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ABSTRACT

Guayaquil is the 2nd Largest city of Ecuador, located in one of the 
largest estuary ecosystems of the pacific coast in South-America 
(Delgado, 2011). Since 1960’s the city has gone through a rapid 
process of urbanization and informal settlements. This has caused 
severe spatial segregation and a development model that ignores 
the existing biophysical characteristics of its land and water. With 
increasing global environmental threats, Guayaquil faces big challenges 
related to future flooding vulnerability that can eventually have 
consequences nation-wide. Characteristics of the developing world 
are also present in Guayaquil, evidencing the need for an approach 
aiming to solve more than one issue at the time. In this context, 
Flood Risk and Spatial Segregation are the core problems considered 
for an integrated strategy. Neighborhoods that show evidence of 
spatial segregation are better bridged by stablishing a green and blue 
infrastructure which improves the geometrical configuration of the 
street network. This enhances the flow of non-locals (according to 
Legeby people leaving further than 1000m) through the previously 
fragmented areas. Along this network spaces for mitigating flood risk 
and fostering social integration are implemented. Schools appear as 
key elements in the city offering big potential for creating areas for 
interaction and space for water storage. 

Keywords:

Flood risk, Spatial segregation, Open Schools, Infrastructural ecology, 
Guayaquil, Ecuador.
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Problem statement:
Guayaquil is the 2nd Largest city of Ecuador, located in one of the largest 
estuary ecosystems of the pacific coast in South-America (Delgado, 2011). 
Hosting the main port of the nation and contributing to the 25% of the 
national gross domestic product (MG, 2000). The city could be considered as 
one of the main motors of Ecuador’s Economy. However, since 1960’s the city 
has gone through a rapid process of urbanization and informal settlements. 
This has caused severe spatial segregation and a development model that 
ignores the existing biophysical characteristics of its land and water. With 
increasing global environmental threats, Guayaquil faces big challenges related 
to flooding vulnerability that can eventually have consequences nation-wide. 
Characteristics of the developing world are also present for Guayaquil, which 
evidences the need for an infrastructural approach integrated to the existing 
delta ecosystem and aiming to solve various problems simultaneously.

-Research questions:

-How can a coordinated strategy mitigate flood risk and diminish spatial 
segregation following the Infrastructural Ecologies paradigm?  This is tested in 
case study of Guayaquil (Ecuador) by conducting a case study with explanatory 
and exploratory research methods.

Secondary Questions:

-How are water systems influencing to flood risk in Guayaquil? 

-What is the current spatial distribution of housing according to socio-
economics?

-What steps could be taken in order to mitigate flood risk in Guayaquil?

-What steps could be taken in order to mitigate spatial segregation in 
Guayaquil?	

Synergies needed: 
Synergy is 

often popularly 
formulated as 

1+1 > 2 
(Meijers, 2005)

Developed Countries Developing Countries

Amount of 
resources

Amount of 
resources

Things to 
solve

Things to 
solve

Aeria l  View: Sigt ierras
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-How can flood risk mitigating actions improve 
socio-spatial integration? And vice versa, How can 
Social integrating actions can improve the mitigation 
of flood risk? 

Context
Even though the majority of green-house gas 
emission leading to global warming were generated 
by developed countries, climate change and sea level 
rise will present the biggest challenges in developing 
nations.

The accumulation of conflicts in the developing 
world calls for a rethinking of the problem-solving 
approaches currently practiced.  The main believe of 
this project is that a flood risk mitigation be strategically 
structured in such a way that it improves socio spatial 
integration. Such a synergetic strategy could increase 
the efficiency of the city’s functionality. In order to 

develop the previous assumption a strategy will be 
outlined.

Objectives
-The strategy should aim to outline concrete actions 
that can improve more than one problem at the time.

-The analysis should clearly explain the Water systems 
dynamics in Guayaquil, and possible approaches to 
mitigate flood-risk

-The analysis should reveal the existing distribution of 
socio-economic groups their integration status.

AIMS

Photo source: 
Alexander peña

Logo 1 by Eucalyp from the Noun Project

L1 L2
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motivating challenges

Developing 
countries
Challenges

Climate Change 
Challenges

Case Study of
Guayaquil, Ecuador’s 
(delta) vulnerability of 
flood risk

Explanatory
and exploratory 

Flood Risk
Synergies 
against 

Adversity

Infrastructural Ecologies

Testing of a 
holistic 
Integrated
Strategy

Integrated, holistic 
approaches to the 
provision of energy, 
water, sanitation, and 
transportation (Brown, 2018)

PROBLEM:

Purpose:

Conceptual Framework

-Products and outcomes
-Analysis of current relation of Guayaquil to its 
biophysical ecosystem.

-Analysis of biggest factors within water systems 
contributing to Flood Risk Vulnerability in Guayaquil 

-Integrated Strategy under planning paradigm of 
infrastructural ecologies.

-Visualization of new potential condition.

-Spatial distribution of houses based on Socio-
Economic groups.

-Surface water flow in Guayaquil.

	 Direction of surface water

	 Drainage segments

-Guidelines for potential spatial intervention.

-Integrated strategy for Flood risk mitigation and 
Socio spatial integration.
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THEORETICAL FRAMEWORK

Climate change challenges and the Developing 
World 
Adversity

The variation in weather is continuously increasing, and the question of How 
Vulnerable are we? arises. Along with the potential frequency increment of 
extreme weather events, “the vulnerability of Developing Countries to extreme 
weather events may also increase” (M. Monirul Qader Mirza, 2011). 

In places where the vulnerability is high, most of the efforts, attention and 
funding focuses on the stages following major disasters instead of the pre-
hazard risk mitigation. (M. Monirul Qader Mirza, 2011). Indicating that the 
efforts are more focused on taking the smallest impact from the hazard 
instead of looking for approaches of previous precaution. This may obey 
to the fact that Developing Countries face complex situations related to 
“Rapid urbanization; lack of financial, organizational and human capital; and 
diminishing natural resources” (Brown, 2018). This adversity makes the topic of 
climate change adaptation to fall down in the list of priorities for the inhabiting 
populations. 

The majority of the Globe’s population resides in Developing Countries. 
According to the Population Reference Bureau, by 2018 the inhabitants of Less 
Developed and Least developed countries represent the 83% of the globe’s 
population. This mark is likely to increase to 85% by 2030 and to 87% by 
2050. (PRB, 2018). An increment in attention about climate change affecting 
Developed Countries is required, since -based on previous facts- the Ground 
Zero of Extreme Weather Events affecting sensitive settlements will be in 
Developing Countries.

1950
0

10

2030

A

B

C

A) Developed countries, B) les

PRB. (2012, July 2012). World Population Trends 2012. Retrieved 

from Population Reference Bureau: https://www.prb.org/world-

population/

Image source:  NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan ASTER Science Team
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Coastal inhabitation

Furthermore, the threats of Climate change don’t 
only depend on the development level of a nation 
but in its geographical location. With Climate change, 
temperatures fluctuation will take place in the ocean a 
land surface. Meaning that the presence of water will 
vary. Bringing with it, the extreme cases of flooding or 
droughts (M. Monirul Qader Mirza, 2011). 

Because of sea level rise, coastal areas are especially 
relevant when we talk about climate change affecting 
urban settlements. More than 40% of the entire 
population lives within 100km off the shore, and 
more than half within 200km (UN Atlas of Oceans, 
2002). However, sea level rise will not only affect the 
inhabiting populations but the infrastructure in which 
our societies relies for daily operation (ports, airports, 
transportation stations, etc). 

 “Products - and therefore money - traditionally 
flow into countries through their ports. This has set 
a precedence for populations to naturally migrate 
towards coastal areas” (UN Atlas of Oceans, 2002). 
Is not surprising that more than 90% of all the 
trade is done by shipping (UN, 2017). With these 
circumstances Flood Risk is one of the biggest threats 
imposed by climate change.

Flood risk

The relation between infrastructure and flooding is 
particularly interesting, according to Belanger, the 

concept of Infrastructure as “the collective system 
of public works that supports a nation’s economy…
originated during military planning over the past 500 
years but gained importance in the US during the 
great Mississippi flood of 1927” (Bélanger, 2009). 
Evidencing the long existing link between Flood 
mitigation and Infrastructure.

Flood risk and extreme weather events are not a 
problem awaiting around the corner, they are already 
present, and our concern and fear has been evident. 
This became especially notorious a year ago, 2017. 
In 2017 the major global peak search done in the 
Google search engine was “Hurricane Irma”, even 
surpassing peaks as the one generated by events 
such as “Brexit” (in 2016) or consumer technology 
products as “iPhone 8” (2017). The peak of Hurricane 
Irma was only matched by the highest trend point of 
the term “Bitcoin” (not a single peak). However, the 
single term “Irma” showed a peak twice as big as 
the highest trend point generated by “Bitcoin”. This 
has not been an isolated case, in 2005, a big peak 
generated by Hurricane Katrina was also spotted. It is 
undeniable the impact and alarming feeling extreme 
weather events could have in economy and ultimately 
in society.

Hurricanes are formed on top of warm water 
currents, affecting mostly coastal areas. They cause 
severe damage in settlements and generate heavy 
rain fall eventually leading to flooding. Hurricanes 
take place primarily in tropical areas, but this does 

40% of population near the coast
Visual izat ion:  Author.  Data source:  European Commiss ion,  Joint  Research Centre (JRC);  Columbia Univers i ty,  Center for Internat ional  Earth Science Informat ion 

Network – CIESIN (2015) :  GHS populat ion gr id ,  der ived from GPW4, mult i temporal  (1975,  1990,  2000,  2015) .  European Commiss ion,  Joint  Research Centre 

(JRC) [Dataset]  PID: http://data.europa.eu/89h/jrc-ghsl-ghs_pop_gpw4_globe_r2015a
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not mean that the rest of the world does not witness 
extreme weather events. Actually, warming water 
temperatures are usually related to the El Niño 
Southern Oscillation. 

El Niño Southern Oscillation (ENSO) is a phenomenon 
in which the water of the Easter part of the pacific 
warms and with it generates recurrent precipitation. 
The phenomenon is popularly known for its influences 
on tropical climates, and hurricane frequency 
incrementation in the tropics. It is presumed cyclical 
but an exact measurement about time or periodicity 
has not been possible to state. This phenomenon has 
caused severe flooding in years when it has stricken 
strongly. One of these years was 1998, and the Latin 
American coasts of Ecuador and Perú were severely 
affected.

Flood mitigation, a Referential Strategy 

 Polder model.

In this context, many countries are seeking to stablish 
policies and infrastructure in order to deal with flood 
risk. To do so, taking a look at foreign experiences has 
become usual. The Netherlands with its long history 
of dealing with water is a regular referent. Since the 
17th Century, the Dutch polder model has been part 
of Dutch planning (Schreuder, 2001).  The polder, - “an 
area of low-lying land reclaimed from a body of water 
and protected by dikes against flooding” (Schreuder, 
2001) - is the central piece of the Dutch planning 
tradition. According to Schreuder the polder model 

is an example of “cooperation between capital, labor, 
and the state” (Schreuder, 2001). It is a demonstration 
of the tradition of consensus building among those 
different sectors in this country. Is important to say 
that the polder model has deeply influenced on how 
the role of private and public property is understood. 
The private property is fully respected, but it is 
understood that there are cases where the collective 
benefit stays above the particular one.

Even though, the polder model is a remarkable 
achievement that enabled human inhabitation and 
later a fertile land cultivation.  Its direct emulation 
abroad has seemed difficult due to a couple of 
reasons. One is the contentious relations between 
public and private sectors in other planning cultures.  
Another one could be that, the system protects a 
Densely populated country with a high GDP per 
Capita which at the end provides the means for a 
concise and proficient coastal defense for protecting 
dense presence of population and resources. 

The mentioned characteristics of the Polder 
model make it an important referential method, 
but a different approach needs to be adapted for 
developing countries to counterbalance Climate 
Change challenges. 

Infrastructural ecologies paradigm, a Synergetic 
approach

In order to efficiently use the limited resources 
possessed by developing countries, synergies are 
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needed. “Synergy is often popularly formulated as 1 + 
1 > 2, which, however, emphasises well that synergy 
can be expressed as the rise in performance of a 
network through efficient and effective interaction” 
(Meijers, 2005). Synergies generated from the 
available resources is one of the only options to deal 
with all the problems at stake. 

Brown & Stigge have developed and outlined an 
approach that takes into consideration the current 
conditions in what is now called the Global South. 
They suggest an approach for the provision of 
basic services (water, energy, sanitation, food 
and transportation) capitalizing on synergies. This 
approach is developed under the planning paradigm 
of Infrastructural Ecologies. They suggest that this 
system capitalizes on the synergies of the flows and 
contributes to refute the “persistent misconception 
that economic and environmental values are at odds” 
(Brown & Stigge, 2017).

“Even in resource-rich nations, meeting infrastructural 
needs continues to be a daunting task. The problems 
are almost unimaginably more severe in developing 
nations, which face a host of additional difficulties–
rapid urbanization; lack of financial, organizational, 
and human capital; and diminishing natural resources” 
(Brown & Stigge, 2017)

This paradigm sees an opportunity in the creation of 
infrastructure and services that benefit one another 
without diminishing their respective performances; 
avoiding infrastructure construction that serves for 

only one porpoise. The better understanding of this 
potential can change planning practice for good. 

To illustrate their logic, some examples mentioned by 
Brown & Stigge: The first is Chinampas, an example 
developed by pre-Columbian civilizations in the 
valley of México. They consisted on rectangular plots 
planted in shallow waters, delimitated by wooden 
stakes. Inside these areas on top of beds bounded by 
woven reeds mud from the lake bed was placed along 
with other organic matter (Brown & Stigge, 2017). 
The chinampas offered agricultural services and 
expansion of the land. They became a busy area of 
the settlements and transportation happened through 
the canals. The approach “allowed two to seven crop 
yields a year of maize, tomatoes, peppers, moniac, 
edible greens, and root vegetables, at a scale capable 
of feeding large urban populations” (Brown & Stigge, 
2017). All the nutrients and the created microclimate 
attracted “fish, turtles, crustaceans and waterfowl” 
(Brown & Stigge, 2017). Because of the way they 
were constructed they were most of the year self-
irrigating and self-fertilizing. (Brown & Stigge, 2017). 
Chinampas evidence that more than one objective 
can be achieved by punctual spatial actions. 

Another exciting case outlined in the book shows how 
infrastructure (in this case telecommunications) with 
more than one porpoise can be beneficial for users. 
It is explained under the notion of “Commensalist 
Association” (Brown & Stigge, 2017). Nowadays, most 
of the population in the developed world has access 

Visual izat ion & Data source:  NOAA, July 2015
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to financial services (putted simply, to credit cards 
and debit cards), which at the end foster economic 
growth and streamline the movement of money. 
What happened in central Africa is that lacking 
banking services “individuals in several central African 
nations had improvised ways to use mobile airtime to 
transmit money simply by transferring mobile minutes 
to friends or relatives”. Reeling in the clarity and 
speed of the mobile sector mobile money became 
a thing and the praxis expanded rapidly in nations 
inside and outside Africa (Brown & Stigge, 2017). The 
opportunities behind a simple paradigm switch are 
enormous; specially for countries where resources are 
scarce. The proposal developed in this project will be 
structured under this planning paradigm.

1st Collective works

2nd Private property

woven reeds

case study

source y source x

source z

UNIT OF ANALYSIS
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Chapter purpouse 

The main aim in the development of the methodology 
chapter has been to find suitable and data and 
frameworks capable of containing the needed 
actions. The project is structured under Case Study 
Research methods.

The chapter describes the research approach 
based on Problem Statement, Research Motivation, 
Research Questions and Products & Outcome. Then 
the specific approach and methods are explained in 2 
phases. An analytical and one (explanatory) and based 
a prepositive one (exploratory)

Why a case study?
What Type of case study?
The methodology is based on the literature developed 
by Robert K. Yin in his book Case Study Research: 
Design and Methods.

Given the fact that the subject of the research is 
related to current flood risk and possible synergetic 
opportunities in Guayaquil – Ecuador; The 
understanding of the context of the project is the 
central point (environmental, social, spatial). Due to 
the importance of understanding the context, the 
methodology of Case study appears as one of the 
most suitable methods. Since “A case study is an 
empirical inquiry that investigates a contemporary 

phenomenon within its real-life context, especially 
when the boundaries between phenomenon and 
context are not clearly evident” (Yin, 2014). The 
approach provides the opportunity for analysis based 
on different data sources, always having the units of 
analysis as central.

Within the aforementioned method, the type of 
study may vary. According to Yin, the three principles 
porpoises can be “Exploratory, Explanatory or 
Descriptive” (Yin, 2014). To define the subsequent 
stages, it is important to first define and chose the 
most suited type.

Given that the systems present in the city are complex 
and considering that the aim of the first stage is to 
create a clear understanding of the city, the Explanatory 
approach suits the purpose. Once this understanding 
is built the approach needed is different. Therefore, 
a second phase will follow; Taking the reading of the 
city from phase 1 as a starting point. Phase 2 will be 
done under an exploratory conception, and a strategy 
responding to the problems in Guayaquil will take 
place.

-RESEARCH APPROACH
A. Explanatory Phase 1/2

In the first stage based on various sources of 
information an explanatory analysis will be carried 
out. The objective is to understand which events 
have influenced Guayaquil to be identified “among 

METHODOLOGY

Image source:  NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan ASTER Science Team
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the most vulnerable coastal delta-cities in the world” 
(Deltares, 2018); In the same way is crucial to clarify 
the social impacts of this risk.

For this reason, inputs from different sources and 
formats will be used to create a clear understanding 
(or explanation) of the conditions influencing 
vulnerability and vulnerable groups. The study will be 
classified with topics in-land and topics off-land

The conclusions from this phase will be used as a 
starting point for the next one.

1. ON LAND

1.1 Environmental Conditions (environment)

-Pluvial: (L) (M) The drainage system has generated 
flooding problems in cases of heavy rainfall. When 
this heavy rain fall happens along with high tide, 
water from the rivers and ocean backwashes into 
the storm water system (CAF, 2013). This causes the 
rainfall to not be drained or absorbed. (Molenaar, Pak, 
de Pous, & van der Werff, 2018). This analysis will 
aim to spatialize and give a better perspective of the 
problem. 

-Fluvial: River Basins

1.2 Urban Spatial conditions (space)

Urbanization: (L) (M) From the 60´s. Guayaquil has 
gone through a rapid process of urbanization which 
has created vast informal settlements, leading to 

a society with problems of social segregation. This 
expansion has taken over even previous Mangrove 
forests. This 2 are the main problems present in 
Guayaquil, social disintegration and a development 
model ignoring its biophysical condition.

