observed.

b)

The study of medium-sized cities, instead of large metropolitan areas, allows
highlighting the relevance of the local approach used in Appendix A and B for the
analysis of urban processes, as well as identifying an incipient trend toward
decentralization of employment cities, which have more often a monocentric
structure.

c)

Further methodological applications based on the approach used in Appendix B
should be able to detect the appropriate spatial structure, which could be lagged or
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error model, in each urban area or AGEB, instead of assuming that all the areas
that compose the city exhibit the same spatial form.
d)

No evidence has been found about the application of a local approach with spatial
effects to analyze other urban processes in Mexico. The disagregation level of
analysis among sectors must be increased in order to uncover the patterns of an
specific economic activity, as well as to incorporate new data for 2009 in
forthcoming studies. However, to the extent that the spatial database grows over
time, it is necessary to incorporate space-time analysis for a better understanding
of the dynamics of cities.

e)

The inclusion of random-slopes in mode choices, showed in Appendix C, is a
relevant contribution because it is important to distinguish different modes of
transportation, since quite different policy incentives may be needed for workers
of different education levels and for different economic sectors where commuters
work. Usually, commuting studies based on the multilevel approach (see Miranda
and Domingues, 2010; Zolnik, 2009; Mercado and Páez, 2009; Bottai et al., 2006
and Schwanen et al., 2004) include random elements around the intercept, but
these do not take into account the random-slopes.

f)

The process to compile the commuting dataset also offered insights and lessons to
conduct further OD surveys in Mexican cities, like in Hermosillo. At least two
points must be considered.


First, OD surveys should include a more accurate way to capture commuting
time, as well as commuters’ income. Moreover, it can include questions
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related with departure times, number of trips, and multi-purpose trips for a
better understanding of congestion on commuting.


Second, in order to capture the spatial effects on commuting behavior in a
better way, further OD surveys must take into account commuters dispersed
in all areas of the city (AGEBs) to model the contiguity across urban areas
and gain insights about autocorrelation and heterogeneity associated with
commuting data.

III. Policy insights

a)

Appendix A demonstrates that ESDA is a helpful tool for the Hermosillo’s
Planning Institute (Instituto de Planeación Municpal [IMPLAN by its acronym in
Spanish]). While our results seem to confirm the predictions of IMPLAN (2006)
related to the emergence of subcenters located on the western boundary of the
extended CBD, no evidence was found to support the emergence of other
employment subcenters across the city. Worse, some of IMPLAN’s subcenters are
located inside the Low-Low (LL) clusters (low values surrounded by low values).

b)

Although the consequences of urban expansion on employment decentralization
have usually been examined by the urban policy and planning, the effects of urban
expansion have been often neglected by Mexican policy makers. Therefore,
results in Appendices A and B should help public authorities influence and
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organize the decentralization of economic activities across space. This discussion
has at least two important implications.


First, these papers demonstrate the necessity of a comprehensive urban policy,
which must include the spatial effects in its diagnosis, as well as in the design
of it.



Second, the availability of information confirms the idea that the AGEBs are
the main unit of analysis for planning purposes. Therefore a planning urban
program based on AGEBs is a wise suggestion.

c)

A comprehensive understanding of the complexity of commuting behavior in
Appendix C is important for planners in order to:


Draw new routes for bus and bus stops as well as biking routes based on
commuter behavior described in Appendix C.



Provide the infrastructure to support current and future travel demand.



Plan urban development, oriented towards mass transit in denser settlements,
and discourage urban sprawl in other areas.

d)

Even if workers show economic rationality in many of their individual decisions,
their overall commuting behavior depends also on the interaction of housing
market and labor market, as well as the policymakers’ decisions on public
transportation and land uses. Therefore, in order to get a comprehensive
understanding about the dynamics of urban processes in a city with high
expectative of growth and sprawl, Ciudad Obregon requires a Planning Institute to
deal with urban growth.
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The relationship of urban structure and employment distribution is of interest to
economist and geographers alike. The partial review of the literature that has been
presented here, as well as the evidence and findings of each paper appended to this
dissertation, shows that much useful work has been done in the past decades, but also that
much remains to be done. For instance the “New Perspectives on the Spatial Analysis of
Urban Employment Distribution and Commuting Patterns” analyzed in this dissertation
can be combined to provide light on whether the observed suburbanization of jobs in
Hermosillo is associated with the dispersion resulting from households and workplaces.
To the extent that these results are disseminated to the academic community and among
governments and policy makers, I hope they realize of the importance of spatial effects.
Until spatial effects are taken into account in urban planning, the progress of regional
science and urban economics can be fully evaluated in developing cities, which is hard to
do without Planning Institutes like in Ciudad Obregon, or without a clear view of urban
planning, such as in the city of Hermosillo. Therefore, Mexican scholars still have a long
way to go.
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Abstract
While the suburbanization process has been well documented in some large cities of
several developed countries, much less attention has been devoted to the case of small
and middle sized cities of developing countries. As such, we perform here an exploratory
spatial data analysis (ESDA) to investigate where the central business district (CBD) and
other employment centers are in Hermosillo, Mexico. Our results reveal the significant
presence of spatial dependence and spatial heterogeneity, although their extent varies
with the sector under study. These spatial effects take the form of a persistent cluster of
high values of employment around the historical district of the city shaping a huge CBD,
even if a subcenter of high values emerges to the South and to the Northwest of CBD in
2004. Overall, Hermosillo is still characterized by a traditional monocentric model but
the role of its CBD has changed.
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1. Introduction

In recent decades, one of the most documented phenomena in the urban structure of many
developed countries has been the process of suburbanization of both the population and
economic activities. This phenomenon has had an impact on the traditional monocentric
urban structure according to which cities are organized around a central business district
(CBD) and employment density gradually decreases with distance from it (von Thünen,
1826; Alonso, 1964; Muth, 1969; and Mills, 1972). Nowadays, cities are increasingly
experiencing a polycentric structure. As a consequence, the CBD counts for smaller
portions of employment than it did in the past (Griffith, 1981; Griffith and Wong, 2007).
In developed metropolitan areas, the CBD has been able to maintain its traditional
economic role and importance (see, among others, the work of Shearmur and Coffey,
2002, Coffey and Shearmur, 2002, for Montreal metropolitan region, or Guillain et al.,
2006, for the region of Paris, France). In others studies (see as an example McMillen and
McDonald, 1998, for metropolitan Chicago), growth is now shared between the CBD and
suburban agglomerations, while in other cases the CBD is losing ground to edge cities
(see Lang, 2003, who has conceptualized this generalized dispersion based on 13 US
metropolitan areas, as well as Gordon and Richardson, 1996, for the case of Los
Angeles). However, the degree to which agglomeration economies in subcenters are high
enough to attract employment is still an open question (Gordon and Richardson, 1996).
Empirical work on medium-sized cities is scare. A notable exception is the work
of Baumont et al. (2004) who focus on Dijon, France, and find emergent subcenters
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outside of the CBD, but they did not have a significant impact on employment
distribution. However, to our knowledge, no prior contribution has focused on the case of
a medium-sized city located in a developing country. The goal of this paper is therefore
to fill this gap and provide evidence for comparison. As such, we investigate whether
Hermosillo, the largest city in the Northern Mexican state of Sonora, is experiencing a
trend towards employment decentralization or whether the distribution of employment
still follows the traditional monocentric hypothesis.
Officially established in 1741, Hermosillo is a middle-size city according to
Mexican standards (between 500,000 and 1 million inhabitants). The current urban plan
(2006-2009), elaborated by the city’s Planning Institute (IMPLAN, 2006), claims that
Hermosillo has experienced until the late seventies a monocentric structure. This is
because most of its employment density is registered close to the CBD, the oldest part of
the city that still holds the commercial center, the civic center, the government center,
and the university center based on the University of Sonora. However, IMPLAN also
affirms that a form of polycentrism has characterized the city over the last three decades.
The veracity of this finding is questionable since the Planning Institute does not provide
the methodology it uses to reach its conclusion. In addition, it does not define the specific
boundaries of the CBD nor pays any attention to the potential presence of spatial
dependence across observations.
A polycentric form implies the presence of agglomeration economies outside the
traditional CBD and, as a consequence of it, should be reflected in the spatial patterns
associated to the distribution of the employment data. For that reason, our second
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contribution consists in identifying the employment center and subcenters based on the
tools of exploratory spatial data analysis (ESDA). The first spatial effect this technique
allows us to uncover and measure is spatial heterogeneity which comes from the fact that
some geographical clusters of high or low employment densities may be present in the
city because of differences in the quality of local amenities, local labor or real estate
markets. Spatial autocorrelation, the second spatial effect, reflects the facts that nearby
observations tend to display similar characteristics (Anselin, 1995). Moreover, these
provide the necessary statistical tests to indicate whether global and local spatial
associations are significant. In the present case study, another advantage of ESDA lies in
its capacity to identify the location and extent of employment centers without defining a
priori and arbitrary employment cutoffs (Guillain et al., 2006).
In order to get more insights into the recent evolution of the spatial distribution of
employment density across the 364 districts that compose Hermosillo, this paper will be
organized as follows: section 2 provides a review of the theoretical literature and related
empirical studies that highlight how employment subcenters emerge as well as different
procedures to identify them. Section 3 describes the study area and the data. Section 4
uses an exploratory spatial data analysis where we first describe the spatial weight matrix
and then perform the appropriate measurements of both global and local spatial
autocorrelations. Finally, the conclusion summarizes our results and point out similarities
or differences with other medium-sized cities.
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2. Spatial distribution of employment and subcenter identification

The spatial concentration of economic activities and jobs in the CBD is explained by the
history of the city (in the case of Hermosillo, the historical CBD is also the current one)
and the persistent presence of agglomeration economies (see Fujita, 1988; Parr, 2002).
On the other hand, the CBD may become less attractive when increasing agglomeration
leads to higher land prices, wages and create congestion problems. As a result,
agglomeration can occur in other areas because of economies of scales due to information
spillovers, better accessibility to local inputs, and a specialized local labor pool (Parr,
2002; Coffey and Shearmur, 2002). In addition, an employment subcenter can emerge
because of improved infrastructures that reduce transportation costs. Following Redfearn
et al. (2008), the emergence and growth of employment centers is also explained by
exogenous factors such as planning decisions by the local government or the decision of
large firms to locate outside the city’s core.
On the other hand, Gary (1990), the urban employment structure can be classified
into two main categories: locally-centralized employment and dispersed employment. In
the first structure, firms are clustered in the CBD to exploit agglomeration economies,
while in the second structure employment is clustered in some subcenters or along major
transportation corridors. With regards to the latter structure, the urban literature discusses
two forms of employment decentralization: the edge city (also called the ‘suburban
downtown’ phenomenon) and the scatteration process (Shearmur et al., 2007). Both of
them exhibit a flat employment density gradient outside the CBD and a lack of spatial
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urban pattern (absence of or little spatial dependence with high agglomeration
diseconomies pushing toward employment decentralization). However, the ‘scatteration’
process is a generalized dispersion of employment at relatively low densities, rather than
the dispersed agglomeration structure proposed by Gary (1990).
Previous contributions define an employment center as a cluster of activity which
must have 1) a significantly larger employment density than nearby locations, and 2) a
significant effect on the overall employment density function (McMillen and McDonald,
1998; McMillen, 2001a). As such, identifying a single employment center is trivial (the
zone with the highest employment density), while identifying employment subcenters is
more challenging. However, the literature offers different options in order to detect both.
In one of the earliest works on centers identification, Giuliano and Small (1991)
identified an employment center as a cluster of contiguous zones for which total
employment exceeds a predetermined cutoff level (10 jobs per acre and 10,000 jobs for
its adjacent zone). Later, variations in the extent of the cutoff were used (see McMillen
and McDonald, 1998; Giuliano et al., 2007), but without any accurate criterion such as
the size of the urban area under study nor any knowledge of local conditions that would
help establish more appropriate cutoffs.
Another set of studies uses non-parametric procedures to identify potential
employment subcenters. They use locally weighted regressions (LWR) (McMillen and
McDonald, 1997), a two-stage approach combining LWR and a semiparametric
procedure (McMillen, 2001a), or even a combination of McMillen (2001a) and Giuliano
and Small’s (1991) methods (McMillen and Smith, 2003). These procedures have been
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applied to a variety of large American cities and some empirical regularities are evident:
large cities have more subcenters than smaller cities, and subcenters tend to develop near
freeway intersections and in old satellite suburbs (McMillen and Smith, 2003).
More recently, a set of studies has relied on recent advances in the fields of spatial
statistics and spatial econometrics to formally account for spatial effects in the
identification of employment subcenters. Those are Baumont et al. (2004) who focus on
the case of the city of Dijon, France, and Guillain et al. (2006) for the region Ile-deFrance. Both studies use local indicators of spatial associations (LISA) to identify
potential subcenters. This is the methodological approach we decide to rely on in our
work because we feel it gives us more flexibility than previous procedures.

3. Study area and data

Hermosillo is both the largest and the capital city of the Northwestern Mexican state of
Sonora. It is a middle-size city located 271 kilometers south of the US Border (see figure
1) and was home to 641,791 inhabitants in 2005 (26.8% of the state’s population) (see
table 1). In 2005, the city spread over an area of 15,480 hectares divided in 364 areas or
agebs (área geoestadística básica) which are the smallest spatial scale for census track.
Because the population growth outpaced the city’s sprawl, Hermosillo’s density has
actually increased from 40.1 to 41.4 inhabitants per hectare over our study period (see
table 1).
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The population and the size of the city grew in several steps. During the 1980s,
the size of the city grew by 98.3% and then by 61.0% over the next decade. It was the
most important growth since the 1950s when the city tripled its size because of a growing
agricultural activity in the coastal valley (IMPLAN, 2006). IMPLAN’s projections
indicate that the city will experience a 60% increase and an 84% increase in its area and
population respectively over 2000-2030. Local authorities have understood the
consequences in terms of urban development and planning, creating in 2000 the Planning
Institute of Hermosillo of which goal is to provide expertise on urban planning to local
decision-makers. It marks a significant change compared to previous practices when the
lack of planning led to an anarchic and explosive city growth.
Hermosillo represents roughly one third of the state’s total employment, value
added and number of firms. In Mexico, the employment data can come from the
population census (where each respondent indicates its place of work) or from the
economic census (where each firm reports where the employees work). In this study, we
use the latter which come from the Mexican Bureau of Statistics (Instituto Nacional de
Estadística, Geografía e Informática - INEGI) and have been collected every five years
since 1980. However, only the 1999 and 2004 results are available at the ageb level in a
harmonized dataset.1
Following NAFTA’s signature in 1994, the northern cities of the country have
experienced an increase in foreign investments, in employment as well as the
1

This is a consequence of the 1997 change in the classification system of economic activities and products
in Mexico (Clasificación Mexicana de Actividades y Productos - CMAP) into the North America Industrial
Classification System (NAICS or SCIAN in Spanish) in order to compare the statistical information with
NAFTA partners.

