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Abstract

Latin American cities have experienced a rapid unplanned growth which has caused pressure on
society and nature. This thesis investigates the impacts of the urban expansion from 1990 to 2010
in Guayaquil, Ecuador using geospatial technologies. It incorporates census and land cover data
to identify the social and environmental repercussions through Hot Spot Analysis, land cover
classification, and Markov chains model. This study develops an integrated research which
combines historical, social, and political literature, and geospatial methods, to explore, identify,
and understand the impacts of the urbanization process in Guayaquil.

Keywords: Urbanization, Socio-environmental issues, Latin America, Guayaquil, GIS, Remote
Sensing, land cover, Markov Model.
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Introduction
Cities are growing and expanding very fast around the world. In fact, rapid urban growth
is one of the biggest challenges for governments because this phenomenon can cause many
issues such as the degradation of the environment, pressure on natural resources, and deleterious
conditions for the urban population. Hence, as urban areas spread out, they tend to produce
repercussions that can be detrimental for the natural environment and the human population.
Therefore, it is crucial to investigate the dynamics of the urban expansion and assess the impacts
of this event. This research seeks to identify and understand the problems caused by the urban
expansion in the city of Guayaquil, Ecuador. It aims to respond the question: what are the social
and environmental issues caused by the spread of urban areas from 1990 to 2010 in Guayaquil?
The objective is to identify the specific changes and problems that appeared as the urban areas
expanded during this period. Also, it aims to explain the patterns of urban growth and its
repercussions based on historical, social, and political literature of the area. In order to achieve
these objectives, this research starts with the study of the urbanization process from the urban
political ecological perspective in Latin America, and later in Guayaquil specifically. Then, it
analyzes different methodologies that examine urban growth and impacts using geospatial
technologies. Finally, it develops a method that incorporates census and land cover data to
determine and evaluate impacts of the urban expansion in the city of Guayaquil.
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Chapter 1
The Urbanization Process
1.1 The Urban Political Ecological Framework
The study of urban expansion and its environmental impacts entails an analysis that
focuses not only on the physical, chemical, or biological aspects, but also on political and social
forces. Studying the physical characteristics is important to define the type of environmental
problem. For instance, measuring the levels of coliforms counts in a river will demonstrate the
degree of pollution (Villena & Fath, 2011). Calculating the percentage of vegetation change can
demonstrate the level of deforestation. Therefore, defining the physical or biological
characteristics of an environmental problem is a necessary step for the analysis. To understand
the broader perspective of an issue, however, it is also important to combine physical and social
variables. Here, cities are spaces where an array of divergent but associated dynamics influence
the social and environmental state. The impacts of urban expansion should be analyzed from an
‘urban political ecological’ perspective because: the city is a hybrid space, the urbanization
process is political, and the sustainability of cities is embedded in the socio-political context
(Swyngedouw, 2004).
The city is a socio-environmental space where environmental, political and social
dynamics transform nature and society. Kaika and Swyngedouw (2011) point out that to
understand the geographies of socio-environmental contexts, it is necessary to focus on place as
contested, scales in flux and relational. In this context, Zimmer (2010) explains that:
UPE1 takes interest in cities as dynamic hybrids, constantly re-produced by humans and
non-humans alike. UPE assumes its objects to be hybrids; these are investigated through
studying the processes of their co-production by humans and non-humans; these
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processes are socially embedded and historically specific; and special attention is paid to
the dynamics, social relationships with nature. (p. 349).
The pollution of a waterbody, the depletion of vegetation, and a cholera outbreak are situations
that do not occur in single but in relational spheres. “The type and character of physical and
environmental change, and the resulting environmental conditions are not independent of the
specific historical, social, cultural, political, or economic conditions and the institutions that
accompany them” (Kaika & Swyngedouw, 2011, p.100). In other words, understanding the
politico-ecological realities can provide a more holistic understanding of urban environmental
problems. In fact, “the production of the city through socio-environmental changes results in the
continuous production of new urban natures, of new urban social and physical environmental
conditions” (Heynen, Kaika & Swyngedouw, 2006, pp.7). Studying the city as a hybrid space
shows how cultural practices, discourses, power relations, and political relationships with nature
are embedded in micro-politics of the city. Political ecology goes beyond the traditional frame of
environmental problems and considers the importance of wider social and ecological realities
(Zimmer, 2010). Therefore, urban political ecology defines the city as a hybrid space where
environmental, political, and social variables form the dynamics between nature and society.
The urbanization process is the transformation of society and nature in the city. In fact,
this process is one of the forces behind many environmental issues and the place where socioenvironmental problems are experienced most acutely (Heynen et al., 2006). Likewise, “the
urban is an integral part of the transformation of nature, the urbanization process operates
through the application of socioeconomic and political power in which nature and its
transformation take center stage” (Swyngedouw, 1997, pp.328). The urbanization process is a
historically specific accumulation of socio-environmental changes and the arena where these
transformations take place (Kaika & Swyngedouw, 2011). Here, historical, social, and political
3

processes are rooted in the metabolism of cities. “Metabolisms are historically defined through
social relations of production; environmental change is therefore always bound up in the
production, reproduction, and contestation of uneven social relations” (Grove, 2009, pp.208).
Urban metabolism transcends the binary division between nature and society, showing that
socio-ecological processes are intensely political (Kaika & Swyngedouw, 2011). To put it
differently, the metabolism of the city entails the transformations of the urbanization process and
the forces behind these transformations. Urban metabolism then, refers to the historical, social,
and political characteristics of the urban expansion, and their relationship to socio-environmental
transformations.
Therefore, the metabolism of a city defines the social, political, and natural state of the
city. In other words, the sustainability of a city is embedded in its metabolism. Kaika and
Swyngedouw (2011) define urban sustainability as “the capacities individuals and social groups
have in producing the socio-environmental conditions of which they are part without violating
the rights of others to do so as well” (p. 102). Moreover, “there is not such a thing as an
unsustainable city in general, but rather there are a series of urban and environmental processes
that negatively affect some social groups while benefiting others” (Heynen et al., 2006, p.15).
One of the most important aspects of urban sustainability is answering the question ‘who is being
benefitted’ or ‘whose environment is being improved’. Swyngedouw (1995) in his article “The
contradictions of urban water provision. A study case of Guayaquil, Ecuador”, for example,
explores the water supply in Guayaquil. One of the most remarkable arguments he makes is that
those who do not have the power do not have access to water. In Guayaquil, he explained that
poor sectors of the city tended to have the least access to water supply, while the wealthier areas
did not have problem with access to this resource.
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The study of the urbanization process can also be enhanced through spatial analysis
because different spaces of the city experience different transformations. It is important to ask
who produces what kinds of conditions, and in whose interest it is to produce more democratic
handling of environmental problems (Zimmer, 2010, p.348). It is pivotal to identify patterns of
socio-environmental problems and the spaces where they might be clustered so special attention
is paid to the most affected areas. Likewise, the purpose of sustainability in a city should be not
simply to save nature but to call “for an egalitarian and democratic production of socioecological commons.” (Kaika & Swyngedouw, 2011). In the end, urban sustainability must be
achieved without compromising neither the social nor the natural state and should benefit every
space of the city.
1.2 Urbanization Process in Latin America
As elsewhere, the Latin American city is a hybrid space where diverse dynamics interact
and [re]produce nature and society. Many cities in this region are experiencing similar patterns
of socio-environmental transformations because they have analogous politico-ecological contexts
(Portes & Schauffler, 1993). In fact, the urbanization process in this region is characterized by
rapid urban expansion caused by massive population growth. Latin American countries tend to
have a great percentage of population living in urban areas. Currently, 80% of the population in
Latin America live in cities, and it is projected to increase by 40% for 2040. (Naciones Unidas
para America Latina y el Caribe, 2016). The concentration of population in large cities is
particularly striking in Latin America where over 20 percent of the populace lives in the largest
cities. Now, even though these cities have large concentrations of people in urban areas, they are
not ready to receive and accommodate their needs. Rapid urban growth in developing countries
is seriously outstripping the capacity of most cities to provide adequate services for their citizens
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(Cohen, 2006). Latin America experienced a period of rapid urbanization during last century, but
most of it occurred in the past few decades. This process, however, was characterized by a lack
of planning for the new expansion (Naciones Unidas para America Latina y el Caribe, 2016).
The urban expansion is mainly caused by the spread of new settlements that lack the appropriate
urban planning elements. In fact, the Programa de las Naciones Unidas para El Medio Ambiente
(2001) reports that the lack of urban planning for a growing population is the main cause of
illegal settlements in cities in Latin America. For example, big cities such as Guayaquil
(Ecuador), Lima (Peru), Bogota (Colombia), have big flows of people who settle down in
decayed and unplanned urban areas.
The lack of planning to receive the new population has social repercussions in these
cities. For example, the deficit of infrastructure is one of the biggest challenges for cities in
developing countries (Naciones Unidas para America Latina y el Caribe, 2016). The migration
from rural areas has created large marginal settlements that lack infrastructure and public
services (UNEP, 2006). Moreover, the marginal population can be bigger than the formal one.
For example:
In Guayaquil, Ecuador, during the 1990s, marginal settlements housed one third of its
urban population. In Peru, 1 045 new settlements (young towns) containing almost 67%
of the total poor population were established in coastal areas during the 1980s (Céspedes
1990). 55% of the Peruvian population was considered poor in 2001 (INEIENHIV 2004).
Chile had 67 coastal communities with 12% of people living below the level of extreme
poverty in 1990. (UNEP, 2006, p.41)
Therefore, the urban expansion produces spaces where inequalities, poor living conditions, and
socio-environmental issues are threatening the life of the population (NUALC, 2016).
Particularly, poor housing quality and infrastructure is affecting the population migrating to poor
spaces of the city. Engels (1845) pointed out that the poor spaces and the way pollution affects
directly the poor population almost two centuries ago in industrial Europe. In this piece, he
6