Biophysical condition: (M) The urbanization expand 
throughout different types of soil, with different 
stability levels. This different soil types have different 
draining capacities. Furthermore, there are soil types 
in the city that should not carry urbanization, due to 
their delta nature.	

Green areas: (L) (M). According to the local 
municipality the green area per inhabitant in this 
location is more than 9m2. However according to the 
methods stablish by the Ecuadorian National Institute 
of Statistics and Census the city poses 1,13 m²/
hab; the main difference relies on including and not 
including preservation areas out of the city. (Compte-
Guerrero, 2017) Is important also to analyze the type 
of vegetation and how it is distributed along the city, 
since some areas are more prone to flooding than 
others.  

1.3 Socio –Economic conditions and city dynamics 
(humans)

-Socio, Economic (L) (D) (M): Due to big economic 
trends, Guayaquil’s population has evolved into a 
heterogenous society. Inequalities among Socio-
Economic groups in Guayaquil have been the focus 
of attention for more than one publication. Erik 

CHAPTER PURPOSE 

The main aim in the development of the methodology chapter has been to find suitable frameworks capable of 
containing the needed actions. They are briefly, a) Case Study Research methods b) Socio-Ecological Systems 

Why a case study? 

What Type of case study? 
The methodology is based on the approach developed by Robert K. Yin in his book Case Study Research: Design 
and Methods. 

 Given the fact that the subject of the research is related to current flood risk and possible ecological opportunities 
in Guayaquil – Ecuador (considering the vulnerable groups); The understanding of the context of the project is the 
central point (environmental, social, spatial). Due to the importance of understanding the context, the methodology 
of Case study appears as one of the most suitable methods. Since “A case study is an empirical inquiry that 
investigates a contemporary phenomenon within its real-life context, especially when the boundaries between 
phenomenon and context are not clearly evident” (Yin, 2014). The approach provides the opportunity for analysis 
based on different data sources, always having the units of analysis as central. 

Within the aforementioned method, the type of study may vary. According to Yin, the three principles porpoises 
can be “Exploratory, Explanatory or Descriptive” (Yin, 2014). To define the subsequent stages, it is important to first 
define and chose the most suited case. 

 

Descriptive study Explanatory Study Exploratory Study 

 

Seeks to build a sequence of 
events in a phenomenon 
possibly not described 
above. (Yin, 2014) 

 

According to Yin, this type of 
study seeks to clarify which 
are the links that generate or 
generated the current reality. 
“The objective of the analyst 
should be to propose 
competitive explanations for 
the same set of events and 
indicate how such 
explanations can be applied 
to other situations” (Yin, 
2014). For example, by 
exploring different sources 
related to the same 
phenomenon. As an example, 
a biography of a person can 
be done under this method, 
since it links sources and 
provides an explanation. 

 

 

Begins with the intention to find a 
response related to a hypothesis. 
The answer may assert or 
contradict previous assumptions. 
The exploration must have a 
proposal and a clear criterion for 
the evaluation (Yin, 2014). Yin 
adds that, as in other cases, 
research methods such as 
experiments in laboratories are 
carried out with purely 
exploratory motives, affirming the 
relevance of the method 
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Swyngedouw in his research about Policy, nature 
and the city, uses Guayaquil’s case to explore how 
a central element of ecosystems, such as nature’s 
water, can be “embedded in the political ecology 
of power” (Swyngedouw, 1995). Here he explores 
how Agroexport-based economy in Ecuador, deeply 
influenced Guayaquil´s urbanization and particularly 
the domestication of water. He adds how, the first 
Agricultural boom influencing the city occurred on 
1860 with Cocoa production; here this economic 
inflow attracted people from the coast to migrate to 
Guayaquil (Swyngedouw, 1995). The second boom 
was Bananas production between 1950 t0 1974, 
growing the city population from 200.000 inhabitants 
to 820.00. 

Swyngedow describes that the next boom was oil 
exports. The extraction extended from the amazon 
directly to Quito, so the country economic hub started 
changing. Is fair to argue that after Swyngedow’s 
study aqua-culture has also developed as a new agro-
export business model.

He argues that in this case “The water issue 
[urbanization of water] is just a mere illustration of how 
nature and society become one in the production of a 
socio-spatial fabric that privileges some and excludes 
many.” (Swyngedouw, 1995). This is perhaps also the 
logic behind the exploitation of natural sources for 
exportation. 

Steps in the processing of available data: The 
information in this format is not available (or has 

proven to be difficult to access, a couple of national 
organizations have answered unfavorable about 
possessing related information). Therefore, additional 
steps of data processing are needed. The most resent 
official data related to theis porpoise is from the 
Census of Population and Housing 2010, (CPV2010 
- Censo de Población y Vivienda 2010). Additionally, 
the methods of a survey by the Ecuadorian National 
Institute of Statistics and Census (INEC, by its initials 
in Spanish) are used as a reference. The survey is made 
partially in order to prove a method to determine 
Socio-Economic Stratification. The mentioned survey 
asks 25 questions subdivided in 6 group (Housing, 
Education, Economy, Goods, Technology, Consuming 
habits), giving different weights to each question, and 
having a maximum score of 1000 points. The survey 
is not carried out in the complete city of Guayaquil, 
but 71% of total sum of the weights in the survey 
can be found on similar questions in the CPV2010. 
Under these circumstances, based on the weights 
of the Socio-Economic Stratification survey and the 
data available for the entire city an adjustment in the 
weights is done in the following explained logic. 

The total weight per category is maintained in the 
categories where there are matching questions in 
the census (which means all of the categories except 
consumption habits). To do so, the total of the weights 
is added to see how many points per category are 
available. 

Maintaining the percentages per category of the 
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sharing logic of natural ecosystems “ 
(Brown, 2018).

“The vision of infrastructural ecology 
is based in the simple insight that 
the critical systems that serve 
settlements are analogous to the 
ecological systems that support 
nature ́s flora and fauna.” (Brown & 
Stigge, 2017)
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survey, the weights of the available questions are 
adjusted. Since there are no questions related to 
“Consumption Habits” category; The categories of 
Goods, and Technology proportionally absorb this 
10% (since they are considered the most related 
ones). Based on these distributions, the new weights 
are calculated and are proportioned as indicated 
attached table.

Based in this, different topics can be visualized in a 
GIS Software generating maps related to the socio-
economic distribution along the city. This processing 
will provide with useful information to analyze the 
Social Stratification across Guayaquil. Additionally, 
the methods can be applied to the whole country of 
Ecuador, since information of the census is available. 

As an example, the category of education is mapped 
in the following map. The Education index represents 
2 factos; A) Social Aspirations, B) Economic Capacity, 
which makes it a good example of the socio-economic 
inquiry. Higher education became free in Ecuador in 
2008; in some years this will change the condition in 
the map. However, the processed information is the 
most recent official data. Other socio economy maps 
will be produced (Housing type, Sanitary services, 
technology access, Social security) . The addition 
of them all, will represent the Socio-Economic 
Stratification.

-Functioning: To have a better picture of the city, 
the understanding of the functioning of the city is 
needed. To do so, spatial indicators as Population 

Density, Centralities, and Land use will be mapped.

2. OFF - LAND

Environmental Conditions (Environment)

Coastal: Hydraulic engineering reports

Fluvial: Hydraulic engineering reports. Analyzed on 
and Off land, because is a system that crosses these 
2 spectrums

The environmental threats affecting Guayaquil´s 
flood vulnerability have to do with Pluvial, Fluvial and 
Coastal vulnerability. While Pluvial reasons have to 
do with absorption and drainage of the urban fabric, 
Fluvial and Coastal have to do with environmental 
degradation of mangroves, a entering tidal domination, 
and processes of sedimentation that take room from 
the river. For this reason, the technical aspects 
influencing flooding are learned based on Hydraulic 
engineering. For both Coastal and Fluvial

Ecological Systems Mangroves (Environment + 
Humans)	

Mangroves are capable of slowing tidal currents up 
to a 90% (Brown & Stigge, 2017), at the same time 
they were capable of retaining sediments currently 
flowing in a landward direction. The current situation 
is seen a s problematic. The mapping of the current 
state of one of the islands which was fully covered 
by a mangrove forest will me mapped. Additionally, 
potential strategies will be outlined for improving the 

Environmental 
Conditions

Pluvial: Hydraulic 
Engeniering reports
(L) (M)

Fluvial: Hydraulic 
Engeniering reports
(L) (M)

Coastal: Hydraulic 
Engeniering reports

Fluvial: Hydraulic 
Engeniering reports

Rapid Urbanization process, 
from the 60´s. (L)

Socio, Economic.

Functioning  (G) (M)

Main Economic sectors (L)

Governmental administration 
structures. (L)

Biophysical condition. (M)

Green areas Index. (M)

(M) Mapping (L)Literature (D)Data processing (G)GIS

(D) (G) (M)

Environmental 
Conditions

Mangroove and Shrimp 
farms assesment

Socio-Ecological
Systems (SES) Framework (L)

Spatial
Conditions

Socio Economics 
Conditions

Off LandOn Land

Explanatory phase
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current state.

B. Exploratory Phase 2/2

Unit of analysis: Potential areas for implementation of 
Infrastructural ecologies

The second stage will have an exploratory approach 
due to the fact that it starts from proposed 
assumptions and a particular purpose (risk mitigation 
and social integration). As explained previously, it is 
necessary to have previously established criteria for 
“interpreting the findings” (Yin, 2014).

Based on the theory, product of the explanatory 
phase of the study; A prioritization process will be 
used to determine potential areas of study. The results 
from the mapping showing vulnerable groups, and 
vulnerable areas will be influential.  In these areas the 
paradigm of Infrastructural ecologies unfolds aiming 
to contribute for flood risk mitigation in Guayaquil, 
Ecuador. The purpose will be to understand the 
advantages this type of infrastructures present for 
the study. The resulting product from the exploration 
is a Strategy

Strategy

The strategy will depart from a general vision, 
showing the potentialities that could be generated, 
not only by solving the problems but by triggering 
new alternatives for the correct performance of the 
space (either natural or urban). Under the paradigm 
of infrastructural Ecologies, the strategy will aim to 

get imbedded in the local ecosystems. The most 
remarkable concepts applicable to the case of 
Guayaquil are Green/Blue Infrastructure, (due to soil 
absorption, water storage, improved walkability, less 
heat island effect, fostering of social cohesion) and 
Mangrove forestation (due to better coastal defense, 
less sediment accumulation). 

The mentioned conceptions should aim on assessing 
specially the most vulnerable groups. The strategy 
should aim to foster social integration an at the same 
time mitigate risk.  In this way the necessary activators 
will be pointed out, either in the form of:

-spatial interventions improving the network 
configuration of the city to improve processes of co-
presence.

-Spatial interventions to deal with surplus water

-Spatial interventions to improve interaction.

. With the integrated strategy set, performance can be 
deducted. The performance of the integrated strategy 
will clarify possible guidelines that can be integrated 
in the understanding and management of Guayaquil. 

Criteria of assessment:

In turn, the criteria under which the quality of the 
Project will be measured will be the 4 tests that “have 
been used to stablish the quality of any empirical 
social research” (Yin, 2014). These tests are: Construct 
Validity, Internal Validity, External validity, Reliability.

Categories Porcentaje in 
survey

Total of Weight 
in  Survey 

Total of 
weights in 
questions 
available

Porcentage 
available

Housing 24% 236 204 86%
Education 17% 171 171 100%
Economy 17% 170 170 100%
Goods 16% 163 53 33%
Technology 16% 161 122 76%
Consumption Habits 10% 99 0 0%
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Conclusion:

The analysis, and assessment of the city needs 
frameworks that help the linking of various 
information. in this way, a bigger picture can be 
understood. In the analysis (explanatory) phase, 
data related to socio-economic and environmental 
characteristics is gathered and processed; this creates 
a better background to support the proposal.

The proposal aims to reduce social and environmental 
vulnerability. This is done by a strategy under the 
planning paradigm of infrastructural ecologies
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Questions Category Original Wieghts Availability in CPV2010 New Weights
Do you buy clothing in shopping centers? Consumption Habits 6 No 0
Have you read a book in the las 3 months? Consumption Habits 12 No 0
Does someone privatly posses a car? Goods 15 No 0
Do you possed washing machine? Goods 18 No 0
Do you posses a sound systems Goods 18 No 0
Does de house have a regular phone? Goods 19 Si 76
Have you used internet last 6 months? Consumption Habits 26 No 0
Do you have personal E-mail? Consumption Habits 27 No 0
Do you have social networks? Consumption Habits 28 No 0
Do you have an oven? Goods 29 No 0
Do you have a fridge? Goods 30 No 0
How many rooms with showers? Housing 32 No 0
Do you poses a Color Tv Goods 34 Yes 137
Do you poses a Desktop Computer Technology 35 Yes 60
Type of Water Closet (WC)? Housing 38 Yes 44
Do you poses Portable computer? Technology 39 No 0
Are you afilliated with the National Social Security? Economy 39 Yes 39
How many activated Cellphones exist in the home? Technology 42 Yes 72
Do you have internet service? Technology 45 Yes 78
Material of the floor in the house: Housing 48 Yes 56
Do you poses Health insurance? Economy 55 Yes 55
Housing type: Housing 59 Yes 68
Material of the walls in the house: Housing 59 Yes 68
Ocupation of head of the house: Economy 76 Yes 76
Educatuin of head of the house: Education 171 Yes 171
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EXPLANATORY PHASE

The explanatory phase aims to generate an 
understanding of the current social, spatial, and 
environmental conditions present in Guayaquil.  
The unit of analysis is Guayaquil and its vulnerable 
areas. For this reason, systems from different scales 
are included. The explanatory phase can be broadly 
subdivided in 2 topics. 1st Macro water systems 
(ending in areas prone to flooding) and 2nd Socio 
economics (ending in the spatial dimension of groups 
prone to exclusion). The reason for stablishing these 
2 areas is because the least privileged groups are at 

the same time the ones with the biggest exposure to 
flood risk. The sources of information’s and formats of 
the analysis follow this sequence:

1 Macro water systems
The fluvial, coastal and pluvial systems together 
interrelate and are key in order to understand the 
threats faced by Guayaquil.

Macro water systems 
analisis (L)(M)

1

2

3

7

4

5

8

6

Socio-Economics - demographics (D) (M)

3X3X3. Processes increasing 
flood risk.

Resulting seddimentation.

Pluvial system

Result: Areas prone to flooding and causes

Dredging as the only implemented measure 

-Average mm of rain per month
-Soil absortion
 Soil type
 Green area index (deforestation map)

Catchment area in km2

Discharge in m3

Social aspiration
Economic capacity

Ocupation (job type)
Housing type
Social security

City density
Inhabitation patterns

Informal settlements
Infrastructure & Services
Centralities
Role of Private property per area
 Gated comunities. 
 Gated Public space (it exists!)
 Shopping centers
 Private comunal centers

“a situation in which someone or 
something is not allowed to take 
part in an activity or to enter a 
place” (cambridge dictionary)

Private ownership without 
collective role as a facilitator of 
exclusion.

The promotion of semi private spaces for the improving of 
stormwater managment. Semi-private spaces as the vehicle 
to change the understanding of private ownership. From 
individual and liberal to Individual and collectivly useful.

The promotion could be strutured as:
“in areas of active semi-private green infrastructure, the 
municipality will invest in creating permeable and vital urban 
space”. This can improve flood risk and foster social integration.

Spatial Inhabitation
Spatial Behavior
Existing Typologies

Tide fluctiation
Sedimentation landward flow

-Infrastructure (Dam building upstream)
-Ocupation (Growth of informal settlements, decrease of green)
-Landscape (shrimp farms replacing coastal mangrove buffers)

Fluvial system (with Equadorial seasons wet&dry)

City scale

Exclusion Proposal

Neighborhood scale

Level of education map

Aditional Socio-economic indicators

Demographics

Patterns of occupation

Patterns of occupation
Areas of Overlaping vulnerability

Coastal system (with Equadorial seasons wet&dry)

Result: Areas prone to exclusion
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Fluvial System.

Guayaquil is located in two watersheds. The Guayas 
river Water shed and what is identified by the 
Ecuadorian water national secretary (SENAGUA) as 
the hydrographic unit 15 (SENAGUA, 2009). The 
Guayas River generates an average annual runoff 
of 1350m3/s (Twilley, et al., 2001; Reynaud, Witt, 
Pazmiño, & Gilces, 2018) and an annual average 
discharge of 30 billion m3 (CELEC, 2013) which is 
951,29 m3/s.   The catchment area of the Guayas 
river is 32.800km2, 64% of the drainage basin 
(Twilley, et al., 2001). To get a better idea, if the 
Guayas river is compared to the Rhine catchment 
area and mean annual discharge of 185.000km2 and 
2.500 m3/s respectively (Hoffmann, et al., 2007), 
the Guayas river discharges 38% of the volume of 
the Rhine from a catchment area 18% its size. This 
makes the Guayas river basin the biggest one in 
the west from the Andes and obviously the most 
important river in Ecuador.

The Guayas river is formed by the Daule River and 
the Babahoyo River. The temporal dimension of their 
discharges depends on the Ecuadorian seasons. Due 
to the country’s location in the Equatorial line, the 
region around Guayaquil poses a tropical Savana 
Climate, meaning that there is a predominant dry 
season and a shorter wet season with heavy rainfall. 
This is reflected on the discharges produced by the 
rivers close to Guayaquil. On average 90% of annual 
precipitation falls between the months of December 
and April and top values happen in February and 
March (CAF, 2013). The upstream Daule – Peripa 
dam built on 1988 also plays a role in the discharge 
dynamics, with a notable decrease in the natural 
river discharge.
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Data Source: Barrera Crespo, P. D. (2016). Delft3D 
Flexible Mesh modelling of Guayas River and Estuary 
system in Ecuador. TU delft.
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Coastal System.

The Guayas river discharge joins the sea by the 
Guayaquil gulf. This Gulf is the largest tidal system of 
pacific coast of South America, with a tidal range of 
over 1m (Reynaud, Witt, Pazmiño, & Gilces, 2018). 
The tides penetrate deep into rivers and the tidal 
limits are found 120km and 90km upstream of the 
Daule and Babahoyo rivers respectively and river 
bars are still formed. (Dumont, Santana, Soledispa, 
& King, 2007). The volume of water flowing in the 
Jambelí Chanel is up to 10 times bigger than its 
fluvial contributions (Stevenson, 1981; Reynaud, 
Witt, Pazmiño, & Gilces, 2018). In the jointure area 
between the Jambelí chanel and the Guayaquil 
Gulf hollows can be spotted, they reach up to 50m 
deeper than its surroundings and are aligned with 
direction of the tides. (Reynaud, Witt, Pazmiño, & 
Gilces, 2018). Additionally, near this area of the sea 
bed, tidal ridges reaching up to 20m deep and 20km 
long appear, these seabed ridges are usual of tidal 
deltas. (Reynaud, Witt, Pazmiño, & Gilces, 2018)

The Guayas Estuary was originally surrounded by 
mangroves forests, which evidences how the tides 
expand inland. (Pozo, Jordán, & Sanfeliu, 2012). The 
“tidal range increases from 2m in the ocean in front 
of the Gulf of Guayaquil, to 1.8m at the mouth of 
the Jambelí Channel, and up to 5m in the Guayas 
River – and progressively decreases upstream” 
(Reynaud, Witt, Pazmiño, & Gilces, 2018). 

