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ABSTRACT

Urban flooding is a problem faced by many mayor cities around the world nowadays . That is the case of several areas of 

the Greater Miami Area. Rapid urbanization and the depletion of natural buffer zones that used to storage rain water, 

added to climate change effects, specifically the increase of heavy rainfalls and sea level rise have only aggravated 

the situation during the past two decades. This thesis focuses in the necessity to provide new types of resilient and 

sustainable landscapes for the cities of Hialeah and Miami Springs in order to deal with this issue. There have been 

and still on the going, numerous urban regeneration projects throughout the Miami Dade County. However, most of these 

plans donôt contemplate the use of landscape as a mean to deal with water management problems like floods. The goal of 

this graduation project is to improve the current and future social and ecologic needs of both cities through new 

types of urban landscapes that will also contribute to water management solutions for the area. The purpose of the 

research is to gather information to understand the problem and the site in order to establish a comprehensive set of 

design principles and strategies to guide the design. The key concept of the theoretical framework is the 

implementation of landscape as water infrastructure through the transformation of existing underused public space and 

urban infrastructures, as well as future areas for redevelopment within the sites. The expected result is to achieve 

responsive socio environmental local solutions to create an evolutionary landscape in the cities of Hialeah and Miami 

Springs.

Keywords : landscape as infrastructure, public space, water management, floods

1



I .INTRODUCTION

2

ÅUrban floods

ÅMotivation

ÅProblem field

ÅProblem Statement

ÅResearch objective & research question

ÅReading itinerary

SOURCE: AUTHOR



URBAN FLOODING

Urban flooding is the consequence of the reduction of the 

drainage capacities of urban landscapes during heavy 

rainfalls due to the elevated amount of impervious 

surfaces . ( Uitgave , H., p . 65).

Besides population growth and urban expansion, climate change 

effects like sea level rise and the increase in the amount 

and intensity of precipitations are only aggravating the 

situation since they disrupt and interfere with the proper 

functioning of current urban water management systems. As a 

result, many cities around the world are already facing or 

are soon expected to deal with water related issues, such as 

floods and water pollution. 

According to the Carbon Disclosure Project (CDP) 2011 Global 

Report, cities like Rotterdam, New Orleans, Rio de Janeiro 

and Jakarta have already been affected by climate change 

consequences. The latter two experienced one of their worst 

natural disasters events in history due to heavy rainfalls 

and subsequent flooding, in 2007 and 2011 respectively (CDP 

2011 Global Report, p. 29). Moreover, on April 11 th 2019, 

another unexpected heavy rainfall in Rio de Janeiro resulted 

in damages of catastrophic proportions to the built 

environment and at least 10 casualties (image 1). Mayor 

Marcelo Rivera stated that ñIn two hours it rained what was 

expected for the whole monthò (Andreoni , New York Times, 

2019 ).

The consequences of urban floods can be measured in monetary 

and non tangible direct and indirect losses(chart 1), such as 

property damage, disrupt of transport and physical and 

psychological damage, respectively ( What are the consequences 

of floods?, 2018).

Image 1. Brazil flood April 2019 . Photo credit: Camila Vargas/ Source: Vila VelhaCity hall

Chart 1. Types of loss from floods
Source: https://www.chiefscientist.qld.gov.au/publications/understanding-floods/flood-consequences
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MOTIVATION: MIAMI DADE COUNTY

Cities located in coastal areas are especially vulnerable to climate change effects 

(map 1). According to Fenster and Dolan, (as cited in Balica , S. et al, 2011, 

p.74)òClimate change is expected to cause accelerated sea- level rise with elevated 

tidal inundation, increased þood frequency, accelerated erosion, rising water 

tables, increased saltwater intrusion, increasing storm surges and increasing 

frequency of cyclonesò in coastal cities. That is the case of the Miami 

Metropolitan area, located in the region South Florida, where different types or 

urban floods have increased in the last decades. Renowned members of the 

international scientific community have agreed that Southern Florida is one of the 

most susceptible zones to climate change (Climate Change, 2018).

TYPES OF URBAN FLOODS IN THE MIAMI DADE COUNTY

Urban floods in the Miami Dade County can be classified in tidal floods and storm 

floods. Tidal floods occur in the coastal areas and are currently increasing due to 

global sea level rise. Storm floods occur both in coastal and inland areas (map 2).