draws a connection between the physical decrepitude of the urban infrastructure and the
alienation and despair of the urban poor. In Latin American cities too, there are spaces with poor
infrastructure that are home to low-income groups.
In Latin America, the rapid expansion of low-income settlements on the outskirts of
many large cities has occurred without the expansion of public services (Cohen, 2006). Many
urban dwellers live in places where their lives and health are continually threatened because of
poor housing quality, overcrowded housing, and inadequate provision of safe water supplies,
sanitation, drainage, and garbage collection (Satterthwaite, 2003). Therefore, the rapid urban
expansion has outstripped the capacities of local governments to provide the basic services that
the growing population needs. Here, the lack of access to basic services such as potable water,
sewage connection, and quality housing, has detrimental social impacts. Many urban residents in
developing countries suffer to a greater or lesser extent from severe environmental health
challenges associated with insufficient access to clean drinking water, inadequate sewerage
facilities, and insufficient solid waste disposal (Cohen, 2006; Niemczynowicz, 1999). Therefore,
the lack of basic services and the lack of appropriate infrastructure for the growing population
are social repercussions of the urbanization process. To put it differently, urban expansion in
Latin America mostly results in new spaces that lack the necessary infrastructure and quality to
provide a well living for the population.
Developing countries have the tendency of rapid urban growth causes great pressures on
the natural resources as well (Avelar, Zah, & Tavares-Correa, 2008). In Latin America, urban
expansion produces situations that can be detrimental for both nature and society. Social
problems such as lack of potable water, sewage connection or quality housing, are related to
environmental issues. For example, according to the Global International Water Assessment
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Report by UNEP (2006), the main pollution issue affecting the waters of the Humboldt Current
in South America is the high levels of untreated sewage water that are dumped into the oceans by
the countries of Ecuador, Perú, and Chile. The study demonstrated that microbial pollution is
extensive in the Humboldt Current region, with high coliform concentrations recorded along the
entire Southeast Pacific coastline. Moreover, the Comisión Permanente del Pacífico Sur (2014)
reported that the main pollutants present in the sea waters of the Southeast Pacific Region come
from the organic waste produced in urban spaces along the coast. The state of water quality is
primarily determined by the waste from the cities (Lee, 2000). Therefore, lack of sewage
connection and the absence of sewage treatment causes the pollution of water bodies in the Latin
American region.
1.3 The Urbanization process in the city of Guayaquil, Ecuador
Guayaquil is the largest city on the Coast of Ecuador, South America. The current
population is 2.5 million and is projected to be 2.7 million for 2020 by the Instituto Nacional de
Estadística y Censos. It has an urban area of 34,449 ha, of which 31,164 ha (91.85%) is
urbanized area and 2802 ha (8.15%) is water areas (Delgado, 2011). Guayaquil is considered the
most populated city, and the economic, industrial, and commercial capital of Ecuador (Montaño
& Montolio, 2008). Historically, this city has had a rapid population growth since it constantly
receives important migration flows coming from different sectors of the country. As a matter of
fact, most of these immigrants settle down in Guayaquil where port activity generates a
productive matrix and an economic dynamic in which trade and industry stand out
(SENPLADES, 2015). Guayaquil is a hybrid space where society and nature co-exist and
transform each other. In fact, the city is not only a big urban area but also has a diverse and rich
natural ecosystem. For example, to the South there are mangroves and the Estuary El Salado, to
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the East there is the Guayas River, to the North is the Daule waterbody, and to the West there are
dry forests.
The urban expansion has been more prominent on the marginal sectors which have been
spreading to the Northwest and South (Villacres, 2014). Many of the new settlements are the
result of illegal land acquisition in which houses are built on inappropriate spaces such as close
to rivers, estuaries, and deep slopes. Moreover, these houses have been built with inefficient
materials and with improvised construction skills (Delgado, 2008). The Secretaria Nacional de
Planificacion y Desarrollo defines qualitative housing deficit based on characteristics of structure
and space (SENPLADES, 2015). Here, structure refers to the quality of materials of the floors
and walls of the house, and space refers to the number of people per room. Houses with high
percentage of qualitative housing deficit means houses built with poor or inappropriate
construction materials, and houses that have more than 3 people per room. In this context, the
marginal settlements of Guayaquil tend to have a high percentage of houses with qualitative
housing deficit. Moreover, these settlements also lack basic services such as potable water and
connection to a public sewerage system. In fact,
So far, the sewage collection does not cover much of the residential areas along
the Estero Salado [South Guayaquil], where a large part of the population don’t
have modern sanitary standard. In most cases, they have only pit-latrines or
latrines that are emptied by the municipality or dig down by hand in the garden, or
dumped into the filling down towards the Estero, or directly into the Estero
waters. (Dag Berge, Geerdes & Dominguez, 2012, p.16)
Housing qualitative deficit and lack of public services are social issues that have been
repeated throughout the history of the urban expansion in Guayaquil. In the study about water
accessibility by Swyngedouw (1997), he explains that in 1990 almost half the population (about
1 million) did not have access to reliable sources of potable water and water shortages were a
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chronic problem. Likewise, having access to proper housing infrastructure and to public services
were symbols of status and political power. He wrote,
Toilets and indoor plumbing became valued symbols of cultural capital […] Whereas the
white rich would defecate in the sometimes silver bowl of the toilet, comforted by the
privacy of their custom-made decorated lavatories, and perfumed men and women would
promenade along the waterside boulevard and visit the theatre, the poor continued to use
the streets as public toilet, and the river provided for essential bodily hygiene of the
indigenas and mestizos. (Swyngedouw, 1997, p.314)
Even back then, Guayaquil had a growing population, but it did not have the adequate
infrastructure to receive the new population. In this context, the city repeats the pattern that most
Latin American cities have, which is the lack of planning for a growing population and urban
expansion. However, it is important to point out that the most affected groups were the lowincome who settled down in decayed parts of the city. As Swyngedouw (1997) emphasized,
those who do not have power, do not have access to water, and low-income settlements are still
the most affected by the socio-environmental impacts of the urban expansion in Guayaquil. In
the beginning, the low-income population expanded towards the South where social conditions
were detrimental. Now, the expansion is going towards the North-West where social issues such
as housing qualitative deficit and lack of basic services are prominent again.
The urbanization process has also transformed the natural environment of this city. The
SENPLADES Report of 2015 finds that in Guayaquil, the disorganization of the urban expansion
has caused environmental conflicts such as pressure on natural resources, water pollution and
depletion of vegetation. Moreover, the informal settlements (in the South, and in the North West)
have had a high population density, which creates greater environmental pressure (Pozo Urquizo
& Escobar, 2015). In this case, a high number of houses located at the South lack connection to a
public sewerage system. The sewerage connection is important because the inappropriate
disposal of sewage water pollutes the Estero Salado waterbody. In fact, the water quality of the
10

Estero Salado is polluted with a high density of coliforms, and high levels of the dinoflagelado
Gymnodinium (Torres & Palacios, 2007). Also, Guayas and Daule rivers have the highest levels
of fecal coliforms in the South East Paciﬁc and over 300 times the international water quality
standards (UNEP, 2006). From a historical perspective, Guayaquil has always suffered from
immense water problems, and these issues have been rooted in an urban politico-ecological
context of the city (Swyngedouw, 1997). Not having access to public services such as sewerage
connection has impacts on the water quality of the city. Consequently, the urbanization process
causes social repercussions that are related to the environmental degradation in the area.
Therefore, historically the urban expansion in Guayaquil has been characterized with
social repercussions such as lack of quality housing and access to basic services, and
environmental impacts like depletion of vegetation and water pollution. The socio-environmental
conditions in Guayaquil are not independent of the historical, cultural, and political events. In
fact, the urban expansion affects mostly certain spaces of the city, being low-income settlements
with detrimental conditions for people and nature. Here, the urbanization process in Guayaquil is
embedded in the social and political context of the city. In this context, the metabolism of
Guayaquil can be understood through the historical and political-ecological forces that have
shaped the social and environmental conditions of the city. In other words, socio-environmental
impacts of the urban expansion in Guayaquil emerge mostly in spaces that lack political power,
and this has become a pattern repeated over different periods of time.

11

Chapter 2
Analysis of the urbanization process using GIS and Remote Sensing
There are various studies that analyze the socio-environmental impacts of the urban
expansion in several cities. The purpose of these studies is to understand how the urbanization
process has transformed society and nature, using remote sensing and GIS tools. Cohen (2006)
argues that problems facing rapidly growing urban areas are scientific problems or at least are
amenable to scientific and engineering expertise. First, this chapter reviews three studies about
the impacts of urban growth using geospatial technologies in Latin America. Then, it scrutinizes
studies that develop land cover change model for the analysis of the urban expansion. The
objective of this chapter is to understand those methodologies and models, and recognize the
geospatial tools that are useful for the study of the urban expansion.
2.1 Urban growth in Latin American Cities
First, the study “Assessing the Environmental Impacts of Urban Growth Using Land
Use/Land Cover, Water Quality and Health Indicators: A Case Study of Arequipa, Peru” by
Oswaldo Villena Carpio and Brian D. Fath (2011) analyzes the relationship between the urban
growth, the land cover/use change, and the pollution of waterbodies; additionally the indirect
effect on gastrointestinal diseases. The data is Landsat 5 imagery for years 1990 and 2007,
census data (population from 1990 to the projected population 2017), water quality data (total
and fecal of coliforms counts), human health data (cases of gastrointestinal diseases), and
housing data (number of new houses constructed per year from 1990-2007). The methodology
includes remote sensing tools, GIS, and statistics. First, the composites and normalized
difference vegetation index images of 1990 and 2007 were classified using Maximum Likelihood
Classification to observe the changes that occurred in urban and green areas. The classification
consisted of seven classes: urban, water, pasture, agriculture, volcanic material, sand flats and
12