In episodes of high tide, the city drainage systems 
get backwashed by the incoming water generating 
problems in the storm water system. (CAF, 2013). In 
addition, the tidal system shows a predominance of 
flood tide over ebb tides which means that landward 
sediment flow take place (Barrera Crespo, et al., 
2018). The accumulation of sediments in the Guayas 
River in front of Guayaquil is a contributing factor for 
flood risk (Barrera Crespo, et al., 2018). Therefore, 
is important to picture this dynamic and its potential 
causes.

Image based on: Barrera Crespo, P. D. (2016). Delft3D 
Flexible Mesh modelling of Guayas River and Estuary 
system in Ecuador. TU delft.

1m 4m
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Image based on Data from Inocar taken from:
Reynaud, J.-Y., Witt, C., Pazmiño, A., & Gilces, 
S. (2018). Tide-dominated deltas in active 
margin basins: Insights from Guayas estuary, 
Gulf of Guayaquil, Ecuador. Marine Geology, 
165-178.0 10 20 30km
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In this sense a specific simulation study about the 
sedimentation flow of the Guayas river basin is of 
special relevance. The study simulates the flow of 
sediments under different scenarios. These scenarios 
are 1) Current condition, 2) the situation prior to 
the construction of the Daule-Peripa Dam, 3) the 
situation prior to the existence of shrimp farming 
inside the mangrove forests, 4) Deforestation and 
land-use change in the upper basin 5) The situation 
of an El Niño season. By comparing these scenarios, 
the study concludes that the main reasons influencing 
the sedimentation processes are the Daule-Peripa 
dam and Shrimp farming.  

The shrimp farms occupy area where usual incoming 
tide encountered space to flow and space for friction 
(Barrera Crespo, 2016). The reduction of these two 
factors have influenced a tidal asymmetry which 
eventually lead to one flow of water dominating the 
other. In this case the flood tide.

In places as Vietnam, Mangrove forests are seen as a 
potential line of defense against flood risk. They are 
capable of slowing the tidal energy up to 90% (Brown 
& Stigge, 2017)

The mentioned sediment simulation study is:

Barrera Crespo, P. D., Mosselman, E., Giardino, A., 
Becker, A., Ottevanger, W., Nabi, M., & Arias Hidalgo, 
M. (2018). Sediment Budget analysis of the Guayas 
River using a process-based model. Hydrology and 
Earth System Sciences Discussions.

Images adapted from simulations in: (Barrera Crespo, et al., 2018)
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Image adapted from simulations in:
(Barrera Crespo, et al., 2018)
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Pluvial systems.

As it was previously mentioned, Guayaquil has a 
tropical weather with a wet and a dry season. On 
average 90% of annual precipitation falls between the 
months of December and April and top values happen 
in February and March (CAF, 2013). “In March, the 
wettest month, 280 mm of rain falls on average. In 
comparison, the annual rainfall in The Netherlands is 
about 880 mm”. (Molenaar, Pak, de Pous, & van der 
Werff, 2018 (Rijksoverheid, 2018)). This short but 
abundant rainfall is not coped by the drainage system.

Guayaquil has big challenges related to soil absorption. 
According to the National Institute of Census and 
Statistics (INEC), the city poses a green areas index, 
of 1,13 m2 / person. These scarce green areas are 
not evenly distributed on the city. Big parts of the city 
which developed through informal occupation lack 
green areas. In addition, these informally settlements 
are set on top of filled space where sea branches 
preciously existed (Molenaar, Pak, de Pous, & van der 
Werff, 2018).

Furthermore, the rapid urbanization process 
has created entire areas covered by asphalt or 
concrete. The city on average has an index of 
90% impermeabilization (CAF, 2017). This urban 
development model keeps water from getting drained 
and absorbed, and the same time it enables fast water 
sliding and accumulation. (CAF, 2013)

An “El Niño” phenomena (ENSO) brings even a bigger 

challenge to the city in terms heavy rain fall. Is hard to 
estimate an exact time periodicity but is estimated to 
occur between each 2 to 7 years. This phenomenon 
hits the Ecuadorian coast and Guayaquil’s location 
make it one of the settlements that take the biggest 
impact from the increase in Rain and River discharge. 

In 1998, a strong ENSO occurred, and areas of 
Guayaquil were severely affected, The Picture is and 
image from Isla Trinitaria after the phenomena. 

3X3X3 Systems influencing sedimentation and 
flood risk

The purpoise of the 3X3X3 matrix is to emphasize 
on how interconnected the natural systems are, and 
how an approach to infrastructure without a systems 
perspective could generate a couple of negative 
side effects. Additionally, as it has been previously 
mentioned, in developing countries an approach 
to infrastructure that aims to have more than one 
purpose can be one of the only ways to cope with the 
challenges at stake (Brown & Stigge, 2017). 

This matrix is based on previous literature. It pictures 
the Guayaquil region though a time-frame of 60 years. 
By 2017 the city possessed 2`644.891 inhabitants  
(INEC, 2017) 

Source: Inocar
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Mandragón Is land,  in the Guayaqui l  Gulf.  Shr imp farms taking over mangroove forests
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Conclusion of  

Macro Water Systems

The development model of Ecuador into the 
globalization era seems to have an impact in the 
ground that can be spotted in the deforestation of 
mangroves. The proliferation of shrimp farming 
is another Agro-export business model (following 
cocoa and banana booms) that puts at risk important 
ecosystems in exchange of capital flowing into the 
country. After the reading of the water systems and 
the current process of sedimentation, it appears as 
if the current Flood Risk will increase in the future if 
actions are not taken in order to preserve and reforest 
the mangrove forests. The Discharge of river Duale 
appears to be also lowered by the Daule-Peripa Dam 
(Barrera Crespo, et al., 2018) which also impacts 
the direction of the sedimentation process. It would 
appear as if the processes of dredging are not a long-
term solution, and therefore, not sustainable in time. 
Keeping in mind that sewer systems gets backwashed 
in time of high tide (Molenaar, Pak, de Pous, & van der 
Werff, 2018) is important to realize that sedimentation 
processes will only make the situation harder.

Is possible to conclude that Flood risk related to 
coastal and fluvial systems will increase in the future. 
For these purposes a mangrove reforestation process 
reclaiming areas now occupied by shrimp farms is 

suggested. This will reduce future risk. Furthermore, 
waterbodies should have a buffer area where no 
settlement should take place. Such buffers can also 
become areas for reclaiming mangrove forests. An 
empirical model is suggested where mangroves are 
spread into the buffer area and the water body so 
incoming sedimentation can be retained into the 
shore and not in area for water flow. This will enable 
the creation of a natural barrier that can protect the 
urban are into the future. 

This topic of mangrove reforestation could be further 
understood and improved under the framework of 
Socio-Ecological Systems. This will give a clear picture 
of how the current state has come to be, as well as 
some potential ways for improving it. 

Furthermore, the current situation of a heavy rainfall 
along with a soil with very low absorption, make of 
Guayaquil a city that currently suffers from flooding 
on a yearly basis. Flooding impacts areas in the entire 
city, but it obviously affects people in different ways. 
There are areas of the city that in the 2010 census 
reported houses with earth or untreated wood 
flooring. For cases like these the urgency for attending 
flood risk varies in even though the problem is long 
extended in the city.
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Ortophoto Source:  Sigt ierras
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Flood Risk in Guayaquil

The situation In Guayaquil in relation to Flooding 
is quite problematic. Various sectors of the city are 
affected by presence of water in the wet seasons. 
As has been previously mentioned, the city struggles 
with a good drainage system and has very little 
absorption capacity. The soil where the city sits has 
deltaic characteristics which is by itself saturated on 
water, which equals on low absorption. Furthermore, 
the city does not have a strong presence of green 
infrastructure. This ironically presents the perfect 
storm for flooding to continuously take place.

In the municipal map of areas prone to flooding 
various categories exist. Indicating there are different 
hydraulic systems causing flooding. Inside the urban 
limits, the map contains only areas prone to flooding 
due to heavy rainfall. However, studies suggest that 
the city faces big threats on the future due to sea 
level rise. 

Based on the previously mentioned facts, is possible 
to say that the city of Guayaquil complex scenarios 
relating to flooding currently and in the future. 
Currents challenges are presented by heavy rain fall 
and high tide, and the future threats will be related 
with sea level rise and high processes of sedimentation 
in Guayas river.

Based on simulation webpages from the organization 
Climate Central (Climate Central, n.d.) is possible to 
see what are the area which will be most affected by 
sea level rise. In the case of Guayaquil, the southern 
part appears to be the most exposed. In such southern 

case, groups with smaller socio-economic conditions 
would be affected alongside the city´s port. This 
could represent a clear threat not only to the city but 
to the country. This is part of the future threats. The 
map of areas prone to Flooding has been elaborated 
by joining 3 sources: a) Municipality map with areas 
prone to flooding, b) Areas prone to flood due to sea 
level rise from Climate Central’s Risk finder, C) Buffer 
areas in water margins suggested by this project. 

Map based on:
Municipality map_Flood prone areas
Map from Climatecentral.org

GSPublisherVersion 0.2.100.100

Guayaqui l ’s  low absorbing & saturated soi l
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Image based on Municipality data
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People affected by type of flood-Risk
Maps based on:
2010 Ecuadorian Census
Municipality flood prone areas map
Climate central Risk Finder - Sea level rise 0,3m

A map of flood prone areas produces a flat image 
where is hard to distinguish the possible impact of 
such a phenomenon. Therefore, it is opportune to 
consider the impact these potential floods have on 
society. Is necessary to keep in mind that flooding 
by itself is not the problem, but the fact that is it 
takes place in locations where citizens execute daily 
routines. Is fair to say, that flooding in areas with 
no settlements is not a source of deep concern. 
Nevertheless, this is not the case in Guayaquil, 
where people are constantly exposed to this issue. To 
measure the magnitude of the impact among all the 
different areas, the amount people residing in areas 
prone to flooding was quantified. For this porpoise, a 
200m by 200m spatial grid is used. The grid keeps the 
analysis from being influenced by urban morphology 
and only the stablished criteria comes into play.

In areas prone to flooding due to heavy rain fall and 
canal overflow there are 78.110 residing citizens 
that can be affected in the entire city. In areas 
prone to flooding owing to water concentration of 
run off, there are 110.203 residing citizens. In areas 
with high flood risk due to river overflow there are 
19.940. In areas prone to flooding due to sea level 
rise there are 118.676 residing residents. This adds 
up to 326.929 potential cases of flooding affecting 
citizens. Not to say that this is the total number of 
people affected, since some areas share more than 
one cause of flooding. The area prone to flooding 
with most amount of residing citizens appears to be 
the one discharging in Estero Salado, indicated in here 
in orange. 

The amount of residing citizens is based on the 2010 
census.
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Surface water flow
Map based on:
Senagua watershed subdivision
Ecuadorian DEM provided by Sigtierras

The Surface water flow consist on a GIS calculation 
based on the Digital Elevation Model (Dem). The 
model was obtained from the Ecuadorian Agriculture 
minister under the program Sigtierras. The Dem has 
a resolution of cells of around 41 by 41 meters. With 
the Surface water flow analysis is possible to see why 
water gathers in certain areas. Each color in the map 
represents a direction. North is represented with 
Blue, South with orange; East with withe and west 
with black. The colors in between them represent the 
direction of 45 degrees between them. This analysis 
enabled a cross-scalar understanding of water 
movement. In addition, it enables the obtainment 
of water drainage segment (where all cell directions 
point to), most of them discharging to open water. 

This segments and direction of the waterflow enable 
a clear reading of the direction of the water flow. In 
addition is also possible to estipulate the configuration 
of the watersheds. This is useful for generating 
strategies of flood mitigation since the structure of 
water flow can be clearly considered.  

The Axonometries illustrate the process. Image 
A shows the site. In image B is possible to see the 
configuration of the topography and the disconnected 
water segments. With this input, the direction is 
obtained as in image C and the drainage segments as 
in image D, that seem to have disappeared but that 
are still where water gathers to flow out. 
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Surface water flow direction
Map based on:
Senagua watershed subdivision
Ecuadorian DEM provided by Sigtierras

Water Drainage segments
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Flooding and the need for a social approach

With an overview of the conditions and constrains 
faced by Guayaquil related to the risk of flooding, 
different questions arise. How to mitigate the 
risk? How to save resources and execute the best 
strategy for the context? Is there anything positive 
from Guayaquil´s current condition? In the middle 
of this uncertainty, there is an example that sparks 
hope from all this inconvenience. The case of the 
Netherlands. More precisely, the process of how this 
country dealt with its challenging natural conditions 
and in this process developed what is defined by Han 
Meyer as a strong “Sense of Nationhood”.

 There could be critical observations about bringing 
these 2 totally different cases together (Guayaquil 
-Netherlands). However, the objective here is not 
the replication of any particular action developed in 
one to the other but to reflect on how the dealing 
with natural conditions has positively impacted 
Dutch society. This came to be, due to the fact that 
before any public organization was stablished, Dutch 
farmers and inhabitants stablished Water Boards in 
order to coordinate the water level on the polders. 
This water level needed to be commonly agreed since 
it was not possible to control it on an individual unit 
of occupation.  This began to develop a tradition of 
consensus building which can be traced even today in 
the Dutch culture of planning. 

According to Meyer, water management was central 
in the development of the nation. To dig deeper 

into the meaning of “Nation”, Meyer recalls an 1882 
speech from the French historian Ernest Renan 
entitled What is a Nation?. In this speech Renan 
explains how a nation is made by its members desire 
to stay together; based on past experience, history 
and future prospects (Meyer, 2017). 

This reflection is interestingly relevant for the case 
of Latin America. Latin America is the region in the 
world with highest income inequality (Roser & Ortiz-
Ospina, 2016). This means that within the same 
continent people have totally different realities. 
Going further, this could mean that they have not 
seen or experienced their history (or the one of their 
previous generations) from the same pair of lenses. 
If we disintegrate Renan’s ideas of nationhood based 
on past experience, history or future prospects, we 
could say that Latin American population has a hard 
time finding collective harmony. At the same time, it 
witnesses problems affecting all social groups. 

In a quick side note, we could analyze almost any 
Latin America city and witness that within their social 
structures daily routines vary so much, that their co-
existence awareness inside the same system could 
be rendered almost invisible. There are groups which 
start their days far away from the central hubs, in 
self-made houses and need to invest considerable 
amount of time in public transit to reach workplaces; 
At the same time, there are groups that have enclosed 
themselves in particular areas of the city and move 
from private communities to private transportation to 

I lustrat ion of f lood r isk equal  d istr ibut ion 
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private facilities.

The social dynamic in Guayaquil is not an exemption. 
According to Delgado, after the city experienced a 
rapid process of growth due to inmigration, Guayaquil 
could be described as “a city without citizenship” 
(Delgado, 2011). For this reason, various campaigns 
aimed at creating this sense of collective urbanity. 
But even after this social identity has been improved, 
the city still has strong problems related to social 
segregation. Delgado concludes that measures will 
have positive impact in the short and medium term 
but on the long term “A process of social integration by 
social participation and inclusion in city programmes, 
... should be incorporated for connecting the 
fragmented city” (Delgado, 2011)

 This “fragmented” condition and social disassociation 
can generate unawareness of the different realities 
experienced by different groups inside interdependent 
social, economic and environmental systems. One 
way to harmonize these realities is through improving 
how groups share common goals. 

In societies where, daily lifestyles vary so much 
among groups, the fact that environmental challenges 
as flood risk do not distinguish these social distances 
and hierarchies should be seen as a common line 
for improvement. Flood prone areas in the case 
of Guayaquil suffering from the brief and loaded 
winter rainfalls show a wide range of socioeconomic 
conditions. If the severity of the risk is understood 
by the population, this step in the city agenda could 
not only represent the improvement of some spatial 
condition but an important step in the city’s social 
timeline. This understanding of flood risk as a threat 
that does not distinguish social classes does not aim 
at triggering any class battle, on the contrary it aims to 
create a cross understanding and cooperation among 
these networks. 

Portraying the urgency of this issue is not an easy task 
but the severity of the case could be supported by 
the fact that annually on average almost 1% on the 
city’s GDP is lost due to flooding (Hallegate, Green, 
Nicholls, & Corfee-Morlot, 2013). This positioned 
Guayaquil in 2013 as the 3rd city in the world, with 
the biggest percental losses of GDP (Hallegate, Green, 
Nicholls, & Corfee-Morlot, 2013). 

This fragmented character of Guayaquil´s population, 
could be analyzed from several angles. There are 
topics related to income distribution, social distance, 
power distance, exclusion etc. However, from the 
spatial point of view this social disintegration could 

be analyzed from the framing of spatial-segregation. 

Spatial Segregation

Spatial segregation could be related to various 
reasons. According to Lung & Baires,  in the developed 
world within literature and policy, spatial segregation 
is usually related to ethnical and racial topics; On 
the other hand, In the developing world it is more 
closely related to topics of social and economic 
differentiation (Lungo & Baires, 2001). This means 
that the segregation in developing countries could 
follow a hierarchy of privileged and unprivileged; and 
at the same time, it can create clusters of wealth or 
poverty. This clusters can also gather people siting 
close on the power distance scale. In a country like 
Ecuador that poses a spread power distance metric, 
the different social groups not only sit apart but have 
a totally different scenario related to power in society 
(affecting access to information and people and 
ultimatly jobs). 

In order to grasp the Socio Spatial segregation 
situation in Guayaquil, topics of socio-economic 
groups come relevant. According to Conley & Topa, 
the evidence relating job search to social networks is 
extensive. “A vast body of research in economics and 
sociology has shown that at least 50% of all jobs are 
found through informal channels, such as talking to 
one’s friends, family, neighbors, and social contacts 
in general” (Conley & Topa, 2002). This indicates 
that spatial segregation could lead to problems like 
unemployment, meaning segregated groups do not 
only face less access to information but also a bigger 
economic challenge.