Even though sea level rise posts a direct threat to the coastal shorelines of 

Miami, this thesis project is going to focus on the problematic of inland floods in 

two cities of the Miami - Dade County: Hialeah and Miami Springs. Inland floods are 

the consequence of prolonged average rainfalls that last for a couple of days or 

heavy rainfalls that occur within a short period of time. (Inland flooding, 2017). 

According to the U.S. Resilient Toolkit regarding to inland floods, ñWhenever the 

volume of water on land overcomes the capacity of the natural and built drainage 

systems to carry it away, flooding can resultò (Inland flooding, 2017).

Regardless of the different types of floods that occur within the Greater Miami 

Area, current city actions to deal with current and prognosticated climate change 

effects rely mostly on the upgrade of grey urban infrastructures . Whether it is 

tidal floods, like in the case of Miami Beach, or inland floods , like in the case 

of Hialeah or Doral, no alternative solutions to engineering water management 

solutions to deal with this problem has been really taken into account.

Map 1. Cities with the highest annual floods by 2050. Source: 
https://www.motherjones.com/environment/2013/08/map-top-cities-billion-dollar-
floods/

Map 2. Types of floods in the Miami Dade County. Source: author. 
Background image source: Google earth pro 
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MOTIVATION: THE MIAMI BEACH CASE

In order to fight against the rising sea and to 

mitigate the effects of urban floods (rain and sunny 

day flooding during high tides), the city of Miami 

Beach is investing more than 500 million dollars to 

raise streets & sidewalks (images 2 & 3)and to install 

80 pumps around the city ( Miami Beachôs battle to stem 

rising tides, 2015). 

Another actions that the city is taking is to build 

more sustainable buildings, promote the use of 

electric automobiles, and increase the amount of trees 

in order to reduce the carbon footprint, which is 

linked to global sea level rise.

However, these measurements, instead of actions, could 

be consider more as reactions to the ongoing problem 

(image 4). As stated by Phillip Levine, major of Miami 

beach: ñWe have learned as we went along. We of course 

realize that everything we did could have been better 

and everything weôve done can certainly be 

improved .ò(Levine is campaigning on climate change. 

But his sea - rise legacy is complicated ,2018)

The lack of a resilient and sustainable plan to reduce 

climate changes effects that involves alternative 

solutions rather than grey infrastructure upgrades is 

becoming evident. 

Chart 2 shows the estimated sea level rise projections 

in the Miami Dade County during the next 80 years:

Å 30,48 cm by 2.030        

Å 86,36 cm by 2.060

Å 205 cm by 2100

Moreover, since 1992, sea level has risen about 7,62 

cm until the present time (Is South Florida Doomed By 

Sea- Level Rise? Experts Say No. In Fact, They're 

Optimistic, 2018 ).

Chart 2. Sea level rise projection for the Miami Dade County from 
South East Florida Regional Climate Change Compact 
Source: https://www.wlrn.org/post/south-florida-doomed-sea-level-
rise-experts-say-no-fact-theyre-optimistic
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Image 2. Elevated roadway and new grey city infrastructure in front of Pubbelly
restaurant. Source: 
https://www.miamiherald.com/news/local/community/miami-dade/miami-
beach/article41141856.html

Image 3 Elevated road and sidewalk adjacent to Pubbellyrestaurant. 
Source: https://www.miamiherald.com/latest-
news/7stqat/picture41119947/binary/Beachraised+Road+03+EKM.JPG

Image 4. Elevated road and sidewalk  public works in a residential area of 
Miami Beach. Source: 
https://www.yaleclimateconnections.org/2017/05/miami-beach-is-
spending-millions-to-hold-back-the-sea/



Chart 5. Cities most vulnerable to coastal flooding today
Source: https:// www.climatecentral.org

Chart 6. Cities most vulnerable to coastal flooding by 2050
Source: https://www.climatecentral.org

MOTIVATION: HIALEAH AND MIAMI SPRINGS

Hialeah and Miami Springs are two inland 

adjacent cities of the Miami Dade County, 

divided by the Miami Canal. Even thought both 

municipalities are affected by inland floods, 

they face different levels of risk and 

vulnerability response in relation to this 

natural hazard. The reasons are that the two 

cities posses different physical, ecological 

and socio economical features. In that sense, 

between the two cities, Hialeah is more 

susceptible to natural disasters related to 

flooding due to the lack of natural and 

pervious surfaces to percolate water into the 

ground ( Sukop , M, interview). Moreover, the 

population recovery capacity from natural 

disasters is lower in Hialeah since their 

inhabitants belong to a lower socio economic 

status, as shown in charts 3 and 4(Data 

USA,2019 )

Chart 7. High Social Vulnerability populations Most at risk by2050
Source: https://www.climatecentral.org

According to a research report by Climate 

Central, Hialeah is one of the top 25 U.S. 

cities that are most vulnerable to coastal 

flooding today (position number 10, chart 5) 

and by 2050 (position number 2, chart 6). 