bare ground. An index for fecal and total coliforms counts from 1990 to 2007 was created.
Values less than or equal to 1 means that the number of coliforms counts is under the permissible
levels and values greater than 1 exceed the permissible levels. Now, the comparison of the
classified remote sensing images from 1990 and 2007 showed that the urban area increased
14.15%. The increase in urban area caused decrease in agriculture. Surface covered by water
bodies has decreased by 2.59 km2, this has become ground area. And pasture increased by 3.38
km2. Also, there is a direct linear correlation (r2= 0.89) between the increase in population and
housing in Arequipa from 1990-2007. The runoff has increased due to the construction of new
houses and increase of impervious areas. Here, population and runoff increase contributes to the
rising number of fecal and total coliforms counts in Chili River. The index supports the fact that
the total coliform counts in the waterbodies have increased from 1990 to 2007. Likewise, there is
a very strong linear relationship (r2 = 0.91), between the increase of cases with gastrointestinal
disease and the increase of impervious areas. Consequently, the results showed that there is a
relationship between urban growth, the decrease of water quality, and the increase in the
incidence of gastrointestinal diseases. Finally, this study confirms that changes in land cover due
to a growing population, creates a complex phenomenon that involves the increase in many
measurable variables such as impervious areas, water pollution, and health problems.
Second, “Urban Expansion and the environmental effects of informal settlements on the
outskirts of Xalapa city, Veracruz, Mexico” by Benitez, Perez-Vazquez, Nava-Tablada, Equihua,
and Alvarez-Palacios (2012) analyzes the relationship between the expansion of squatter
settlements at the periphery of the city and the depletion of vegetation areas. The study area has
an important ecological wealth that derives from the surrounding cloud forest, an ecosystem of
high diversity. The data includes: population censuses (1950, 1960, 1970, 2000, 2005), historical
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maps and toponymic layers in digital format, satellite image with 4 bands (blue, green, red and
near-infrared) for 2007, and income data. The methodology analyzes spatio-temporal changes in
vegetation cover and land use to observe trends on deforestation. Also, it documents the
dynamics of population growth using census data, and the relationship to the expanding urban
area. The historical and toponymic layers were entered in GIS (ArcMap). Here, changes or
reduction in components such as housing blocks, highways, and physical features were classified
corresponding to the year of the cartographic data. Also, the satellite images were processed
digitally using ER MAPPER 7.1 to generate a map of current XMA vegetation and land use. In
the results, the most prominent change was from forest to urban cover. The spatial analysis
shows that Xalapa has grown outwards, mostly towards the north where it is mainly informal
settlements. In fact, about 54% of the city’s area is estimated to be occupied by these settlements.
According to economic data, the informal settlements are home to the poor population of the
city. Finally, the authors concluded that there is a tendency of expansion of informal settlements
at the periphery of Xalapa where low-income groups settle down. Moreover, this expansion is
causing the reduction of natural forest cover. Areas that used to be forest growth are now urban.
Third, “Monitoring and modeling the urban growth of two midsized Chilean” cities by
Henriquez, Azócar and Romero (2006). This paper analyzed the land cover/use change in
Chillan and Los Angeles from 1978 to 1998, identified the patterns of urban growth and the
fragmentation of the urban space, using GIS and remote sensing tools. The study uses census
data (1970, 1982, 1992, 2002), aerial photographs (1998, 1991, 1992 and 1978), topographical
maps, and income data. The methodology is about modelling land use change using parameters
to simulate urban growth. The model attempts to identify the physical and socio-economic
factors that determine or condition the pressure applied on previous land uses and the shift to
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urban use. For this, an urban modelling method know as cellular automata (CA) was used. This
is a heuristic model for simulating complex spatial processes that can demonstrate non-linear
growth dynamics like the spatial segregation of socio-economic groups. First, the land use/cover
in Chillan and Los Angeles were determined through the digital interpretation of the aerial
photographs. Topographical maps and digital aerophotogrametic information (CAD format) were
used as references. The types of land use/cover were based on an adaptation of Anderson’s
classification scheme, which includes [1] urban, [2]transport, [3]crops and pasture, [4]shrubs,
[5]forests, [6]wetlands, [7]water, and [8]barren lands. The most important urbanization driving
forces, also defined as the independent variables, are: total population from census, annual
demographic growth rates, provincial land use. Changes in urban land use/cover were associated
with the independent variables through simple correlation analysis.
Multi criteria evaluation (MCE) was used to evaluate suitability of land use/cover by
category. Here, MCE calculated urban suitability, which means spaces that are most likely to
become urban. For this, the MCE considered two spatial constraints (constructed areas and
watercourses), and three determined urban growth factors (closeness to principal access routes,
closeness to urban center, and the uses most likely to become urban). The results consist of a
final image of aggregated urban suitability with a range of 0-255, where 0 is no suitability (0
likelihood to become urban) and 255 is maximum suitability (maximum likelihood to become
urban). The changes of land use/cover in both cities in 1978-1998 are increased urban use
followed by increased forestry use. Agricultural use was the most spatially reduced, followed by
shrubs and wetlands. The number of urban patches determined the degree of fragmentation in the
new urban patterns. The results show that from 1978 to 1998, the number of urban patches
increased in both Chillan [6 patches in 1978, to 21 in 1998] and Los Angeles [20 in 1978, to 44
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in 1978]. Moreover, the physical fragmentation of the urban landscape is closely connected with
the social fragmentation of the cities, because there is a correlation between high income groups
living in urban patches located at the periphery of the cities. Finally, the authors concluded that
the growth of the two cities is fragmented which is characterized by peripheral urban patches
where high-income populations live.
2.2 Land use/cover change models
The study of land use/cover change is a technical method that quantifies and measures
urban growth. There is a relationship between urban expansion, land cover change, and socioenvironmental issues because the dynamics of urban growth affect both the natural and the
human system (Herold, Couclelis, & Clarke, 2005). Lopez, Bocco, Mendoza, and Duhau (2001)
assures that land use - cover change analysis and projection provide tools to assess ecosystem
change and its environmental implications at various temporal and spatial scales. Several studies
use urban modeling because it produces quantitative results of the dynamics of urban growth and
land cover change. Herold et al. (2005) notes that “many researchers believe that detailed spatial
and contextual characterization of urban land cover has high potential to result in detailed and
accurate mapping of urban land uses and socioeconomic characteristics” (p.373). In fact, studies
that analyze and model urban dynamic spatial change process are important to provide insights
of urban growth, its development, and repercussions (Kong, Yin, Nakagoshi, & James, 2012).
Therefore, land use/cover change models are useful for the spatial analysis of urban expansion
and its socio-environmental repercussions.
To model urban expansion, it is imperative to consider past and current trends of urban
growth, as well as the extent and location of current and future changes. Hence, the description
and analysis of spatial distributions and structural characteristics of urban land use, as well as
modeling and predicting their spatio-temporal changes are required (Kong et al., 2012). In other
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words, these models consider historical and current data to look at how the city has been
expanding, and the impacts it has produced. Then, they take this information to project future
development and potential changes or impacts. Moghadam & Helbich (2013) point out that
knowledge concerning past, current, and future growth plays an important role in urban
modeling. Here, the authors emphasize that monitoring growth is important to develop an
understanding of past trends and growth patterns, while simulation models can provide relevant
information of possible future developments. Even TV, Aithal, and Sanna (2012) concluded that
mapping landscapes on temporal scale is useful to monitor changes which is important for a
better management of natural resources and implementation of sustainability plans. Hence, these
models are useful to identify spatial patterns of the urban expansion and to measure urban
sprawl. Looking at patterns from previous periods can provide insights of former impacts and
teach us about potential future expansion and the likelihoods of new changes and impacts.
To counteract impacts of the urban expansion and to ensure sustainability, urban planners
need precise information on urban growth dynamics which translates into information about land
use/cover change (LUCC) over different periods of time (Jokar, Helbich, Kainz, & Boloorani,
2013). Therefore, to lessen the impacts of the urbanization process, it is pivotal to analyze the
urban expansion and its relationship with land cover change. In other words, quantifying urban
growth can help to develop appropriate management strategies which are fundamental to produce
a sustainable urban development (Kong et al., 2012). According to Guan, Li, Inohae, Su, Nagaie,
and Hokao (2011), the simulation results of urban models can provide strategic information for
urban planning, and help local authorities better understand a complex land use system and
develop an improved land use management that can better balance urban expansion and
environmental conservation. Similarly, Kong et al. (2012) explain that:
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The results obtained from the urban growth potential model provide decision makers with
fundamental information when formalizing development strategies for spatial
development in the coming decades, and accordingly the necessary measures could be
adapted to control or mitigate the negative potential impacts on the urban environment.
(p.90)
Moreover, urban planners can use this detailed information on urban growth to assess the amount
and consequences of past - future development, its location, and characteristics (Jokar et al.,
2013). Therefore, this information can be used to create urban management policies that
ameliorate the dynamics of urban growth. In this end, the contribution of urban modeling and
projecting future urban growth can be quite beneficial to develop policies that curtail socioenvironmental impacts and achieve a sustainable city.
2.3 GIS and Remote sensing for LUCC models
To develop LUCC models, many studies integrate GIS and remote sensing techniques
because these tools are suitable for the analysis of urban expansion at various periods. In fact,
Herold et al. (2005) point out that remote sensing can provide the spatially consistent, high
resolution datasets - such as satellite imagery - necessary for the study of spatial structure and
patterns of land cover change. Similarly, Van de Voorde, Jacquet, and Canters (2011) explain
that spatial metrics have the potential for analyzing urban morphology with satellite imagery.
Therefore, remote sensing is an important source of urban data that provides spatially consistent
areas with high geometric detail and high temporal frequency, which includes historical time
series (Herold et al., 2005). Guan et al. (2011) also agree with the importance of using GIS to
define initial conditions such as determining rules for the model.
Many authors agree that combining social and environmental data can enhance LUCC
models because two important forces for land use change modelling are environmental and
socio-economic factors (Jokar et al., 2013). The integration of social and environmental variables
strengthens the model because urban expansion is a dynamic process that involves several actors.
18