85
consolidation of an industrial strategy based on maquiladora (Rodríguez-Gámez, 2003).2
According to the Economic Census, 109,628 people worked in the city in 2004 (see table
1), they specialized mostly in services and in retail & wholesale. Recently, the share of
manufacturing (mostly maquiladora) in Hermosillo’s economy has decreased.
Hermosillo’s economy is closely tied to the one of the US, and the latter has experienced
a 24.1% fall in its manufacturing production in 2000-2001 in conjunction with a decrease
in services (-16.1%). In addition, in Hermosillo, professional services and new national
and foreign investments in retail and wholesale activities have surged (Lara et al., 2007).
However, it is the primary sector (forestry, fishing, hunting & agriculture support) which
experienced the highest increase in the number of workers over 1999-2004.
Our variable of interest to analyze the employment distribution across the urban
areas of Hermosillo is gross employment density (the average number of jobs per unit of
area). It would be tempting to use the employment-to-population ratio as Guillain et al.
(2006) did but we cannot. Indeed, employment and population data come from two
different datasets based on different collection methodologies and different years. Other
indicators, such as net employment density (employment in sector i divided by land used
by sector i), cannot be used either because the information needed is not available.
Because so few people live in the historical CBD, we feel that net and gross employment
densities are very similar there. But it is not the case for the peripheral areas where

2

Maquiladora is a type of industry. It is the predominant mode of production in the Northern regions of
Mexico. The factories (which use jobs intensively) assemble and “re-export” manufactured products free of
tax (Barajas et al., 2009).
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people live, hence where gross employment density would be lower than net employment
density.

4. Identification of employment subcenters by ESDA

Following the contributions of Baumont et al. (2004) and Guillain et al. (2006), we also
use the area (ageb) with the highest density of workers for our definition of the CBD. In
the case of Hermosillo, as in Guillain et al. (2006), the CBD is also the historical center.
In 1999 the CBD registered 116.5 employees per hectare, but decreased to 101.7 in 2004
(see figure 2). This fall in employment density is explained, partially, by raising
unemployment in the city as a whole as well as by an increase in employment density
around the CBD.
For exploratory purposes we choose 25 employees per hectare (approximately 10
jobs per acre suggested by Giuliano and Small, 1991) as a cutoff to define a subcenter.
From the maps in figure 2, we note that the subcenters are located along the major streets
and intersections of the city, and some of them were located outside of the CBD. We can
see how also in a developed and bigger city such as Ile-de-France (Guillain et al., 2006)
high employment areas follow the main highways or streets. Based on it, in 2004 just 26
agebs were identified as potential subcenters while in 1999 we found 29 areas. It appears
that these subcenters lost their employees whereas the center of the city still experienced
a high density of workers (see figure 2).
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However, it is difficult to figure out if nearby agebs are subcenters or if these are
part of a subcenter’s adjacent area. In fact, we cannot assume the cutoffs established for
the Los Angeles’s case (Giuliano and Small, 1991), because it has a unique polycentrism
that Hermosillo does not have. Therefore, we define Hermosillo’s CBD boundaries,
analyze if their fringe have changed over time and test for the presence of spatial
autocorrelation by means of exploratory spatial data analysis (ESDA). It is a collection of
techniques that describe and visualize spatial distributions, discover patterns of spatial
association, clusters or hot spots, and suggest spatial regimes (Anselin et al., 2007).

4.1 Spatial weight matrix

The section above provides us with a description of the distribution of employment
across agebs and its evolution over time, but it does not account for the eventual presence
of spatial effects that several previous studies have highlighted at the urban level
(McMillen, 2001a, 2004; Baumont et al., 2004; Guillain et al., 2006; Guillain and Le
Gallo, 2009). In order to investigate both spatial autocorrelation and spatial
heterogeneity, the starting point consists in defining a weight matrix (W) to define the
spatial connectivity between our observations. In this matrix, each observation is
connected to a set of neighboring observations according to a spatial pattern defined
exogenously (Baumont et. al., 2004). As usual in the spatial statistics literature, the
diagonal elements of the weight matrix are set to zero whereas the off-diagonal elements
indicate the way locality i is spatially connected to locality j (Cliff and Ord, 1981;
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Anselin, 1995; Anselin et al., 2007). These elements are non-stochastic, non-negative,
and finite. In order to normalize the outside influence upon each unit, the weight matrix is
standardized such that the elements of a row sum up to one.
While there is very little formal guidance on the choice of the “correct” spatial
weights in any given application, we decided to adopt a k-nearest neighbor’s weight
matrix which implies that each spatial unit is connected to the same number k of
neighbors, wherever it is localized. This approach avoids us to define arbitrarily a
distance cutoff and it is particularly indicated when the spatial distribution of points or
areas exhibit a high degree of heterogeneity (Anselin, 2002), which is the case of
Hermosillo. Another advantage of a k-nearest weight matrix is its capacity to ensure that
each observation has the same number of neighbors no matter the size of its territory. A
similar matrix has been used by Baumont et al. (2004) and Guillain et al. (2006) while
contiguity or great circle distance based matrices have been used in Nijkamp et al. (2009)
and Helsel (2008). The general form of a k-nearest neighbor’s weight matrix w(k) is
defined as follows.

wij* (k )  0
i  j, k
 *
wij (k )  1 if dij  di (k ) and
 *
dij  di (k )
wij (k )  0

wij (k ) 

wij* (k )

 w (k )
j

*
ij

(1)

where wij(k) is an element of the standardized weight matrix, and di(k) is a critical cutoff
distance defined for each unit i. More precisely, wij(k) is the kth order smallest distance
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between unit i and all the other units such that each unit i has exactly k neighbors. Based
on contiguity criteria, the average number of neighbors in Hermosillo in 1999 was 4.12
and 4.5 in 2004. As a result, we choose to build several weight matrices (k2, k4, k5, k10)
to perform our ESDA and test the sensitivity of our results to the specification of the
matrix.

4.2 Global spatial autocorrelation

There are a number of ESDA techniques that can be used to study spatial autocorrelation
in a geo-referenced dataset. The most widely used statistics to test for the presence of
global spatial dependence are the Geary’ C and Moran’s I.3 Given its simplicity and
popularity, we will use the latter for our study. It measures the degree of linear
association between observed values and its spatially lagged values (Moran, 1948;
Hongfei et al., 2007; Anselin et al., 2007). Values of Moran’s I larger (smaller) than the
expected value [E(I) = -1/(N-1)] indicate positive (negative) spatial autocorrelation and/or
neighborhood similarity (neighborhood dissimilarity). A value close to 1 indicates
neighborhood similarity, while -1 indicates neighborhood dissimilarity. A coefficient
close to 0 indicates spatial randomness or independence. Formally, Moran’s I is defined
as follows:

3

Geary’s C was developed by Roy C. Geary in 1954. This measure is inversely related to Moran´s I.
Geary’s ratio is similar to Moran’s I, but here the cross-product term compares two neighboring values with
each other directly instead of using the mean (Helsel, 2008).
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where N is the total number of areas, wij is the spatial weight measure of contiguity, xi
and xj denote the observed values for areas i and j, respectively, and x is the average of
the attribute values. Based on the k4 weight matrix, the Moran’s I values for Hermosillo
in 1999 and 2004 are 0.549 and 0.661 respectively and are significant (p-value = 0.001),
which confirms the presence of spatial autocorrelation in the distribution of employment
density (see table 2).4 This supports our previous results: in Hermosillo, spatially adjacent
regions tend to display similar levels of employment density. The 20.35% increase in the
Moran’s I values over time suggests that, on average, the employment density in each
ageb has become more similar to the one of its neighbors. Previous contributions
complement its ESDA approach with an outlier analysis; however in our case it is not a
very informative analysis. Figure 2 shows us that employment-rich areas are in the center
of the city (upper outliers), while employment-poor areas are localized toward the
outskirt of the city (lower outliers).
Table 2 also indicates that positive spatial autocorrelation is not present in all the
sectors. The results are not significant in 1999 for the following sectors: forestry, fishing,
hunting, & agriculture support, mining & oil extraction, water & electricity production. In
2004, only the statistics for water & electricity production was not significant. That year,
4

The measures of spatial dependence such as Moran’s I showed the highest (and significant) values and the
most robust results using k4 matrix.
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all the other economic activities registered a positive and significant global spatial
autocorrelation, which indicates that areas with similar values of employment density
tended to be spatially clustered in Hermosillo. In terms of location choice, spatial
dependence means that the city exhibits a homogeneous behavior about location choice,
which can be observed in the most important sectors and over the two time periods.
The statistics for manufacturing (+6.8% over 1999-2004), retail & wholesale
(+18.8%), and services (+11.1%) increase over the study period, showing that spatial
dependence is an increasingly important element for these sectors. Retail and wholesale
activities have become more concentrated in the CBD and central areas. In the case of
Dijon, France, its CBD is also a group of areas which are centrally located (see Baumont
et al. 2004). This is because they provide the most accessible location for workers as well
as customers. This may also be because these sectors need to take advantage of
economies of scope (such as in Phoenix metropolitan area, see O'Huallachain and Leslie,
2007), while economies of agglomeration are more important for services (for instance
Ile-de-France is specialized in professional and financial services, see Guillain et al.,
2006) and manufacturing activities (see McMillen, 2001b, for the case of the industrial
city of Milwaukee).

4.3 Local spatial autocorrelation

Since the Moran’s I statistic does not allow us to identify employment subcenters, we
switch to a local approach which has been increasingly used to analyze the heterogeneity
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present in spatial processes. The local indicators of spatial autocorrelation (LISA
statistics) allows us to uncover if the concentration of high or low employment density is
significantly greater in some contiguous agebs than predicted in a spatial homogeneous
distribution (global autocorrelation). LISA statistics are defined as follows:

Ii 



( xi  x )
j wij ( x j  x )
sx2



(3)

where sx2   j ( xi  x )2 n is the variance and other notations are the same as in equation
n

2. One way to explore the autocorrelation in space is by means of Moran’s scatter plot.
The scatterplot displays the distribution of local spatial autocorrelation according to four
quadrants, and the global Moran´s I statistic corresponds to the value of the slope in a
Moran scatterplot (Anselin, 1995). For instance, observations in the lower left have low
values surrounded by low values (LL) and the upper right quadrant contains all the
observations with a high value surrounded by high values (HH), thus representing
potential spatial clusters (values surrounded by similar neighbors). On the other hand,
observations in the upper left quadrant have a low value and are surrounded by
observations with high values (LH) while the lower right quadrant (HL) shows high
values surrounded by low values (HL). These last two options suggest potential spatial
outliers (values surrounded by dissimilar neighbors).
Figure 3 shows the Moran’s scatter plot which provides additional information on
the spatial structure of the data. It plots the standardized employment density in each
ageb against its spatial lag for 1999 (figure 3a) and 2004 (figure 3b). Both scatter plots
confirm a positive spatial autocorrelation. This spatial pattern characterizes many areas in
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Hermosillo, even if many areas have a value close to the average of the sample. The
Moran scatterplot can also help us identify the agebs that deviate from the global pattern
of positive autocorrelation (LH and HL observations).
The LISA statistics can be classified according to the four categories of the Moran
scatterplot (Anselin et al., 2002) and mapped in a LISA cluster map (figure 4). The
results are all significant at the 5% level (based on a permutation approach with 9,999
permutations) and are consistent with those obtained earlier.5 Therefore, the HH cluster
as defined by the results of LISA is the tool we use to identify the employment center and
subcenters. A similar approach is proposed in Guillain et al. (2006) and Baumont et al.
(2004). According to them, a subcenter is defined by two attributes: 1) it is an ageb (or a
set of neighboring areas) for which the employment per hectare is significantly higher
than the average employment density in Hermosillo and, 2) it is an ageb (or a set of
neighboring areas) surrounded by agebs for which the average employment density is
significantly lower.
The number of areas in the cluster of high employment density values (HH) was
27 in 1999 vs. 39 in 2004 (see table 3). The biggest HH cluster (integrated by 25 agebs) is
located in the center of the city – around the CBD (see figure 4a) in 1999, but it is more
spread in 2004 (conformed by 34 agebs), which indicates that the CBD is spreading (see
figure 4b). It is also the case in Dijon where its CBD was identified as a HH cluster of
areas centrally located (Baumont et al., 2004). Also we note that the incipient subcenter

5

All our results are consistent with the use of other spatial weight matrices such as k2, k4, k10, queen
contiguity as well as distance cutoff of 2 kilometers.
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identified Northwest of the CBD in 1999 (see figure 4a) has moved northward in 2004,
and now it is composed of 3 agebs.
In addition, we note that a new cluster made of 2 HH agebs emerged in the
Southern part of the usual CBD at the final period. It can be interpreted as an
employment pole or subcenter (see figure 4b). In 2003, IMPLAN identified several
subcenters which should have led to an agglomeration of activities. They are included in
figure 4b for comparisons purposes. Five of them are localized along Solidaridad, the
main North-South corridor of the city, i.e., on the Western boundary of the extended
CBD. While our results seem to confirm the predictions of IMPLAN for these subcenters,
we do not find any evidence of high employment density agebs around the other
subcenters anticipated by IMPLAN. Worse, we actually discover that some of them are
surrounded by LL-type agebs. It seems that their location along one of the city’s main
corridor was not a sufficient condition to support their development.
Other forms of local spatial association include a LL cluster located in the
periphery of the city for both years, 7 LH-type agebs located on the East, South,
Northwest and West sides of the CBD in 1999, even though only 3 (located in the East
and South sides) keep their significance in 2004. Finally only one HL-type ageb appears
in 1999 and it is located in the Southeast of the city (the industrial area with a
specialization in various manufacturing sectors but principally in the production of
automobile and automobile parts for exports). However it lost its statistical significance
in 2004 (as well as a great percentage of employment), as a consequence of the fall in US
manufacturing in 2000-2001 (see figure 4a). As such, it is not a local competition effect
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that drove the changes in this ageb. No other ageb specializes in automobile production
nor can provide enough space for its plants.
Table 3 summarizes the four different patterns of local spatial autocorrelation. In
1999, 32.6% of the observations were characterized by significant positive spatial
association (22% in LL and 10.6% in HH clusters) and concentrated 36.4% of
employment. In 2004, significant positive spatial autocorrelation characterized 39.3% of
all areas (28.6% in LL and 10.7% in HH clusters) and concentrated 46.9% of total
employment. These results indicate that the agebs have become more similar to their
neighbors over time. This is confirmed in table 3 which shows that the average level of
local spatial autocorrelation among the significant results has increased between 1999
and 2004. As a consequence, negative spatial autocorrelation has decreased both in terms
of number of significant results and intensity.
Now that the spatial locations of the CBD and subcenters have been identified, we
can rely on the value of a location quotient and regional diversity index to uncover their
degree of specialization and diversification with regards to the city itself.6 This
methodology has also been used in an urban context by Carrol et al. (2008), and Guillain
et al. (2006), as well as Duranton and Puga, (2000). In essence, one area is considered
specialized in one sector if its location quotient for that sector is above one. From table 4
we can observe that historical CBD is specialized in retailing & wholesale, and the CBD
(HH cluster) is specialized in services. Over time, we can observe a link between the
diversification of Hermosillo’s CBD and its expansion: a spreading CBD is associated

6

We thank an anonymous referee for suggesting this point.
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with high values of regional diversity index. This relationship is opposite to the
relationship found in Ile-de-France (see Guillain et al., 2006), its center extends while
specializing. The Northwestern subcenter specialized in manufacturing as well as in
retailing & wholesale, kept its degree of diversity over time. In contrast the southern
subcenter was in 2004 more diversify, while its trend to specialization was moving from
manufacturing to services activities.