Moreover, it is ranked number 1 in the list 

of high social vulnerability populations 

most at risk by 2050, as shown in chart 

7(These U.S. Cities Are Most Vulnerable to 

Major Coastal Flooding and Sea Level Rise, 

2017). 

Another cities of South Florida and the 

Miami Dade County are included in this list. 

Miami Springs isnôt part of it; however, the 

city is at risk of increasing floods in the 

near future due to climate change effects, 

as most inland areas in the Miami Dade 

County. Moreover, each property requires 

annual mandatory flood insurance by FEMA.

Charts 3 & 4. Miami Springs and Hialeah median household income 
and property value. Source: https://datausa.io/profile/geo/hialeah-
fl/?compare=miami-springs-fl
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PROBLEM FIELD: INLAND FLOODS CAUSES IN SOUTHERN FLORIDA AND THE 

MIAMI DADE COUNTY

The increase of the amount of impervious surfaces due to a vast 

horizontal urban sprawl constitutes a contributing factor to 

urban and inland floods in the Southern Florida region (image 

5). According to Dunne & Leopold and Paul & Meyer (as cited in 

Brody, S. et al, 2011, p.332) ñAs the area of impervious surface 

coverage increases, there is a corresponding reduction in water 

infiltrating into the soil, and an increase in water runoff.ò 

This statement derives into two important considerations .

The first one is the type of landscape transformed by impervious 

surfaces. As stated by Samuel Brody in The Rising Costs of 

Floods, ñThe relationship between urban development and flooding 

depends not only on the amount of impervious surface, but on 

specifically where in the hydrological landscape that surface is 

locatedò (Brody, S. et al, 2011, p.332). Since a great portion 

of the impervious surfaces of the Miami Dade County have been 

built in what used to be a continuous stretch of wetlands 

( Lemaire , J., Sisto , B, p.3), a vast part of the natural 

detention and retention capacities of the Miami metropolitan 

area has been lost during the last century (diagram 1).

The second consideration is that any new impervious surface 

added to the urban landscape constitutes an increase of water 

runoff volume (Arnold & Gibbons, on Brody, S. et al, 2011, 

p.332). Moreover, the increase of peak releases has been linked 

to impermeable surfaces Brezonik & Staldeman , (cited in Brody, 

S, p. 332) ñbecause water reaches streams more quickly when the 

ability of the hydrological system to store water is compromised 

(see diagram 2 ).ò (Hey; Hsu; Chen & Chang, cited in Brody, S. 

332 )

Diagram 2. Relationship between impervious surfaces and increased peak discharge. Source: author

Diagram 1. Relationship betweenimpervious surfaces and how the storage capacities relate to where in 
the hydrological landscape that surface is located. Source: author

Image 5. Inland flood in suburban
Southern  Florida neighborhood.
Source: Movers Atlas BLog
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PROBLEM STATEMENT: FLOODS CAUSES IN HIALEAH AND MIAMI 

SPRINGS

The previously mentioned reasons for inland floods can be 

extrapolated to the cities of Hialeah and Miami Springs, 

along with two extra variables that contribute to inland 

floods: the highly permeable soil of South Florida and its 

proximity to the water table(Inland flood threat increasing 

in South Florida, 2017 ), which would be further analyzed in 

chapter 3.

Up to the 1950ôs, both Miami Springs and Hialeah were 

perimeter cities, bordered by the everglades ecosystem to 

the west (maps 3 and 4). As observed in maps 3 and 4, there 

was an extensive amount of permeable and natural landscape 

for rainwater infiltration and storage within and around the 

two cities. However, rapid urban sprawl and urbanization 

during the following decades have resulted in a dramatic 

increase of impermeable surfaces, therefore, runoff volumes, 

and in the loss of local ecosystem services in both areas.

In the words of Tiffany Troxler , director of Science for the 

Sea Level Solutions Center,ò Long ago, Miamiôs environment 

provided robust ecosystem services. Thatôs when freshwater 

springs bubbled up from the middle of Biscayne Bay, the 

airport was a wetland, and the Atlantic rock ridge (a.k.a. 