For this, land use change models represent the complexity of land use systems because they can
be used to test the probability of change of a land class; they can also be used to test the stability
of linked social and ecological system (Overmars, Koning, & Veldkamp, 2003). Likewise, agentbased land use models (ALBUMs) have the potential to link social and environmental processes
which provide a way of studying human-ecosystem relationships (Matthews, Gilbert, Roach,
Polhill, & Gotts, 2007). In other words, models of urban growth and land use change integrate
these diverse datasets since “socioeconomic, natural, and technological processes both drive and
are profoundly affected by the evolving urban spatial structures within which they operate”
(Herold et al., 2005, p.379). Therefore, hybrid models are appropriate for the integration of
environmental and socio-economic factors, as well as any spatial component that has an
influence on the urban sprawl (Jokar et al., 2013).
An integrated model is based on multiple disciplines and combining elements of different
modelling techniques which accomplish the objective of improving and understanding land use
change processes (Guan et al., 2011). A hybrid model is an integrated model because it
incorporates diverse techniques from statistics, GIS and remote sensing. In fact, several case
studies have developed hybrid models that use statistical and geospatial tools such as regression,
Cellular Automata (CA), Markov Chain (MC), and machine learning algorithms (Jokar et al.,
2013). Moreover, some models use metrics such as patch size, dominance, number of patches
and density, edge length and density, nearest neighbor distance, fractal dimension, contagion,
etc. (Herold et al., 2005). Spatial metrics are used to quantify the shape and patterns of
vegetation in natural landscapes. Also, these metrics are useful to analyze and describe change in
the degree of spatial heterogeneity in multi-temporal datasets (Herold et al., 2005). In
conclusion, LUCC model is a hybrid model that can integrate different variables and use various
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tools (like GIS, remote sensing or spatial metrics) to quantify and measure urban expansion and
impacts.
2.4 Markov Chain and Cellular Automata
Jokar et al. (2013) define Markov Chain as a stochastic model which has a descriptive
tool also known as the transition probability matrix which describes how likely one state is to
change to another state. Markov chains represent a dynamic system of special classes involving
transition probabilities described as symmetric matrices. This model uses two distinct land use
maps at different time points to calculate the probabilities of transition between one state to
another (Jokar et al., 2013). Here, Markov chain process controls temporal change among the
land use types based on the transition matrix (Guan et al., 2011). Therefore, the probability of
converting each land class to another class can be determined by the MC model, based on the
Markov transition probabilities matrix of a period. Nevertheless, MC is not a spatially explicit
model, which means that it is not an appropriate model to estimate the location of change
because it does not pay attention to neighbor cells but only focuses on the cells in time1 and
time2 (Jokar et al., 2013).
On the other hand, Cellular Automata (CA) does consider the element of proximity,
which implies that areas have a higher tendency to change or remain the same class when they
are located near existing areas of the same class. This means that CA controls spatial pattern
change through local rules considering neighborhood configuration and transition potential maps
(Guan et al., 2011). In this model, there are cellular entities that independently vary their states,
as well as their immediate neighbors, according to predefined transition rules. As Jokar et al.
(2013) explain, there is a matrix of cells in which the state of each particular cell is determined
by the state of the cell itself, as well as its surrounding cells, at a previous time period through
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the set of predefined transition rules. For example, transition rules can use a 3x3 neighborhood to
judge land use type in the future. State of each cell is affected by the states of its 8 neighboring
cells in the filter. Moreover, different land use types have different priorities, for example: urban
cannot become crops, or water areas are not expected to change in the future (Guan et al, 2011).
It is important to mention that these rules are defined by the authors based on previous research
of the study area.
There are a significant number of studies that combine both Markov chain and Cellular
Automata to quantify land cover change for different periods and project urban growth. In fact,
many authors assure that incorporating a Markov-CA model with geographic information system
(GIS) and remote sensing data is a suitable approach to model the temporal and spatial change of
land use (Guan et al., 2011). Combining Markov and CA can bolster an urban model since both
complement each other and fulfill the deficiencies of the other. Here, MCs are spatially nonexplicit because they compute the probabilities of land use transitions and the amount of change.
On the other hand, CA models lack the ability to account for the actual amount of change.
However, CA models avoid the limitation of MC because they are based on predefined sitespecific rules mimicking land use transitions and represent local raster-based simulation for
modelling urban expansion for discrete time steps. Therefore, CA addresses the spatial allocation
and location of change, while MC predicts changes quantitatively based on the changes that have
occurred in the past (Moghadam & Helbich, 2013).
2.5 Classification and Validation.
One important step of LUCC models (and probably the first step) is the classification.
Most studies use satellite imagery to extract land cover maps. There are several types of land
cover/use and many studies might use similar or different classes. Even though, most classes
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among studies might vary, the built-up class must be included in studies addressing urban
expansion issues. According to Herold et al. (2005), the analysis of urbanization process and
land cover change must consider at least two main land cover categories which are built up
(buildings and transportation surfaces) and non-built up (vegetation, bare soil, water). Therefore,
the classification of land types is a crucial step in urban models. Some case studies use
governmental land cover classes standards for their classification process. In fact, Kong et al.
(2012) chose 5 classes following the standards for Classification of Land Use and Criteria of
Construction Planning in Urban Area of the China Ministry of Construction. Most studies use
classes such as agriculture land, forestland, built-up land, waterbodies, others. Furthermore, there
are different methods and approaches to classify land cover. For example, Moghadam et al.
(2013) extracted land use classes from remotely sensed images using maximum likelihood
algorithm for the classification. There is also software available for the classification of land
cover. For instance, Kong et al. (2012) used the ERDAS Imagine system and the ArcMap
platform to produce land use maps in their study. Therefore, there are plenty of methods for the
classification of images ranging from algorithms to several specialized software.
Another important step is the validation process, which is usually the last step. Many
studies use different approaches such as statistical accuracy and image comparison to validate
their models. For example, Kong et al. (2012) validated their model in two ways: first,
comparing the general statistic results assessed as the ratio of the sum area of medium and high
(growth) predicted potential for 2004 and the existent high density built-up area of 1989 divided
by the existing built-up areas in 2004; second, identifying the spatial location valued by
overlaying the predicted urban growth potential map with the land use coverage map of 2004. In
the study case by Jokar et al. (2013), to validate their land use map of 2006 this was compared to
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the actual map of 2006 using kappa statistics for map classification comparison. The result was a
Kappa index of 0.89 which was high enough to validate the model. Moghadam et al. (2013) also
compares the simulated and actual land cover map for validation. In this scenario, built-up area
predicted for 2010 was cross compared with the actual amount of built-up areas 2010. Here, the
kappa index was about 83% which is considered an “almost perfect” agreement. Finally, Guan et
al. (2011) also uses a similar approach to validate their model since they compared simulated
land use map with the actual one using GIS software. The test results show that six land use
types have low relative errors (lower than 5%), and the best agreement is forestland type. To
conclude, most models validate the results of the classification or prediction results using tools
such as statistic assessment, comparison between actual and simulated land use maps, or GIS.
2.6 LUCC models for the study of urban growth.
Several authors have developed LUCC models to assess urban expansion. To mention a
few, Guan et al. (2011) in the study case "Modeling urban land use change by the integration of
cellular automaton and Markov model” simulate future land use changes using natural and socioeconomic data in Saga, Japan. This study combined Markov-CA model with GIS technology to
measure past land cover change and to simulate land use changes in the next 30 years. Also,
Jokar et al. (2013) in the study “Integration of logistic regression, Markov chain and cellular
automata models to simulate urban expansion” integrates logistic regression, Markov Chain, and
CA to produce temporal outputs of urban expansion and land cover change. First, logistic model
was utilized to create a probability surface; second, the MC model was used to retrieve the
quantity of change; and third, the CA model allocated the amount of change. Lopez et al. (2001)
in the paper “Predicting land-cover and land-use change in the urban fringe. A case in Morelia
city, Mexico” analyzed the relationship between urban growth and landscape change. In this
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case, land cover change was projected for the next 30 years using Markov chains and regression
analysis. Finally, “The role of spatial metrics in the analysis and modeling of urban land use
change” by Herold et al. (2005) explored both conceptually and with practical examples how
using remote sensing technology in combination with spatial metrics can assess urban spatial
structure and change processes.
The aforementioned studies use hybrid models that integrate a diverse dataset which
includes satellite images, physical, and census data from various periods. For example, Guan et
al. (2011) used land used maps of 1976, 1987, 1997, 2006 and variables such as population
density, slope, elevation, distance to nearest river, and distance to nearest road. Jokar et al.
(2013) also used remotely sensed imagery of years: 1986, 1996 and 2006 which were
synchronized with census data and physical data such as building blocks, park features, and river
streams. Likewise, Lopez et al. (2001) combined aerial photographs, Landsat images,
topographic maps, and demographic data of the census of 1940, 1960, 1970, 1980, and 1990.
Herold et al. (2005) uses remote sensing imagery to extract land cover maps as well. Similarly,
Kong et al. (2012) in the piece “Simulating urban growth processes incorporating a potential
model with spatial metrics” used Landsat images of 1989 and 2004, topographic map,
transportation map, urban planning data, and census data. Therefore, all these studies integrated
remote sensing imagery, and environmental and social variables for their methodologies. This
proves that integrating diverse datasets allows more detailed and complex spatial analysis of the
urban expansion. In fact, Herold et al. (2005) explain that:
Since many land use change models simulate both human and environmental systems, the
requirements placed on the data are fairly complex and range from natural and ecological
variables to socioeconomic information and detailed land use/cover data with appropriate
spatial and temporal accuracy. Important socioeconomic data sources include census and
various other types of governmental data as well as data that are routinely collected by
local planning and administrative agencies. (p.380)
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These studies demonstrate that using social data [such as population, poverty, economic],
environmental data [such as slope, vegetation, land cover maps], and remote sensing imagery is
pivotal for a successful urban model. Indeed, combining geographic, social, environmental, and
remote sensing data enhances the spatial analysis of the urbanization process.
The results of LUCC models are useful to visualize the spatial dynamics of urban
expansion and its repercussions on other land cover classes. Measuring these changes do inform
about the impacts urban expansion causes among different periods. For instance, Kong et al.
(2012) study showed that there was a decrease of the percentage of agriculture land and increase
of urban area. As a result, while green areas diminished, urban areas are expanded in the period
1989-2004. In this case, authors agree that most of the potential future built-up areas will come
largely at the expense of agricultural land, since most of the conversion into built-up came at
expenses of agriculture land and green spaces. The results of Guan et al. (2011) also showed the
tendency of built-up areas to increase steadily, while forest and agriculture classes diminish over
time. Moreover, these results are also related to the socio-economic and political environment of
the city. For example, the results of the case study by Lopez et al. (2001) were explained by
socio-economic factors here:
In this city in the period 1960-1975, urban population grew 136%, the growth in urban
area was 71%; for 1975-1990, population grew 180% but grow in area was 293%. This
indicates that from 1975 onwards, Morelia showed a decrease in its population density.
Two reasons can explain this fact. First, the average growth of urban housing
development currently in Mexico is far superior than the corresponding increase in
population. This is due to a decrease in the average number of family members per
dwelling and a faster rate of house creation. Second reason is the change and
diversification of urban activities (Development of commerce and industries) as well as
the speculative transformation of formerly agricultural land to urban area. (p.281,283)
Therefore, integrating social variables enhances the analysis and projection of urban growth and
impacts. It is not a matter of only identifying possible expansions and changes but also to
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understand how the social and cultural context of the city can play an important role on those
changes. To put it differently, studying urban expansion and its impacts involves modeling the
physical expansion and incorporating social factors that influence the urbanization process.
These investigations show the potential of using GIS and remote sensing tools for the
study of urban expansion. Their methodologies involve land cover/use change to demonstrate
how as the urban area expands, it causes the reduction of other areas such as vegetation or
agriculture. Moreover, they use social variables such as census data, human health data, and
income data, to show the social impacts of the urbanization process. Even though models cannot
be used to predict the behavior of specific households or communities precisely, this does not
mean that they cannot be used as tools for understanding and exploring the processes involved in
interactions between the biophysical and socioeconomic components of land use systems
(Matthews et al., 2007). In fact, hybrid models can provide relevant information about past land
cover change, the expansion of urban areas, and the socio-environmental repercussions. Using
GIS and remote sensing tools, then, can be very useful to analyze and visualize the social and
environmental patterns of the urbanization process. Furthermore, monitoring and modelling
patterns of urban expansion can inform policy that seeks to avoid repetition of errors that have
produced the unsustainable growth characteristic of large Latin American cities (Henriquez et al.,
2006). Therefore, these models can contribute valuable information that can be used to develop
policies to face the challenges of unplanned urban growth in the Latin American city.
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Chapter 3
Analysis of the urban expansion in Guayaquil, Ecuador
3.1 Methodology
The objective of this chapter is to develop a method that identifies and analyzes the social
and environmental repercussions of the urbanization process. Here, the methodology consists of
quantifying and allocating temporal changes in two different periods: from 1990 to 2000, and
from 2000 to 2010. Determining social and environmental changes provides important
information about the repercussions of the urban expansion. Therefore, this method will identify
spatial patterns for each period and investigate how these patterns are associated with the social
and environmental changes. The main question that this method aims to answer is what are the
social and environmental impacts caused by the urban expansion from 1990 to 2010 in the city of
Guayaquil? In order to respond this question, the methodology uses census and environmental
data. The census data covers variables that have been identified as social repercussions in the
literature review. This includes population, lack of public services such as potable water and
sewage connection, qualitative deficit and poverty. Regarding the environmental data, this
method uses land cover data for the years 1990, 2000 and 2010. Moreover, it employs GIS tools
such as Hot Spot Analysis, and remote sensing tools like land cover classification and transition
probability matrix. Therefore, this study develops a hybrid model that considers social and
environmental variables, determines temporal changes using GIS and remote sensing tools, and
assesses the respective impacts of the urban growth.
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3.2 Definition of study area
The study area is the official urban area of the city of Guayaquil and a 3km periphery
around the city. The official urban area was extracted from the government Census of 2010. And
for the periphery, a 3km buffer was created towards the West and South of the city. This buffer is
going towards South and West of the city because at the North and East there are the Daule and
Guayas rivers (Fig. 2). Therefore, the urban area cannot expand towards this direction. Likewise,
since the analysis is about the impacts of the expansion, the buffer is going to be in those zones
where the expansion of the city is more likely to go. To sum up, the study area is the official
urban area and a 3km periphery around the South and West of the city (Fig. 1).