The socio-economic analysis done in this study 
considers topics related to housing, basic services, 
consumption habits and assets. In Guayaquil, 
indicators based in the 2010 Ecuadorian census show 
that sanitary services are not covering the whole city, 
meaning there are areas without basic services in the 
North West periphery (such as El Fortín, Prosperina, 
Pascuales). After rough episodes of the 1990’s about 
water provision, this are matters that need urgent 
attention. According to the municipality, by now 
2019, these topics have been solved, however public 
institutions in the country are known to have a bias 
and not always operate with precise facts. Similar 
spatial configuration show the North West periphery 
struggles with topics related to materials of housing 
(walls and floors). A different spatial pattern exists in 
matters as Education, where not only the north west 
part appears to have lower values but also the south 
(Guasmo) and south west areas (Febres Cordero, 
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Trinitaria, Guasmo oeste). Similar patterns take place 
with type of Jobs. 

The Socio-Economic configuration at city scale 
shows the center with higher values extending a to 
the north (Urdesa, Alborada), and to San Borondón 
(out of city limits) across the Daule River in the 
east. The socio-economic analysis apart from giving 
an overview of the city helps verifying if different 
problems are originated from this social distance. 
Since in Latin-America various social issues relate to 
socio economics, it is a useful base map to look for 
correlations.  

Particularly relevant to the project are the location 
of green spaces and gates. Green Areas represent 
areas for water infiltration and they also mitigate 
the Urban Heat Island effect. In Guayaquil the green 
areas look to be mainly located in areas with higher 
socio-economic values. The reason for this could be 
that some areas grew unplanned and with no green 
infrastructure due to rapid and informal development 
of the city. However, after they have become part of 
the city they should go under processes of enough 
planning and provision. 

With data from Open Street Maps, gates could be 
located geographically; The presence of gated streets, 
enclosing gated communities are mainly located in 
residential areas of privileged groups. This evidences 
a process of exclusion where groups with higher 
socio-economic conditions cluster together, creating 
inaccessible areas in the urban fabric. Furthermore, 

gated communities not only stablish a break in the 
continuity of the urban form but also a change in the 
urban pattern where various street segments connect 
to the context trough only minimal points where 
gates are located.  In other Ecuadorian cities, spatial 
segregation phenomena are believed to be one of 
the causes for urban dispersion and lower density 
(Orellana & Osorio, 2014). 

An alarming fact spotted by the author while visiting 
the city is that there are gated urban parks with only 
specific spots for entrance during the day, which are 
closed during the night due to safety issues.

Spatial Analysis. 

The topics at stage at this point are space and society; 
and the concept developed around the theory of 
The Social Logic of Space (Hiller & Hanson, 1984) 
can help understand if Guayaquil’s social dynamics 
reflects into how the city is structured. Furthermore, 
after understanding the configuration of the city, 
improvements can be suggested. 

But why is space relevant in the topic of segregation? 
What is the influence of space in society? Cities 
are the agglomeration of people. By agglomerating, 
people can do more specific tasks, but we need to 
belong to a system where people do the same; As 
a consequence, we are all functional, but no one is 
irreplaceable (Wirth, 2005). These agglomerations 
and activities generate movement; and this movement 
takes place in a defined arena. As Gehl has explained, 
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occupation of people in the public realm takes 
place in Streets and Squares, for moving or staying 
respectively (Gehl, 2010). When people occupy and 
move around spatial networks, they are influenced 
by the spatial configuration, space is therefore not 
a neutral base; What influences people is not the 
materiality, but how the space is socially constructed 
and linked one another (Hiller & Hanson, 1984). Hiller 
& Hanson argued that architecture becomes the basic 
structure that “provides the material precondition for 
the patterns of movement, encounter and avoidance 
which are the material realization – as well as 
sometimes the generator – of social relations” (Hiller 
& Hanson, 1984). Additionally, it is argued that spatial 
configuration has an effect on the distribution of 
amenities, meaning that space could influence how 
accessible these amenities are among neighborhoods 
(Legeby, Berhauser Pont, & Marcus, 2015)

By occupying a city with its spatial configuration 
and moving around it, citizens have the opportunity 
to coexist, and share presence. By sharing space 
and public facilities “we have the possibility of 
gaining insight into other´s people living conditions” 
(Legeby, 2013). As Legeby suggests co-presence 
entails bringing social differences together, making 
them visible, allowing awareness of other realities. 
Processes of co-presence has an influence on the 
“exchange of information, knowledge or simply learn 
and form the unwritten rules of society” (Legeby, 
2013). This social process of Co-Presence is needed 
in cities; it is a substantial way of being reminded that 
urban life is about differences, not only on activity but 
on opinion, thought and desire. It is one of the most 
basic needs of urban life since after all, as putted by 
Jane Jacobs, a city is a concentration of strangers. Or 
as defined by others: Urbanity.

The question is what is exactly co-presence and how it 
can be improved? Co-presence is the situation where 
people are present in space where they are close 
enough to see each other. They did not necessarily 
aim to this setting, but they may be part of it on a 
daily basis. This process is believed positive for social 
integration since it enables awareness about other 
people in society and it is fundamental for further 
interaction (Legeby, 2013). In the Guayaquil, the 
Network betweenness analysis show street segments 
that have higher probability to become part of a 
shortest routes. When analyzing this characteristic 
in a low range (500m), is possible to see how some 
areas of the city are more connected or disconnected 
at neighborhood scale. This capacity to be part of a 
route influences the potential presence from people 

living outside of the area. This presence from what 
has been denominated as non-locals containing 
knowledge and information could be crucial for 
getting a job. (Legeby, Berhauser Pont, & Marcus, 
2015).  According to Legeby et al. the creation of 
urban spaces that “give access for non-locals should 
make for greater diversity of groups in society to share 
space” (Legeby, Berhauser Pont, & Marcus, 2015).

Is fair to say that Co-presence is not a solution for 
segregation but is definitely an important step 
towards integration. If we realize that due to the 
spatial configuration of the urban weave, there are 
neighborhoods that won’t be able to attract moving 
people, it is hard to imagine deeper processes of social 
integration in such neighborhoods. Therefore, co-
presence could be understood as an initial dynamic 
necessary for further social integration. 

The methodology developed by Hiller & Hanson in 
The Social logic of space, analyses city configurations 
based on a couple of ways. Specially relevant for 
this project are the network integration analysis and 
network betweenness analysis. In the integration 
analyses each street is taken as an axis, and each 
axis in the network is compared to each other axis. 
With this process it is possible to see which areas are 
more or less integrated (Hiller & Hanson, 1984). This 
is done by calculating the number of turns taken from 
one axis to every other axis, following the shortest 
path (Hiller & Hanson, 1984). This is done for every 
component of the street’s networks. They developed 
an additional method for network integration based 
not on the number or turns but on the degrees 
turned, this analysis is named Angular Integration. The 
difference is that the analysis considers the angular 
deviations a street may have. On the other hand, the 
network betweenness analyses what streets are more 
likely to fall into the shortest path routs, meaning 
these streets are likely to be taken in between the 
origin and destination for all network routes.  For all 
analyses, Network integration, Angular integration 
or Network betweenness a distance range has to be 
stated, in order to see what scale of trips are analyzed. 

For conducting this analysis, the Place Syntax Tool 
developed by KTH, Chalmers & Spacescape was used.
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Telephone TV

Ocupation (job)

Cellphone

Insurance Social security

Material of floor

Education

Material of walls Sanitary services

Internet Desktop pc

Socio - Economics Guayaquil
Map based on:
2010 Census of Housing and Population
& Adapted method by Inec

The information related to the socio-economic spatial 
occupation was done following a method developed 
by the Ecuadorian National Institute of Statistics 
and Census. Different weight is given to different 
characteristics of the population and dwellings. Then, 
all these are added in sum where the maximun value 
is 1000 reflecting the socio-economic distribution.

The socio-economic map reflects a city with a center 
occupied by the more privileged socio-economic 
groups. North from the center, various gated 
communities appear occupied by similar clusters. Out 
from these areas, a gradient can be spotted with the 
less privileged socio-economic groups in the external 
areas. The map includes settlements outside the city 
of Guayaquil. As mentioned before, the settlement 
of San Borondón appears fully occupied by higher 
socioeconomic groups in a high number of gated 
communities. The settlement of Durán (east of 
Guayas river) shows a occupation by less priviliged 
groups. 

Areas out of the city also show a bigger presence of 
Dengue reported cases. Dengues is a virus transmitted 
by a tropical mosquito, which in certain cases can be 
lethal. The reasons for the spatial distribution of the 
virus have to do with poor housing, and access to 
piped water among others (Lippi, et. al, 2018)

The social disintegration of Guayaquil has generated 
various social problems that eventually affect how the 
city operates and the sense of insecurity is high.
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San Borondon

City Center

Developed as Informal 
Settlements

Socio-Economic map 
of the Guayaquil Metropolitan Area

Map based on:
2010 Census of Housing and Population
& Author Adapted method from Inec
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Presence of gates
Map based on:
OSM
Socio-Economic map
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Green area index:

1,13m2/inhabitant
Green & Socio Economics
Map based on:
2010 Ecuadorian Census
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Network Integration - Angular  
Map developed with:
PTS Tool and Axial map Guayaquil

equal count equal count equal count

The angular integration analysis consists in the 
angular distance (sum of degrees turned) each axial 
street segment has to the rest of the network using 
the shortest path. For each analysis a Constant 
trip distance is stablished. This will be the distance 
determining all the trips analyzed from each street 
segment. The map is done using the Place Syntax tool.

 In the case of Guayaquil various radii are used 
to stablish a proper understanding of the existing 
situation. A 2km range aims to illustrate movement 
happening within the neighborhood scale. The 
analysis shows a high integration in the CBD as well 
as in the northern areas (Urdesa, Alborada and Sauces 
1-8). The CBD and its immediate surroundings have 
a regular grid pattern, which makes the Angular 
deviation minimal and, in this way, enabling a high 
angular integration. Southern areas look to have 
a main integrating axis, around where integration 
dissipates. The North-eastern periphery shows a 
brake in the integration from the main body of the 
urban weave, this characteristic takes place as well 

with ranges of 7,5km and 25km. The area indicated 
as B also shows disintegration among these 3 scales. 

The city seems most angularly integrated at the 7,5km 
range. This can be a sing of the configuration of the 
city focused toward this type if trips. Is important to 
keep in mind that Guayaquil has been a city where car 
infrastructure seems to be important in the agenda. 
Several car overpasses spread over the city evidence 
this. 

In a smaller rang of 400m range is possible to see how 
the northern area north of the CBD also has areas 
with a lower integration in what could be defined 
as the residential streets. These areas that present a 
low network integration present also socioeconomic 
reasons behind these configurations. They are exact 
conditions are explored further.

2km range

a

b

a

b

a

b

7,5km range 25km range
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Network Analysis - zoom A
The north west periphery is the area with 
the hardest situation. According to the 
socio-economic index, it is the place with the 
neighborhoods possessing the lowest marks. 
In Spatial terms, it is an area with a non-flat 
topography. This has caused a disintegrated 
network of streets. On the other hand, the 
steep topography represents a threat due to 
potential instability of the settlements. It is 
important to mention that the Ecuadorian 
coast suffered from a massive earthquake 
in April 2016 and Guayaquil was one of the 
cities with human loses.
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Network Analysis  - zoom B
This area is composed by contrasting 
neighborhoods. It appears as an area where 
the socioeconomic conflicts of Guayaquil 
could be spotted. In the one hand it is 
primarily composed by privileged groups 
(Neighborhoods as Urdesa and Los Ceibos). 
On the other hand, steep topographies 
appear to be the place where lower groups 
are able to get some space, they sit in a 
network not integrated to the context. In 
the images below an area of drastic change 
is zoomed in. A wall of a gated community 
separates 2 neighborhoods. The urban 
fabric is disintegrated, and the two realities 
face each other behind a wall.  
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Network Analisis - zoom C
The analyzed area is composed by 
neighborhoods of medium, and medium 
high households. The area shows an 
interesting network. With a range of 
400m, the angular integration map shows 
a disintegrated network in the smaller 
scale. Meaning residential streets don’t 
belong to a big urban weave but have more 
the characteristic of loops around main 
streets (fig. 1). To access the residential 
neighborhoods there are several gates. The 
configuration of gated communities has an 
impact on integration. Not only because they 
limit access, but because in order to control 
entry their configuration aims for minimum 
contact points with the surrounding street 
network. The map below shows the Google 
street view coverage, evidencing the limited 
access possible in this area.
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Network betweenness
Map developed with:
PTS Tool and Axial map Guayaquil

Within the Space Syntax theory of Hiller & 
Manson, architecture agglomeration and collective 
configuration are argued to have an impact on how 
people move and therefore  potentially be co-present 
in space. Within Network theory, Betweenness is the 
property of a line segment to be part of a route, or as 
described by the Place Syntax Tool Documentation:

“Network Betweenness calculates how often a line 
falls on the shortest path between all pairs of lines in 
a network, or how many shortest paths pass through 
it. In other words, lines (axial lines or segments) which 
control and mediate movement and connections 
between many other lines in the system have a high 
betweenness value” (KTH, Chalmers, & Spacescape_
AB).

For this reason, in the present project network 
betweenness is seen as the layer of the network 
showing how movement is likely to happen based on 
the geometric configuration of the city. In the case of 
Guayaquil 2 analysis where conducted. At the scale 
of 500m and at a scale of 20km. In the 20km range 
map is possible to see the characteristic foreground 

and background links in the network defines by Hiller 
(Hiller & Hanson, 1984). On the streets that are likely 
to take part of local trips are highlighted. 

A question raised by Legeby is taken into consideration. 
“Does a spatial fragmentation inhibit inflow of non-
locals?” (Legeby, 2013). Referring to the relation 
among the network betweenness characteristics in 
an urban layout at a low range (as 500m), and the 
presence of people who reside more than 1000m 
away of X area. In the case of Guayaquil, the map 
(network betweenness with 500m range) shows a 
CBD with low network betweenness, this can have 
a relation with the fact that this area has a regular 
grid, where trips passing by can have more than one 
option. The southern areas look evenly integrated. 
In the north of the CBD the patterns are appear 
more fragmented, evidencing that at this lower scale 
neighborhoods are not tightly connected. 

For illustrating porpoises, we could say that if there 
are 2 joint neighborhoods where the network 

500m range 20km range
Equal count

not equal color distribution
Equal count
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500m range and priviliged 
Socio - Economic groups location

Conclusion Explanatory pahse

betweenness in one is high and in other one low; if 
we need to take a 500m route where both of them 
could take us where needed, we are more likely to 
take the on with highest integration. This will also 
have an impact on how the two neighborhoods are 
connected between them. 

In the case of Guayaquil Neighborhoods in the north 
of the CBD appear to be fragmented in the network 
betweenness map of 500m range. When compared 
with the Socio-Economic map, is possible to see that 
the higher groups sit in areas that are not heavily 
integrated to their surroundings. This can be evidence 
a of case of Segregation of coercion, where higher 
socioeconomic groups have developed residential 
enclaves within the city.

Conclusion Explanatory phase

All water systems acting in Guayaquil (Coastal, Fluvial, 
Pluvial) have an impact on the flood risk of Guayaquil. 
As manifested by Barrera Crespo, et al., “The picture 
arises that the sediment balance around Guayaquil is 
governed by sand import from downstream, owing 
to the flood-dominant character of the tide, and 
periodic flushing out of this sand by river floods”.  
(Barrera Crespo, et al., 2018). Indicating the reason 
for this could be the deforestation of mangroves 

and supplanted by shrimp farms. This sedimentation 
process increases flood risk and will also increase with 
sea level rise (Barrera Crespo, et al., 2018).  Based on 
various soil test from Molenaar, Pak, de Pous, & van 
der Werff soil absoption in Guayaquil appears to be 
low. Indicating that flood mitigation strategies, once 
increased the area of absobing soil, will need to also 
increase spaces for water storage. 

The area prone to flooding with the biggest amount 
of residing citizens appears to be the one around the 
drainage segment discharging in Estero Salado. In the 
whole city, the total amount of cases of residents 
being potentially affected by flooding is 326.929. 
This includes people from all socio-economic groups 
which opens the door for a strategy that aims to 
establish a common goal among social groups. 

In the social-economic side, the city has a centralized 
spatial distribution. In addition it shows evidence 
of residential segregation, both of Coercion and of 
Choice that is also reflected in the integration of the 
city from a network betweenness perspective.  
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EXPLORATORY PHASE

The exploratory phase aims to develop a strategy as an answer of the previous 
analysis. In order to do so, the 2 identified problems are answered from an 
integrated approach.

Networks of water and Co-presence

After the overview of the current condition of Guayaquil, is fair to say the city 
has various topics with room for improvement related to Social, Economic and 
Environmental processes. The strategy conceived in the exploratory phase 
aims to improve 2 specific problems that relate with Environmental and Socio-
Economic challenges. They are punctually framed under Flood Risk & Spatial 
Segregation. The assumption in this stage is that Flood risk in Guayaquil could 
be mitigated by an improvement of the water system dynamics and at the 
same time have a possitive impact in terms of social integration. The mitigation 
starts by understanding the natural flow of surface water networks. These 
networks need to be based on the topography of the city into the bigger scale. 
The Water Basin analysis provided water drainage segments that show the 
lowest points where water gathers and how it can flow out to water bodies. 

The Drainage segments with the biggest potential from a social point of view 
are the ones that can help integrating neighborhoods that are not strongly 
connected. For this reason, the water drainage segments located in areas 
of low Network Betweenness at a local range (500m) where picked. This 
created opportunities for creating a water network that also aims at improving 
neighborhood’s connectivity. 

According to the analysis conducted in Guayaquil, there is evidence of 
residential segregation. When neighborhoods develop due to auto-generated 
enclaves ‘segregation of choice’ takes places, on the other hand when they are 
the product of exclusion it is identified as a case of ‘segregation of coercion’ 
(Varidy, 2005).

In Guayaquil both cases exist, but the ones fragmenting the city to a bigger 
degree are enclaves or segregation of choice. Water drainage segments 
spreading through the whole city represent axis of opportunity that can help to 
improve accessibility on some enclaved neighborhoods. These segments will be 
part on the bigger scale on a network of water.

Flood Risk Spatial segregation

Water Network Copresence Network

Space for 
water storage

Space for 
Interaction

Dinamic of Collaboration for 
a fair hydro social cycle



 64 Integrated mitigation

Water Drainage Segments 
for co-presence
Map developed with:
PTS Tool and Axial map Guayaquil
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Zoom D

Current state

Functionality

Proposal

Zoom D represents and area where the weave of 
plots changes. Is possible to see areas with low 
network betweeneess  that fragment this northern 
area of the city.

The Green and blue infrastructure can become an 
axis that joins these two areas of the city.

The Land Use map shows the industrial use of 
this zone. This is the main reason for the lack of 
connectivity between the 2 neighborhoods.

