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Background
• Guayaquil is the largest city in
Ecuador. Historically, this city has
experienced a rapid and unplanned urban
growth which caused repercussions for the population
and the environment.
• The urban expansion is a complex event that
involves political, social, and ecological aspects.
• The social and environmental transformations of the
urbanization process can be analyzed using
geospatial technologies.
• GIS and Remote Sensing are efficient tools to
perform spatial analysis of urban expansion. In fact,
geospatial technology and environmental and social
variables can be integrated to assess land use change
and socio-environmental impacts.

Data
Satellite imagery: 1990, 2000, 2010 (Source: USGS)
Census data: 1990, 2000, 2010 (Source: INEC)
This study combines social and environmental data. The
social data is divided into four variables: population,
access to potable water, sewage connection, and poverty.
The environmental data consists of land cover maps
extracted from LANDSAT images.

Methods
Hot Spot Analysis: In order to identify clusters of low
and high values for the social variables, the tool hot spot
analysis in ArcMap was used. Moreover, population
change was mapped in ArcMap as well.
Land cover Maps: The LANDSAT images were
classified into 5 classes: urban, vegetation, waterbodies,
agriculture, others (barren land and roads). ENVI was
used to process and classify the satellite imagery.
Markov chains: To quantify the transition between
classes, a transition probability matrix was calculated
using Markov model. This was computed in Python.

Results

Discussion
Census Data

Land Cover Data

Census Data:
The population change maps show that the population
declines at the CBD, while it increases at the periphery.
The Hot Spot maps indicate that public services such as
potable water and sewage connection are high at the
CBD, while it declines at the new urban areas/periphery.
Therefore, urban areas are expanding, but public
services in these areas are not increasing.
Moreover, areas with clusters of high level of poverty
tend to be the same as those areas with clusters of low
values of public services.
Land Cover Data:
From 1990 to 2000, the urban area increased by 7%, and
from 2000 to 2010 it increased by 10%. Here, urban area
increases steadily in the two periods.
The probability matrix shows that urban area have the
highest probability to remain the same in both periods.
Meanwhile, others, agriculture, and vegetation have the
highest probability to change to other classes.
The matrix also indicates that others and agriculture
have the highest probabilities to become urban.

Conclusion

Historically, the urban areas in Guayaquil expanded in
an unplanned manner. This analysis demonstrates that
the patterns of urban expansion from 1990 to 2000 and
from 2000 to 2010 are disorganized as well because new
urban areas have low access to public services.
Remote sensing and GIS technologies are useful to
identify these patterns and understand their distribution
over the space. For example, we can see that areas with
low public services are also areas with high poverty.
Recognizing these patterns can help inform urban
planners to create policies that ameliorate the social and
environmental repercussions of unplanned urban
expansion.
References

Benitez et al. (2012) “Urban Expansion and the Environmental effects of informal
settlements on the outskirts of Xalapa city, Veracruz, Mexico.” Environment and
Urbanization. IIED. Vol24(1):149-166.
Cohen, Barney. (2006) “Urbanization in developing countries: Current trends, future
projections, and key challenges for sustainability.” Technology in Society. ELSEVIER. Pp.
63-80.
SENPLADES. (2015). “Agenda Zonal. Zona 8: Guayaquil, Samborondon y Duran 20132017” Quito, Ecuador.
Villena Carpio Oswaldo, and Brian D. Fath. (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.