Fig 1: Study Area
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Fig. 2: Most important waterbodies in the city of Guayaquil
3.3 Data
The dataset is divided into two categories: environmental and social. First, the
environmental category has two Landsat images of the area of Guayaquil for the years 1990 and
2000.These satellite images were downloaded from the United States Geological Survey (USGS)
Earth Explorer website. Also, a land cover map of 2010 and waterbodies of the area were
downloaded from the IEE (Instituto Espacial Ecuatoriano) portal, which is an Ecuadorian
governmental organization for geospatial technology. Finally, the social category contains the
variables: population, access to potable water, connected to public sewage, qualitative deficit,
and poverty. The Instituto Nacional de Censo y Estadistica (INEC), which is the national
institution of census and statistics in Ecuador, provided with the aforementioned social variables.
Therefore, this dataset comes from governmental sources such as the US and Ecuadorian official
institutions.
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Table 1
Description of the geospatial data of Guayaquil.
Data
LT05_L1TP_011061_19900221_20170131_01_T1
LE07_L1TP_011061_20001123_20170209_01_T1
Guayaquil Sistemas Productivos
Cuerpos de Agua
Poblacion
Materiales deficientes
Pobreza NBI
Servicio Higiénico conectado a red pública de
alcantarillado
Agua por red pública dentro de la vivienda

Description
Landsat Image of Guayaquil
Landsat Image of Guayaquil
Land cover classification map
of the county Guayaquil
Vector data of the waterbodies
in Guayaquil

Source
USGS
USGS

Year
1990
2000

Resolution
30meters
30meters

IEE

2010

30meters

IEE

2010

30meters

Total population

INEC

Number of houses that have
qualitative deficit.
Number of houses considered
in poverty
Number of houses that have
sewage connection
Number of houses that have
connection to potable water
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INEC
INEC
INEC
INEC

1990, 2000,
2010
1990, 2000,
2010
1990, 2000,
2010
1990, 2000,
2010
1990, 2000,
2010

Zone
Zone
Zone
Zone
Zone

3.4 Workflow

The workflow of this method is divided into two parts. The first part contains the
environmental data, and the second part comprises the census data. First, land cover maps were
extracted from two LANDSAT images (1990 and 2000) using Maximum Likelihood
classification in ENVI. Landcover for 2010 was downloaded from the IEE webpage. This is a
vector shapefile which was converted to a raster file. Then, transition probability matrix was
computed for the periods 1990-2000 and 2000-2010 using a Markov chains code in Python. For
the second part, census data was normalized and dissolved to Zonas tract. Then, Hot Spot
analysis map was created for the variables: Potable Water, Sewage Connection, Qualitative
Deficit, and Poverty. Finally, changes between different periods were assessed from the GIS and
Remote sensing results in order to assess social and environmental impacts.