I - 95 corridor) was the best way to travel. Mangroves lined 

much of our shores.ò (Tiffany Troxler , 2018)

Maps 5 and 6 show the urban expansion, the increase of 

impervious surfaces and the reduction of natural and semi 

surfaces in Hialeah, Miami Springs and the rest of the 

metropolitan area between the last 32 years (1984 and 2016). 

According to hydrologist Michael Sukop , the current 

percentage of impervious surfaces in Hialeah and Miami 

Springs are approximately of 60% and 40%, respectively 

(interview).

60%

40%

Map 3. Greater Miami Area 1945. Source: 
https:www.geographicus.com/P/AntiqueMap/Great
erMiami-newscompany-1945
:

Map 4. Hialeah and Miami Springs (everglades to the 
west). Source: https:e.org/map/usgs/5624878

Map 5. Miami Dade County year 1984 (Hialeah and Miami Springs). Source: 
author. Background image source: Google earth pro 

Map 6. Miami Dade County year 2016. Hialeah and Miami Springs percentage of 
impervious surfaces. Source: author. Background image source: Google earth 
pro 
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Part of these percentages constitute urban infrastructure and public space. In addition to the limited responsive qualities t o h eavy 

rainfall events and climate change effects (diagram 3), each city's public space network presents its own challenges. Miami 

Springsôs has a considerable amount of green public infrastructure; however, a great portion of it lacks biodiversity and in some 

areas there are no connections which the Miami Canal. It also counts with a very reduced blue system.

Hialeahôs public space network is quite reduced and consists only in a few pocket parks, buffer zones between residential areas and 

the railroad tracks (including elevated metro system ), and some sports facilities, which are in some cases private property, like 

the equestrian club (see images 6 &7). Therefore, besides these spots and outdoor commercial spaces, there are no gathering areas 

for the local community. Public green and blue infrastructures are almost nonexistent. This not only post environmental probl ems

like heat island effect within the urban center, but also results in poor urban spatial qualities of the neighborhood. 

PROBLEM STATEMENT

In summary, these are the most important problems this thesis project will address:

Å The limited rainwater infiltration and surface storage capacities in the public space networks of both Hialeah and Miami 

Springs. 

Å An inexistent resilient and long term sustainable urban landscape water management plan to deal with the surplus of water und er 

a climate change scenario.

Å Social and socio environmental issues:

Å The lack of public spaces in Hialeah.

Å The lack of socio ecological production landscapes in both Hialeah and Miami Springs. 

Image 7. Aerial view of central Hialeah: Race track and residential surrounding areas. 
Year:2016. Source: Google maps

Diagram 3. Horizontal urban sprawl and depletion of wetlands (natural water buffer 
areas). Source: author

Image 6. Aerial view of central Hialeah: Race Track. Year:1947. 
Source: https://www.pbase.com/image/78860939 9



RESEARCH OBJECTIVE AND RESEARCH QUESTION

Research Objective

To test responsive local landscape solutions in the public space networks of Hialeah and Miami Springs in order to: 

Å Provide surface room to storage the excess amounts of rainwater.

Å Increase the amount of pervious surfaces and reduce storm water runoff during rainfall events.

Å Improve the socio ecological qualities of the existing public space.

Å Increase the amount usable public space in Hialeah.

Research Question

How can public space provide resilient and sustainable solutions to  deal with the surplus of water during the rainy season i n H ialeah 

and Miami Springs and improve their current socio environmental conditions?

Research Sub questions

CONCEPTUALIZE THE PROBLEM

Which theories could provide the guidelines to address the public space transformation needs in Hialeah and Miami Springs? (chapter III)

UNDERSTAND THE PROBLEM

How does the current water management system of the Miami Dade County works and what are the causes behind the increase of hy dro logical 

problems in Hialeah and Miami Springs? (chapter IV)

UNDERSTAND THE SITE

What are the current urban conditions of each city and the potentials they offer to mitigate the impact of urban floods and to improve 

their socio ecological features? (chapter V & VI)

DESIGN QUESTION

What physical changes are needed within the current public space networks and public urban infrastructures in order to improv e t he 

infiltration and storage capacities on both sites? (chapter VII)

REFLECTION QUESTION

How could the transformation of public space networks improve the social and socio ecologic wellbeing of Hialeah and Miami Sp rin gs and 

contribute to the current water management system of the County? (chapter VIII)