Map developed with:
PTS Tool and Axial map Guayaquil
Drainage Segments from watershed analysis

Map developed with:
Land Use Map from Municipality - 2014
Drainage Segments from watershed analysis

Map developed with:
Bing Satellite imagery and Post Processing



 66 Integrated mitigation

Map developed with:
PTS Tool and Axial map Guayaquil

Zoom E

Current state

Functionality

U
rd

e
sa

Proposal

Areas around Sea branches (estero salado) show 
a low index of betweenness in the 500m range. 
Additionally, this area is limited in the south by a 
steep topography where the city finds a limit. The sea 
branches margins are fragmentated in several plot 
units. This factor has given the branches a private 
characteristic. The Water segments appear to be in 
areas of low betweenness and therefore represent 
an opportunity for improving the connectivity of the 
network and at the same time dealing with flooding.

The Network of green and blue infrastructure 
could aim to foster co-presence and eventually 
integration and collaboration. In order to achieve 
so, the margins of the sea branches need to 
become public, in addition to the water drainage 
segments. As shown in the picture, this could 
improve the existing network betweenness

The area shows a couple of functional corridors. 
This, as in the previous area represents a factor for 
a spread network with little presence of links to the 
surrounding patterns. On the other hand, residential 
neighborhoods as Urdesa have direct contact with 
the sea branches.

Map developed with:
PTS Tool and Axial map Guayaquil
Drainage Segments from watershed analysis

Map developed with:
Land Use Map from Municipality - 2014
Drainage Segments from watershed analysis

Map developed with:
Bing Satellite imagery and Post Processing
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Current state

Functionality

Proposal

Map developed with:
PTS Tool and Axial map Guayaquil

Zoom F

In a regular grid, the potential shortest 
paths are evenly distributed. It could be 
manifested that these urban fabrics have 
few bottle necks, therefore the street 
segments have little betweenness score. 
The variation within the elements of the 
grid in their betweenness has to do with 
the variation in size of each block.

The Margins need to be made public 
as in the previous example. Crossing 
paths can be created in building with 
public use. In this regular grid such 
spacesare schools now possesing an X 
in their patterns. For example, schools 
around green and blue infrastructure 
can become open infrastructure out 
of education hours. Improving the 
betweenness in the network and by 
doing so promoting the circulation of 
non-locals.

The functionality shows the CBD, and 
how is defeminated into the residential 
areas. The Water Drainage Segments cross 
through the whole spectrum of Socio - 
Economic Spectrum. This is making the 
area one of the more interesting zones 
for implementing the strategic design 
proposal.

Map developed with:
PTS Tool and Axial map Guayaquil
Drainage Segments from watershed analysis

Map developed with:
Land Use Map from Municipality - 2014
Drainage Segments from watershed analysis

Map developed with:
Bing Satellite imagery and Post Processing
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Network proposed
Map based on:
Network betweenness
Water Drainage Segments based on DEM

Legend

Drainage Stream segments
Network fostering copresence
Magrove reforestation
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People affected by flooding & 
proposed copresence network
Map based on:
Network betweenness
Water Drainage Segments based on DEM

Legend

Drainage Stream segments

Affected due to 0,3 sea level rise

Affected due to run-off

Affected due to heavy rain fall

Affected due to river run-off

Network fostering copresence
Magrove reforestation Ilustration

Design Area

By improving missing link, gaps or 
general configurations the high network 
betweenness areas can expand. In 
the fragmented areas of Guayaquil an 
improvement in the network betweenness 
could enable flow of people. This will 
increase the probability of generating a flow 
of non-locals and by doing so; a growth of 
the possibility for people of different groups 
to be co-present in space.
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Strategy Illustration
The area picked for the spatial design illustration is the one with 

most people affected by flooding in Guayaquil

The strategy sits in the previously proposed Green & Blue networks, these 
networks are based on the existing water draining segments from areas where 
the network betweenness is low in the 500m range map. By reinforcing and 
improving the network betweenness among adjoining neighborhoods the 
presence of non-locals could be enhanced. 

Water infrastructure in Guayaquil needs areas for the storage of surface 
water. Water storage does not need to necessarily function above ground 
level. However, in a context as Guayaquil, the construction of sophisticated 
underground uninhabited spaces does not seem fair when there are urban 
areas where people live in precarious conditions. For this reason, a piece of 
water infrastructure should aim at also having a social use and improving social 
life among different groups.

The research by Ann Legeby on Patterns of Co-presence has clarified what 
Co-presence represents in fields of sociology, the role it fulfills in the built 
environment and its active relation to city syntax configuration (Legeby, 2013) .

Referring to Collins, Legeby points out that in Collin’s interaction rituals theory, 
Co-presence is a necessary but not sufficient part guiding to interaction 
outcomes. In addition, its suggested that in the core of interaction processes 
participants develop a mutual focus of attention  (Collins, 2004). In Addition, 
based on the theory of Goffman, Legeby cites how Goffman defines a relation 
between co-presence and interaction, or what Goffman defines as unfocused 
and focused interaction (Goffman, 1963). Meaning that focused interaction 
exists when there is a single focus of attention, while an unfocused interaction 
takes place as a process of nonverbal - communication when people are in 

Flood Risk Spatial segregation

Water Network Copresence Network

Space for 
water storage

Space for 
Interaction

Dinamic of Collaboration for 
a fair hydro social cycle
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Design Area around 
Water Segment
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immediate presence and they have the possibility to 
have a glance of others (Goffman, 1963).  

There seems to be an agreement among Goffman, 
Legeby and Collins in relation to how co-presence 
does not guaranty integration but is definitely a 
prelaminar step towards interaction. For the present 
project, this stage proposes spatial activators needed 
to take forward the 2 central problems of the study 
(spatial segregation – flood risk). This is done in the 
local scale by looking into uses that can generate 
a single focus of attention. In order to promote 
interaction and integration there needs to be spaces 
that welcome diverse groups. These spaces can be 
areas for sports and recreation.

“Playing sport and participating in physical recreation 
offers important opportunities to enhance health and 
wellbeing. As well as promoting well-documented 
health benefits (such as reduced risk of cardiovascular 
disease), participation can offer a social and political 
space in which to cultivate cultural diversity and 
promote social inclusion.” (Cortis, Pooja, & Muir, 2007) 

Among Age groups, youth and children are more likely 
to take part into recreation and physical activities. On 
the other hand, they can mediate upon their past, 
present and future reality (Center for multicultural 
Youth, 2007). This also creates the space for diverse 
and socio-cultural interactions.  In addition, younger 
groups, have the capacity to involve their older family 
members into this process. In Places as Europe and 
Australia sports and recreation have been seen 

as potential measure for integrating newly arrived 
refugees. 

On these preconditions, Schools are seen as areas 
with a lot of potential. They can be coupled as center 
for sport and recreation off education hours, and 
secondly their spatial typology offers interesting areas 
for dealing with surplus surface water. Off education 
hours, schools can become open public spaces where 
locals, and non-locals passing by could get together, 
attracted by the possibility of carrying out an activity 
as a central focus of attention. Schools should 
become places where people can cross the regular 
grid present in this area of Guayaquil. If schools 
enable cross circulation, they can have a positive 
impact in network betweenness of the area, with all 
the positive implications of co-presence fostering. 

In schools an around them different activities are 
suggested. All these activators revolve around 
activities that can become a central point of attention. 
The suggested activators focus on three categories. 
Playgrounds (for kids), Gamification (kids and young 
people), And sports (kids, young, senior). 

Playgrounds: can happen in and out of the school, 
with the advantage that temporal uses can take place 
also within the education institution. As the case of 
textile playgrounds.

Sport: can also take place inside and outside. The can 
be team sports of individual. Also, they can be making 
use of abandoned areas. As could be the case of a 
parkour park. 
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Sports

Games

Playgrounds

Cube for imagination Playground

Tensile Textile bed

Voleyball Court Skore´s Goal keeps

Parkour Climbing / SkatingFootball

Public Twister Playfull waste bin

Activators of interaction
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Gamification: Gamification can take place in urban 
areas, as sidewalks or any kind of public space.

Spaces for water storage

Most Schools have a spatial typology with a central 
core, where children can play or carry-out outdoors 
activities. This area within the urban fabric stands out 
as the only typology with these characteristics. This 
typology is especially interesting to store open water. 
If we see a satellite picture of this area, the only open 
areas are these courtyards, parks, or streets. Other 
than these spaces, there are only fragmented inner 
block areas remaining. This is the reason why schools 
sparked interest as potential spatial typologies. 
Furthermore, public Schools in Guayaquil are mostly 
used by the groups belonging to the lower part of the 
socio-economic index. The current state of schools 
is not the best and they could require interventions 
to improve them. The proposal of this projects is for 
schools to become the central space where water can 
be gathered and stored and then be further drained to 
open water bodies. The interventions should generate 
concavely depressed areas into the courtyards, that 
can be used for play when they are dry or otherwise 
be used water storage space. 

The Education schedule in Primary and Secondary 
schools in the Ecuadorian Coast, go usually from 
the late April to late January. Meaning that schools 
are empty facilities in February and March. These 
are 2 of the rainiest months on the year, which is 
convenient for the purpose of preparing schools as 
areas for water storage. In this time, they could act 
as much needed spaces open surface for storage. For 
this to happen, they need to be immersed in a system 
of green & blue infrastructure that guides water in 
and out of them. This Green and blue infrastructure 
can be a net of bio-swales. Them all can be situated 
around a green axis that guides water into open water 
spaces. This can be done by changing the street 
section of strategically picked streets following the 
drainage stream segments as much as possible. This 
will not only improve the capacity to deal with water 
but also improve the public space linking schools. This 
bios-wales have to be designed in such a way that 
they create spaces at a human scale where people 
can decide to stay.

To test if schools have the capacity to mitigate 
flood risk, an empirical Method developed in TU-
delft is used. It consists on the calculation of how 
much surplus water flows in the area, depending 
on the type of space where rain falls into. For this 
calculation each land uses the storage capacity, and 
the absorption capacity is considered. The remaining 



 Integrated mitigation 77

Illustration of strategy operability
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level 1
level 2
level 3
level 4
level 5

water that has not being absorbed neither stored is 
considered surplus water. The Surplus water will be 
either drained by the sewer or dealt with by the blue 
infrastructure. 

To test the capacity of the schools to mitigate flooding, 
the Intensity Duration Frequency (IDF) rain curves 
where taken into consideration. The IDF curves used 
where stablished by Molenaar, Pak, de Pous, & van 
der Werff. They are as follows:

For this case the rains of 2, 10 and 100 years of return 
periods have been considered; in Durations of 2 and 4 
hours, based on the characteristic short and abundant 
rains of Guayaquil. These return periods generate 
different volumes of water. Keeping in mind that the 
schools have a courtyard area of 2500, is possible to 
see how deep the storage pool needs to be. Based 
on these calculations the cases of 100-year return 
periods would require more than the equivalent of 
2 stories deep. Therefore, these scenarios seem too 
complex to be considered for a change in the entire 
urban fabric. The case of a 2-hour rain of a 10-year 
return period is considered the next most adverse 
scenario where the capacity of the schools could be 
tested. Based on the proposed designs, the schools 

alone have the capacity to store 8.147 m3. The 
calculation is made with the proposal in place. This 
shows that there needs to be improvements in matters 
of permeable surfaces in order to cope with the rain; 
since under these conditions the surplus water will be 
5.787 m3 per hour which is obviously more than the 
school’s capacities. Therefore, other changes in the 
watershed are needed in order to mitigate flooding 
under the 2-hour rain with a 10-year return period. 
Therefore, new calculations were made, suggesting 
an improvement on roads and sidewalks as well as 
creating greener areas. The calculations are made 
under a method developed by: Frans van de Ven, 
Fransje Hooimeijer, Kristel Aalbers (2018).

In the Surface Water Calculation table the case A and 
B refer to:

a)	 When The areas of the bio-swales, schools, 
and a change is suggested in the road asphalt (porous 
asphalt).

b)	 When 30% of Areas occupied by Roofs, 
Roads and Sidewalks have been equitably turned into 
unpaved surfaces.

Under the case B Is possible o see that the m3 of 
surplus water are equal to 4112,16 which is consider 
as a capacity that schools could deal with with a 
drepression of 3,29m.

The table for calculating the surplus water for each 

Intensity (mm/hours)
Return period 1 2 4 8 12 24
2 years 49,9 35,4 21,9 12,5 9 5,1
5 years 58,9 42,8 26,5 15,1 10,9 5,3
10 years 66,2 48,3 29,9 17,1 12,3 7,1
25 years 76,2 55,5 34,4 19,6 14,2 8,2
50 years 84,1 60,9 37,7 21,5 15,7 9,1
100 years 92,3 66,3 41,1 24,1 17,1 9,9