Fig. 3 Workflow of major analysis steps for landcover and census data
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Chapter 4
Social and environmental impacts of the urban expansion
4.1 Analysis of census data
The first step was to change the resolution of the data because census tracks were too
small for the analysis. Therefore, the census tracks were dissolved to Zonas which is a larger
polygon size used by the Ecuadorian government. Then, the social variables were normalized.
Here, the values potable water, sewage connection, qualitative deficit, and poverty, were divided
to the total number of houses per each zona. This was necessary because the total number of
houses in each Zona is different, so in order to compare the Zonas they had to be normalized.
This step was performed as follows:
• Number of houses that have access to potable water/Total number of houses
• Number of houses that have sewage connection/Total number of houses
• Number of houses that have qualitative deficit/Total number of houses
• Number of houses that are considered in poverty/Total number of houses
Population value remains the same, and for the density variable, the total population was divided
by the area for each zona.
These variables were then mapped to visualize possible patterns, clusters, and distribution
across the urban area for each year. Afterwards, using the tool Optimized Hotspot Analysis in
ArcMap, cluster maps were created for each variable. The function of this tool is to identify
statistically significant spatial clusters of high values (hot spots) and low values (cold spots) from
a set of weighted features (Esri, 2018). Here, Zonas that have high values will appear in red,
while Zonas with low values appear in blue, and values that are neither high nor low, remain
light yellow. The objective of this step is to find the spaces with less access to public services
and spaces with high values of qualitative deficit and poverty; and understand the distribution of
the clusters across the urban space.
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Fig 4. Population in Guayaquil. Census 1990 (left), Census 2000 (center), Census 2010 (right). Source: INEC
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Fig. 5: Population density in Guayaquil, 1990 (left), 2000 (center), 2010 (right).
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Fig. 6. Potable Water in Guayaquil, Census 1990 (left), Census 2000 (center), Census 2010 (right). Source: INEC
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Fig 7. Sewage Connection in Guayaquil. Census 1990 (left), Census 2000 (center), Census 2010 (right). Source: INEC
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Fig. 8. Qualitative Deficit in Guayaquil. Census 1990 (left), Census 2000 (center), Census 2010 (right). Source: INEC
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Fig. 9. Poverty in Guayaquil. Census 1990 (left), Census 2000 (center), Census 2010 (right). Source: INEC
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Fig 10: Optimized Hotspot Analysis of Potable Water 1990 (left), 2000 (center), 2010 (right): Zonas with high access to potable water
(Hot Spot), and Zonas with low access to potable water (Cold Spot).
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Fig 11: Optimized Hotspot Analysis of Sewage Connection 1990 (left), 2000 (center), 2010 (right): Zonas with high access to public
sewage (Hot Spot), and Zonas with low access to public sewage (Cold Spot).
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Fig 12: Optimized Hotspot Analysis of Qualitative Deficit 1990 (left), 2000 (center), 2010 (right): Zonas with high levels of
qualitative housing deficit (Hot Spot), and Zonas with low levels of qualitative housing deficit (Cold Spot).
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Fig 13: Optimized Hotspot Analysis of Poverty 1990 (left), 2000 (center), 2010 (right): Zonas with high levels of poverty (Hot Spot),
and Zonas with low levels of poverty (Cold Spot).
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The total population in 1990 is 1’508,596, in 2000 is 1’985,249, and in 2010 is
2’278,691. Here, the population increases by 30% from 1990 to 2000, and increases by 15%
from 2000 to 2010. The 1990 map shows that most of the population is located around the CBD,
towards the south and the west. In 2000, the population spreads towards the north, and by 2010
the population spreads towards the northwest (Fig. 4). Therefore, population growth has occurred
along with the spread of new urban areas in the south and the northwest. In every year, the Zonas
with the highest population density are located towards the south and a few in the north (Fig. 5).
Moreover, access to potable water and sewage connection have a similar spatial pattern. In fact,
zonas with highest percentages are located at the CBD and as the distance increases towards the
north and the south, the access to public services decreases (Fig. 6, 7). This signifies that the new
areas for 2000 and 2010 have low access to public services. Likewise, qualitative deficit and
poverty have a similar spatial pattern as well. In this case, areas around the CBD are low, but
towards the north and the south the value increases (Fig. 8, 9). Therefore, the new urban areas
towards the south and northwest have high level of poverty, and houses with qualitative deficit.
To fully understand the spatial distribution of these variables, it is important to consider
the results of the Optimized Hot Spot Analysis. Indeed, access to potable water and sewage
connection are very high around the CBD, however the newest areas tend to have low values.
For example, in 1990 the clusters with high access to public services are in the core of the city.
However, at the South the clusters show low access. On the other hand, in 2000 the cluster of
high values has expanded towards the South, while clusters with low values are located in the
new Zonas at the North west and South west. And in 2010, the cluster with high values expanded
completely towards the South, while the cluster with low values again expanded towards the new
Zonas at the North West (Fig. 10, 11). This signifies that new areas in 2000 and 2010 have low
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access to public services. Therefore, the results demonstrate that as the urban areas expand, the
access of public services, such as potable water and sewage connection, do not meet the growth
of the city.
On the contrary, qualitative housing deficit and poverty present a different pattern. In this
case, the cluster around the CBD has low values, while the clusters at the new areas have high
values. For instance, in 1990 the hot spots are mostly located at the south, while the areas around
the CBD have cold spots. In 2000, the cold spots spread towards the north and some areas in the
south, but the hot spots are in the new areas in the South and in the Northwest. By 2010, the cold
spots have expanded more towards north and south, meanwhile the old and new areas at the
North West remain as hot spots (Fig. 13, 14). This means that the new urban areas have high
levels of poverty and qualitative housing deficit. Therefore, the Hot Spot analysis demonstrates
that the social repercussions of the urban expansion in Guayaquil involves new urban areas that
are very poor, have houses with bad infrastructure, and lack of access to public services.
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4.2 Analysis of environmental data
Two LANDSAT images of the Guayaquil area for 1990 and 2000 were downloaded from
the USGS Earth Explorer. These images were pre-processed and classified in ENVI. For the preprocess, a subset for the urban area and the 3km periphery was applied. Then, the images were
calibrated and atmospherically corrected using the tool radiometric calibration. Once, the images
were pre-processes, they were classified into 5 classes: urban (built-up areas), vegetation (green
areas and mangroves), waterbodies, agriculture/aquaculture, others (bare land, dry forests, and
roads). These classes were selected based on the land cover map of 2010 which was classified by
the Ecuadorian government. The final step was to classify the images of 1990 and 2000 using
Maximum Likelihood Classification. The output is a land cover map for 1990 and one for 2000
(Fig. 15). The landcover map for 2010 was classified by the Ecuadorian organization IEE. This is
a vector file which contains the land cover classification for the county Guayaquil. This file was
clipped using the study area boundary and converted into a raster with the classes: others (1),
agriculture (2), waterbodies (3), vegetation (4), and urban areas (5), in ArcMap (Fig.15).
Moreover, the distribution of classes was calculated for each year. In this step, the total
count of pixels for each class was divided by the total pixels of the entire area. The result shows
how each class is distributed, indicating which classes have the highest and lowest distribution
for every year (Table 2 and Fig.16). Finally, a probability transition matrix was calculated for the
periods 1990-2000 and 2000-2010. This matrix was computed using a Markov chain code in
Python. The objective of this step is to quantify changes between classes. This is, to calculate the
probability of a class to convert to another class or to remain the same (Table 3)
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Fig. 14 Land cover maps 1990 (left), 2000 (center) and 2010 (right).
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Table 2
Distribution of land cover for 1990, 2000 and 2010.
Class

Land cover

1990

2000

2010

1

Others (barren/dry land, roads)

17.63%

42.54%

17.31%

2

Agriculture/Aquaculture

8.79%

9.27%

17.67%

3

Waterbodies

3.82%

5.60%

6.55%

4

Vegetation (Green areas, mangroves)

53.64%

19.20%

25.84%

5

Urban (built-up areas)

16.12%

23.39%

32.63%

1990
2000
2010
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
1

2

3

4

5

Fig. 15: Distribution of land cover for 1990-2000-2010.
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Table 3
Transition probability matrix of land use change for the periods 1990-2000 and 2000-2010 using Markov chain.
Land use