10



READING ITINERARY

INTRODUCTION (CHAPTERS I & II)

Chapter I introduces the general topic and problem field of this thesis project, which is urban floods. It also states the 

motivations for choosing the cities of Hialeah and Miami Springs (Miami). Then it narrows down to the local urban problems of each 

city: the lack of rain water storage capacities in both cities, the insufficient public space network of the city of Hialeah and

the poor ecologic features of both cities. After determining the problem statement, the research objective and main research 

question and sub questions are formulated. The main research question is answered throughout the research and design portions of

the report. The research sub questions # 1, 2 and 3 are answered in chapters III, IV, V & VI. The design question is answered in

chapters VI & VII. The reflection question is answered in chapter VIII. 

Chapter II sets the methodology applied to conduct the research, as well as the scope and relevance of the project.

RESEARCH (CHAPTERS III, IV, V, VI)

Chapter III sets the theoretical framework that would be applied in the design. The concepts of landscape urbanism, landscape as

infrastructure & the recuperation of ecosystem services provide the general strategies and some design principles that would lat er 

be applied in the design portion (research sub question #1).

Chapter IV provides guidelines to understand the hydrogeological conditions of the site and the reasons for inland flooding i n b oth 

cities. This portion provides design principles related to water management solutions (research sub question # 2).

Chapter V consists in the site analysis of both cities, from a public space angle. The analysis includes land use, urban fabr ic and 

existing urban infrastructures. The results will show the local spatial, programmatic and hydrogeological needs for each area , a s 

well as the potentials areas for intervention (research sub question # 3)

DESIGN (CHAPTERS VI & VII)

Chapter VI is a crossover between the conclusions of the site analysis and the initial design since it is in part the conclus ion of 

the site analysis, but also a set of different areas suitable for redesign (research sub question # 3 ).

Chapter VII summarizes the design principles and strategies obtained during the research phase in an overall vision for the a rea .

(research sub question # 4). The design deals with different urban scales, from macro to micro: Vision, master plans and precise 

spatial qualities (how the user experiments and interacts with the new urban landscape.

REFLECTION (CHAPTER VIII)

Chapter VIII answers research sub question # 5: the relationship between research & design, the potential applications of the 

r esults in practice , the outcomes and conclusions related to water management and public space improvement. 

11



II. METHODOLOGY 

RELEVANCE & SCOPE
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METHODOLOGY

The methods used to conduct the research and to formulate and answer the research questions are design research and research by 

design. The main purpose of design research, besides collecting data and gaining information about the site and its social an d 

biophysical conditions is to finally apply all the acquired knowledge in order to facilitate the design project. Research by des ign 

is about the implementation of all the knowledge acquired by design research into a set of principles and strategies and a co ncr ete 

design study ( Nijhuis S. & Bobbink I, p. 248). 

Design Research

For this thesis project, design research is divided into 2 main approaches :

- Research for Design

The initial phase of research for design is focused on identifying a problem that can be addressed through landscape architec tur e 

solutions, in the region where the study is conducted. The next step is to select a study area and a specific site within the re gion 

in order to test the problem via design by research.

The second phase of the research focuses in the quantitative methods of literature review and interviews, in order to gather dat a and 

information to serve and guide the design. It includes:

- The study of hydrological systems in the region and area of study trough time: water basin, drainage systems, the Biscayne aq uifer, 

climate conditions in subtropical climates and the relationship between the water table and sea levels.

- Understand the causes of floods: Depletion of wetlands and former natural landscapes and the relationship between storm water r unoff 

and urbanization.

- Understand and measure the social and physical flooding effects on the selected urban areas.

Diagram 4. Research methodology . Source: 
author
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- Structure the concept for the design: Landscape Urbanism, 

landscape as infrastructure, sustainable development and the 

reintroduction of ecosystem services.

The third phase of the design research method is done by mapping 

the area of study through historic, interpretative maps, 

drawings and photographs.

The fourth phase of the design consisted in two filed visits to 

the site.

- Research on Design

Research on design is focused in the analysis of case studies in 

order to define a tactical method or guidelines concerning 

landscape architectural plans from the regional to local scale 

(Hill, K, as cited in Hills, M, p. 3). The main purpose of the 

case study research is to retro feed the research by design 

method through the extraction of general strategies and design 

principles. However, the case studies can also contribute to 

understand how landscape structures work on a technical level 

and its potentialities in its qualitative levels. 