Duration (hours)
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110

A: 26,969 m2

Zone

111

A: 32,263 m2

Zone

112

A: 36,764 m2

Zone

102

A: 20,158 m2

Zone

103

A: 33,364 m2

Zone

103

A: 25,074 m2

Zone

104

A: 29,166 m2

102

A: 26,281 m2

103

A: 43,877 m2

104

A: 28,363 m2

104

A: 30,570 m2

102

A: 42,928 m2

104

A: 40,061 m2

104

A: 36,479 m2

Zone

109

A: 83,849 m2

103

A: 39,614 m2

Zone

111

A: 23,302 m2

103

A: 43,712 m2

104

A: 29,513 m2

Zone

102

A: 26,038 m2

Zone

101

A: 14,385 m2

Zone

102

A: 27,590 m2

Zone

103

A: 38,938 m2

Zone

104

A: 52,856 m2

103

A: 151,251 m2

Zone

98

A: 72,942 m2

Zone

107

A: 29,322 m2

Zone

35

A: 164,996 m2

Zone

35

A: 56,813 m2

Zone

36

A: 66,935 m2

Zone

37

A: 41,764 m2

Zone

38

A: 31,631 m2

Zone

35

A: 32,537 m2

103

A: 67,706 m2

103

A: 97,004 m2

103

A: 102,487 m2

Zone

12

A: 1.370,493 m2

Zone

12

A: 898,807 m2

Zone

11

A: 167,021 m2

Zone

11

A: 58,473 m2

Zone

11

A: 60,588 m2

Zone

11

A: 38,401 m2

Zone

11

A: 13,880 m2

Zone

10

A: 192,298 m2

Zone

10

A: 380,019 m2

Zone

01

A: 69,039 m2

Zone

02

A: 23,875 m2

Zone

03

A: 50,054 m2

Zone

03

A: 64,349 m2

Zone

03

A: 64,086 m2

Zone

03

A: 67,667 m2

Zone

04

A: 26,604 m2

Zone

05

A: 66,827 m2
Zone

06

A: 51,337 m2

Zone

07

A: 33,325 m2

Zone

08

A: 34,162 m2

Zone

08

A: 166,182 m2

Zone

08

A: 62,512 m2

Zone

08

A: 69,039 m2

Zone

09

A: 53,990 m2

Zone

08

A: 30,892 m2

Zone

06

A: 96,715 m2

Zone

07

A: 7,810 m2

Zone

08

A: 26,765 m2

Zone

09

A: 107,435 m2

Zone

09

A: 19,101 m2

Zone

09

A: 83,320 m2

Zone

09

A: 125,012 m2

Zone

09

A: 147,256 m2

Zone

10

A: 61,541 m2

Zone

11

A: 21,155 m2

Zone

10

A: 170,288 m2

Zone

10

A: 153,294 m2

Zone

10

A: 75,129 m2

Zone

09

A: 79,094 m2

Zone

09

A: 64,016 m2

Zone

09

A: 46,142 m2

Zone

10

A: 89,123 m2

Zone

10

A: 67,461 m2

Zone

09

A: 101,208 m2

Zone

09

A: 59,578 m2

Zone

10

A: 184,605 m2

Zone

11

A: 76,829 m2

Zone

11

A: 51,318 m2

Zone

11

A: 49,563 m2

Zone

11

A: 40,681 m2

Zone

11

A: 24,742 m2

Zone

11

A: 24,995 m2

Zone

11

A: 34,950 m2

Zone

09

A: 86,890 m2

Zone

09

A: 192,425 m2

Zone

09

A: 117,504 m2

Zone

09

A: 96,049 m2

Zone

09

A: 85,685 m2

Zone

10

A: 93,170 m2

Zone

10

A: 59,159 m2

Zone

10

A: 93,580 m2

Zone

09

A: 86,621 m2

Zone

09

A: 106,851 m2

Zone

10

A: 177,990 m2

Zone

09

A: 162,397 m2

Zone

09

A: 61,143 m2

Zone

09

A: 75,831 m2

Zone

09

A: 146,025 m2

Zone

09

A: 160,409 m2

Zone

09

A: 189,457 m2

Zone

09

A: 147,713 m2

Zone

09

A: 115,785 m2

Zone

09

A: 95,393 m2

Zone

10

A: 170,049 m2

Zone

10

A: 66,952 m2

Zone

10

A: 101,985 m2

Zone

10

A: 188,933 m2

Zone

10

A: 91,510 m2

Zone

10

A: 125,942 m2

Zone

10

A: 119,626 m2

Zone

10

A: 71,263 m2

Zone

10

A: 162,996 m2

Zone

10

A: 175,589 m2

Zone

10

A: 146,828 m2

Zone

10

A: 88,856 m2

Zone

10

A: 22,320 m2

Zone

11

A: 29,796 m2

Zone

12

A: 95,107 m2

Zone

13

A: 40,730 m2

Zone

13

A: 12,909 m2

Zone

13

A: 12,909 m2

Zone

13

A: 53,447 m2

Zone

13

A: 65,618 m2

Zone

13

A: 39,698 m2

Zone

13

A: 40,726 m2

Zone

12

A: 114,836 m2

Zone

13

A: 44,334 m2

Zone

13

A: 21,834 m2

Zone

12

A: 63,255 m2

Zone

13

A: 36,061 m2

Zone

13

A: 61,282 m2

Zone

09

A: 62,202 m2

Zone

13

A: 32,170 m2

Zone

10

A: 160,755 m2

Zone

10

A: 123,179 m2

Zone

10

A: 35,732 m2

Zone

10

A: 203,347 m2

Zone

10

A: 191,031 m2

Zone

10

A: 215,899 m2

Zone

11

A: 10,363 m2

Zone

11

A: 63,701 m2

Zone

10

A: 26,141 m2

Zone

10

A: 125,016 m2

Zone

11

A: 64,970 m2

Zone

12

A: 124,002 m2

Zone

12

A: 130,173 m2

Zone

12

A: 133,380 m2

Zone

12

A: 100,889 m2

Zone

12

A: 85,455 m2

Zone

12

A: 42,494 m2

Zone

12

A: 59,668 m2

Zone

12

A: 68,289 m2

Zone

12

A: 54,749 m2

Zone

12

A: 49,874 m2

Zone

12

A: 343,139 m2

Zone

12

A: 131,612 m2

Zone

12

A: 136,081 m2

Zone

13

A: 60,455 m2

Zone

14

A: 24,533 m2

Zone

14

A: 56,337 m2

Zone

14

A: 74,474 m2

Zone

14

A: 61,041 m2

Zone

14

A: 88,842 m2

Zone

14

A: 166,358 m2

Zone

14

A: 196,303 m2

Zone

09

A: 76,257 m2

Zone

10

A: 53,053 m2

Zone

10

A: 46,916 m2

Zone

10

A: 47,566 m2

Zone

10

A: 219,272 m2

Zone

10

A: 23,798 m2

Zone

10

A: 14,558 m2

Zone

10

A: 121,242 m2

Zone

10

A: 51,041 m2

Zone

10

A: 36,806 m2

Zone

10

A: 15,785 m2

Zone

10

A: 54,261 m2

Zone

10

A: 15,785 m2

Zone

10

A: 27,659 m2

Zone

10

A: 14,227 m2

Zone

10

A: 102,143 m2

Zone

10

A: 325,670 m2

Zone

10

A: 161,330 m2

Zone

10

A: 89,454 m2

Zone

10

A: 238,135 m2

Zone

10

A: 318,434 m2

Zone

10

A: 581,007 m2

Zone

10

A: 295,153 m2

Zone

11

A: 672,612 m2

Zone

11

A: 161,192 m2

Zone

12

A: 125,295 m2

Zone

12

A: 20,064 m2

Zone

13

A: 161,047 m2

Zone

14

A: 84,296 m2

Zone

15

A: 109,383 m2

Zone

15

A: 46,340 m2

Zone

15

A: 214,788 m2

Zone

15

A: 366,419 m2

Zone

15

A: 81,352 m2

Zone

15

A: 104,776 m2

Zone

15

A: 118,819 m2

Zone

15

A: 212,216 m2

Zone

15

A: 175,596 m2

Zone

15

A: 149,592 m2

Zone

15

A: 166,534 m2

Zone

15

A: 166,698 m2

Zone

15

A: 106,781 m2

Zone

15

A: 121,003 m2

Zone

16

A: 53,091 m2

Zone

17

A: 4,049 m2

Zone

18

A: 143,345 m2

Zone

18

A: 154,149 m2

Zone

18

A: 75,578 m2

Zone

18

A: 42,055 m2

Zone

18

A: 49,155 m2

Zone

18

A: 239,964 m2

Zone

19

A: 199,909 m2

Zone

20

A: 201,374 m2

Zone

21

A: 176,934 m2

Zone

22

A: 103,980 m2

Zone

22

A: 216,510 m2

Zone

22

A: 103,485 m2

Zone

22

A: 147,970 m2

Zone

22

A: 75,541 m2

Zone

22

A: 281,086 m2

Zone

22

A: 290,399 m2

Zone

22

A: 91,572 m2

Zone

22

A: 103,096 m2

Zone

22

A: 209,343 m2

Zone

22

A: 68,354 m2

Zone

22

A: 51,848 m2

Zone

22

A: 68,737 m2

Zone

22

A: 57,478 m2

Zone

22

A: 48,581 m2

Zone

22

A: 33,297 m2

Zone

22

A: 110,389 m2

Zone

15

A: 345,647 m2

Zone

16

A: 132,216 m2

Zone

17

A: 146,112 m2

Zone

18

A: 26,744 m2

Zone

18

A: 564,857 m2

Zone

19

A: 138,406 m2

Zone

20

A: 302,905 m2

Zone

21

A: 262,496 m2

Zone

22

A: 122,702 m2

Zone

23

A: 121,099 m2

Zone

24

A: 153,332 m2

Zone

25

A: 90,600 m2

Zone

26

A: 288,992 m2

Zone

27

A: 244,168 m2

Zone

28

A: 248,504 m2

Zone

29

A: 161,460 m2

Zone

30

A: 73,946 m2

Zone

31

A: 131,344 m2

Zone

32

A: 54,881 m2

Zone

28

A: 104,940 m2

Zone

29

A: 68,195 m2

Zone

29

A: 69,417 m2

Zone

29

A: 56,741 m2

Zone

29

A: 113,792 m2

Zone

27

A: 222,163 m2

Zone

28

A: 108,926 m2

Zone

29

A: 49,629 m2

Zone

30

A: 62,566 m2

Zone

31

A: 102,771 m2

Zone

32

A: 184,380 m2

Zone

32

A: 68,246 m2

Zone

32

A: 64,064 m2

Zone

32

A: 85,799 m2

Zone

32

A: 77,502 m2

Zone

32

A: 136,170 m2

Zone

32

A: 4,482 m2

Zone

32

A: 45,244 m2

Zone

32

A: 96,007 m2

Zone

32

A: 43,207 m2

Zone

32

A: 72,285 m2

Zone

32

A: 65,984 m2

Zone

32

A: 79,594 m2

Zone

32

A: 34,484 m2

Zone

32

A: 46,557 m2

Zone

22

A: 278,476 m2

Zone

23

A: 251,112 m2

Zone

24

A: 65,947 m2

Zone

25

A: 88,791 m2

Zone

26

A: 112,539 m2

Zone

22

A: 99,632 m2

Zone

23

A: 125,944 m2

Zone

23

A: 58,202 m2

Zone

23

A: 66,653 m2

Zone

24

A: 302,303 m2

Zone

25

A: 158,198 m2

Zone

26

A: 32,162 m2

Zone

25

A: 228,941 m2

Zone

26

A: 123,391 m2

Zone

26

A: 40,545 m2

Zone

27

A: 30,681 m2

Zone

28

A: 53,761 m2

Zone

29

A: 61,383 m2

Zone

30

A: 38,101 m2

Zone

31

A: 126,857 m2

Zone

30

A: 12,522 m2

Zone

22

A: 186,609 m2

Zone

23

A: 102,952 m2

Zone

22

A: 43,705 m2

Zone

22

A: 126,705 m2

Zone

23

A: 67,723 m2

Zone

23

A: 53,109 m2

Zone

23

A: 115,537 m2

Zone

24

A: 113,500 m2

Zone

25

A: 97,341 m2

Zone

26

A: 81,907 m2

Zone

26

A: 65,552 m2

Zone

26

A: 61,489 m2

Zone

26

A: 58,673 m2

Zone

27

A: 238,650 m2

Zone

28

A: 157,546 m2

Zone

29

A: 87,852 m2

Zone

28

A: 61,712 m2

Zone

29

A: 12,753 m2

Zone

30

A: 16,947 m2

Zone

29

A: 34,738 m2

Zone

29

A: 28,986 m2

Zone

29

A: 20,074 m2

Zone

29

A: 178,114 m2

Zone

30

A: 77,394 m2

Zone

31

A: 76,800 m2

Zone

32

A: 48,277 m2

Zone

33

A: 145,967 m2

Zone

33

A: 40,118 m2

Zone

33

A: 79,232 m2

Zone

33

A: 47,894 m2

Zone

34

A: 63,871 m2

Zone

34

A: 66,020 m2

Zone

34

A: 42,013 m2

Zone

34

A: 54,473 m2

Zone

34

A: 167,093 m2

Zone

34

A: 100,665 m2

Zone

34

A: 128,720 m2

Zone

35

A: 66,891 m2

Zone

36

A: 44,903 m2

Zone

37

A: 74,119 m2

Zone

37

A: 46,647 m2

Zone

38

A: 84,584 m2

Zone

38

A: 46,084 m2

Zone

38

A: 69,858 m2

Zone

38

A: 46,656 m2

Zone

38

A: 43,775 m2

Zone

38

A: 51,780 m2

Zone

39

A: 26,909 m2

Zone

22

A: 88,869 m2 Zone

23

A: 56,991 m2

Zone

24

A: 165,932 m2

Zone

24

A: 52,078 m2

Zone

25

A: 46,520 m2

Zone

26

A: 74,377 m2

Zone

26

A: 82,218 m2

Zone

26

A: 48,551 m2

Zone

26

A: 58,177 m2

Zone

15

A: 241,946 m2

Zone

15

A: 22,948 m2

Zone

15

A: 22,348 m2

Zone

15

A: 33,586 m2

Zone

09

A: 63,625 m2

Zone

10

A: 13,878 m2

Zone

11

A: 64,436 m2

Zone

12

A: 47,895 m2

Zone

13

A: 54,812 m2

Zone

13

A: 55,313 m2

Zone

14

A: 88,891 m2

Zone

14

A: 54,561 m2

Zone

14

A: 57,385 m2

Zone

14

A: 154,542 m2

Zone

14

A: 121,322 m2

Zone

14

A: 68,489 m2

Zone

14

A: 69,500 m2

Zone

14

A: 111,016 m2

Zone

14

A: 177,178 m2

Zone

31

A: 120,243 m2

Zone

32

A: 98,589 m2

Zone

33

A: 68,088 m2

Zone

34

A: 179,054 m2

Zone

34

A: 67,221 m2

Zone

34

A: 254,860 m2

Zone

34

A: 64,866 m2

Zone

34

A: 95,980 m2

Zone

34

A: 132,892 m2

Zone

35

A: 121,975 m2

Zone

36

A: 109,562 m2

Zone

36

A: 100,218 m2

Zone

35

A: 46,978 m2

Zone

35

A: 45,088 m2

Zone

36

A: 13,001 m2

Zone

37

A: 52,398 m2

Zone

37

A: 63,302 m2

Zone

37

A: 47,221 m2

Zone

37

A: 106,067 m2

Zone

37

A: 201,177 m2

Zone

37

A: 45,828 m2

Zone

38

A: 125,465 m2

Zone

39

A: 140,673 m2

Zone

40

A: 188,198 m2

Zone

37

A: 105,859 m2

Zone

37

A: 81,771 m2

Zone

37

A: 24,533 m2

Zone

40

A: 53,560 m2

Zone

41

A: 47,215 m2

Zone

42

A: 155,657 m2

Zone

42

A: 189,036 m2

Zone

42

A: 199,750 m2

Zone

40

A: 20,964 m2

Zone

42

A: 75,013 m2

Zone

43

A: 117,790 m2

Zone

43

A: 35,550 m2

Zone

43

A: 91,107 m2

Zone

43

A: 35,232 m2

Zone

43

A: 55,060 m2

Zone

43

A: 30,161 m2

Zone

43

A: 59,812 m2

Zone

43

A: 433,723 m2

Zone

44

A: 349,382 m2

Zone

45

A: 503,602 m2

Zone

46

A: 296,913 m2

Zone

45

A: 101,414 m2

Zone

46

A: 33,700 m2

Zone

44

A: 249,526 m2

Zone

45

A: 263,534 m2

Zone

45

A: 327,233 m2

Zone

44

A: 94,669 m2

Zone

45

A: 92,756 m2

Zone

45

A: 79,590 m2

Zone

45

A: 34,669 m2

Zone

45

A: 60,116 m2

Zone

45

A: 228,059 m2

Zone

45

A: 145,174 m2

Zone

45

A: 128,247 m2

Zone

45

A: 62,745 m2

Zone

46

A: 42,525 m2

Zone

46

A: 64,082 m2

Zone

47

A: 49,375 m2

Zone

48

A: 63,082 m2

Zone

49

A: 43,648 m2

Zone

45

A: 239,115 m2

Zone

45

A: 163,824 m2

Zone

45

A: 162,226 m2

Zone

45

A: 88,012 m2

Zone

45

A: 153,038 m2

Zone

45

A: 159,014 m2

Zone

45

A: 54,419 m2

Zone

46

A: 71,629 m2

Zone

45

A: 276,884 m2

Zone

45

A: 209,650 m2

Zone

45

A: 230,019 m2

Zone

48

A: 142,140 m2

Zone

48

A: 50,464 m2

Zone

48

A: 76,583 m2

Zone

49

A: 204,679 m2

Zone

49

A: 97,357 m2

Zone

50

A: 99,488 m2

Zone

50

A: 91,091 m2

Zone

50

A: 112,741 m2

Zone

50

A: 114,905 m2

Zone

50

A: 60,576 m2

Zone

49

A: 172,906 m2

Zone

49

A: 160,939 m2

Zone

50

A: 34,712 m2

Zone

51

A: 89,898 m2

Zone

52

A: 85,813 m2

Zone

52

A: 63,934 m2

Zone

52

A: 148,476 m2

Zone

52

A: 35,570 m2

Zone

53

A: 88,323 m2

Zone

53

A: 156,300 m2

Zone

53

A: 253,085 m2

Zone

53

A: 115,536 m2

Zone

54

A: 122,626 m2

Zone

55

A: 78,968 m2

Zone

56

A: 92,727 m2

Zone

57

A: 91,064 m2

Zone

58

A: 52,912 m2

Zone

59

A: 80,883 m2

Zone

52

A: 95,620 m2

Zone

53

A: 207,750 m2

Zone

53

A: 110,785 m2

Zone

54

A: 87,552 m2

Zone

55

A: 119,176 m2

Zone

56

A: 37,574 m2

Zone

57

A: 65,388 m2

Zone

58

A: 33,277 m2

Zone

59

A: 75,146 m2

Zone

53

A: 108,666 m2

Zone

53

A: 135,610 m2

Zone

53

A: 55,557 m2

Zone

53

A: 144,525 m2

Zone

54

A: 145,113 m2

Zone

54

A: 125,248 m2

Zone

54

A: 31,060 m2

Zone

55

A: 44,094 m2

Zone

56

A: 111,347 m2

Zone

56

A: 98,173 m2

Zone

56

A: 61,986 m2

Zone

56

A: 33,923 m2

Zone

56

A: 38,506 m2

Zone

56

A: 73,425 m2

Zone

56

A: 93,132 m2

Zone

56

A: 62,964 m2

Zone

56

A: 36,954 m2

Zone

57

A: 8,893 m2

Zone

58

A: 18,973 m2

Zone

58

A: 50,370 m2

Zone

58

A: 63,830 m2

Zone

59

A: 56,606 m2

Zone

58

A: 61,798 m2

Zone

59

A: 50,330 m2

Zone

60

A: 30,485 m2

Zone

61

A: 36,073 m2

Zone

62

A: 43,282 m2

Zone

63

A: 19,433 m2

Zone

64

A: 15,065 m2

Zone

65

A: 41,923 m2

Zone

66

A: 29,858 m2

Zone

67

A: 37,566 m2

Zone

68

A: 196,709 m2

Zone

69

A: 130,706 m2

Zone

68

A: 82,745 m2

Zone

69

A: 107,148 m2

Zone

69

A: 84,717 m2

Zone

69

A: 107,031 m2

Zone

69

A: 153,676 m2

Zone

70

A: 30,292 m2

Zone

71

A: 33,899 m2

Zone

68

A: 198,190 m2

Zone

69

A: 96,514 m2

Zone

70

A: 186,240 m2

Zone

71

A: 79,755 m2

Zone

69

A: 125,194 m2

Zone

70

A: 89,117 m2

Zone

71

A: 9,956 m2

Zone

72

A: 48,822 m2

Zone

70

A: 82,450 m2

Zone

71

A: 43,965 m2

Zone

72

A: 59,057 m2

Zone

73

A: 62,255 m2

Zone

72

A: 94,638 m2

Zone

73

A: 21,201 m2

Zone

74

A: 170,620 m2

Zone

74

A: 114,070 m2

Zone

75

A: 51,182 m2

Zone

73

A: 34,607 m2

Zone

74

A: 81,683 m2

Zone

75

A: 49,107 m2 Zone

76

A: 78,697 m2

Zone

76

A: 132,551 m2

Zone

76

A: 61,967 m2

Zone

76

A: 65,307 m2

Zone

74

A: 47,114 m2
Zone

75

A: 31,519 m2

Zone

76

A: 50,386 m2

Zone

77

A: 106,228 m2

Zone

78

A: 63,711 m2

Zone

79

A: 167,963 m2

Zone

78

A: 100,936 m2

Zone

78

A: 133,300 m2

Zone

79

A: 40,093 m2

Zone

80

A: 32,262 m2

Zone

81

A: 11,722 m2

Zone

82

A: 15,050 m2

Zone

83

A: 16,589 m2

Zone

78

A: 53,063 m2

Zone

79

A: 64,474 m2

Zone

79

A: 123,446 m2

Zone

80

A: 41,498 m2

Zone

81

A: 27,231 m2

Zone

81

A: 94,246 m2

Zone

81

A: 94,568 m2

Zone

81

A: 42,035 m2

Zone

82

A: 66,188 m2

Zone

81

A: 34,969 m2

Zone

82

A: 29,316 m2

Zone

81

A: 83,628 m2

Zone

81

A: 61,286 m2

Zone

82

A: 41,399 m2

Zone

83

A: 120,912 m2

Zone

84

A: 43,200 m2

Zone

85

A: 30,826 m2

Zone

85

A: 26,540 m2

Zone

86

A: 45,852 m2

Zone

82

A: 49,157 m2

Zone

82

A: 27,570 m2

Zone

84

A: 34,733 m2

Zone

84

A: 47,169 m2

Zone

84

A: 75,031 m2

Zone

84

A: 60,672 m2

Zone

84

A: 24,378 m2

Zone

86

A: 29,630 m2

Zone

79

A: 174,117 m2

Zone

80

A: 124,970 m2

Zone

81

A: 129,978 m2

Zone

82

A: 95,790 m2

Zone

82

A: 227,697 m2

Zone

82

A: 120,154 m2

Zone

82

A: 105,191 m2

Zone

82

A: 149,594 m2

Zone

79

A: 157,625 m2

Zone

79

A: 144,480 m2

Zone

79

A: 121,536 m2

Zone

79

A: 78,975 m2

Zone

79

A: 51,528 m2

Zone

79

A: 107,726 m2

Zone

79

A: 55,873 m2

Zone

79

A: 33,861 m2

Zone

79

A: 40,144 m2

Zone

82

A: 152,968 m2

Zone

82

A: 102,601 m2

Zone

82

A: 54,309 m2

Zone

82

A: 112,517 m2

Zone

82

A: 59,985 m2

Zone

82

A: 88,285 m2

Zone

82

A: 53,800 m2

Zone

82

A: 178,816 m2

Zone

82

A: 209,680 m2

Zone

83

A: 31,851 m2

Zone

84

A: 54,254 m2

Zone

85

A: 99,579 m2

Zone

86

A: 135,497 m2

Zone

86

A: 121,358 m2

Zone

87

A: 21,572 m2

Zone

88

A: 94,686 m2

Zone

89

A: 71,389 m2

Zone

90

A: 115,254 m2

Zone

90

A: 185,881 m2

Zone

90

A: 227,025 m2

Zone

91

A: 124,737 m2

Zone

90

A: 112,204 m2

Zone

91

A: 124,573 m2

Zone

92

A: 58,434 m2

Zone

93

A: 25,283 m2