5. Concluding remarks

In this paper, we contribute to the urban economics literature by focusing on the spatial
distribution of employment density in Hermosillo, a middle-sized city in Mexico, under
the lens of spatial statistics. Our results confirm our expectations about the dynamics of
the city’s employment distribution: while the CBD has remained the densest area in terms
of employment, a process of suburbanization in conjunction with increasing spatial
dependence between neighboring spatial entities has been taking place between 1999 and
2004, the only two years for which data are available.
The results of the Moran´s I and Moran’s scatterplot reveal a significant presence
of global spatial autocorrelation and that employment is significantly clustered around the
CBD for both periods, which indicates the presence of spatial heterogeneity in the city.
This paper shows that ESDA is a useful tool for the identification of centers and
subcenters: first, it allowed us to detect the CBD and its northwestward extension rather
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than the supremacy of the historical CBD. Secondly, it helped us identify the emerging
subcenters located to the Southern as well as to the Northwestern part of the city.
Whether the middle-sized city is developed or developing its CBD can be
identified as a HH cluster centrally located, highlighting its monocentric structure;
nevertheless a developed city can be more monocentric, holding all other factors
constant, compared with a developing city (Dijon vs Hermosillo). Over time the trend
toward the CBD’s sprawl, observed in Hermosillo as well as in Ile-de France, was
throwing back and the number of employment subcenters increased in developed as well
in developing cities. However deep differences in specialization of employment centers
are consequence of its degree of development.
Therefore, even though a recent employment decentralization process has been
taking place, we can conclude that Hermosillo is still a monocentric city. Undoubtedly
this result is in contradiction with the idea of polycentrism that Hermosillo's Planning
Institute supports. We believe their misconception comes from the absence of
consideration for spatial effects in the methodology they rely on.
Future work aims at updating our results with the data of the 2009 economic
census which will be released at the end of 2011. Our goal will be to verify if
employment decentralization in Hermosillo is a lasting phenomenon or whether it only
reflects the economic crisis that took place in 2000-2001. Finally, we intend to use spatial
econometric techniques to estimate the density gradient which reflects by how much
employment density decreases with distance from the CBD (as in McMillen, 2001a and
2004; and Guillain and Le Gallo, 2009). This should complement our current results
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about the influence of the CBD and subcenters on the spatial distribution of employment
in Hermosillo.
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Table 1. Physical, social and economic characteristics in the city of Hermosillo
Variable
Areas (number of AGEBs)
City size (Hectares)
Population

1/

Inhabited Households
Inhabitants per House
Population Density (Hectares)
Number of Firms
Firm’s Size Average
3/
Total Employment
Forestry, fishing, hunting, & agriculture support
Mining & oil extraction
4/
Manufacturing
Water & electricity production
Retail & wholesale
5/
Services

1999/2000

2004/2005

Growth (%)

Surface Characteristics
254
364
13,619.30

1/

43.3%

15,511.70

13.9%

Demographic Characteristics
545,928
641,791
133,283
4.1

168,204
3.8

40.1

41.4

Economic Characteristics
16,538
17,082
6.9
6.4

1/

17.6%
26.2%
-6.8%
3.2%

2/

3.3%
-6.9%

113,956

109,628

-3.8%

29

213

634.5%

136

365

168.4%

30,624
756

23,244
884

-24.1%
16.9%

32,366

42,957

32.7%

50,045
8.4

41,965
7.1

-16.1%
-15.5%

Total employment density (jobs per hectare)
1/
Data are based on population census and population survey for 2000 and 2005, respectively.
2/
The information correspond to 1999 and 2004 Economic Census elaborated by INEGI.
3/
The information are disaggregated by sector (two digits) according with North America Industrial
Classification System (NAICS).
4/
As consequence of confidentiality agreement the data exclude employment in construction.
5/
Include professional services, but exclude services related with construction, transportation &
warehousing, finance, insurance & real estate, as well as government services.
Note: Elaborated based on INEGI.
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Table 2. Moran´s I statistics (standardized values) in Hermosillo in 1999 and 2004
(with weight matrix k4)
1999

Economic sector

2004

Moran’s I

p-value

Moran’s I

p-value

Forestry, fishing, hunting, & agriculture support

-0.006

0.640

0.118

0.006

Mining & oil extraction
Manufacturing

-0.010
0.196

0.632
0.001

0.070
0.210

0.026
0.001

Water & electricity production

-0.002

0.812

-0.001

0.952

Retail & wholesale

0.339

0.001

0.403

0.001

Services

0.646

0.001

0.718

0.001

Total Employment
0.549
0.001
0.661
0.001
Note: Calculations performed on GeoDa 0.9.5-i5 (1998-2004). Luc Anselin and The Regents of The
University of Illinois. All Rights Reserved.

Table 3. Summarizing LISA results, 1999-2004
Cluster
High – High
High – Low
Low – Low
Low – High
Not significant
Total Agebs
HH based on 1999
HH Based on 2004

1999

2004

Change in
the number

Number
27

%
10.6

%E
32.6

Number
39

%
10.7

%E
44.4

1
56
7
163

0.4
22.0
2.8
64.2

6.4
3.8
1.8
55.4

0
104
3
218

0.0
28.6
0.8
59.9

0.0
2.5
0.6
52.5

-1
48
-4
55

254
Areas
27
27

100.0
Avg.
3.500
6.226

100.0
StdDev
4.355
6.363

364
Areas
39
39

100.0
Avg.
2.542
4.689

100.0
StdDev
3.842
5.872

110
Cluster

104
104

0.331
0.258

0.068
0.033

LL based on 1999
56
0.349
0.051
LL based on 2004
56
0.172
0.075
Note: Elaborated base on local Moran´s I results.
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Table 4. Locational Quotient of employment in Hermosillo by econocmic sector
Economic sector

Historical CBD

CBD

1/

Subcenter 1
(Northwest)
1999
2004

Subcenter 2
(South)
1999
2004

1999

2004

1999

2004

Forestry, fishing, hunting, &
agriculture support

---

---

1.976

0.910

---

---

---

---

Mining & oil extraction

---

---

1.592

1.271

---

---

---

---

2/

0.557

0.036

0.288

0.457

Water & electricity production

---

---

---

---

---

---

---

---

Retail & wholesale

1.539

1.825

1.029

0.925

1.430

3.156

0.612

1.377

3/

0.941

0.719

1.430

1.394

0.404

0.571

0.563

0.779

3.266

1.543

2.527

3.291

1.854

1.843

1.613

3.377

Manufacturing

Services

Regional diversity Index

4/

1/

1.549 10.418 2.152

0.758

High locational quotient (above 1) indicate that a region is relatively specialized in a particular sector.
As consequence of confidentiality agreement the data exclude employment in construction.
3/
Include professional services, but exclude services related with construction, transportation &
warehousing, finance, insurance & real estate, as well as government services.
4/
Calculated in base on Duranton-Puga index. High index values represent a high degree of diversification
in an area and inversely.
2/

Note: Elaborated based on INEGI.
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APPENDIX B.- EMPLOYMENT DENSITY IN HERMOSILLO, 19992004: A SPATIAL ECONOMETRIC APPROACH OF LOCAL
PARAMETERS
Liz Ileana Rodríguez-Gámez*/

(Submitted to The Annals of Regional Science)

Abstract

This paper is an application of Geographical Weighted Regression (GWR) and the spatial
econometrics approach in order to test if the Central Business District (CBD) of
Hermosillo, Mexico maintains the tradition attributes of any employment center, namely
attracting activities and influencing the organization of all economic activities around it.
Therefore it analyzes the pattern of employment distribution through the 364 urban areas
in 2004 and 254 areas in 1999. The Lagrange Multiplier (LM) tests suggest significant
spatial autocorrelation in a Spatial Error Model (SEM), which is taking account to
captures the local spatial heterogeneity. Through the GWR-SEM approach employment
gradients were calculated among economic sectors, for global estimations, as well as, for
local gradients over time. The evidence shows that CBD influences the economic
activities in Hermosillo for total employment as well as for employment in retailing and
wholesale, services and manufacturing. However, the fall in employment from the CBD
does not follow the concentric pattern suggested by global estimations; it varies markedly
*/

Liz Ileana Rodriguez-Gámez is a PhD Candidate. School of Geography and Development, University of
Arizona. Email: lizrdgz@email.arizona.edu
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from one area to the next in different directions. Additionally, local estimators show how
in some sectors, such as in services and manufacturing, the employment rises rather than
falls with distance from the city center. The main contribution of this paper is to provide
the first detailed evidence on the role of local spatial effects in the distribution of
employment in a Latin American city, as well as show that the lack of attractiveness and
the spatial variations in the fall of employment density were masked by global
estimations.
Key words: GWR, local parameters, spatial econometrics, employment density.

1. Introduction

Modeling employment density has been a popular topic in the field of urban economics,
but recently the studies have brought interesting contributions such as the addition of
spatial effects and the local approach. The combinations of both effects have the
advantage of uncovering the relationship between employment density and distance from
the Central Business District (from now on CBD) for each specific location. In other
words, it measures whether the employment density gradient is uniform in all directions
or not. There are few applications of this framework and they have mostly focused on
large metropolitan areas in the US (see for instance McMillen, 2004; McMillen and
Lester, 2003) and in Europe (see for instance Guillain and Le Gallo, 2009 for Ile-deFrance). The only application for a medium or small size city is McMillen (2001), which
focuses on Milwaukee, WI.
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Spatial data frequently exhibits complex patterns that are difficult to capture, to
represent, and that cannot be explained using global statistics (Getis, 2007; Lloyd, 2007;
Griffith, 2000; Anselin and Bera, 1998). As such, in recent years there has seen a surge in
the use of Geographically Weighted Regression (GWR) models to integrate and examine
the spatial effects from a “local” point of view, as proposed by Brunsdon et al., (1996).
This method is helpful to demonstrate how a phenomenon varies markedly from an area
to the next and how global estimations may mask this spatial variation. However to solve
the problem of the presence of spatial heterogeneity in spatial data, which implies a gross
misspecification of reality, Páez et al., (2002a; 2002b) developed a general framework to
incorporate spatial effects into the GWR approach, such as 1) GWR with a spatially
lagged or Spatial Autoregressive Model (GWR-SAM) and 2) GWR with autocorrelation
in the Spatial Error Model (GWR-SEM). That framework implies a model of “locational
heterogeneity” or non-stationarity in a specific geographic location (focal point o).
Based on this framework, local employment gradients can be calculated in order
to test if the CBD maintains the tradition attributes of any employment center, namely
attracting activities and influencing the organization of all economic activities around it,
regardless of whether the city is monocentric or polycentric. While the urban economy
theory suggests that in a suburbanization context the influence of the CBD declines
(Mills, 1972; Muth, 1969), several studies argue that, in developed metropolitan areas,
suburbanization reinforces the supremacy of the CBD (see Shearmur and Coffey, 2002,
Coffey and Shearmur, 2001, for Canadians cities, or Guillain et al., 2006, for the region
of Paris, France).

113
The study is focus on the influence of the CBD in shaping the employment
distribution in a medium-sized Latin American city: Hermosillo, Mexico. Given a
previous work, based on spatial statistics, Rodríguez-Gámez and Dall’erba (2010)
indicated the presence of both spatial association and spatial heterogeneity in the
distribution of employment density across urban areas or AGEBs (área geo-estadística
básica) according to Mexican Bureau of Statistics (Instituto Nacional de Estadísitica,
Geografía e Informática [INEGI by its acronym in Spanish]). It reveals the shaping of a
huge CBD, as well as the emergence of new high employment areas to the northwestern
and southern parts of the CBD, according with the most recent data (1999 and 2004)
analyzed by the authors. In spite of these findings, it is difficult to draw any general
conclusion about Hermosillo’s CBD influence on organization of economic activities
inside the city. As such, I intend to uncover whether the CBD´s influence has been the
same for all sectors and in all directions around the CDB.
To evaluate the CBD´s influence in shaping the economic activities as well as its
attractiveness across the urban areas in Hermosillo, this paper is organized as follows.
Section 2 provides a review of employment distribution functions, as well as how the
GWR and spatial econometric approaches can be incorporated to analyze the urban
employment density. Section 3 describes the study area, the data and the weight matrix
used to model spatial effects. Section 4 shows global estimators for employment density
gradient to test the CBD’s influence using a spatial econometric approach. Section 5
proposes a spatial and local econometric approach that measures the “local” employment
density gradients in each area. The paper ends with summary and concluding comments.
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2. The urban density function

Geographic distribution of employment and its spatial relation can be better understood
by modeling urban density and its declining pattern with distance from the CBD, as a
single explanatory variable in a monocentric city (Alonso, 1964; Mills, 1972; Muth,
1969). Even when a large variety of models have been developed to characterize urban
density (see for instance McDonald and Bowman, 1976; McDonald, 1989; Smith, 1997;
Anas et al., 1998; and Glaeser and Kahn, 2001, for a literature review), the main
candidates to measure the density are the negative exponential function (see equation 1)
popularized by Clark (1951), and the inverse power function (see equation 2) proposed
by Smeed (1963) (Torrens and Alberti, 2000; Chen, 2008). Both exponential and power
functions are based on the assumption that density declines monotonically (the change is
the same in all directions) at a rate of -. These two equations can be described as follow:

D i  D CBD e  u i   i

(1)

D i  D CBD u    i

(2)

where Di is the employment density of observation i (area) measured as the number of
employees per hectare, DCBD is a constant of proportionality, γ is the density gradient
which measures the proportional rate at which employment density falls with distance ui
between area i and the CBD; in equation 1 the constant DCBD is the employment density

115
at the CBD which is equal to the central density (ui=0), however it does not have the
same meaning in equation 2.1 The random error term, εi, is assumed to follow the usual
properties (iid). All distances are measured in straight-line from the CBD´s centroid to
the centroids of each area i.
According to the literature, the inverse power function leads to a more precise
interpretation of  than the negative exponential parameter, but its role is similar. Under
an exponential function, the value of - is the percentage decline in density per unit
distance (i.e., one mile or one kilometer), while under the power function the value of -
can be interpreted as elasticity: the ratio of the percentage change in the density over the
percentage change in the distance from an area. However, in both cases  represents a
measure of attenuation of density across space, and allows us to compare gradients.
Under negative exponential function a lower intercept and flatter gradient over time
characterize the urban sprawl and the suburbanization trend. While using an inverse
power function, γ can be interpreted as a measure of degree of sprawl (Torrens and
Alberti, 2000). Therefore, a lower employment gradient mean a high degree of sprawl
and, consequently, a suburbanization process can be taking place over time.
There is no answer to the question of which function is more appropriate to the
measurement of density gradient. For many authors the inverse power function is the
most appropriate form (Batty and Kwang, 1992; Torrens and Alberti, 2000; Chen, 2008)
contrary to conventional practices, which are largely based upon the negative exponential
1

The function cannot be evaluated when ui=0, because the function Di (0) is infinite at this value. This has
been one of the main reasons for researchers preferring the negative exponential function (see Batty and
Kwang, 1992). However problems can easily be dealt with by translating the origin of system to a value of
ui > 0 (i.e., ui = 1), which means percentages of change when distance changes 1%.
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function. According to Batty and Kwang (1992), two reasons explain why the inverse
power function is the most appropriate functional form. First, the inverse power function
has a tendency to over-predict in areas close to the CBD, while the negative exponential
function generally does a poor job at predicting central densities; it is an important
attribute to model employment densities because jobs are distributed around the CBD and
not in a single area. Second, in Western cities the fall-off in the urban density is likely to
be great near city boundaries, even higher than the negative exponential function is able
to predict. This is also coherent with the spatial structure in Latin American’s cities, in
which an important amount of employees are localized in peripheral subcenters such as
the industrial area, the zone of the airport, etc. (Griffin and Ford, 1980). Therefore the
inverse power function must be used to model peripheral urban densities (Torrens and
Alberti, 2000).