Research by Design

Research by design consist in the application of the design 

research into the landscape design challenge through strategic 

actions derived from the conceptual, spatial and technical 

design principles and strategies formulated after understanding 

the main reasons for the problem.

Diagram 5. Research process. Theoretical background. Source: author
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SCOPE

Urban flooding is a problem that many cities worldwide are currently dealing with due to population growth, urban expansion 

and climate change patters. Therefore, this project can be used a reference on how the transformation of public space and 

urban infrastructures could provide resilient and sustainable measures to mitigate floods and create socio ecological 

production landscapes, while regenerating neglected areas of a city. 

Moreover, it could offer some guidelines related to the causes and the certain actions that could be taken to reduce the 

problematic in inland neighborhoods, trapped between the urban fabric.

SOCIAL RELEVANCE

The consequences of urban floods bring up social, health, economic and environmental problems. The socio ecological based 

urban regeneration that this projects aims to achieve in order to mitigate floods, increase biodiversity, improve spatial 

quality and provide more public space for the community could also be used as a reference on how to reconfigure and plan new 

urban areas from a public landscape point of view

SCIENTIFIC RELEVANCE

From a scientific point of view, this thesis project could offer certain broad guidelines in how to analyze the causes of 

urban floods according to the particular physical, ecological and hydrological conditions of a specific site. Moreover, it 

could be used to better understand the causes of floods in areas with the same or similar hydrological characteristics and 

urban characteristics. It also provides an example on how the theories of landscape as infrastructure and the recuperation of

ecosystem services are applied in combination with current urban redevelopment and urban regeneration city plans.

The landscape as infrastructure theory is applied in a tangible manner through a set of implementation actions to follow in 

order to transform and upgrade the existing public space and urban infrastructures.

Another relevant input of the project is that it focuses in the functional qualities that the design project delivers. 

Moreover, raises the question of exploiting public open space as a complimentary water management solution for climatological 

hazards.
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LANDSCAPE URBANISM AND LANDSCAPE AS INFRASTRUCTURE

LANDSCAPE URBANISM

The theory of landscape urbanism proposes a 

different urban model to plan cities that 

prioritizes the design of urban landscapes 

(image 8) over buildings(Frampton, K., 1994, p. 

90, cited in Pollack, L., 2005, p. 127).

Instead of common urban design practices that 

prioritize ñgeometry over geomorphology, 

topology over topography, or even conceptual 

interests over perceptual onesò (Czerniak , J., 

p.108), landscape urbanism potentials are 

focused on ñthe ability to shift scales, to 

locate urban fabrics in their regional and 

biotic contexts, and to design relationships 

between dynamic environmental processes and 

urban formò (Corner, J., p.24). 

One of the main objectives of landscape urbanism 

is to understand what happened to the city 

landscape in the past decades to subsequently 

act upon it ( Girot , C., p. 89). In the words of 

Peter Frampton (Frampton, P, quoted on Waldheim, 

C., p. 42):

ñThe dystopia of the megalopolis is already an 

irreversible historical fact: 

It has long since installed a new way of life, 

not to say a new natureé.

I would submit that instead we need to conceive 

of a remedial landscape that is capable

of  playing a critical and compensatory role in 

relation to

The ongoing, destructive commodification of the 

man- made world ò

LANDSCAPE AS INFRASTRUCTURE

Landscape as infrastructure can be demarcated ñas a 

goal - oriented approach, where landscape is treated 

as an operative field that defines and sustains the 

urban development and ecological and economic 

processes are employed as formative design tools.ò 

( Nijhuis , S. et al, p. 20). This notion implies the 

fact that a specific site can host complimentary 

functions addressed to solve current urban problems 

and enhance its overall performance. According to 

Stan Allen, Dean of the School of Architecture at 

Princeton University (Allen, S., quoted on 

Waldheim, 

C., p. 37):

ñIncreasingly, landscape is emerging as a model for 

urbanism. Landscape has traditionally been defined 

as the art of organizing horizontal surfacesé.By 

paying attention to these surface conditions - not 

only configuration, but also materiality and 

performance - designers can activate space and 

produce urban effects without the weighty apparatus 

of traditional space making.

ò Flowscapes: Designing Infrastructure as 

Landscape , points out three main potentials for 

urban landscape infrastructure in design that can 

work in an interdisciplinary way: transport, green, 

and water landscape infrastructures (image 9). The 

interaction of these three types of infrastructures 

within the landscape can perform the task of 

implementing creative strategies and tangible 

solutions for traffic, public space connectivity, 

ecologic and water management issues ( Nijhuis , S. 

et al., p. 26- 28).