Period

Others

Agriculture

Water

Vegetation

Urban

Others

1990-2000
2000-2010

45.752146
30.076721

10.93412318
21.99159607

2.556375
0.183144

9.84751294
28.5830058

30.90984
19.16553

Agriculture

1990-2000
2000-2010

8.6383501
8.9025288

44.42160538
45.59456584

12.05327
11.61797

19.5550412
14.2352075

15.33173
19.64973

Water

1990-2000
2000-2010

0.3599256
0.7025698

9.96321639
15.76188289

86.05387
80.32534

0.08701499
1.79965952

3.535973
1.410544

Vegetation

1990-2000
2000-2010

61.452626
16.164741

4.259855428
11.88795696

0.784017
3.274252

29.0661162
62.8445957

4.437385
5.828454

1990-2000

4.5607487

4.82087822

2.38829

0.88971829

87.34036

2000-2010

2.412181

3.767287838

1.225894

0.81812869

91.77651

Urban
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First, landcover maps show that urban areas (red) spread out steadily in both periods.
Now, vegetation covers a great part of the map in 1990, but for 2000 these areas change to others
(dry forests). This means that green vegetation has changed to dry vegetation or bare land in the
new period. However, by 2010 green areas increase again. This dynamic occurs because plants
in dry forests tend to lose its leaves during most time of the year, but they gain their leaves again,
specially during the rainy season (Urquizo, Viejo, Carvajal, Salas & Bustamante, 2011; Aguirre,
Kvist & Sanchez, 2006). Therefore, the change in these specific areas reflect a natural transition
that is inevitable and not a consequence of the urban expansion. On the contrary, there are new
urban areas that do take place in areas where there were dry forests before. This means that
changes in dry forests areas can be caused either by natural forces or human actions. In order to
quantify this change, and assess the percentage of change caused by humans, it is necessary to
consider the results of the Markov chains. Moreover, agriculture (yellow pixels) are expanding
towards different parts of the map for 2000 and 2010. Some of these new agricultural areas
appear where the dry forests and mangroves used to be. Here, the expansion of new agriculture
and aquaculture sites are occurring at the expense of important ecological zones because dry
forests and mangrove areas are convenient for the development productive activities such as
agriculture and expansion of shrimp ponds. (Urquizo et al., 2011). Finally, waterbodies are very
similar for every year.
To quantify the increase or decrease of land covers between periods, it is important to
examine the distribution table and histogram. Here, urban areas increase steadily because for
1990 they occupied about 16% of the total area, for 2000 it occupied about 23%, and for 2010 it
occupied 32%. Vegetation, on the other hand, is about 53% in 1990, but for 2000 it decreases to
19%, and for 2010 it increases to 25% again. Therefore, vegetation class has a great decline for
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2000 and a slight increase for 2010. The class others is about 17% for 1990, but increases to 42%
for 2000, and decreases to 17% again for 2010. Waterbodies seem to have a slight increase from
1990 to 2010. In 1990, this class occupied about 3%, for 2000 it occupied about 5%, and for
2010 it occupied about 6%. Last, the class agriculture also increases from 1990 to 2010. Here, in
1990 agriculture was about 8%, for 2000 it was about 9%, and for 2010 it was about 17%.
To fully understand the dynamics of change between classes, it is imperative to review
the Markov matrix. As explained before, some of the changes between classes are due to natural
causes (seasonal changes), but other changes, such as the expansion of productive activities or
urban areas, are attributed to human forces. Here, the transition probability matrix was computed
to quantify changes between classes and assess the dynamic of change between classes. In this
matrix, the values that are in the diagonal (bold values) indicate the probability of a class to
remain the same. For example, urban has the highest probability to remain the same for both
periods (87% and 91% respectively). This is correct since urban areas are most likely to remain
the same and do not transform into another class. Also, waterbodies have the second highest
probability to remain the same for both periods (86% and 80% respectively). On the other hand,
vegetation has the lowest probability to remain the same for the first period (about 29%), but the
probability to remain the same is higher in the second period with 62%. Agriculture has a fair
probability to remain the same (about 44% and 45% for the first and second period respectively).
Others also has a fair probability to remain the same (about 40% for the first period and 30% for
the second period). Therefore, urban and waterbodies classes are most likely to remain the same,
but vegetation, agriculture, and others will most likely experience change. Identifying the classes
with highest probabilities of transition is important because this signifies that areas with these
classes is where most of the change will probably take place in future periods.
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One important question to address is which areas are most likely to become urban? It is
necessary to answer this question to evaluate the environmental impacts of the urban expansion.
The matrix indicated that others and agriculture have the highest probability to become urban for
both periods. For example, in the first period about 30% of others became urban, and for the
second period about 19% changed to urban. For agriculture, 15% became urban in the first
period, and about 19% became urban in the second period. This indicates that most of the urban
expansion has occurred at the expense of dry forests areas and agricultural fields. Therefore, it
demonstrates that others and agriculture areas are most likely to receive the new urban expansion
in future periods.
Another prominent change is between the classes others and vegetation. In the first
period, 61% of vegetation areas became others, and in the second period about 16% changed to
others. On the other hand, in the first period about 9% of others became vegetation, and in the
second period about 28% of others became vegetation. As a result, there is an ongoing change
between these two classes. To put it differently, green vegetation is likely to become dry forests
or bare land and vice versa. The dynamics between these classes are due to natural causes as
explained before. Finally, another remarkable change is for the agriculture class. Here, others,
water, and vegetation have all a fair probability to become agriculture areas. One possible
explanation of the change from water to agriculture is the expansion of shrimp ponds in areas of
the estuary. Moreover, the change from green vegetation to agriculture can also be explained by
the expansion of shrimp ponds in mangrove areas. Also, some of the dry forests areas have been
used to develop new agricultural fields (Urquizo et al., 2011). Therefore, these changes are not
necessarily caused by the expansion of urban areas but can be either indirect consequences of
urban growth (increase of productive activities) or of natural dynamics.
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The probability matrix addressed the dynamics of change between land cover classes in
the Guayaquil area. It indicated the probabilities of each class to either remain the same or
become another class. The most remarkable changes extracted from this matrix are from the
classes agriculture, others and vegetation. Agriculture and others had the highest probability to
change to urban in both periods. Meanwhile, vegetation changed to other and vice versa. Also,
vegetation and others were most likely to become agriculture. It is important to analyze all the
probability changes of the matrix in order to accurately assess and identify the changes caused by
the expansion of urban areas. In this case, some of the changes are attributed to the urban
expansion, however other changes are caused by natural causes, or the increase of productive
areas. This matrix showed that most of the expansion of urban areas is occurring at the expense
of dry forests and agriculture areas. Similarly, the depletion of green vegetation such as
mangroves can be an indirect repercussion of the urban growth. This signifies, then, that the
environmental consequences of the urban expansion entail the depletion of important ecological
areas such as dry forests or mangroves.
4.3 Discussion
The results of this study assessed the social and environmental impacts of the urban
growth from 1990 to 2010 in Guayaquil. Here, the social impacts involve urban areas with high
levels of poverty and qualitative deficit, and lack of access to public services. The Optimized Hot
Spot Analysis results indicated that new urban areas in 2000 and 2010 tend to have very low
access to potable water and sewage connection. Likewise, these areas have high percentages of
poverty and poor house infrastructure. This signifies that the urban expansion produces new
spaces with detrimental conditions for the population. Moreover, the environmental
consequences implicate the depletion of important ecological areas such as mangroves or dry
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forests. The land cover results proved that as urban areas expanded; agriculture, dry forests, and
vegetation decreased. For example, from 1990 to 2000 about 30% of others (dry forests and
barren land) changed to urban, and from 2000 to 2010 about 19% of others became urban. Also,
about 15% and 19% of agriculture changed to urban in the first and second period respectively.
The transition of these classes to urban shows that as urban areas expand, some areas with dry
forests and agriculture decrease. Furthermore, areas with vegetation (about 4% and 12%)
changed to agriculture in both periods. This phenomenon can be an indirect consequence of
urban growth due to the increase of productive activities in the area. Therefore, environmental
transformations like decrease of vegetation and dry forests areas, and increase of agriculture are
consequences of the urban growth.
The identified social impacts are consequences of a rapid urban growth which is
characteristic of Latin American cities. Rapid and unplanned urban expansion produce spaces
with high levels of poverty and low access to public services. (Benitez et al., 2012; Cohen, 2006;
Satterthwaite, 2003; UNEP, 2006). These conditions are detrimental for the population that live
in these spaces because they do not have access to clean water, do not dispose the waste in a
proper manner, and live in houses with poor infrastructure (Portes & Schauffler, 1993; Naciones
Unidas para America Latina y El Caribe, 2016; Programa de las Naciones Unidas para el Medio
Ambiente, 2001). Historically, in Guayaquil, spaces that house the urban poor tend to have
shortage of access to potable water (Swyngedouw 1995, 1997). In fact, the Hotspot analysis
results demonstrated that the spaces with the lowest access to public services tend to be the
spaces with the highest levels of poverty. This pattern appears in every year (1990, 2000, and
2010). To put it differently, the lack of access to services appears mostly in the poor sectors of
the city. Henceforth, the social impacts of the urban growth are related to the historical, social,
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cultural, political, and economic conditions of the city. (Castro et al., 2002; Grove, 2009; Kaika
& Swyngedouw, 2011; Zimmer, 2010). UPE literature, then, is pivotal to understand and explain
the social impacts of the urban growth because these repercussions are not independent of the
politico-ecological context of the city.
On the other hand, the results also demonstrated that the expansion caused the depletion
of important ecological areas such as mangroves and dry forests. Here, the urban growth caused
the reduction of dry forests areas, and indirectly impacted the vegetation areas (mangroves) due
to the increase of productive activities (agriculture/ aquaculture). Mangroves and dry forests are
important ecosystems because they have a rich biodiversity which includes several species of
plants and trees, and different species of birds, reptiles, mammals, and marine animals. These
ecosystems are very fragile, and some areas are currently defined as “in danger” by the
Ecuadorian Government. The expansion of urban areas and the increase of productive activities
are identified as the main causes for the damage of these natural resources. (Aguirre et al., 2006;
Montaño & Montolio, 2008; SENPLADES, 2015; Urquizo et al., 2011). Furthermore, lack of
access to sewage connection has repercussions on the waterbodies of the area. For example,
Estero Salado, Guayas River, and Daule River, have high concentrations of coliform counts
which is caused by the disposal of untreated sewage water (CPPS, 2014; Dag Berge et al., 2012;
Torres & Palacios, 2007; UNEP, 2006). As a consequence, the lack of access to sewage
connection has a relationship with the high level of pollution of the waterbodies of the city.
This study also demonstrated that geospatial technologies are very efficient to identify
and study the spatial patterns of the urban expansion. Several authors developed integrated
models that combine social and environmental data, and use GIS and remote sensing tools to
study urban expansion (Benitez et al., 2012; Guan et al., 2011; Henríquez et al., 2006; Jokar et
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al., 2013; Lopez et al., 2001; Villena & Fath, 2011). Hotspot Analysis in ArcMap, land cover
classification in ENVI, and computing land cover change using Markov chains in Python,
provided insightful results that identified the spatial distribution of the urban expansion and
impacts in Guayaquil. Future research could integrate the identified changes in this study with
Cellular Automata to project future impacts. In fact, several studies integrate socioenvironmental data into a Markov-CA model to project future changes of the urban expansion
(Moghadam & Helbich, 2013; Jokar et al., 2013; Guan et al., 2011). An important step of these
models is to identify social and environmental variables that play an important role in the
urbanization process. This investigation identified the most prominent social and environmental
variables of the urban expansion from 1990 to 2010. Henceforth, these variables can be
integrated into a Markov-CA model to simulate changes and allocate impacts of the expansion
for future years in Guayaquil.
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Conclusion
In conclusion, urban growth in Guayaquil has outstripped the capacity of the city to
provide basic services to its citizens. This research demonstrated that Guayaquil faces the
challenge to ameliorate the infrastructure to receive the growing population in the new urban
areas. Moreover, the urban expansion has also depleted important ecological areas and caused
pollution of waterbodies. Indeed, understanding past changes and impacts is pivotal for the
creation of new policies that seek to avoid the repetition of past errors. Similarly, simulating and
projecting future changes can provide relevant information for policy makers to design and
develop plans that tackle impacts of the urban expansion. Finally, projecting future impacts
based on past changes can help avoid an unplanned urban growth, which has affected nature and
society for so long in this Latin American city.

56

Bibliography
Aguirre, Z., Kvist, L., & Sanchez, O. (2006). Bosques secos en Ecuador y sus plantas utiles. [Dry
Forests in Ecuador and their plants.] In M. Moraes, B. Ollgaard, L. Kvist, F. Borchsenius,
& H. Balslev (Eds.) Botanica Economica de Los Andes Centrales. (188-204). Universidad
Mayor de San Andres, La Paz, Bolivia.
Avelar, S., Zah, R., & Tavares-Correa, C. (2008). Linking socioeconomic classes to land cover
data in Lima, Peru: Assessment through the application of remotes sensing and GIS.
International Journal of Applied Earth Observation and Geoinformation. 11, 27-37. DOI:
10.1016/j.jag.2008.05.001
Benitez, G., Perez-Vazquez, A., Nava-Tablada, M., Equihua, M., & Alvarez-Palacios, J.L. (2012)
Urban Expansion and the Environmental effects of informal settlements on the outskirts of
Xalapa city, Veracruz, Mexico. Environment and Urbanization. 24(1), 149-166. DOI:
10.1177/0956247812437520
Castro, E., Kaika, M., & Swyngedouw, E. (2002). Urban Water: A Political-Ecology
Perspective. Built Environment (1978-), In Water Management in Urban Areas, 28(2),
124-137. Retrieved from http://www.jstor.org/stable/23288796
Cohen, B. (2006). Urbanization in developing countries: Current trends, future projections, and
key challenges for sustainability. Technology in Society. 28, 63-80. DOI:
10.1016/j.techsoc.2005.10.005
CPPS. (2014) Estado del Medio Ambiente Marino y Costero del Pacífico Sudeste. Comisión
Permanente del Pacífico Sur - CPPS. [Report of the Marine and Coastal Environment of
the Southeast Pacific.] Guayaquil, Ecuador. Serie Estudios Regionales No. 4. 244p.
Dag Berge, P., Geerders, P. & Dominguez, L. (2012) Rehabilitation Plan for Estero Salado,
Guayaquil, Ecuador. [Rehabilitation Plan for the Estero Salado, Guayaquil, Ecuador.]
Norwegian Institute for Water Research. Report SNO 6361. Retrieved from
http://hdl.handle.net/11250/215958
Delgado, A. (2008). Urban developments in Guayaquil-Ecuador: Critical approach to urban
landscape. CIUDAD POSITIVA. 1(4), 90-99. Daniel Wong-Wong &Wong Associates.
Retrieved from https://lirias.kuleuven.be/handle/123456789/261094
Delgado,
A.
(2013).
Guayaquil.
Cities,
https://doi.org/10.1016/j.cities.2011.11.001

31,

515-532.