2.1 Geographically weighted approach and spatial effects

According to Griffith and Wong (2007), three important conceptual changes have
occurred since the pioneering work of Clark (1951). The first change focuses on
accurately modeling urban density from deriving the best mathematical equation to
describe it (see McDonald, 1989). The second change is the re-conceptualization from
monocentric to polycentric form (see Griffith, 1981; Griffith and Wong, 2007). The final
change offers a more complex model specification considering the presence of spatial
autocorrelation and linear weighted regression (see Páez et al., 2001; McMillen, 2001,
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2004; McMillen and Smith, 2003; Guillain et al., 2006; Griffith and Wong 2007; Guillain
and Le Gallo, 2009).
Studies mentioned above incorporate in their methodology the use of nonparametric approaches which offer significant advantages over simple linear regression
procedures. Geographically weighted regression (GWR) is a locally weighted, linear, and
non-parametric regression method aimed at capturing, for each observation (area), the
spatial variation of the regression coefficients. This approach works by assigning a
weight to each location depending on its distance (concept of distance decay) from a
specific geographical location (the focal point). It is made operational through a kernel
function to determine the size window that will produce sub-samples of data around
specific points. Specifically, Páez et al., (2002a, 2002b), proposes the GWR as a model
of error variance heterogeneity with a precise geographical interpretation called
locational heterogeneity. In order to avoid spatial model misspecification the GWR has
been extended to include spatial association components (lagged and error structure) to
conduct local spatial analysis and modeling.
Generally speaking, spatial models incorporate spatial lag operators through a
weight matrix, the objective of which is to relate a variable at one point in space to the
observations for that variable in the other spatial units in the system (Anselin, 1988). For
instance, a spatial lag or Spatial Autoregressive Model (SAM) incorporates a spatially
lagged dependent variable (WY) on the right hand side of the regression model (see
equation 3), while spatial autocorrelation or Spatial Error Model (SEM) is modeled
through a spatial autoregressive process for the error term (W) as in equation 4.
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According to Anselin’s notation (1988), the global spatial models are described as
follows:

Y  WY  X  

(3)

Y  X  

(4a)

   W  

(4b)

where Y is the vector of dependent variable (nx1), X is the vector of independent
variables (nxK),  is the vector of parameters corresponding to K explanatory variables
(Kx1). The spatial autoregressive parameter is  which captures the extent of spatial
autocorrelation between various observations, while  captures the impact of the errors
(e.i. random shocks) taking place in neighboring areas. W is an interaction matrix (nxn)
defined by some geographical criteria (no stochastic and row-standardized). Finally  and

 are error terms, spatially autocorrelated and independent [i~N(0,)], in contrast to the
variance homogeneity [i~N(0,2I)]; the general covariance structure is given by the
diagonal elements (wii) in the matrix  which imply variance heterogeneity.
To model error variance heterogeneity under local perspective Páez et al., (2002a)
proposed a precise geographical interpretation through GWR to model locational
heterogeneity that may result in parametric variation of estimators across space.
Locational sub-index o (o=1…m) is adopted to indicate that parameters are location
specific (m is the number of local models being estimated). The diagonal elements in
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matrix o at a focal point o (see equation 5) is given by woi in equation 6; where doi is the
distance between a focal point o and area i (i=1…n) assuming a distance-decay function
(n is the number of areas in each sub-sample). In this case, the variance is a function of
two parameters, o² and αo called kernel bandwidth, when αo = 0 the model reduces to the
usual constant variance assumption. In order to test the heteroscedasticity for each focal
point o, Páez et al., (2002a, 2002b) suggest compute the Lagrange Multiplier test (LM).
Therefore spatial effects and locational heterogeneity are both considered in Páez’s
approach.

 o   o2 G o

(5)

woi   oi2 exp( o , doi2 )

(6)

The GWR model with spatial autoregressive structure, labeled GWR-SAM is
described in equation 7; while a GWR model with spatial error structure, labeled GWRSEM is described in equation 8. The GWR uses a moving window (weighted according
to geographical distance in equation 6) over spatially distributed observations to produce
sub-samples of data around specific points (focal point o). The LM test can be easily
computed for locational heterogeneity evaluation and test if the parameters of the model
depend on location. The notation for local employment density analysis is performed
taking logs in both sides of equation 2 and incorporating the spatial effects (equations 3
and 4), which are described as follows:
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n

ln D i   o  W oj ln( D i )  D CBD   o ln( u i )   o

(7)

ln D i  D CBD   o ln( u i )   o

(8a)

j i

n

 o   o  W oj  j   o

(8b)

j 1

where o and o are spatial parameters in each focal point o and areas in the sample
(i=1…j the number of observations used for each regression) according to the kernel
bandwidth. The error terms o and o in GWR-SAM and GWR-SEM respectively have a
variance structure as in equation 6. Note that the distance matrix to model variancecovariance matrix of the error terms in o and o is also a weight matrix itself but it obeys
to a different criterion: it is based on a weight matrix (mxn) of distances from m focal
points to n observation (see equation 6). At the same time a geographically weighted
specification is needed to model spatial dependence (see equations 3 and 4); it is a weight
matrix (nxn) interaction to model spatial dependence which is determined exogenously
and defined on the basis of the geographical configuration of the observation and some
interaction criteria.
There is one important technical limitation to the GWR, which is the lack of a
method to estimate kernel bandwidths (Wheeler and Tiefelsdorf, 2005; Páez et al., 2002a;
2002b). However methods of calibration which control the size of the window and the
number of observations in the sub-sample, are more important because GWR is sensitive
to the choice of bandwidth, as well as weighting procedures (Bitter et al., 2007). On the
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other hand, one of the primary advantages of GWR is its ability to easily map and
visualize the local regression coefficients (Wheeler and Tiefelsdorf, 2005; Bitter et al.,
2007). Also, the tool is very useful to detect spatial outliers (intense spatial association)
and to reveal spatial patterns (Páez et al., 2002a). The simplicity and power of the model
is particularly attractive and is easy to interpret based on all elements and diagnostics of a
traditional (global) regression model (Páez et al., 2002a). Moreover, GWR models
explain considerably more variance than Least Square methods (Ogneva-Himmelberger
et al., 2009).

3. Study area and data

Hermosillo is the capital city of Sonora, a Northwestern Mexican State (see map 1).
Established in 1741, Hermosillo is a medium size city with a population of 715,061
inhabitants in 2010 (INEGI, 2011). According with the projections of Hermosillo’s
Planning Institute (Instituto de Planeación Municipal [IMPLAN by its acronym in
Spanish]) the population density has actually increased by 23%, from 39 to 48 people per
hectare, while over the next two decades the projections indicate that the city will
experience a 39% increase and 27% increase in its urban surface and population,
respectively (IMPLAN, 2006). Considering the percentage of employment by economic
sector in the city the most important activities in 2004 were retail and wholesale (39.2%),
services (38.3%), and manufacturing (21.2%) (Rodríguez-Gámez and Dall’erba, 2010).
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In face of the incipient employment suburbanization process that took place in
Hermosillo during the period of study, the CBD keeps its importance, in spite of the
emergence of two employment subcenters to the southern and to the northwester parts of
the CBD in 2004, as well as its expansion over time (Rodríguez-Gámez and Dall’erba,
2010).2 As the authors pointed out, these findings are result of a positive spatial
autocorrelation, which is an increasingly important element over time, especially for
retail and wholesale activities. However, how the CBD and these subcenters impact and
influence the economic activity in the city is not considered by IMPLAN.
Our data come from the Economic Census published by the Mexican Bureau of
Statistics (Instituto Nacional de Estadística, Geografía e Informática [INEGI by its
acronym in Spanish]). The latter data available, at the urban level, are from 1999 and
2004. It reports how many and where the employees work based on each firm´s
information (INEGI, 2007). This dataset was joined with the most recent cartography
available, which divide the city into 364 areas or AGEBs (the smallest spatial scale for
the economic census) in 2004, and 254 AGEBs in 1999. It contains information of an
AGEB’s surface, measure in hectares (Ha), in order to calculate the employment density
in each area while distances are measured in kilometers as a straight-line between each
AGEB and the CBD. Also, to obtain a general picture of the distribution of employment
in Hermosillo the analysis includes the employment density for total employment as well
as for the following economic sectors: 1) forestry, fishing, hunting, and agriculture

2

The study uses the Exploratory Spatial Data Analysis (ESDA’s tools) to investigate where the CBD and
other employment centers are. The paper uses Local Indicator of Spatial Association (LISA) to identify an
employment center and potential subcenters.
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support, 2) mining and oil extraction, 3) water and electricity production, 4)
manufacturing, 5) retail and wholesale, and 6) services.3
Finally, in order to test the presence of spatial dependence and implement the
appropriate spatial econometric analysis, spatial interactions between areas need to be
modeled. The general measure of the potential interaction between two spatial units is
expressed in a row-standardized spatial weight matrix. The specification of the weight
matrix is, to some extent, a matter of some arbitrariness and is often cited as a major
weakness of the lattice approach (Anselin, 2002). Although choosing the appropriate
weight matrix in any given situation remains an empirical matter, but in most
econometric applications the neighbors are contiguous spatial units (Anselin, 2002).
Therefore the selection of this criterion, based on the binary contiguity option (queen
weight matrix), comes to the fact that it is the original measure of spatial dependence, as
well as from the robustness of our results when testing the appropriate spatial dependence
structure.

4. Global results

The previous work of Rodríguez-Gámez and Dall’erba (2010) suggested the presence of
spatial dependence and spatial heterogeneity in employment distribution in the city of

3

The information is disaggregated by subsector (two digits), according with North America Industrial
Classification System (NAICS); however, data at the AGEB’s level exclude information in construction,
transportation and postal activity, as well as services related with construction, transportation and
warehousing, finance, insurance and real estate, and government services.
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Hermosillo. However, as Griffith and Wong (2007) pointed out the reliability of
inferences made using density functions may be affected by the presence of spatial
autocorrelation. Therefore the first task is to investigate the presence of some form of
spatial dependence: SAM or SEM. In order to detect the appropriate form of spatial
autocorrelation, the Lagrange Multiplier (LM) test suggested by Anselin and Florax
(1995) for lag (LM-LAG) and error (LM-ERR) models and their robust version (RLMLAG and R-LMERR respectively) were calculated, following the decision rule
described by Anselin et al., (1996). 4 The LM tests for total employment, retail and
wholesale, as well as services suggest the presence of spatial error autocorrelation rather
than a spatial lag (see table 1) while the LM tests for the rest of the sectors are not
conclusive.
The next step consists in estimating the employment density based on spatial error
model (SEM), as in equation 4a and 4b. The global spatial results are presented in table 2
based on inverse power function, for both years and for the six sectors under study. The
density gradient (γ) for total employment is negative and strongly significant, which
confirms the attractiveness of CBD and its influence to organize the economic activity
around it. In 2004, the value of γ indicates that employment density decreases by 62.1%
(γ = - 1.621 + 1 = - 62.1%) when the distance from the CBD changes (i.e., in 100%),
while in 1999 employment density decreases by - 82.5%; as a consequence the CBD is

4

If LM-ERR (resp. LM-LAG) is more significant than LM-LAG (resp. LM-ERR) and R-LMERR (resp.
LM-LAG) is significant where R-LMLAG (resp. LM-ERR) is not, then the most appropriate model is the
SEM (resp. SAM). If the LM test is no conclusive, then OLS is sufficient for modeling the spatial
dependence.
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attractive for total employment (see table 2).5 If γ is interpreted as an attenuation of
density, lower employment densities mean that a suburbanization process took place in
Hermosillo between 1999 and 2004.
However the CBD’s attractiveness depends on the economic activity under study.
For retailing and wholesale (- 36.3% in 1999 and - 15.7% in 2004), as well as for services
(- 54.8% in 1999 and - 21.7% in 2004) the CBD still influences the distribution of
employment. Moreover the CBD was also attractive for both years, 1999 and 2004, and
these sectors had been experiencing a decentralization of employment. In manufacturing,
the density gradient suggested that the CBD influences the distribution of employment.
However in 1999 the employment density for manufacturing registered an increase (γ = 0.551 + 1 = + 44.9%) rather than a decrease; which means that the CBD is not attractive
for manufacturing, the same tendency was observed in 2004 (+ 31.3%). In other sectors
the CBD was not attractive for employment, although it is governed by the distance from
the CBD. Overall, retailing and wholesale registered the higher degree of sprawl
(decentralization of jobs).
On the other hand, the spatial coefficient  measures the intensity of spatial
dependence across residuals. It was always significant at the 95% confidence level in
2004 and 1999 for the most important economic sectors in the city. However the value of
 was not always positive: a negative value of  which indicates a competitive effect
between neighboring areas for activities that are place-based (i.e., dependent on the
location of a production site which are not everywhere). The value of spatial
5

As was mentioned before, the DCBD cannot be interpreted as the central density. Our variable of interest is
the density gradient (γ), from which the gradient interpretation is +1 (first derivative).

126
autocorrelation phenomenon was greater for total employment than for the six sectors
under study. Over time  was less important in 2004, especially for manufacturing which
registered the highest decrease in the value of  (see table 2).
Even when the significance level and the sign of the global estimated density
gradient is the expected one, in the most important sectors, a local analysis of density
gradients is still relevant. Actually, it is important to know if the CBD’s influence and
attractiveness suggested by global gradients may mask large local disparities in  and 
due, for instance, to different patterns along with different distances and/or directions
from the CBD. Additionally the decentralization process that took place between 1999
and 2004, as well as the polarization of jobs suggested by the values of global gradients,
can adopt different patterns in the city, which are interesting to uncover. These patterns
were captured through GWR with spatial effects in the next section.