Image 8. Example of landscape urbanism: 
Superkllen, Copenhagen. Creation of urban 
public space. Source: author.

Image 9. Example of landscape as 
infrastructure: Provenierssingel. Source: author.
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RECUPERATION OF ECOSYSTEM SERVICES

ñEcosystem services are the benefits provided to humans through the transformations of 

resources (or environmental assets, including land, water, vegetation and atmosphere) into 

a flow of essential goods and services e.g. clean air, water, and foodò (Constanza et al, 

cited on Ecosystem Services: key concepts and applications). 

Ecosystems deliver a various range of services (diagram 6), ñwhich often overlooked or 

degraded, can provide multiple hazard regulation functionsò (Depietri , Y., McPhearson , T., 

p. 91). The Ecological Society of America summarizes them into 14 main categories, which 

include such as water purification and increase biodiversity. 

Although grey infrastructure can provide numerous benefits, it can collapse when 

challenged by extreme weather events ( Depietri , Y., McPhearson , T., p. 98). Engineered 

systems are little or non - reversible and often maladaptive. Therefore, these types of 

infrastructure are unreliable in the sense that they donôt provide the necessary resilient 

and sustainable measures to completely eliminate risks in the long term (diagram 7). 

Regardless of its durability, they are low cost effective due to high upfront building 

costs and depreciation. ( Depietri , Y., McPhearson , T., p. 97 ).

On the other hand, healthy green and green - blue infrastructures (image 10) provide 

ecological services that are highly cost effective, more flexible and reliable than grey 

infrastructures ( Depietri , Y., McPhearson , T., p. 98). 

Image 10. Example of landscape urbanism: 
Superklein, Copenhagen. Creation of urban 
public space. Source: author.

Diagram 7. Green, grey and hybrid model for 
the recuperation of ecosystem services. Source:
Integrating the Grey, Green, and Blue in Cities: 
Nature-Based Solutions for Climate Change 
Adaptation and Risk Reduction

Diagram 6. Ecosystem services flow diagram. Source: 
https://stockholmresilience.org/research/research-news/2017-11-28-after-disasters-look-for-
the-virtuous-cycle.html
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CASE STUDY I: TANNER SPRINGS PARK, PORTLAND, OREGON

DESIGNER: Atelier Dreiseitl

Tanner Springs Park is a sunken wetlands urban park, 

located in mixed - use Pearl District, in Portland, OR. The 

Pearl District has been developed in a former industrial 

zone that used to be wetlands before urbanization, during 

the mid 1800ôs. The wetlands were drained around 1890 in 

order to establish an industrial area.

It is a small scale example of wetlands restoration 

within an urban environment. Two of the main ecologic 

features are the reintroduction of groundwater and former 

local vegetation. The 1 acre (0.48 ha) park provides 

additional surface area for rainwater detention, 

infiltration and seasonal storage in the densely 

populated neighborhood (map 7). 

The blue infrastructure is comprised of a pond and a 

wetland area (image 11). The green infrastructure 

consists mainly on grassland and native tree species. The 

artificial components of the park consist in permeable 

route and a wooden boardwalk over the pond (image 12).

Stormwater runoff from adjacent street are conducted into 

the pond and wetlands area, which is located 1.80 m below 

street level. It has a retention capacity of 260 cubic 

meters and the maximum buffer height is 50 cm. The park 

doesnôt only contributes with the local water management 

drainage system, but also increases  biodiversity and 

introduces a new type of blue and green infrastructure in 

the urban area (map 8).

Image 11. Tanner Springs Park: wetlands and artificial pond. Source: 
author.

Image 12. Tanner Springs Park: wooden boardwalk over pond. 
Source: author.

Map 7. Tanner Springs Park rainwater flow. Source: 
https://www.urbangreenbluegrids.com/projects/tanner
-springs-park-portland-oregon-us/

Map 8. Tanner Springs Park floor plan . Source: 
https://ramboll.com/~/media/Images/RDE/Environment/STU/Tanne
r/Tanner5.jpg 
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CASE STUDY II: CHULALONGKORN UNIVERSITY CENTENARY 

PARK, BANGKOG, THAILAND

LANDSCAPE ARCHITECTURE DESIGN: Landprocess

ARCHITECTURAL DESIGN: N7A architects Co,. Ltd .