Zone

94

A: 115,566 m2

Zone

95

A: 95,600 m2

Zone

96

A: 112,312 m2

Zone

97

A: 171,246 m2

Zone

97

A: 84,620 m2

Zone

97

A: 151,262 m2

Zone

98

A: 55,486 m2

Zone

98

A: 56,601 m2

Zone

98

A: 69,990 m2

Zone

99

A: 109,320 m2

Zone

100

A: 172,616 m2

Zone

100

A: 17,792 m2

Zone

101

A: 17,757 m2

Zone

102

A: 48,439 m2

Zone

103

A: 97,389 m2

Zone

103

A: 135,043 m2

Zone

34

A: 72,351 m2

Zone

35

A: 125,424 m2

Zone

36

A: 39,665 m2

Zone

37

A: 49,282 m2

Zone

37

A: 41,571 m2

Zone

35

A: 36,211 m2

Zone

35

A: 108,074 m2

Zone

35

A: 87,744 m2

Zone

35

A: 64,796 m2

Zone

35

A: 198,675 m2

Zone

35

A: 107,019 m2

Zone

35

A: 17,346 m2

Zone

35

A: 17,745 m2

Zone

35

A: 7,235 m2

Zone

35

A: 120,337 m2

Zone

35

A: 48,783 m2

Zone

35

A: 81,643 m2

Zone

35

A: 78,898 m2

Zone

35

A: 128,906 m2

Zone

35

A: 94,353 m2

Zone

35

A: 38,594 m2

Zone

35

A: 24,809 m2

Zone

35

A: 95,314 m2

Zone

35

A: 77,971 m2

Zone

35

A: 22,780 m2

Zone

35

A: 70,511 m2

Zone

35

A: 41,021 m2

Zone

35

A: 38,215 m2

Zone

35

A: 75,460 m2

Zone

35

A: 24,268 m2

Zone

36

A: 67,112 m2

Zone

35

A: 90,078 m2

Zone

36

A: 40,642 m2

Zone

35

A: 237,904 m2

Zone

35

A: 55,609 m2

Zone

35

A: 195,584 m2

Zone

35

A: 52,585 m2

Zone

35

A: 48,106 m2

Zone

35

A: 68,960 m2

Zone

35

A: 68,960 m2

Zone

35

A: 115,000 m2

Zone

35

A: 134,600 m2

Zone

35

A: 140,432 m2

Zone

35

A: 94,792 m2

Zone

35

A: 113,207 m2

Zone

36

A: 77,234 m2

Zone

35

A: 71,893 m2

Zone

35

A: 88,164 m2

Zone

35

A: 48,493 m2

Zone

35

A: 30,365 m2

Zone

35

A: 29,159 m2

Zone

79

A: 121,558 m2

Zone

80

A: 81,521 m2

Zone

79

A: 33,855 m2

Zone

79

A: 115,699 m2

Zone

80

A: 44,369 m2

Zone

81

A: 47,869 m2

Zone

82

A: 45,803 m2

Zone

82

A: 123,107 m2

Zone

82

A: 67,854 m2

Zone

83

A: 16,095 m2

Zone

84

A: 71,384 m2

Zone

84

A: 143,677 m2

Zone

84

A: 56,989 m2

Zone

84

A: 100,986 m2

Zone

84

A: 77,545 m2

Zone

84

A: 56,469 m2

Zone

84

A: 56,469 m2

Zone

84

A: 105,641 m2

Zone

84

A: 182,230 m2

Zone

84

A: 102,035 m2

Zone

84

A: 119,877 m2

Zone

85

A: 34,665 m2

Zone

86

A: 100,399 m2

Zone

87

A: 311,386 m2

Zone

87

A: 64,303 m2

Zone

88

A: 25,512 m2

Zone

89

A: 62,446 m2

Zone

89

A: 64,169 m2

Zone

89

A: 47,802 m2

Zone

89

A: 70,230 m2

Zone

89

A: 33,338 m2

Zone

89

A: 239,950 m2

Zone

89

A: 109,370 m2

Zone

89

A: 140,577 m2

Zone

90

A: 125,092 m2

Zone

90

A: 147,037 m2

Zone

90

A: 147,037 m2

Zone

90

A: 267,242 m2

Zone

90

A: 521,495 m2

Zone

90

A: 289,672 m2

Zone

90

A: 154,015 m2

Zone

91

A: 201,423 m2

Zone

92

A: 171,531 m2

Zone

93

A: 127,059 m2

Zone

94

A: 36,325 m2

Zone

93

A: 149,222 m2

Zone

93

A: 76,906 m2

Zone

92

A: 95,411 m2

Zone

92

A: 114,218 m2

Zone

92

A: 176,532 m2

Zone

93

A: 51,118 m2

Zone

94

A: 56,424 m2

Zone

94

A: 62,868 m2

Zone

94

A: 52,274 m2

Zone

94

A: 71,644 m2

Zone

94

A: 138,978 m2

Zone

92

A: 18,371 m2
Zone

92

A: 31,400 m2

Zone

92

A: 5,536 m2 Zone

92

A: 7,359 m2

Zone

92

A: 5,082 m2

Zone

93

A: 16,051 m2

Zone

94

A: 7,614 m2

Zone

95

A: 7,068 m2

Zone

94

A: 36,680 m2

Zone

95

A: 192,406 m2

Zone

95

A: 52,952 m2

Zone

95

A: 66,275 m2

Zone

95

A: 40,035 m2

Zone

96

A: 17,298 m2

Zone

97

A: 103,691 m2

Zone

98

A: 269,071 m2

Zone

98

A: 136,655 m2

Zone

97

A: 123,128 m2

Zone

97

A: 61,496 m2

Zone

97

A: 93,920 m2

Zone

97

A: 15,610 m2

Zone

98

A: 90,095 m2

Zone

98

A: 79,022 m2

Zone

98

A: 69,810 m2

Zone

98

A: 85,760 m2

Zone

99

A: 241,606 m2

Zone

100

A: 97,381 m2

Zone

101

A: 72,923 m2

Zone

102

A: 119,791 m2

Zone

100

A: 150,387 m2

Zone

100

A: 32,691 m2

Zone

101

A: 40,319 m2

Zone

101

A: 29,203 m2

Zone

99

A: 59,551 m2

Zone

100

A: 179,075 m2

Zone

100

A: 62,010 m2

Zone

100

A: 85,733 m2

Zone

18

A: 7,603 m2

Zone

69

A: 44,873 m2

Zone

18

A: 29,563 m2

Zone

06

A: 103,646 m2

Zone

10

A: 35,757 m2

Zone

09

A: 22,443 m2

Zone

01

A: 25,932 m2

Zone

10

A: 17,908 m2

Zone

03

A: 40,357 m2

Zone

79

A: 51,357 m2

Areas

Zone Category

Garden open soil_Private

Garden tiled

Lawn - Public

Roads

Roofs_Sloping

Schools_open air

Sidewalks

Net Area

2.930,90

6.125,15

1.706,26

46.881,15

77.939,83

2.269,30

22.686,87

160.539,46 m²
GSPublisherVersion 0.0.100.100

Zone

11

A: 0,616 m2

Zone

11

A: 115,759 m2

Zone

11

A: 2,624 m2

Zone

11

A: 3,142 m2

Zone

11

A: 19,196 m2

Zone

11

A: 119,957 m2

Zone

11

A: 62,954 m2

Zone

11

A: 110,522 m2

Zone

11

A: 880,558 m2

Zone

11

A: 1.261,268 m2

Zone

11

A: 102,987 m2

Zone

11

A: 13,238 m2

Zone

11

A: 75,556 m2

Zone

11

A: 773,230 m2

Zone

11

A: 62,663 m2

Zone

11

A: 18,452 m2

Zone

11

A: 827,582 m2

Zone

11

A: 366,536 m2

Zone

11

A: 31,926 m2

Zone

11

A: 11,016 m2

Zone

11

A: 60,635 m2

Zone

11

A: 619,988 m2

Zone

11

A: 66,798 m2

Zone

11

A: 307,742 m2

Zone

11

A: 3,399 m2

Zone

11

A: 0,129 m2

Zone

11

A: 0,006 m2

Zone

11

A: 0,039 m2

Zone

11

A: 45,441 m2

Zone

11

A: 0,304 m2

Zone

11

A: 3,776 m2

Zone

11

A: 292,376 m2

Zone

11

A: 115,979 m2

Zone

11

A: 0,065 m2

Zone

11

A: 237,352 m2

Zone

11

A: 24,815 m2

Zone

11

A: 59,353 m2

Zone

11

A: 3,131 m2

Zone

11

A: 176,572 m2

Zone

11

A: 0,008 m2

Zone

11

A: 37,638 m2

Zone

11

A: 69,221 m2

Zone

11

A: 856,115 m2

Zone

11

A: 992,660 m2

Zone

11

A: 53,435 m2

Zone

11

A: 643,312 m2

Zone

11

A: 226,090 m2

Zone

11

A: 13,249 m2

Zone

11

A: 23,789 m2

Zone

11

A: 60,867 m2

Zone

11

A: 12,939 m2

Zone

11

A: 110,875 m2

Zone

11

A: 0,261 m2

Zone

11

A: 6,528 m2

Zone

11

A: 362,244 m2

Zone

11

A: 0,683 m2

Zone

11

A: 2,116 m2

Zone

11

A: 3,449 m2

Zone

11

A: 2,509 m2

Zone

11

A: 31,636 m2

Zone

11

A: 217,180 m2

Zone

11

A: 68,620 m2

Zone

11

A: 805,323 m2

Zone

11

A: 7,864 m2

Zone

11

A: 35,260 m2

Zone

11

A: 5,888 m2

Zone

11

A: 65,916 m2

Zone

11

A: 765,413 m2

Zone

11

A: 0,406 m2

Zone

11

A: 31,323 m2

Zone

11

A: 86,339 m2

Zone

11

A: 18,396 m2

Zone

11

A: 40,663 m2

Zone

11

A: 531,209 m2

Zone

11

A: 467,775 m2

Zone

11

A: 42,518 m2

Zone

11

A: 264,915 m2

Zone

10

A: 51,314 m2

Zone

10

A: 20,883 m2

Zone

11

A: 0,701 m2

Zone

11

A: 6,472 m2

Zone

11

A: 796,563 m2

Zone

11

A: 19,645 m2

Zone

11

A: 49,426 m2

Zone

11

A: 16,197 m2

Zone

11

A: 3,268 m2

Zone

11

A: 2,467 m2

Zone

11

A: 677,702 m2

Zone

11

A: 221,168 m2

Zone

11

A: 35,829 m2

Zone

11

A: 0,093 m2

Zone

11

A: 0,044 m2

Zone

11

A: 4,287 m2

Zone

11

A: 803,941 m2

Zone

11

A: 5,608 m2

Zone

11

A: 89,317 m2

Zone

11

A: 0,689 m2

Zone

11

A: 110,351 m2

Zone

11

A: 308,549 m2

Zone

11

A: 11,557 m2

Zone

11

A: 46,826 m2

Zone

11

A: 258,090 m2

Zone

11

A: 61,921 m2

Zone

11

A: 272,447 m2

Zone

11

A: 196,366 m2

Zone

11

A: 74,534 m2

Zone

11

A: 933,074 m2

Zone

11

A: 792,465 m2

Zone

11

A: 1,272 m2

Zone

11

A: 46,491 m2

Zone

11

A: 318,891 m2

Zone

11

A: 29,721 m2

Zone

11

A: 8,439 m2

Zone

11

A: 808,158 m2

Zone

11

A: 439,752 m2

Zone

11

A: 156,190 m2

Zone

11

A: 7,088 m2

Zone

11

A: 193,743 m2

Zone

11

A: 120,648 m2

Zone

11

A: 64,065 m2

Zone

11

A: 14,338 m2

Zone

11

A: 59,070 m2

Zone

11

A: 268,702 m2

Zone

11

A: 284,111 m2

Zone

11

A: 43,874 m2

Zone

11

A: 25,499 m2

Zone

11

A: 655,285 m2Zone

11

A: 131,757 m2

Zone

11

A: 398,387 m2

Zone

11

A: 498,463 m2

Zone

11

A: 794,827 m2

Zone

11

A: 42,410 m2

Zone

11

A: 0,524 m2

Zone

11

A: 239,471 m2

Zone

11

A: 69,602 m2

Zone

11

A: 1.134,382 m2

Zone

11

A: 84,261 m2

Zone

11

A: 135,974 m2

Zone

11

A: 27,587 m2

Zone

11

A: 47,181 m2

Zone

11

A: 103,973 m2

Zone

11

A: 55,727 m2

Zone

11

A: 140,390 m2

Zone

11

A: 736,830 m2

Zone

101

A: 46.327,475 m2

Zone

101

A: 553,777 m2

Zone

101

A: 296,170 m2

102

A: 217,304 m2

103

A: 42,070 m2

104

A: 151,560 m2

104

A: 51,971 m2

105

A: 20,095 m2

106

A: 26,273 m2

102

A: 114,899 m2

102

A: 25,436 m2

103

A: 112,028 m2

104

A: 24,607 m2

Zone

102

A: 16,007 m2

Zone

101

A: 23,110 m2

Zone

101

A: 17,347 m2

Zone

101

A: 12,739 m2

Zone

101

A: 66,791 m2

102

A: 53,165 m2

103

A: 80,002 m2

103

A: 40,624 m2

Zone

101

A: 42,419 m2

Zone

102

A: 23,178 m2

103

A: 139,697 m2

104

A: 235,083 m2

105

A: 60,019 m2

104

A: 10,576 m2

103

A: 126,751 m2

103

A: 17,397 m2

104

A: 41,775 m2

103

A: 182,477 m2

105

A: 48,780 m2

106

A: 9,258 m2

Zone

101

A: 45,065 m2

Zone

102

A: 37,356 m2

103

A: 72,631 m2

104

A: 27,277 m2

Zone

101

A: 12,346 m2 Zone

102

A: 5,471 m2

Zone

101

A: 22,656 m2

Zone

101

A: 16,281 m2

Zone

101

A: 24,869 m2

Zone

101

A: 16,513 m2

Zone

102

A: 42,258 m2

Zone

103

A: 68,465 m2

Zone

104

A: 74,869 m2

Zone

105

A: 17,314 m2

Zone

106

A: 46,921 m2

Zone

107

A: 65,103 m2

Zone

107

A: 51,322 m2

Zone

107

A: 32,298 m2

Zone

108

A: 58,444 m2

Zone

108

A: 21,364 m2

Zone

109

A: 49,539 m2

Zone

110

A: 26,969 m2

Zone

111

A: 32,263 m2

Zone

112

A: 36,764 m2

Zone

102

A: 20,158 m2

Zone

103

A: 33,364 m2

Zone

103

A: 25,074 m2

Zone

104

A: 29,166 m2

102

A: 26,281 m2

103

A: 43,877 m2

104

A: 28,363 m2

104

A: 30,570 m2

102

A: 42,928 m2

104

A: 40,061 m2

104

A: 36,479 m2

Zone

109

A: 83,849 m2

103

A: 39,614 m2

Zone

111

A: 23,302 m2

103

A: 43,712 m2

104

A: 29,513 m2

Zone

102

A: 26,038 m2

Zone

101

A: 14,385 m2

Zone

102

A: 27,590 m2

Zone

103

A: 38,938 m2

Zone

104

A: 52,856 m2

103

A: 151,251 m2

Zone

98

A: 72,942 m2

Zone

107

A: 29,322 m2

Zone

35

A: 164,996 m2

Zone

35

A: 56,813 m2

Zone

36

A: 66,935 m2

Zone

37

A: 41,764 m2

Zone

38

A: 31,631 m2

Zone

35

A: 32,537 m2

103

A: 67,706 m2

103

A: 97,004 m2

103

A: 102,487 m2

Zone

12

A: 1.370,493 m2

Zone

12

A: 898,807 m2

Zone

11

A: 167,021 m2

Zone

11

A: 58,473 m2

Zone

11
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79

A: 167,963 m2

Zone

78

A: 100,936 m2

Zone

78

A: 133,300 m2

Zone

79

A: 40,093 m2

Zone

80

A: 32,262 m2

Zone

81

A: 11,722 m2

Zone

82

A: 15,050 m2

Zone

83

A: 16,589 m2

Zone

78

A: 53,063 m2

Zone

79

A: 64,474 m2

Zone

79

A: 123,446 m2

Zone

80

A: 41,498 m2

Zone

81

A: 27,231 m2

Zone

81

A: 94,246 m2

Zone

81

A: 94,568 m2

Zone

81

A: 42,035 m2

Zone

82

A: 66,188 m2

Zone

81

A: 34,969 m2

Zone

82

A: 29,316 m2

Zone

81

A: 83,628 m2

Zone

81

A: 61,286 m2

Zone

82

A: 41,399 m2

Zone

83

A: 120,912 m2

Zone

84

A: 43,200 m2

Zone

85

A: 30,826 m2

Zone

85

A: 26,540 m2

Zone

86

A: 45,852 m2

Zone

82

A: 49,157 m2

Zone

82

A: 27,570 m2

Zone

84

A: 34,733 m2

Zone

84

A: 47,169 m2

Zone

84

A: 75,031 m2

Zone

84

A: 60,672 m2

Zone

84

A: 24,378 m2

Zone

86

A: 29,630 m2

Zone

79

A: 174,117 m2

Zone

80

A: 124,970 m2

Zone

81

A: 129,978 m2

Zone

82

A: 95,790 m2

Zone

82

A: 227,697 m2

Zone

82

A: 120,154 m2

Zone

82

A: 105,191 m2

Zone

82

A: 149,594 m2

Zone

79

A: 157,625 m2

Zone

79

A: 144,480 m2

Zone

79

A: 121,536 m2

Zone

79

A: 78,975 m2

Zone

79

A: 51,528 m2

Zone

79

A: 107,726 m2

Zone

79

A: 55,873 m2

Zone

79

A: 33,861 m2

Zone

79

A: 40,144 m2

Zone

82

A: 152,968 m2

Zone

82

A: 102,601 m2

Zone

82

A: 54,309 m2

Zone

82

A: 112,517 m2

Zone

82

A: 59,985 m2

Zone

82

A: 88,285 m2

Zone

82

A: 53,800 m2

Zone

82

A: 178,816 m2

Zone

82

A: 209,680 m2

Zone

83

A: 31,851 m2

Zone

84

A: 54,254 m2

Zone

85

A: 99,579 m2

Zone

86

A: 135,497 m2

Zone

86

A: 121,358 m2

Zone

87

A: 21,572 m2

Zone

88

A: 94,686 m2

Zone

89

A: 71,389 m2

Zone

90

A: 115,254 m2

Zone

90

A: 185,881 m2

Zone

90

A: 227,025 m2

Zone

91

A: 124,737 m2

Zone

90

A: 112,204 m2

Zone

91

A: 124,573 m2

Zone

92

A: 58,434 m2

Zone

93

A: 25,283 m2

Zone

94

A: 115,566 m2

Zone

95

A: 95,600 m2

Zone

96

A: 112,312 m2

Zone

97

A: 171,246 m2

Zone

97

A: 84,620 m2

Zone

97

A: 151,262 m2

Zone

98

A: 55,486 m2

Zone

98

A: 56,601 m2

Zone

98

A: 69,990 m2

Zone

99

A: 109,320 m2

Zone

100

A: 172,616 m2

Zone

100

A: 17,792 m2

Zone

101

A: 17,757 m2

Zone

102

A: 48,439 m2

Zone

103

A: 97,389 m2

Zone

103

A: 135,043 m2

Zone

34

A: 72,351 m2

Zone

35

A: 125,424 m2

Zone

36

A: 39,665 m2

Zone

37

A: 49,282 m2

Zone

37

A: 41,571 m2

Zone

35

A: 36,211 m2

Zone

35

A: 108,074 m2

Zone

35

A: 87,744 m2

Zone

35

A: 64,796 m2

Zone

35

A: 198,675 m2

Zone

35

A: 107,019 m2

Zone

35

A: 17,346 m2

Zone

35

A: 17,745 m2

Zone

35

A: 7,235 m2

Zone

35

A: 120,337 m2

Zone

35

A: 48,783 m2

Zone

35

A: 81,643 m2

Zone

35

A: 78,898 m2

Zone

35

A: 128,906 m2

Zone

35

A: 94,353 m2

Zone

35

A: 38,594 m2

Zone

35

A: 24,809 m2

Zone

35

A: 95,314 m2

Zone

35

A: 77,971 m2

Zone

35

A: 22,780 m2

Zone

35

A: 70,511 m2

Zone

35

A: 41,021 m2

Zone

35

A: 38,215 m2

Zone

35

A: 75,460 m2

Zone

35

A: 24,268 m2

Zone

36

A: 67,112 m2

Zone

35

A: 90,078 m2

Zone

36

A: 40,642 m2

Zone

35

A: 237,904 m2

Zone

35

A: 55,609 m2

Zone

35

A: 195,584 m2

Zone

35

A: 52,585 m2

Zone

35

A: 48,106 m2

Zone

35

A: 68,960 m2

Zone

35

A: 68,960 m2

Zone

35

A: 115,000 m2

Zone

35

A: 134,600 m2

Zone

35

A: 140,432 m2

Zone

35

A: 94,792 m2

Zone

35

A: 113,207 m2

Zone

36

A: 77,234 m2

Zone

35

A: 71,893 m2

Zone

35

A: 88,164 m2

Zone

35

A: 48,493 m2

Zone

35

A: 30,365 m2

Zone

35

A: 29,159 m2

Zone

79

A: 121,558 m2

Zone

80

A: 81,521 m2

Zone

79

A: 33,855 m2

Zone

79

A: 115,699 m2

Zone

80

A: 44,369 m2

Zone

81

A: 47,869 m2

Zone

82

A: 45,803 m2

Zone

82

A: 123,107 m2

Zone

82

A: 67,854 m2

Zone

83

A: 16,095 m2

Zone

84

A: 71,384 m2

Zone

84

A: 143,677 m2

Zone

84

A: 56,989 m2

Zone

84

A: 100,986 m2

Zone

84

A: 77,545 m2

Zone

84

A: 56,469 m2

Zone

84

A: 56,469 m2

Zone

84

A: 105,641 m2

Zone

84

A: 182,230 m2

Zone

84

A: 102,035 m2

Zone

84

A: 119,877 m2

Zone

85

A: 34,665 m2

Zone

86

A: 100,399 m2

Zone

87

A: 311,386 m2

Zone

87

A: 64,303 m2

Zone

88

A: 25,512 m2

Zone

89

A: 62,446 m2

Zone

89

A: 64,169 m2

Zone

89

A: 47,802 m2

Zone

89

A: 70,230 m2

Zone

89

A: 33,338 m2

Zone

89

A: 239,950 m2

Zone

89

A: 109,370 m2

Zone

89

A: 140,577 m2

Zone

90

A: 125,092 m2

Zone

90

A: 147,037 m2

Zone

90

A: 147,037 m2

Zone

90

A: 267,242 m2

Zone

90

A: 521,495 m2

Zone

90

A: 289,672 m2

Zone

90

A: 154,015 m2

Zone

91

A: 201,423 m2

Zone

92

A: 171,531 m2

Zone

93

A: 127,059 m2

Zone

94

A: 36,325 m2

Zone

93

A: 149,222 m2

Zone

93

A: 76,906 m2

Zone

92

A: 95,411 m2

Zone

92

A: 114,218 m2

Zone

92

A: 176,532 m2

Zone

93

A: 51,118 m2

Zone

94

A: 56,424 m2

Zone

94

A: 62,868 m2

Zone

94

A: 52,274 m2

Zone

94

A: 71,644 m2

Zone

94

A: 138,978 m2

Zone

92

A: 18,371 m2
Zone

92

A: 31,400 m2

Zone

92

A: 5,536 m2 Zone

92

A: 7,359 m2

Zone

92

A: 5,082 m2

Zone

93

A: 16,051 m2

Zone

94

A: 7,614 m2

Zone

95

A: 7,068 m2

Zone

94

A: 36,680 m2

Zone

95

A: 192,406 m2

Zone

95

A: 52,952 m2

Zone

95

A: 66,275 m2

Zone

95

A: 40,035 m2

Zone

96

A: 17,298 m2

Zone

97

A: 103,691 m2

Zone

98

A: 269,071 m2

Zone

98

A: 136,655 m2

Zone

97

A: 123,128 m2

Zone

97

A: 61,496 m2

Zone

97

A: 93,920 m2

Zone

97

A: 15,610 m2

Zone

98

A: 90,095 m2

Zone

98

A: 79,022 m2

Zone

98

A: 69,810 m2

Zone

98

A: 85,760 m2

Zone

99

A: 241,606 m2

Zone

100

A: 97,381 m2

Zone

101

A: 72,923 m2

Zone

102

A: 119,791 m2

Zone

100