5. Local results

The way in which locational heterogeneity and spatial dependence are captured in one
area can be completely different across space, sector, and even over time. When spatial
heterogeneity is unknown, the Lagrange Multiplier (LM) can be conducted to know the
dominant spatial effect according to the adjustment proposed by Páez et al., (2002a).6
The size of the LM tests in table 3 suggests the SEM is the dominant effect that took
place in Hermosillo, over 1999 and 2004, for total employment as well as for
6

Thanks Antonio Páez for his knowledge and sharing the Matlab programs used to estimate local models,
as well as Julie Le Gallo for her invaluable comments during this stage.
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manufacturing, retail and wholesale, and services; while the LM tests for other sectors
were not significant for all areas. Although the small differences among LM tests for lag
and error models, local results for LM tests were consistent to what was found with
global models.7 The LM tests for locational heterogeneity (LM-LH) were also significant,
as a consequence the variance and all the other parameters of the model depend on
location. It means that GWR-SEM describes the data significantly better than global or
other local spatial regression models.
In order to get insights about the attenuation of density () in all directions from
the CBD, the local gradients were calculated based on GWR-SEM (see equations 8a and
8b). Now the employment density function is better specified and it incorporates
locational heterogeneity in the analysis. It was calculated for total employment in each
AGEB as well as for the three sectors in which local heterogeneity was statistically
significant (i.e., estimated parameters depend on location). The analysis was also
conducted for both years to draw comparisons over time and conclude about the degree
of sprawl.
The variable of interest is the value of local gradients (), which indicates the
attenuation of density at a rate of , as one moves from the city center to the periphery;
therefore the expected values of gradient will be higher in the peripheral areas. Based on
the local gradients for total employment density (see map 2), the results showed a
negative and significant employment gradient for all AGEBs at 95% significance level

7

The tests were statistically significant at 95% level, for all areas and for total employment, as well as for
manufacturing, retail and wholesale, and services. These economic sectors concentrate 98.7% of total
employment in the city.
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(for those areas with a significant locational heterogeneity). Therefore the CBD was
attractive and influenced the distribution of employment in Hermosillo in 1999 and 2004.
The geographic distribution of local gradients suggests that the fall in total
employment density was not uniform in all directions around CBD. The overall pattern
was more concentric in 2004 than in 1999 (see map 2). In 2004, the local employment
gradients are less pronounced to the north and along the northeast corridor from the CBD
(toward northern exit that connects the city with the international road No.15). Moreover,
the density gradients increase more rapidly to the south and the west of the CBD (i.e.,
toward the zone of the airport, where population is concentrated).
Comparing the results over time, if a local gradient registers a higher (resp. lower)
absolute value, this indicates a quick (resp. slow) attenuation of density, or a tendency
towards concentration (resp. suburbanization) of employment. Based on this
interpretation, important findings on the geographic distribution of local gradients were
found. First, for each area in 1999 the value of the gradient was less than what it was in
2004: gradients in 1999 oscillated between 53.86% and 70.96% while this range was
68.94% to 105.18% in 2004 (see map 2). In other words, the global result masks
important heterogeneity in terms of direction and sectors of employment.
Second, in 1999 the local gradients increased slowly and without deep differences
to the northwester side of the CBD toward the outskirts of Hermosillo, while the local
gradients increase quickly to the southwest of the CBD. However, in 2004 the local
gradients, in the same areas, showed a more pronounced fall of employment density, they
were deeper along the northwest corridor. Third, local employment gradients to the
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southeast of the city, where industrial area is located, showed higher gradients in 2004
than in 1999. It indicates that employment in that area and between their neighbours was
more polarized in 2004. Moreover, in 1999 the decay pattern of employment density to
the southeast of the CBD was not progressive. Local gradients showed that, even when
distance governs the employment density from the CBD, clear differences can be
observed in the same direction. However this pattern was reversed in 2004.
The same analysis was performed at the sectorial level in order to determine
whether the CBD’s influence and attractiveness differs by economic activity. Effectively
the situation was very different from one sector to another. Firstly, the CBD influenced
the spatial organization of employment in retailing and wholesale activity for both years
of analysis, and it was attractive for employment. The geographical distribution of local
gradients for these economic activities is quite similar to that of total employment over
time (see map 2 and 3). However, the percentage of change in local gradients for this
sector did not increase to the west as quickly as for total employment, but the highest
decreases of employment density for retail and wholesale employment were localized to
the southern part of the city and the zone of the airport in 2004, contrary to the
northwestern outskirt in 1999. Apparently this change in highest gradient’s pattern
indicates more retailing activities developing to the northwest at the end of the period of
study. Again, the distribution of local employment gradients, for retailing and wholesale,
showed low values to the northeast of the CBD and its distribution was concentric,
especially to the northwest and south of the CBD. Moreover all areas in the city had
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higher gradients in 2004 as was observed for total employment, which indicate a
polarization of jobs.
Secondly, the CBD influenced the spatial distribution of employment in services,
following a concentric pattern (see map 4). However, in 2004 some central areas showed
a lack of attractiveness (positive local gradient); and the CBD’s attractiveness showed a
different pattern to different directions from it (see map 4). However the CBD and its
zone of influence, around 2 km radio from it, as well as along its northeast corridor,
showed positive local gradients. This indicates that the employment density in services
increases rather than decrease: these changes oscillated between 0 and 40.6%. In those
areas, the CBD was not attractive for employment in services; this repellent effect was
not observed through the global results that showed a decay pattern in this sector for all
areas.
The higher decreases in employment density for services were registered to the
northwest and along the north-south corridor, but local gradients were higher to the north
and northwest of the CBD rather than to the south. In contrast to previous geographical
distribution of local gradients, the employment density in the zone of the airport (i.e., to
the west side of the city) showed in 1999 less percentage of change compared to the
neighboring areas. This employment subcenter for services broke with the pattern
observed to the northwestern of the city. Moreover deep differences were observed to the
southeast of the CBD, as one move from the city center to the industrial area. Comparing
both years, the changes in local gradients suggest that more employment in services were
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(re)located to the south or in other more concentric areas rather than to the northwest;
therefore a polarization of jobs was taking place outside the central area of the city.
Finally, the geographical distribution of local gradients for manufacturing reveals
some interesting findings too (see map 5). Although LM-LH tests were strongly
significant for all areas, the overall pattern indicates a weak influence of CBD, as well as
a lack of attractiveness. The CBD had a weak influence in the distribution of employment
for manufacturing, only 38.2% of total local gradients (97 AGEBs) in 1999 were
significant at the 95% level, and in 2004 this influence almost disappeared. The lack of
significance, across AGEBs, might be result of the US manufacturing crisis in 20002001; as a consequence of its closely tied, the employment in Hermosillo registered a fall
of -24.1% over 1999-2004 (Rodríguez-Gámez and Dall'erba, 2010).
The geographic distribution of local density gradients show that employment was
mostly located to the west, southwest and south of the CBD in 1999; while the industrial
area (i.e., to the southeast of the city) was not statistically significant. These results imply
that the CBD had influenced the location of employment in manufacturing but just for
medium or small factories, which assemble and “re-export” manufactured products free
of tax (maquiladora industry) and can be (re)located easily in any location around the
city.
On the other hand, the positive sign of local gradients showed that the CBD was
not attractive for employment in manufacturing and the CBD’s influence was not the
same in all directions (see map 5). As a consequence of the repellent effect, the
employment density increased more rapidly to the west of CBD and less pronounced to
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the southeastern part of the city. Moreover, the employment density rose more quickly
(highest gradients) to the north and northeast of CBD than in any other direction. In this
case, global results masked the direction of CBD’s influence, as well as the differences
presented when one moves to the south of CBD.

6. Conclusion

Employment distribution in Hermosillo exhibits complex patterns because employment
density is spatially conditioned, that means the density of employment in one location is
partially affected by the density in neighboring locations. After conducting a LM test to
uncover the appropriate structure of spatial dependence, the spatial error model was
calculated using a maximum likelihood approach. In order to analyze the influence and
attractiveness of the CBD on the distribution of employment density, this paper calculates
global and local gradients over time (1999 and 2004) and among economic sectors.
The global results indicate the CBD had a significant and widespread influence on
employment densities in Hermosillo; moreover, the CBD’s attractiveness was registered
in the most important economic sectors in the city. This was also true for retail and
wholesale, services, and manufacturing which were the most important economic sectors
in the city since these concentrated the 98.7% of total employment. The estimations
indicated that the CBD dominates the spatial patterns of employment (distance-decay),
but its influence varies across space, among economic sector, and over time. The results
of global gradients showed that a suburbanization process took place for total
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employment from 1999 to 2004. Over time and across sectors, the spatial error
autocorrelation parameter lost its importance, indicating that a random shock in one area,
which affects the area in which it takes place and also all the other areas of our sample, is
small.
However these global results were masking local patterns. The geographic
distribution of local gradients showed different patterns between years at different
directions of CBD. Mostly, local results displayed a concentric pattern which decreased
progressively towards the north-south corridor in 2004 rather than in 1999. Moreover, the
density gradient for retail and wholesale decreased more quickly in the south of the city.
In the case of services the global gradient suggested a decentralization of employment
when the analysis at the local level displays a low degree of sprawl (i.e., concentration of
employment), as well as a mixed pattern of attractiveness in 2004: around CBD and to
the northwest of it the employment density increases, otherwise the employment falls.
For manufacturing both global and local analyses suggest that a decentralization
of employment had been taking place to the point where the CBD did not influence the
distribution of employment in manufacturing anymore in 2004. Added the spatial
parameter becomes more important (highest diffusion effect across error term). The
analysis at the local level also shows that the influence of the CBD was present only to
the west, southwest and south to the CBD; and its attractiveness had deep differences
along southeast corridor, probably due to the increasing influence of another employment
center in the industrial area. This lack of attractiveness in manufacturing and in services
can obey the relationship between personal services and manufacturing activity.
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These results are important because they present the first detailed evidence on the
role of local spatial effects in the distribution of employment density in a medium-sized
Latin American city. Our results should help public authorities to influence and organize
the decentralization of economic activities. The paper shows that the influence of the
CBD increased during the period of study, but we do not know whether this reflects a
permanent process or whether it was a consequence of the crisis in manufacturing. As
such, future research could provide a deeper understanding of the suburbanization
process by testing whether Hermosillo exhibits a polycentric urban form. Also, the new
researches need update the analysis with the most recent and disaggregated employment
data, based on the 2009 economic census which will be available in 2012. This approach
will help to confirm if employment polarization in the city is a permanent phenomenon or
not, as well as to capture better all the differences among economic sectors.
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Table1. Lagrange Multiplier (LM) tests for total employment and economic sectors in Hermosillo

1999

LM-LAG
R-LMLAG
LMERR
R-LMERR

2004

LM-LAG
R-LMLAG
LM-ERR
R-LMERR

T otal

Forestry, fishing,
hunting, and
agriculture support

Mining & oil
extraction

Water & electricity
production

Manufacturing

Retail &
wholesale

Services

152.976
(0.000)
0.487
(0.485)
159.979
(0.000)
7.490
(0.000)
299.803
(0.000)
0.046
(0.829)
307.752
(0.000)
7.995
(0.005)

0.071
(0.789)
(0.000)
(0.981)
0.071
(0.789)
0.000
(0.985)
4.445
(0.035)
1.659
(0.198)
4.321
(0.037)
1.534
(0.215)

0.188
(0.644)
0.196
(0.658)
0.200
(0.654)
0.207
(0.649)
0.150
(0.900)
0.133
(0.714)
0.018
(0.891)
0.137
(0.711)

0.283
0.595
0.511
(0.474)
0.297
(0.586)
0.525
(0.468)
0.266
(0.605)
7.608
(0.006)
0.305
(0.580)
7.647
(0.005)

30.821
(0.000)
0.090
(0.764)
30.774
(0.000)
0.043
(0.835)
131.405
(0.000)
4.306
(0.038)
128.226
(0.000)
1.127
(0.288)

142.658
(0.000)
1.466
(0.226)
149.912
(0.000)
8.720
(0.003)
227.282
(0.000)
2.168
(0.141)
235.756
(0.000)
10.639
(0.001)

126.266
(0.000)
0.224
(0.636)
134.363
(0.000)
8.320
(0.004)
266.900
(0.000)
0.170
(0.679)
279.215
(0.000)
12.486
(0.000)

Note: P-values in round brackets. LM -LAG stands for Lagrange M ultiplier test for a spatial lag and R-LM LAG is its robust version. LM ERR
stands for Lagrange M ultiplier test for spatial error and R-LM LAG is its robust version.
Source: Elaborated based on INEGI (2007).
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Table 2 Maximum Likelihood (ML) estimations for global employment density functions with spatial error model (SEM)
Parameter

1999

DCBD

Forestry, fishing,
hunting, and
agriculture support

4.599**

0.048**



 1.825**

- 0.021*



0.843**

0.124*

²

Water and
electricity
production

Mining and oil
extraction

0.079**

0.035*

Manufacturing

Retail and
wholesale

Services

1.464**

3.387**

3.562**

 0.036**

 0.016

 0.551**

 1.363**

 1.548**

0.034

 0.038

0.666**

0.783**

0.797**

0.283

0.005

0.008

0.007

0.186

0.244

0.154

4.470**

0.011*

0.027**

0.039*

1.802**

2.982**

3.555**



 1.621**

- 0.005*

 0.012*

 0.018

 0.687**

 1.157**

 1.417**



0.768**

- 0.045*

 0.104*

 0.040*

0.477**

0.736**

0.695**

²

0.393

0.000

0.002

0.010

0.425

0.255

0.281

DCBD
2004

T otal

*/ Inverse power density function was used.
Note: Symbol ** denote significance level greater than at 99%, while * indicates significance level between 95-99%, otherwise not
significant.
Source: Elaborated based on INEGI (2007). Calculations were performance in M ATLAB 7.9.0 (R2009b), using Spatial Econometrics
Toolbox in M atlab (LeSage, 1999).