Retrieved

Engels, F. (1845). Conditions of the working class in England. Panther Edition, Leipzig.
Esri. (2018). Hot Spot Analysis (Getis-Ord Gi*)-Help | ArcGIS Desktop. Retrieved from
http://desktop.arcgis.com/en/arcmap/latest/tools/spatial-statistics-toolbox/hot-spotanalysis.htm

57

from

Grove, K. (2009). Rethinking the nature of urban environmental politics: Security, subjectivity,
and the non-human. Geoforum 40, 207-216. DOI: 10.1016/j.geoforum.2008.09.005
Guan, D., Li, H., Inohae, T., Su, W., Nagaie, T., & Hokao, K. (2011). Modeling urban land use
change by the integration of cellular automaton and Markov model. Ecological
Modelling, 222(20-22), 3761-3772. Retrieved from
https://doi.org/10.1016/j.ecolmodel.2011.09.009
Henríquez, C., Azócar, G., & Romero, H. (2006). Monitoring and modelling the urban growth of
two mid-sized Chilean cities. Habitat International 30, 945-964. DOI:
10.1016/J.habitatint.2005.05.002
Herold, M., Couclelis, H., & Clarke, K. (2005). The role of spatial metrics in the analysis and
modeling of urban land use change. Computers, Environment and Urban Systems, 29,
369-399. DOI: 10.1016/j.compenvurbsys.2003.12.001
Heynen N., Kaika, M. & Swyngedovw, E. (2006). Urban Political Ecology: politicizing the
production of urban natures. In N. Heynen, M. Kaika, and E. Swyngedovw. (Eds.), The
Nature of Cities. Urban Political Ecology and the Politics of Urban Metabolism. (1-20).
Routledge, New York, NY
Jokar, J., Helbich, M., Kainz, W., & Boloorani, A. (2013). Integration of logistic regression,
Markov chain and cellular automata models to simulate urban expansion. International
Journal of Applied Earth Observation and Geoinformation , 21, 265-275. DOI:
10.1016/j.jag.2011.12.014
Kaika M., & Swyngedouw, E. (2011). The Urbanization of Nature: Great Promises, Impasse, and
New Beginnings. In G. Bridge & S. Watson (Eds.), The New Blackwell Companion to the
City. (96-106). Blackwell Publishing Ltd.
Kong , F., Yin, H., Nakagoshi, N., & James, P. (2012). Simulating urban growth processes
incorporating a potential model with spatial metrics. Ecological Indicators , 20, 82-91.
DOI: 10.1016/j.ecolind.2012.02.003
Lee, T. (2000). Urban water management for better urban life in Latin America. Urban Water.
2(1), 71-78. Retrieved from https://doi.org/10.1016/S1462-0758(00)00041-8
Lopez, E., Bocco, G., Mendoza, M., & Duhau, E. (2001). Predicting land-cover and land-use
change in the urban fringe. A case in Morelia city, Mexico. Landscape and Urban
Planning , 55, 271-285. Retrvieded from https://doi.org/10.1016/S0169-2046(01)00160-8
Matthews, R., Gilbert, N., Roach, A., Polhill, J., & Gotts, N. (2007). Agent-based land-use
models: a review of applications. Landscape Ecology, 22, 1447-1459. DOI:
10.1007/s10980-007-9135-1
Moghadam, H. S., & Helbich, M. (2013). Spatiotemporal urbanization processes in the megacity
of Mumbai, India: A Markov chains-cellular automata urban growth model. Applied
Geography, 40, 140-149. Retrieved from http://dx.doi.org/10.1016/j.apgeog.2013.01.009
58

Montaño, M. & Montolio, T. (2008) Ecosistema Guayas (Ecuador), Medio Ambiente y
Sostenibilidad. [The Ecosystem of Guayas (Ecuador), The Natural Environment and
Sustainability.] Revista Tecnologica ESPOL, 21(1), 1-6. Retrieved from
http://www.rte.espol.edu.ec/index.php/tecnologica/article/view/131
Naciones Unidas para America Latina y El Caribe. (2016). Desafios, Dilemas, y compromisos de
una agenda urbana comun. [Challenges, Dilemmas, and agreements of a common urban
agenda.] Santiago, Chile.
Niemczynowicz, J. (1999). Urban hydrology and water management -present and future
challenges. Urban Water. 1(1), 1-14. Retrieved from https://doi.org/10.1016/S14620758(99)00009-6
Overmars, K. P., de Koning, G.H.J., & Veldkamp, A. (2003). Spatial Autocorrelation in multiscale land use models. Ecological Modelling, 164, 257-270. DOI: 10.1016/S03043800(03)00070-X
Portes, A., & Schauffler, R. (1993). Competing Perspectives on the Latin American Informal
Sector. Population and Developmemnt Review. 19(1), 33-60. Retrieved from
http://www.jstor.org/stable/2938384
Pozo Urquizo, R. & Escobar, I. (2015) Guayaquil 2015: Avances en el cumplimiento de los
objetivos de desarrollo del milenio. [Guayaquil 2015: Progress in the compliance of the
millennium development goals.] AUC Revista de Arquitectura, 35:36, 11-46. Retrieved
from http://editorial.ucsg.edu.ec/ojs-auc/index.php/auc-ucsg/article/view/12/12
Programa de las Naciones Unidas para el Medio Ambiente. (2001). Las Aguas residuales
municipales como fuentes terrestres de contaminacion de la zona marino-costera en la
region de America Latina y El Caribe. [Municipal sewage water as the main cause of ocean
pollution in Latin America and the Caribbean]. PNUMA Oficina Regional para America
Latina y El Caribe. Mexico D.F, Mexico.
Ranganathan, M., & Balazs, C. (2015). Water marginalization at the urban fringe: environmental
justice and urban political ecology across the North-South divide. Urban Geography,
36(3), 403-423. DOI: 10.1080/02723638.2015.1005414
Satterthwaite, D. (2003) The links between Poverty and the environment in urban areas of
Africa, Asia, and Latin America. The Annals of the American Academy of Political and
Social Science, 590, 73-92. Retrieved from http://www.jstor.org/stable/3658546
SENPLADES. (2015). Agenda Zonal. Zona 8: Guayaquil, Samborondon y Duran 2013-2017.
[Zonal Report, Zone 8: Guayaquil, Samborondon y Duran 2013-2017]. Quito, Ecuador.
Swyngedouw, E. (1995). The contradictions of urban water provision. A study case of Guayaquil,
Ecuador. International Development Planning Review, 17(4), 387-402. DOI:
10.3828/twpr.17.4.c828066008888322

59

Swyngedouw, E. (1997). Power, Nature, and the city. The conquest of water and the political
ecology of urbanization in Guayaquil, Ecuador: 1880-1990. Environment and Planning
A, 29(2), 311-332. Retrieved from http://journals.sagepub.com/doi/abs/10.1068/a290311
Swyngedouw, E. (2004). Scaled Geographies: Nature, Place, and the Politics of Scale. In E.
Sheppard & R. McMaster (Eds.), Scale and Geographic Inquiry: Nature, Society, and
Method. (129-153). Blackwell Publishing Ltd. Retrieved from
https://doi.org/10.1002/9780470999141.ch7
Torres, G. & Palacios, C. (2007) Calidad Ambiental del Bloom Algal en Area Urbana del Estero
Salado (Ciudad de Guayaquil) en Junio 2005. [Environmental quality of the algae bloom
in the urban area of the Salado Estuary] Acta Oceanografica del Pacifico. 14(1), 115-123.
Retrieved from http://hdl.handle.net/1834/2363
TV, R., Aithal, B. H., & Sanna, D. D. (2012). Insights to urban dynamics through landscape
spatial pattern analysis. International Journal of Applied Earth Observation and
Geoinformation, 18, 329-343. DOI: 10.1016/j.jag.2012.03.005
UNEP. (2006) Permanent Commission for the South Paciﬁc (CPPS). Humboldt Current, GIWA
Regional Assessment 64. University of Kalmar, Kalmar, Sweden.
Urquizo, R., Viejo, L., Carvajal, R., Salas, J., Bustamante, M. (2011). Biodiversidad del Guayas:
conociendo nuestra verdadera riqueza. [Biodiversity of Guayas: learning about our true
wealth] Gobierno provincial del Guayas-Direccion de Medio Ambiente. Poligrafica y
Finding Species. Guayaquil. 224pp.
Van de Voorde, T., Jacquet , W., & Canters, F. (2011). Mapping form and function in urban
areas: An approach based on urban metrics and continuous impervious surface data.
Landscape and Urban Planning, 102, 143-155. DOI: 10.1016/j.landurbplan.2011.03.017
Villacres, C. (2014) Apropiacion del Espacio en la informalidad: Asentamientos Informales en
Guayaquil. [Appropriation of Space in the informality: Informal Settlements in
Guayaquil.]. Territorios en formacion, 0(7), 103-118. Retrieved from
http://polired.upm.es/index.php/territoriosenformacion/article/view/2992
Villena, O., & Fath, B.D. (2011). Assessing he Environmental Impacts of Urban Growth Using
Land Use/Land Cover, Water Quality and Health Indicators: A Case Study of Arequipa,
Peru. American Journal of Environmental Sciences, 7(2), 90-101. DOI:
10.3844/ajessp.2011.90.101
Zimmer, Ana. (2010). Urban Political Ecology: Theoretical Concepts, challenges, and suggested
future directions. Erdkunde. 64(4), 343-354. Retrieved from
http://www.jstor.org/stable/25822107

60