A: 150,387 m2

Zone

100

A: 32,691 m2

Zone

101

A: 40,319 m2

Zone

101

A: 29,203 m2

Zone

99

A: 59,551 m2

Zone

100

A: 179,075 m2

Zone

100

A: 62,010 m2

Zone

100

A: 85,733 m2

Zone

18

A: 7,603 m2

Zone

69

A: 44,873 m2

Zone

18

A: 29,563 m2

Zone

06

A: 103,646 m2

Zone

10

A: 35,757 m2

Zone

09

A: 22,443 m2

Zone

01

A: 25,932 m2

Zone

10

A: 17,908 m2

Zone

03

A: 40,357 m2

Zone

79

A: 51,357 m2

Areas

Zone Category

Garden open soil_Private

Garden tiled

Lawn - Public

Roads

Roofs_Sloping

Schools_open air

Sidewalks

Net Area

2.930,90

6.125,15

1.706,26

46.881,15

77.939,83

2.269,30

22.686,87

160.539,46 m²
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case of rain are attached as appendix. 

Uses of stored water

The modern conception of water’s hydrological 
cycle, abstract’s it from most sorts of backgrounds, 
subtracting any type of trail about social, cultural 
and political relations and dealing with it as a single 
molecular components of H2O (Schmidt, 2014) 
(Swyngedouw E. , 2006). Within this problematic, 
the hydro social cycle aims at linking water with its 
social and political role in societies. In a world with 
increasing population growth an increasing rates of 
water consumption, the scarcity of water won’t have 
an even impact in society. Water will follow power 
hierarchies and will be scarce at first in the groups of 
the most vulnerable people. In a city as Guayaquil this 
needs to be considered in order to remember that the 
relation between water and its social role has to be 
permanently sought-after and defended.

This is necessary specially considering that Guayaquil 
has a history of unjust water distribution. Erik 
Swyngedouw in his book Social Power and the 
Urbanization of Water evidences how the provision of 
water can be closely linked to social power structures. 
As an evidence for this book he describes the case 
of Guayaquil and how since the 60’s, less privileged 
groups did not have access to public water. According 
to Henriquez and Timmeren “In 2002, over 600,000 

of Guayaqquil’s 2.3 million residences depended on 
tanqueros [water tanks] for their daily water needs. 
In the early 1990s, private vendors would buy water 
from municipal sourced for €0.7/m3 (1993 prices) 
and sell it to poor urban residents for €4.17 - €7.50/
m3, a 30,000 percent mark-up for water of an inferior 
quality compared to households in the richer parts of 
town which were connected to the municipal system.” 
(Henriquez Laurence, 2017).  Even though, currently 
water is apparently distributed to more than 90% of 
the households, past episodes of Guayaquil’s history 
have shown that in time of scarcity there is a direct 
affection to the lower socioeconomic groups.

Keeping this in mind is important to ensure stored 
water can have positive impact in society. This is 
considered for the new proposal within the school. 
After water is stored in open air it can be drained 
by the Green & Blue infrastructure or stored at 
designated tanks in the schools. The capacity to store 
non-drinkable water aims at making schools public 
building that maintain a permanent fair cycle of water 
and society. Even if they are not providing all the 
water needed they can become areas of the city that 
fulfill a role of maintaining the rights for water.

The water stored in schools can focus on enhancing 
community services as urban agriculture, the 
gardening of semi-private green areas and public 
parks, provision of water to activities as firefighting, 

Garden open soil (private)               2.930,90 1 42% 2.930,90             24.935,02          82,29 82,29
public                                -   
Surface water                                -   
Rain garden, infiltration field                                -   
Lawn, green belt, shrub (public)               1.706,26 1 24% 1.706,26             14.516,23          47,90 47,90
Playground, footpath                                -   
Vegetated swales               2.373,09 1 34% 2.373,09             20.189,38          369,47 369,47

                               -   
PAVED                                -   
private                                -   
Roofs – sloping            77.939,83 0,7 48% 54.557,88          54.557,88          2580,59 2580,59
Roofs – flat, tar                                -   
Green roofs – extensive                                -   
Green roofs – intensive                                -   
Garden tiled               8.394,45 0 -                          -                          0,00 0,00
public                                -   
Roads, car parks – asphalt                                -   0%
Roads, car parks – porous asphalt            46.881,15 0,7 32.816,81          32.816,81          567,73 567,73
Roads, car parks – brick                                -   
Roads, car parks – porous pavement                                -   
Sidewalk, terraces –tiles            22.632,10 0,7 14% 15.842,47          15.842,47          464,18 464,18

162.857,78       110.227,41       162.857,78       m3 water 4112,16
Storage Hight 3,29

Areas in Case A Surplus water

Porcentaje of 
total

Rested area

Adjustement
Porcentaje of 

unpaved
Adjusted surfce

Improved areas. 
Case B

Incoming water

Surface water Calculat ion Table ,  Bases on method from: van de Ven,  Hooimei jer,  Aal -

bers (2018) .
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or even for cooling. These activities fulfill the task of 
creating the opportunity for cooperation. Cooperation 
around water issues is a key point because it is the 
final step not only towards a mitigation of flood risk 
but also towards a strategy if integration. In a process 
of cooperation people have the possibility to generate 
common goals can be the first step towards creating a 
narrative of a more hormonic society.

Conclusion:

The exploratory phase proposes 3 steps in order to 
deal with Flood Risk and Spatial Segregation. In some 
respects, these 2 topics have shown potential to be 
interlinked; However, the link is not always smooth to 
stablish. In this context is important to bear in mind 
that the reason behind the combination of these 
problems still is a real characteristic of Latin America. 
The resources are limited, and the challenges are ever 
increasing so the synergies have to be embraced and 
put forward. In this sense the strategy aims at defining 
steps that can be linked as much as possible. 

The first step is the establishment of networks. 
Networks for water as much as for co-presence 
influence develops the macro scale. It consists on 
the implantation of a Green and Blue infrastructure 
in areas where the network betweenness could be 
improved. The Green & Blue infrastructure aim at 
improving the network betweenness at a lower scale 

and by doing so increment the flow of non-locals. This 
step improves the Betweenness in some areas more 
than in others. 

The second step consists on generating spaces around 
schools for interaction as much as for storage. The 
Schools have the potential to create areas for water 
storage. Furthermore, the storage capacity of schools 
will be needed in times of the year where there is no 
school, making schools a convenient space for dealing 
with surplus water. In the respect to Interaction, the 
paces in schools and around them aim at creating a 
central focus of attention around where interaction 
between locals and non-locals can take place. As a 
third step, schools can become central in the objective 
of maintaining a fair hydro-social cycle. This could be 
achieved if schools generate areas for maintaining 
water and providing it to the surrounding community. 
The described proposed route tries to consider the 
exposed problems from a broad range of perspectives. 
The improvement of network betweenness seems as  
the biggest assumption in the study that needs to be 
further tested. 

Case B
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GSPublisherVersion 0.1.100.100

Flood Risk Spatial segregation

Water Network Copresence Network

Space for 
water storage

Space for 
Interaction

Dinamic of Collaboration for 
a fair hydro social cycle
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8147 m3

GSPublisherVersion 0.1.100.100

GSPublisherVersion 0.1.100.100
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Image source:  NASA/GSFC/METI/ERSDAC/JAROS, and U.S./Japan ASTER Science Team

REFLECTION

The project has shown interesting alternatives into how to deal with problems 
in the developing world. Taking the planning paradigm of infrastructural 
ecologies as a starting point has proven to be an effective tool. The proposal 
aims to be potentially executed in a context where the strength of local 
institutions is not abundant. The project aims to create a strategy for mitigating 
flood risk and mitigating spatial segregation at once. Personally, I believe one 
of the strongest points from the outlined strategy is that it has a low political 
cost. It aims to improve the conditions around these two problems, in spaces 
of schools, without affecting citizens; and creating interesting spaces for 
children.

The method used for analyzing the city and spotting the first areas of 
intervention had been diverse. Data processing and spatial analysis has been 
one of the most demanding steps in the way. The city of Guayaquil does not 
possess ample data available for the generation of the narrative/strategy. 
This lack of information has been understood and the project aims to provide 
enough insights for future research in the topic. Every analysis has been 
executed for the entire city. 

The data processing and spatial analysis efforts have been the following:

A)	 The generation of socio-economic spatial data. The method used 
has been adapted from a method developed by the Ecuadorian institute of 
census and statistics. By using the methods and the national census available, 
data was weighted and added in order to obtain a socioeconomic mark per 
block. This approach has proven novel and interesting, since it could be applied 
all urban settlements in the country; at the same time, it provides valuable 
information about how the city is socially structured.

B)	 Using a grid of 200m by 200m based on the one used by Salvador 
Rueda and his team for Barcelona it was possible to determine the area of 
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intervention. The grid has proven effective for spotting 
spatial patterns and at the same time spotting thing 
happening in the smaller scales. Based in this grid the 
amount of people affected by flooding was obtained, 
and the areas in need of more urgent measured 
became evident. This analysis shows spatial patterns 
without being restricted by spatial morphology.

C)	 With the digital elevation model of the city, 
the direction of the flow of the water was generated. 
In the same way, the drainage streams where water 
gathers were also stablished which clarifies how the 
water moves inside the urban area.

D)	 Again, making use of the Digital Elevation 
Model developed by Sigtierras, a map of the direction 
of the water was elaborated, the map illustrates 
cells of 41,2m x 41,2m that show in which direction 
the water is likely to flow due to the topographic 
characteristics. This map is useful for designing green 
and blue infrastructure.

Those analysis could be understood as products 
by themselves. These four processes had enabled 
a clear reading of the city that influenced the 
design stage. In the design stage, schools had been 
chosen as potential spaces of action. Schools have 
an opportune spatial configuration, most of them 
have a central open space. For a strategy that aims 
to touch upon flood risk and spatial segregation 2 
things are important; Potential groups for interaction 
and activities where this interaction can take place. 
Schools meet both criteria. Schools have open spaces 
where activities can take place and its most active 
users are children which is consider a human group 
with high capabilities for integration.

View in the situation of the city

Dealing with the flood risk situation in Guayaquil, has 
taken me to the ground level of the daily operation of 
this urban area. In Guayaquil, any situation seems to 
be influenced in a bigger or lesser degree by conflicts 
coming from the social dynamics. Conflicts of safety, 
segregation, exclusion, are tangible issues emerging 
daily.

Since Guayaquil possesses an important portion of 
commercial oriented businesses, the competence over 
the flow of money seems not to be equally beneficial 
for all. In addition, close to Guayaquil various agro-
export business have their fields; bringing also this 
income to selected groups inside the city. It is hard to 
understand whether the socio-economic inequality in 

Ecuador (as may be in Latin America) has to do with 
a centralized distribution of the wealth, or with the 
single fact that the economic production is basically 
limited. Or perhaps both situations. 

The central reason for doing this project as a master 
thesis is the fact that a change in the collective 
narrative is needed in order to start dealing with the 
core problem of Guayaquil’s social disintegration. 
Social Disintegration represents a big problem 
because it becomes visible in many stages of planning 
and development. For example, several parks in 
Guayaquil possess big fences. Due to the feeling of 
insecurity during night time. 

In the case of Guayaquil is clear to see how the 
objectification of the car has had an impact in space. 
The Car has become a sign of status; and therefore, 
space for cars is demanded everywhere. The city 
counts with several overpasses which hurt the urban 
livability where they settle. In relation to flood risk, 
this desire for the car has brought vast areas with 
impermeable pavement. If we have in mind that 
Guayaquil’s weak soil absorbing capacity, demands 
bigger areas for filtering water; is not hard to see how 
vast impermeable pavements don’t fit in the picture.

Summing it up, it looks as if Guayaquileños have a 
collective understanding of their spatial characteristics 
that does not have into account the natural conditions 
where the city sits. The desire for a modern city 
has put the real urban problems in the background 
and an alien development model in the foreground. 
This desire for modernity, is also driven by a socio-
economic status, where lower classes are implicitly 
seen as part of the problem. I believe the core goal to 
achieve in Guayaquil (and in Latins America perhaps) 
is a shift into how the society understands its socio-
economic groups and the social and power distance 
between them. It is not a problem of class struggle 
but one of unnecessary class distance that becomes 
apparent in cases of spatial segregation. This new 
narrative needs common goals shared by all social 
groups, one of them could be flood mitigation.
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Green & Blue Infrastructure
rooted in semiprivate space
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Hillshade
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Double row of mangrove for sediment catchment

Flow of water in green network
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Illustration of water basin analysis - Sector 
Febres Cordero:
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Aqua-Culture Over Mangrove Forests



 98 Integrated mitigation





June 2019
Booklet Integrated Mitigation P5