Table 3 LM tests (maximum) of spatial autocorrelation in GWR and locational heterogeneity (LH) in GWR-SEA model
1999

2004

Sector
LM-LAG

LM-ERR

LM-LH

LM-LAG

LM-ERR

LM-LH

Total Employment

2,525.80

2,534.30

2,022.70

2,615.80

2,733.20

2,217.40

Manufacturing

8,210.30

8,213.50

7,185.60

5,709.50

5,718.40

4,754.50

Retail & wholesale

2.423.7

2,430.00

2,498.40

2,738.30

2,798.80

2,755.60

Services

2,717.30

2,729.30

2,730.10

2,803.50

2,823.40

2,619.70

Notes: In 1999 the total number of observations was 254 and 364 for 2004. All the LM tests were significant at 95% level. LM -LAG
is the LM test for an omitted spatial lag in the GWR model, LM -ERR is the LM test for an omitted spatial error autocorrelation in the
GWR model and LM -LH is the LM test for locational heterogeneity in the GWR-SEA model.
Source: Elaborated based on INEGI (2007). Calculations were performance in M ATLAB 7.9.0 (R2009b), following the codes
elaborated by Antonio Páez, according to Páez, et. al. (2002b).
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APPENDIX C.- COMMUTING IN A DEVELOPING CITY: THE CASE
OF CIUDAD OBREGON, MEXICO
Liz Ileana Rodríguez-Gámez*/ and Daoqin Tong**/

(For submission to Journal of Transport Geography)

Abstract

While extensive studies have been conducted on commuting patterns in cities in
developed countries, very few have investigated the complexity of commuting in
developing countries. As a contribution to the commuting literature, this paper presents
an analysis of commuting in Ciudad Obregon, Mexico, based on the survey Employment
and Quality of Life (E&QL) conducted by El Colegio de Sonora in 2008. Given that the
data has a hierarchical and nested structure, we use a multilevel approach to 1) measure
the impact of a set of explanatory variables, including demographic and socioeconomic
factors, mode choice and regional characteristics, on the commuting behavior in the city;
and 2) capture the interdependences among different levels of aggregation. In particular,
we included workplace characteristics (e.g., size, the business nature, and work time) in
the analysis to gain insights into the associated effects on commuting, which are often
neglected in existing studies. The novelty of including the business nature (private
business vs. public offices) showed great and positive effect on the length of commuting
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distance. While some results demonstrated consistency with the existing literatures in
developed countries, income proxy variables showed an opposite effect, and others, such
as age, occupation and education were found to be not significant. Results indicated that,
although space is important for explaining the observed commuting patterns, the workerrelated factors at individual level are stronger. Meanwhile, the inclusion of randomeffects to quantify and test contextual variability in commuting behavior indicated that
mode choices, university education, and workers in manufacturing contribute differently
in explaining the corresponding impacts in various urban areas.

Key words: commuting, multilevel analysis, developing cities, travel mode choice, OD

patterns.

1. Introduction

One challenge confronting urban planners today comes from the complexity of
commuting due to the increasing geographic separation of homes from workplaces. With
an increase in polycentric distribution of people and employment, commuting patterns
become less predictable and stable. Although over the past decades commuting has been
widely studied in urban economic literature, there still exist several gaps. First, existing
studies primarily focus on explaining commuting variations without any reference to their
workplaces’ characteristics (see Schwanen et al., 2004 as an exception). Second,
although commuting behavior clearly involves some hierarchical levels of analysis,
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ranging from individual workers to the metropolitan region, it is still drawn from
aggregate level statistics alone. Notable exceptions are the studies of Miranda and
Domingues (2010) for Belo Horizonte, Brazil; Zolnik (2009 and 2011) for U.S.
metropolitan areas; Bottai et al., (2006) for Pisa, in Italy; Mercado and Páez (2009) for
Hamilton, Canada; and Schwanen et al., (2004) for The Netherlands. Finally, most
investigations are based on US or European cities, whereas evidence from Asia or Latin
America is scarce. For developing countries, few studies have used a quantitative
approach to analyze commuting behavior (see Medina and Domingues for the
metropolitan area of Belo Horizonte, Brazil; Song Lee and McDonald, 2003 for South
Korea; Alpkokin et al., 2008 for Istanbul, Turkey; Zhao et al., 2011, for Beijing; and Pan
et al., 2009, for Shanghai). However, to the best of our knowledge, no research has
examined the case of a medium-sized city in a developing country, like Mexico.
The lack of studies on commuting behavior in Mexico is mainly due to the
unavailability of the data needed. The Mexican Bureau of Statistics (Instituto Nacional de
Estadística, Geografía e Informática [INEGI for its acronym in Spanish]) doesn’t collect
the information related to identify commuting patterns, such as mode choice, time,
frequency and length of trips, on the demographic and socioeconomic attributes of
commuters. As a result, studies in medium-sized cities have been conducted based on
their own commuting data, often collected through local surveys. Such surveys are often
designed by scholars and/or in association with City’s Planning Institutes (see Fuentes,
2009, for the city of Juarez, Chihuahua, as well as Brugués and Rubio, 2009, for the cities
of Los Mochis and Mazatlan in Sinaloa). However, these studies pay no or little attention
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to spatial effects, such as spatial autocorrelation and spatial heterogeneity, on commuting
behavior. Therefore, the lack of commuting information is one of the biggest challenges
at the urban level.
In order to uncover the increasing complexity in commuting behavior, our
analysis seeks to fill the aforementioned gaps and contributes to the field of study by
providing new evidence on commuting behavior in Ciudad Obregon, Mexico using
commuting data that are for the first time available for the city. Regardless of the
importance of commuting in urban daily life, commuting is not a key issue on the
Mexican policy-makers’ agenda. Moreover, Ciudad Obregon does not have a Planning
Institute to guide the urban planning process in the city. Therefore, our study will provide
important information for urban transportation planning and more broadly provide
guidance for a sustainable urban sprawl.
In this paper, we aim to 1) study the commuting characteristics in Ciudad
Obregon, Mexico, and factors that can be used to explain the patterns, and 2) explore
differences in commuting behavior by areas across the city. Our data comes from
Employment and Quality of Life (E&QL) Survey, conducted by El Colegio de Sonora
(research center in social sciences located in Hermosillo, Sonora, usually called Colson)
in 2008. The survey used a multistage sampling strategy with data hierarchically
organized. Commuting behavior is likely dependent on the characteristics of workers
within a household, as nested in urban areas or AGEBs (áreas geo-estadística básica).
Therefore, a multilevel approach was used to model the commuting behavior in the city
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in order to disentangle the effects of demographic, socioeconomic, and spatial attributes
on aspects of the journey to work.
The article is organized as follows. Section 2 provides a review of theoretical
explanations of commuting, as well as empirical evidence on factors accounting for
differences in the commuting length between groups of employees and areas. Section 3
describes the study area, with a focus on urban characteristics, employment distribution,
modes of transportation and general commuting information in Ciudad Obregon. Section
4 details the survey implementation and data, as well as the methodological approach
used for analyzing the commuting data. The results are then presented in Section 5 to
explain the commuting behavior and differences across commuters and areas. Finally, a
brief summary of results and final remarks about differences between US and Mexican
cities are provided.

2. Background

2.1 Commuters’ characteristics

A consistent finding on commuting is that women have, on average, shorter commutes
than men (Zolnik, 2009; Rouwendal and Nijkamp, 2004; Schwanen et al., 2004; Song
Lee and McDonald, 2003). The household responsibility hypothesis offers arguments
why women in households with children commute not only much less than men, but also
considerably less than other women. Other explanations about women’s shorter
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commutes include the spatial segmentation of the labor market, as well as the observation
that women hold other types of occupations and lower wages jobs than men (Weinberger,
2007). Particularly, married women have shorter commutes than single women, whereas
single workers, as well as two-worker couples, have longer commutes (Winberger, 2007;
Song Lee and McDonald, 2003; Schwanen et al., 2004). Moreover, the empirical
evidence shows that older women have shorter commute distance than younger women
and men (Schwanen et al., 2004; Levinson, 1998). While some studies show that worker
mobility decreases with age, other empirical studies show that younger workers commute
shorter distances compared with older groups (Song Lee and McDonald, 2003).
Higher income levels are found to be correlated with longer commuting distance
(Levinson, 1998; Song Lee and McDonald, 2003, Ory et al., 2004).While workers with
higher income tend to buy a home and relocate their place of residence closer to their
workplace to reduce the commuting distance, commuters can exhibit a lack of rational
behavior because they enjoy much more the neighborhood’s attributes rather than shorter
commutes (Rouwendal and Nijkamp (2004). When income information is not available,
home ownership, number of rooms in the home or education have been used as proxies
for income. For instance, workers who own homes have longer commutes because their
residential mobility is low (White, 1988; Song Lee and McDonald, 2003; Zhao et al.,
2011). Commuters who live in smaller houses have shorter commutes than those who
stay in bigger ones (Song Lee and McDonald, 2003). Those arguments are also supported
by institutionalist theory, where housing provision or land regulation plays a key role in
commuting behavior in developing countries (Zhao et al., 2011).
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Workers with lower levels of education as well as low-skilled jobs have shorter
commuting distances than those with higher levels of education or higher skills level
(Song Lee and McDonald, 2003; Levinson, 1998), because these jobs are in general
available closer to commuters’ house. Work status (salaried employee, owner, selfemployed, or unpaid family worker, and part-time or full-time) plays a key role in
commutes; however, the differences by occupation and industry are sizeable (Song Lee
and McDonald, 2003). First, differences by sector show that workers in manufacturing
and agricultural industries have longer commutes than others, such as workers in retailing
and services activities, as a consequence of land use differences (Song Lee and
McDonald, 2003; Vega and Reynolds-Feighan, 2008; Weinberger, 2007). Second,
differences by occupations suggest that clerical, sales and service workers which are
often female-dominated occupations, as well as blue-collar workers have shorter
commuting distances; while workers with high-skilled jobs travel longer distances.
However, blue-collar workers can commute longer distances in some situations, because
manufacturing seeks, outside the core of the city, large amount of open and cheap land, as
well as better infrastructure (Vega and Reynolds-Feighan, 2008; Hakim, 2009).
Considering the mode of transport, ownership of an automobile or other
motorized vehicle increases a worker’s mobility, because a car could expand the job
search radius and increase the possibility to find a job (Gautier and Zenou, 2010; Baum,
2009). Moreover, the automobile is associated with short trips from home to work than
public transportation, cycling or walking (Gordon and Richardson, 1994; De Palma and
Rochart, 1999; Van Ommeren and Rietveld, 2005; Vega and Reynolds-Feighan, 2008,
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Cebollada, 2009). Bus commutes are longer for those who live in outlying areas, where
public transport is less efficient given the low population densities in these areas, than
those who live in central locations (Vega and Reynolds-Feighan, 2008). A positive
relationship between income and motorized vehicles has been documented (Sultana and
Weber, 2007; Pan et al., 2009). The importance of mass transit, as well as the cycling and
walking have declined in polycentric cities, whereas the importance of car travel
increases (Schwanen et al., 2004).

2.2 Places’ characteristics

It is generally believed that city size plays an important role in affecting commutes, but
its impact is not clear (Cervero and Wu, 1997). The complexity of the city size effect can
be explained by residential choice behavior, multiple workers in a household, lags in
housing development, or zoning measures (Schwanen et al., 2004). For U.S. cities, little
or no effect of urban size has been found on commute distance or time (Gordon et al.,
1989; Levinson and Kumar 1994), but in European cities, studies have shown that
commute distance increases when urban areas become larger (Coombes and Raybould
2001; Schwanen et al., 2004). Population density is also an important factor: people
living in high-density areas tend to make fewer and shorter car trips (Schwanen et al.,
2004; Newman and Kenworthy, 2000). However, the effect on travel times is open to
discussion, since high densities also lead to higher levels of congestion (Levinson and
Kumar 1994).
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As a consequence of polycentrism, commuting distances are found to have a
decreasing trend; empirical studies for U.S. cities (see, among others, Kim, 2008; Lee et
al., 2008; Keserű, 2010; Gordon et al., 1989; Levinson, 1998), as well as for European
cities (see Rouwendal and Vlist, 2005; Van Ommeren et al., 1998) corroborate the trend.
However, polycentrism does not necessarily reduce commutes: people who work in a
subcenter often live somewhere else (see, for instance, Sööt et al., 2006 for the Chicago
case; and Aguiléra et al., 2009 for French metropolitan areas). Housing and land market
imperfections (Soot and DiJohn, 2003; Wachs et al., 1993; and Taylor and Ong, 1995) as
well as the definition of polycentrism (Veneri, 2010; Aguiléra, 2005; Yang, 2005;
Schwanen et al., 2004), explain the reverse trend.
Moreover, commuting distances can increase as a result of imperfect labor
markets, which are often less organized, as in many developing countries. In this regard,
Houston (2005) points out some situations commonly observed in those cities: 1)
employers in inaccessible locations might need to pay higher wages in order to attract
workers; 2) there is an excess of labor supply even in less accessible locations, 3) lowwage labor is spatially immobile, and 4) commuting patterns are affected by employment
changes. As a result, commuting times have declined even with an increase of
employment (see Alpkokin et al., 2008 for Istanbul, Turkey), in contrast to cases in U.S.
cities (see Cervero and Wu, 1997 for San Francisco; and Gordon et al., (1991) for several
cities). Thus, in labor markets with high-unemployment and low-wage, commuting
becomes a stronger barrier to getting a job. Long commutes can also be found in
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employment growth areas, since new residential neighborhoods are not immediately
developed close to these areas (Schwanen et al., 2004).
Some other factors that are less directly related to the spatial location of
employment and population are also worthy of consideration. For example, the ratio of
total employment in an urban area to the labor force (also known as job housing ratio –
JHR) is negatively correlated with commuting times. On the other hand, if the number of
jobs in a urban area is relatively low, workers may find it difficult to find a suitable job
near their residential places, resulting in an increase in the average commute distance (see
Levinson 1998; Lee et al., 2008; Cervero, 1989). In balanced or job-rich areas (equal or
higher number of employees per residents), workers with higher skills levels have a better
chance to find a nearest jobs , which increases the unemployment rate for low-skilled
jobs and, consequently, increases the length of commuting distance for workers with low
skills levels (Immergluck, 1998).

3. Study area

Established in 1906, Ciudad Obregon is the second largest city in the Northwestern
Mexican State of Sonora (see Figure 1). With a population below 300,000 in 2010, the
city is considered a medium-sized urban area according to Mexican standards. In the last
decade, the city has spread considerably and the population density has decreased (see
Table 1). This significant expansion suggests that journey to work has become more
dispersed in terms of origins (homes) and destinations (workplaces). Moreover, during
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the decade the number of workers per household increased due to population growth as
well as the rising participation of women in the labor force. For instance, the number of
households with 3 or more residents who have a job increased at a 6.2% annual rate (see
Table 1). This means a short journey to work trip for one household member might come
at the cost of another’s long commuting distance. Commuting has been further
complicated by the multi-towns structure of the city and its economic interactions.1
Since its founding, the city has been an important agricultural pole for the region,
and now it offers activities related to retailing and services as well as to supporting
manufacturing; these account for 99.5% of total employment in 2009 (see Table 1). Due
to its monocentric structure, a high percentage of these jobs are located inside a unique
Central Business District (CBD) or around it, thus the employment growth in the past
decade (2.6% yearly) allows us to infer that significant proportion of new jobs are located
outside the traditional CBD. The CBD is centrally located and still holds the commercial
center, the civic center as well as the government center. The city is relatively new and
does not have a historical center. Therefore, the civic center (namely Civic CBD)
registered the highest employment density (122 employees per hectare), which is even
higher than Hermosillo, the capital city of Sonora. The civic CBD is specialized in
retailing and wholesale as well as in services; while the entire CBD (cluster of high
employment density areas) is specialized, at the end of the period (2000-2010), only in

1

The city has spread over 56.1 km2 inside the Municipality of Cajeme and accounts for 72% of the overall
population surrounded by a few regional towns. The two towns, Esperanza and Pueblo Yaqui, account for
9% and 4% of the total municipal population, respectively (see Figure 1).
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services (see table 2).2 Over time the Civic center has become more diversified and the
CBD more specialized. Finally an important employment subcenter was identified to the
Southeast of the CBD, which is specialized in manufacturing.
Population growth has been overtaken by the growth of motorized vehicles
registered in the past decade (4.7% yearly). With the growth of multiple-car households,
autos (e.g. car, trucks and vans) continue gaining importance in Ciudad Obregon (see
Table 1). A 2008 study showed that the car was the most common commute mode choice
in Mexico (used by 57.5% of commuters), followed by buses (30%) and walking (11%)
(OECD, 2009). As for Ciudad Obregon, cars (including carpools) and buses were the first
and the second most commonly used modes of transportation (45.1% and 31.6%,
respectively) with cycling the third (11.6%) (see Table 2). This high use of cycling in
Ciudad Obregon demonstrates its significant importance as opposed to 0.7% at the
national scale (OECD, 2009).
At the national level, Mexican workers spend on average 11% of their time
commuting, and for a single trip the commuting ranged from 25 to 30 minutes in 2009;
over time, commuting time has decreased 15 minutes on average (INEGI, 2010). 3 For
workers in Ciudad Obregon, the average commuting time in the city was about 31
minutes (see Table 3). A closer examination shows that commute times differ by modes
of transportation and by departure schedules, as also shown in Table 3. For example,

2

The CBD was identified through an Exploratory Spatial Data Analysis (ESDA), as a cluster of high
employment density areas or AGEBs surrounded by high values of employment density, according to the
methodology tested for other medium-sized city in Sonora (see Rodríguez-Gámez and Dall’erba, 2012).
3
INEGI has been collecting data on time management, including commuting time, through the National
Survey on Time Use (ENUT by its Spanish acronym) conducted in 2002 and 2009. Commuting time is
reported weekly. In our analysis we calculated the commuting time per one single trip in a weekday.
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although the overall commuting times by car and public transportation are similar,
afternoon (3pm to 8 pm) commuting by car, and noon commuting by bus, are much
higher than other times of day. Morning walking trips (4am - 9pm) are found to be longer
than noon ones (9am to 3 pm). Overall, shorter commuting times were observed for
motorcycles and walking (around 20 minutes on average) compared with cycling (43.3
minutes average).

4. Methodology

4.1 Data

Our dataset comes from the survey “Employment and Quality of Life” (E&QL) designed
by researchers of El Colegio de Sonora using a multistage sampling strategy and data
were collected in the cities of Ciudad Obregon and Heroica Nogales in 2008.4 The main
assumption regarding the commuting data is that origins and destinations are distributed
over the urban space as a result of rational behavior for balancing costs and benefits to
firms and households. In our study, the most suitable and objective variable for modeling
commuting is commuting distance, because commuting time shows inconsistencies and is
not available for the entire dataset, as the main goal of E&QL was not to collect daily
travel information.
4

The sampling size was determined using a multistage method: each AGEB was first stratified by
wellbeing level (nine groups) and block and houses (three per block) were then randomly selected. Three
questionnaires were conducted: home residents (HRs), home and household (H&H), and employment and
quality of life (E&QL) (Colson, 2009).
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In order to examine the geographic separation of homes from workplaces, we
selected workers who provided information (name and/or location) about the workplaces
as well as the commuting mode choice. Therefore, our reference population includes
workers who have a formal job, as well as those who are self-employed. In total, 336
workplaces and 544 houses were identified as destinations points and origin points,
respectively, in our spatial dataset. The Euclidean distance metric was used to measure
commuting distance in a Geographic Information System (GIS).5 In this study, we
considered three hierarchical levels in the analysis of commutes: 505 commuters, nested
in 374 households in 39 urban areas or AGEBs. When selecting the appropriate number
of levels for analysis, we calculated the design effect (see Snijders, 2005).6 In our case,
since we do not have enough individuals in each household group to make inferences at
the household level aggregation, a two-level model is more appropriate, with individual
commuters (level 1) nested in AGEBs (level 2).

4.2 The model

The literature review as well as the survey’s structure reveal why an approach involving
multiple aggregation levels is preferable, to address: 1) the dependence among
observation, and 2) the correlation of heteroscedasticity on error terms with the
5

We used the Euclidean distance as a proxy of the true commuting distance due to the lack of network
information in the study area. However, we don’t expect big differences in our results since there are no
significant terrain changes or obstacles in the city (Newell, 1980).
6
The design effect is approximately equal to 1 + (average cluster size - 1)*inter-class correlation; a design
effect greater than 2 indicates that the clustering in the data needs to be taken into account during
estimation (Snijders and Bosker, 1999).
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explanatory variables (Albright, 2007; Goldstein, 1995). In order to overcome the
limitations of ordinary least squares (OLS) estimations, a generalized multilevel
hierarchical linear model (GMHL) was used to capture the relationships between
individual level variables, such as commuters, and variables at group level, such as
households or urban areas. Each level in the data structure is formally represented by its
own submodel, and these are statistically linked according to a predetermined structural
model (Raudenbush and Bryk, 2002).7 A basic two-level model can be described as
follows:

Yij = β0ij + β1Xij + e0ij

[1]

β0ij = γ0 + u0j

[2]

β1ij = γ1 + u1j + e1ij

[3]

where Yij is the dependent variable (e.g., commuting distance) for individual i at level 1
(e.g., commuters), nested in area j (level 2). This basic structure can be easily extended to
include additional levels. In equation 1, the intercept β0 is the value of the outcome
variable when the explanatory variable or a set of independent variables Xij at the
individual level is zero, and β1 is the estimated regression coefficient or β’s vector for Xij.
The random term eij is the usual error term capturing the random variations among
individuals, with E(e0ij) = 0 and var(e0ij) = ²e0. In multilevel models the regression

7

We chose restricted maximum likelihood (REML) as a multilevel estimation procedure because it
produces more accurate estimations of random variances whereas maximum likelihood (ML) produces
more accurate estimates of fixed regression parameters (Twisk, 2006; Hox, 1995).
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coefficients of the level-1 models are regressed on the level-2 explanatory variables.
Therefore, the MHL deals with heterogeneity through the covariance matrix, where
fixed-effects and random-effects are included.
In our model, the term β0ij has a fixed mean, 0, the intercept, and its variation
around this mean among level 2 (i.e., AGEBs) is captured by the random term u0j (see
equation 2). If the model only adopts random variations around the intercept (β0ij), it is
called an intercept-only model. Often times, variations are also present in the coefficients
of independent variables (β1Xij). It is called random-slope models, where β1 is a
combination of a set of random variables, 1, the fixed mean slope coefficient, and u1j ,
the random variation around this mean among areas (see equation 3). An additional
random term (e1ij) could be introduced if we assume an existence of a random variation at
the individual worker level.
Since the distribution of the dependent variable (commuting distance) is skewed
to the right, a logarithm transformation was applied. A step-by-step method was used for
fitting the MHL model, starting with a basic model in which all parameters were fixed,
and then adding random coefficients as well as random-effects (Raudenbush and Bryk,
2002; Twisk, 2006). To assess the goodness of fit when additional variables are included,
we assume that the difference in deviances has a Chi-square (2) distribution in which the
degrees of freedom are given by the difference in the number of estimated parameters. To
estimate the model we use the software MLwiN©, version 2.24, developed by the Center
for Multilevel Modeling, University of Bristol.
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5. Commuting behavior

5.1 Descriptive analysis

On average, workers travel 3.6 kilometers between homes and workplaces. Table 4
summarizes the characteristics of commuters. In the survey dataset, 56.4% of commuters
indicated that at least one car was available in their house. Not surprisingly, the private
motorized mode (i.e., car, carpool and shuttle) was the most common choice, accounting
for 48.6% of overall commuting. The 34.1% of workers used bus, whereas 17.3% of
workers chose non-motorized modes such as cycling and walking. Following Van der
Laan's categorization (1998), the common commuting pattern in our dataset is
decentralized, in that 68.1% of residents commute between non-central areas and only
25.4% of trips were centralized (i.e., oriented to the core city). Other types, such as safecontained (employees live and work in the same area) and exchange commuting (workers
commute outside the city), accounted for about 6.5% of total commuting trips.
The demographic characteristics of commuters are also detailed in Table 4. About
62% of the commuters are men and 38% women. The 16.4% of workers were younger
than 24 and 5.7% were above 50, 33.1% of workers were single and 66.9% were married.
On average, each household had about 4 members. Around 90% of workers lived in their
own home, including those who were paying a mortgage or lived in an irregular
settlement. As for the education variables, about half of workers (51.5%) were highly
educated (high school degree or higher), 45.9% had basic education (elementary and
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middle school), and about 2.6% did not finish elementary school. Based on their
occupation, 20.4% of workers were employed in high-skilled jobs (professionals,
professors, technician, workers of arts, and directors), 19.2% were moderately skilled
jobs (supervisors, managers, machine operators, workers in protective services), and
54.1% were low-skilled jobs (farmers, machine drivers & machine assistants, blue-collar
workers, craftsperson, clerk, sale workers & services workers). Meanwhile, 6.3% of
workers were employees with jobs that did not require any skills (assistants & laborer,
domestic workers and street vendors).8
By economic sectors, 64.9% of employees were in retailing and services
activities, 30.9% were in manufacturing, and 4.2% engaged in agriculture activities. As
for labor conditions, 77.6% of workers worked during the daytime. While 78.8% of
commuters worked in private business, 21.2% worked in a public office at municipal and
state level government. 87.3% were regular employees and 89.1% were paid by salary;
34.7% of commuters worked in a big firm and 65.3% worked in small workplaces.9
Based on the dummy variables listed above, our reference categories are married workers
(male) who used car as mode of transportation, those who lived in their own house with
car ownership, those with basic education and low-skilled occupation, and those who
worked in a small private business and received salary for working during the daytime in
services sector (including retailing).

8

The classification of occupations was coded following the Mexican Classification of Occupations
(Clasificación Mexicana de Ocupaciones [CMO by its acronym in Spanish]) developed by INEGI.
9
The size of workplaces follows the classification suggested by Mexican Economic Bureau (Secretaría de
Economía, Diario oficial del 30 de junio de 2009) based on the economic sector and the number of
workers.
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Since we were also interested in evaluating how workers’ income level affects
commuting distances, we included the number of appliances in a house (the average was
8 appliances), and house size (the average was 4 rooms per house) as a proxy of
commuters’ income level, we used years of schooling as an urban level proxy, which is 9
years on average corresponding to basic education. Some other characteristics of
residential environment are also important in the analysis, including population density
and employment density as well as urban size. On average, one AGEB in Ciudad
Obregon has 85 residents and around 6 employees per hectare. These areas gained an
average of one employee per hectare, from 2004 to 2009 (table 4). The job-housing ratio
(JHR) was 0.24 on average. Note that a JHR value below 1 indicates a housing-rich area;
otherwise a job-rich area is indicated (Cervero, 1989).

5.2 Does space matters?

A fundamental task in multilevel analysis as well as one of our objectives is to measure
the dependency of commuters belonging to the same urban area or AGEB. If sites or
individuals are nested within geographical regions, the intra-class correlation coefficient
() measures the spatial autocorrelation.10 Our analysis indicated that around 15% of total
variation can be explained by distribution of urban areas [0.112 / 0.112+0.651] (see Table
4). Our results are consistent and even higher than those reported in literature, in which
The coefficient  is easily calculated through an intercept-only model to uncover the variance between
the highest level of aggregation and the total variance. If commuting distances do not differ from one
household or AGEB to another,  should be 0. Usually in cross sectional studies  will not be higher than
0.20 (Twisk, 2006).
10
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an important percentage of differences in commuting have been explained by
geographical levels of variation. For instance, in Miranda and Domingues (2010) 6.8% of
variations were explained by differences between metropolitan areas of Belo Horizonte,
Brazil. Similarly, 6% of variations were explained by municipal differences across areas
in Pisa Italy (Bottai et al., 2006). For the Hamilton CMA, Canada the zones explained a
low percent, ranging from 3% to 5% (Mercado and Páez, 2009). In the case of The
Netherlands, the municipal level differences explained 11.4% of commuting variations
(Schwanen et al., 2004). Figure 2 illustrates how commuting distance varies across the 39
AGEBs in Ciudad Obregon, with the smallest residuals on the left to the largest residuals
on the right. We can observe that commuting distances in the central areas are
significantly below the city average, whereas those in the periphery are above the
average.

5.3 Commuting patterns and perception regarding commuting distance

Based on our previous discussion in 4.2, we fitted a two-level hierarchical model, in
which level 1 represents the variability between commuters at the same AGEB and level
2 captures the variability between different AGEBs. Following the step-by-step strategy,
the commuting distance was first modeled using random intercept and fixed-effects for
each individual attributes and AGEB’s characteristics (random-intercept model). The
presence and extent of spatial autocorrelation or inter-AGEB variations can be further
captured through the random-effects in the variance-covariance matrix at the AGEB’s
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level (random intercept and slope model). Therefore, we included random slopes to fit the
commuting data and Table 4 summarizes the model results. The rest of this section will
focus on random-effect model, because it has a better fit according to the rule of thumb
proposed by Snijers and Bosker (1999).11 In other words, our model significantly
improved overall fit, when the variances of slopes were considered in the random-effect
model.
As shown in Table 4, commuters in the reference group drove approximately 4
kilometers to work (after logarithmic transformation). Focus on fixed-effects the results
reported in table 4 for each coefficient indicates the amount of the relationship when the
random-effects around the slopes are fixed. Our results show that gender has significant
and important influence on commuting distance and as expected women have shorter
commuting distances than men. Table 4 also suggests that a single worker tends to travel
shorter distances than a married one. While existing studies have found that younger
workers commute significant less than older ones, in Ciudad Obregon the age variable
was not able to explain the commuting variation significantly. The results also indicate
that workers who rented their homes tend to have shorter commute. Household
characteristics are also important, given that we do not have enough information about
income. In our study, we used the number of appliances and house size (numbers of
rooms in particular) as a proxy of income. Results in Table 4 show that house size has a
significant negative effect on commuting distance, which is opposite to what literature

11

The random-effect model fits better than the fixed-effect model when the difference in deviances by the
number of degrees of freedom [(1,115.704 - 1,071.354) / 57 - 37] is greater than 2 (see table 4).
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suggests. In our case, commute distance decreases with an increase in the number of
rooms in a household.
The levels of education and occupation were not significant. Workers in the
category of moderately skilled occupations, which correspond to supervisors, managers,
machine operators and workers in protective services were found to have longer
commutes than workers with low-skilled jobs. However, the economic sector in which
employees work contributes to the differences in commuting distance. For instance,
workers in manufacturing and agriculture sectors commute longer distances than those in
retailing and services as a consequence of land use distribution, i.e., the industrial area is
located in the periphery of the city and the agricultural land is located outside the city. As
for work status, the results indicate that employers or self-employed travel shorter
distances than employees. To the best of our knowledge, no studies have examined the
effects of workplace characteristics, such as business nature (private business vs. public
offices), workplace size (small vs. big) and working hours (during the daytime vs.
nighttime), on commuting distance. In this research, we provided the first study on effects
of these variables. In particular, the business nature was found significant: workers in
government offices commute longer distance compared with those who work in a private
business. This is as expected given that private businesses are more dispersed across the
urban areas in Ciudad Obregon.
As for the mode of transportation used for commuting, the results suggest that
walking or biking distances were considerably shorter than those of motorized vehicles
(i.e., car and bus). Individuals who walk or bike to work usually live relatively close to
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the workplace, whereas those who use motorized means of transportation tend to
commute longer distances. In fact, the use of public transportation increases the
commuting distance when compared with driving a car. The commuting pattern also has
an impact on commuting distance: when the commuting pattern is non-centralized (i.e.,
decentralized, self-contained or exchange commuting pattern), commuters travel shorter
distances between non-central areas and workers who travel to CBD and its surrounding
area tend to have longer commutes.
Moreover, commuting distance increases for people who drive when they live in a
large AGEB. If workers live in a house-rich area (lower number of jobs to residents), the
commuting distances tend to be short. It is not consistent with the employment density
effect on commuting distance: if a worker lives in a higher employment density area,
he/she commute less due to the high job availability in that area. The literature suggests
that higher income levels are associated with longer commuting distance. However, this
positive relationship was not found in Ciudad Obregon. Instead, we found that
commuting distance decreased with an increase in the regional income (i.e., year of
schooling as a proxy).
Our random part shows a significant random-intercept (see the bottom of Table
4), which indicates that the commuting distance varies across AGEBs. The random part
of our intercept as well as the random part of the slopes has two components: the interAGEB’s variance (diagonal elements in variance-covariance matrix) and the covariance
between variables and intercept. The covariance term tells us whether there is a positive
or negative relationship or interaction between the random-slope and the random-
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intercept in the model. Our model assumes that the effect of some characteristics such as
the mode choice might differ in various groups. Actually the inter-AGEB’s variances for
bus, walking and biking are significant. Moreover when the intercept goes up, the slope
decreases for bus and walking and increases for biking. The random part of the slope for
bus increases with an increase in the slope for walking or a decrease in the slope for
biking. We also found random-effects on workers in manufacturing as well as in
university education (undergraduate level and higher) even when the fixed-effect for the
latter one was not significant. None of the slopes of the two variables shows a significant
interaction with the slopes of mode choice variables, except for biking and for the
random part of the intercept.

6. Final remarks

This paper aims to offer a theoretical revision and an empirical application to commuting
studies, based on the most comprehensive information available for examining the
commuting in Ciudad Obregon, Mexico. Given that the data have a hierarchical structure,
we chose the multilevel approach in order to capture the correlation within and across
different levels of variables. Our results suggest that, in general, the effects of
demographic and socioeconomic variables are consistent with the literature. When
random-effects were introduced, the geographical variation characterized by AGEBs
provided a better explanation in the overall commute variation, and therefore the
commuting patterns in Ciudad Obregon.
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With our reference group, the highest effect on commuting distance is produced
by the mode choice of walking (-), other commuting type such as safe-contained and
exchange commuting (-), workers in agriculture (+), biking mode choice (-), workers who
gain some type of profits (-), occupation (moderately skilled jobs +), followed by public
offices (+), employers (-), commuters who rent a house (-), bus mode choice (+), workers
in manufacturing (+), female (-), decentralized commuting trip (-), single workers (-),
AGEB’s size (+), JHR (-), schooling (-), house size measure through the number of
rooms (-) and employment density in 2009 (-). The commuting variation at the individual
level was much stronger than that introduced by the structure of the city (level 2). This is
partly because commuting patterns such as centralized, decentralized, self-contained and
exchange commuting were captured at individual worker level, while in other studies (see
Schwanen et al., 2004) they were reported at a higher level of aggregation (e.g., the urban
area).
Our findings enrich the empirical evidence in the field, and more importantly, the
introduction of new variables related to workplace attributes contributes to the literature
in providing additional explanation for commuting distances, at least for a medium-size
city in developing countries. For example, the business nature (private business vs. public
offices) was found to have a great effect on the length of commuting distance. Moreover,
it is interesting to note that our findings indicate that age (younger and older commuters),
education (with the exception of elementary education) and categories of occupation,
such as highly skilled, are not statistically significant for explaining commuting behavior
in the city, while these are often important factors that have been identified in the
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commuting literature. The income proxy variables (i.e., house size and years of
schooling) show an opposite effect on commuting comparing with what existing studies
suggest. While it is possible that we have not been able to select the appropriate variable
as a proxy of income, the high spatial segregation in the city with low income households
located in remote areas where land prices are low makes our result non-surprising.
Although workers show economic rationality in many of their individual
decisions, their overall commuting behavior depends also on the interaction of housing
market and labor market, as well as the policymakers’ decision on public transportation
and land use development. The non-significant effects of age, education and occupation
on commuting distance can be the consequence of the labor market conditions in Mexico.
In a context of higher levels of unemployment and excess of workers, for Obregon's
residents finding a job is most important no matter how far they need to commute even
for highly educated workers. Based on our findings, quite different policy incentives may
be needed in the city for workers of different education levels and for different economic
sectors.
Knowledge about the patterns of commuting is essential to urban planning and
transportation planning. The research helps uncover the complexity of daily commuting
to work in Ciudad Obregon, Mexico and provides insights into transportation planning in
the context of employment decentralization. However, the complexity of commuting
requires continuing investigation in the area. One potential future direction is to
investigate the effects of a set of interaction terms associated with demographic (e.g.,
gender and age) and socioeconomic factors, as well as apply our methodology and
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expand the empirical evidence in more developing cities including, for instance, the city
of Heroica Nogales, Mexico, where the Colson also collected commuting data. This new
study could be helpful to elucidate the peculiarities of each urban center, regarding the
characteristics of its intra-urban structure.
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Table 1. Physical, social and economic characteristics in Obregon

Variable

2000

2005

2010

Annual
Growth
1/

Areas (number of agebs)
City size (hectares)
Population
Population Density (inhabitants per hectare)
Households

Urban sprawl and Demography
103
154
193 6.5%
4,556.8
5,290.9
5,610.1 2.1%
250,042
270,992
296,336 1.7%
55
51
53 -0.4%
60,533
69,292
82,509 3.1%
4.1

3.9

3.6

-1.4%

% of households with 1 worker

46.5%

----

44.6%

0.2%

% of households with 2 workers

41.4%

----

31.5%

-2.6%

% of households with more than 3 workers

12.2%

----

22.0%

6.2%

Inhabitants per household

Households with car ownership
2/
Number of vehicles registered

Characteristics of Transportation
29,717
---52,073 5.8%
84,263
---132,861 4.7%

Auto (including motorcycle)

52.3%

----

60.0%

6.1%

Trucks, vans

46.8%

----

39.1%

2.8%

0.9%

----

0.9%

5.8%

Bus

3/

Total Employment
Forestry, fishing, hunting, & agriculture support
Mining & oil extraction

2.6%

393

2,799

100

-12.8%

11

103

312

39.7%

322

429

0

-----

14,662

15,656

20,625

3.5%

Retail & wholesale

17,605

21,170

24,439

3.3%

5/

24,717

19,796

29,471

1.8%

13

11

13

0.5%

Water & electricity production
Manufacturing
Services

4/

Total employment density (jobs per hectare)
1/

Economic Characteristics
57,710
59,953
74,947

Urban sprawl, demographic data and characteristics of transportation are based on population census data from 2000, 2005

and 2010.
2/

The data refers to number of vehicles registered in the municipality of Cajeme.

3/

The data comes from Economic Census, 1999, 2004 and 2009. The information is disaggregated by sector (two digits)

according with North America Industrial Classification System (NAICS).
4/
5/

As consequence of confidentiality agreement the data exclude employment in construction.
Include professional services, but exclude services related with construction, transportation & warehousing, finance,

insurance & real estate, as well as government services.
Source: Elaborated based on INEGI.
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Table 2. Locational Quotient of employment in Obregon by econocmic sector
Civic CBD
1999

Agriculture, farming,
hunting & fishing
Mining & oil extraction
Water & electricity
production
2/
Manufacturing
Retail & wholesale
Services

3/
4/

Diversification index

2004

CBD
2009

1999

2004

---- 0.60

----

----

----

----

----

16.27

----

----

---- 4.10

1/

Subcenter
2009

1.49 0.47 2.31
---- 0.28
----

1999

----

2004

Other areas

2009

1999

---- 1.33

5.04 3.68 3.72
----

----

----

2004

2009

1.29 1.84 0.12
-------

0.38 0.00
----

----

0.29 0.21 0.19

0.48 0.36 0.28

3.08 2.93 2.74

0.51 0.52 0.50

1.67 1.34 1.56

1.20 1.14 0.89

0.30 0.38 0.50

1.10 1.17 1.32

0.76 1.35 1.11

1.17 1.37 1.60

0.29 0.29 0.16

1.23 1.10 1.10

1.73 2.14 2.20

3.62 2.59 2.09

0.94 0.98 1.02

3.84 3.76 3.51

1/

High locational quotient (above 1) indicate that a region is relatively specialized in a particular sector.

2/

As consequence of confidentiality agreement the data exclude employment in construction.

3/

Include professional services, but exclude services related with construction, transportation & warehousing, finance,
insurance & real estate, as well as government services.

4/

Calculated in base on Duranton-Puga index. High index values represent a high degree of diversification in an area and
inversely.
Note: Elaborated based on INEGI.

Table 3. Travelers' choice and commuting time by mode in Obregon
Commuting time

Workers
Car
Carpool
Motorcycle
Bus
Cycling
Walking
1/

Others
Average

(n = 880)

Average 3/

M orning
(4am - 9pm)

38.40%
6.70%
0.70%
31.60%
11.60%
7.80%
3.30%
100.0%

38.6
27.0
20.0
38.3
43.4
21.0
30.8
31.3

30.8
21.5
20.0
35.0
30.8
29.4
32.5
28.6

2/

(minutes)

Noon
(9am - 3pm)

Afternoon
(3pm - 8pm)

Night
(8pm - 4am)

36.7
32.5
----51.5
67.5
12.5
30.0
38.4

56.8
--------36.7
32.0
----30.0
38.9

30.0
--------30.0
------------30.0

1/

Refers to company´s shuttle service to their workers.

2/

The distribution of the variable commuting time suggests analyze it in four departure schedules.

3/

Data based on 292 commuters.
Source: Based on E&QL (Colson, 2009).
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Table 4. Multilevel regression model for the likelihood of commuting distance
Reference gategory: married workers (male) who used car as mode of transportation, those who lived in their own house with car ownership, those
with basic education and low-skilled occupation, and those who worked in a small private business and received salary for working during the
daytime in services sector (including retailing).

Fixed Part
Intercept
Woman
Younger
Older
Single
Family size
No car available
Rented house
Home size (number of rooms)
Appliances in home (max 10)
Bus
Walking
Bike
Shuttle
Decentralized commuting
Other commuting type
None education
High education (high school)
University education
None qualification
Moderately skilled jobs
Highly skilled jobs
Employer
Public offices
Big workplaces
Nightly work time
Profits
Workers in manufacturing
Workers in agriculture
Ageb's size (Log of area size in m2 )
Years of schooling
JHR (15-65 years)
Population density per ha in 2005
Employment density per ha in 2009
Gain/loss workers per ha (2009-2004)

De scriptive
statistics

----38.0%
16.4%
5.7%
33.1%
4.17
43.6%
10.5%
4.17
8.23
34.1%
4.8%
11.5%
6.5%
68.1%
6.5%
2.6%
27.5%
24.0%
6.3%
19.2%
20.4%
12.7%
21.2%
34.7%
22.4%
10.9%
30.9%
4.2%
38.78
9.20
0.24
84.55
5.66
1.32

Intercept-only
model

7.862 ***

Random intercept
Unstd. Coeff.

8.134 ***
-0.170 ***
0.053
-0.028
-0.116 *
0.041
0.065
-0.201 *
-0.034 ***
0.006
0.198 ***
-0.988 ***
-0.347 ***
-0.045
-0.128 **
-0.742 ***
0.307
-0.032
0.051
0.125
0.296 ***
0.039
-0.234 *
0.217 ***
-0.051
0.011
-0.329 ***
0.112 *
0.127 *
0.123 ***
-0.066 ***
-0.075 *
0.000
-0.031 ***
0.018

Std. Coeff.

----- ***
-0.305 ***
0.095
-0.050
-0.208 *
0.074
0.117
-0.361 *
-0.061 ***
0.011
0.356 ***
-1.775 ***
-0.623 ***
-0.081
-0.230 **
-1.333 ***
0.551
-0.057
0.092
0.225
0.532 ***
0.070
-0.420 *
0.390 ***
-0.092
0.020
-0.591 ***
0.201 *
0.228 *
0.221 ***
-0.119 ***
-0.135 *
0.000
-0.056 ***
0.032

Random intercept & slope
Unstd. Coeff.

8.281 ***
-0.161 ***
0.047
-0.036
-0.122 *
0.030
0.074
-0.187 *
-0.050 ***
0.009
0.207 ***
-1.123 ***
-0.399 ***
-0.030
-0.142 **
-0.762 ***
0.257
-0.030
0.050
0.103
0.279 ***
0.068
-0.208 *
0.258 ***
-0.035
0.016
-0.333 ***
0.158 *
0.256 *
0.153 ***
-0.074 ***
-0.101 *
0.001
-0.035 ***
0.022

Std. Coeff.

----- ***
-0.289 ***
0.111
-0.135
-0.226 *
0.019
0.130
-0.532 *
-0.026 ***
0.003
0.381 ***
-4.603 ***
-1.092 ***
-0.106
-0.266 **
-2.693 ***
1.411
-0.059
0.102
0.369
0.618 ***
0.147
-0.545 *
0.551 ***
-0.064
0.042
-0.932 ***
0.298 *
1.117 *
0.151 ***
-0.027 ***
-0.092 *
0.000
-0.006 ***
0.010

Random Part
Level-1 Commuters Var. intercept (e ij )
0.651***
Level-2 Agebs Var. intercept (u ij )
0.112***
-2LL
1,259.65
Number of parameters
3
Random intercept and slope (variance and covariance matrix)
Intercept (u 0ij )
Bus (u 10ij )
Walking (u 11ij )
Biking (u 12ij )
Manufacturing (u 27ij )
University (u 18ij )

0.107 **
-0.066 *
-0.188 *

0.012 *
0.128 *

0.532***
0.068*
1,115.704
37

0.474***
var-cov matrix

1,080.323
57

0.657 **

-0.005
0.028 *
0.167 ***
-0.166 ***
-0.007
-0.059
0.053
-0.004
0.067 *
*
- 0.060
0.059
-0.078
0.000
0.160
0.112 *
Note: *α=0.100; **α=0.050; ***α=0.001 for Wald statistics.
Source: Based on E&QL's Survey, Colson, 2009. Calculations performanced in M LwiN, version 2.24, Center for M ultilevel M odeling,
University of Bristol.
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APPENDIX D.- EMPLOYMENT AND QUALITY OF LIFE
(SURVEY)*/

1.

*/

Home residents (HRs)

The survey was reproduced with kind permission of El Colegio de Sonora. The survey data were
essential to conduct the first investigation of commuter patterns in Ciudad Obregon.
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2.

Home and household (H&H)

185

186
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188

189

190

191

192

193

194

195

196
3.

Employment (E&QL)

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222
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224
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