Chulalongkorn University Park design responds to the 

critic demand of open  public space and green and 

blue urban infrastructures in the highly impervious 

city of Bangkok (image 13). It was also designed in 

order to cope with current climatologic hazards and 

future climate change effects. 

The vast green infrastructure (map 9) contributes to 

mitigate the heat island effect, while providing 

recreational spaces with multiple areas for different 

activities for the city inhabitants. The park 

includes a series of open classrooms through the 

landscape to be used as learning spaces for different 

target population.

The 12 acre sunken park also includes a water 

management plan to mitigate floods, detain, purify 

and storage rainwater. The blue system is comprised 

by two central wetland areas (image 14) and a 

retention pond. The green infrastructure related to 

water management includes a detention lawn area and a 

green roof (map 10). The park also contains an 

artificial rain water reservoir, water storage tanks 

and a water treatment system to reutilize the water.

It also provides an extensive pedestrian and bicycle 

transportation network that extends beyond the area 

of the park and connects to adjacent streets. A 

series of linear rain gardens were also built in one 

the streets adjacent to the park.

Image 13. ChulalongkornUniversity Centenary Park: urban context. Source: 
https://worldlandscapearchitect.com/chulalongkorn-centenary-park-green-
infrastructure-for-the-city-of-bangkok/#.Xal_cG5uJPY

Map 9. Master plan of ChulalongkornUniversity Centenary Park. 
Source: https://worldlandscapearchitect.com/chulalongkorn-
centenary-park-green-infrastructure-for-the-city-of-
bangkok/#.Xal_cG5uJPY

Map 10. Axonometryof ChulalongkornUniversity Centenary Park. 
Source: https://worldlandscapearchitect.com/chulalongkorn-
centenary-park-green-infrastructure-for-the-city-of-
bangkok/#.Xal_cG5uJPY

Image 14. ChulalongkornUniversity Centenary Park: wetlands area. Source: 
https://worldlandscapearchitect.com/chulalongkorn-centenary-park-green-
infrastructure-for-the-city-of-bangkok/#.Xal_cG5uJPY
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CONCLUSIONS

LANDSCAPE AS INFRASTRUCTURE AND CHULALONGKORN UNIVERSITY 

CENTENARY PARK

In the urban tissue, where several hydrogeological and 

climatological variables can interfere with the proper 

functioning of current water management systems, public city 

landscape can become a supportive vehicle to the existing system 

in order to mitigate floods (image 15). Moreover, public space 

could be used to improve pedestrian and bicycle connections. 

From this theory, the two strategies for the overall design 

approach are extracted:

ÅWater strategy: A supportive water management system through 

public urban landscapes.

Å Land strategy: physical connection of public spaces through 

alternative transit systems.

RECUPERATION OF ECOSYSTEM SERVICES AND TANNER SPRINGS PARK

From the recuperation of ecosystem services study one 

complimentary compound to the water strategy is added: 

Å The implementation of resilient and sustainable public spaces 

in order to deal with natural hazards.

Moreover, two design principles for this strategy were extracted:

Å The creation of blue and green public infrastructures through 

the public space network.

Å Natural water detention, retention, purification and 

infiltration.

CONCLUSIONS

LANDSCAPE URBANISM AND CHULALONGKORN UNIVERSITY 

CENTENARY PARK

From the landscape urbanism theory, the social /socio -

ecological strategy is extracted:

Å The implementation of new programmatic spaces and 

functions through the private and public urban 

landscape.

The design principles for this strategy will be provided 

by the conclusions of the site analysis.

Image 15. Urban landscape as infrastructure: Water Square in Rotterdam by the Urbanisten. 
Source: author.22
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HYDROGEOLOGICAL SITE ANALYSIS

Floods in the Miami Dade County are the result of the 

combination of urbanization, hydrogeological and 

climatological factors. All related to urban floods, this 

chapter is going to focus on 3 main aspects: 

Å The current hydrological and geological conditions of 

the Miami Dade County and the area of intervention.

Å The current water management system of the Miami Dade 

County and its relationship to sea level rise and 

groundwater under a climate change scenario .

Å Types of drainages systems in the Miami Dade County and 

the area of intervention.

CURRENT HYDROLOGICAL AND GEOLOGICAL CONDITIONS OF THE AREA

THE BISCAYNE AQUIFER

The Biscayne aquifer is a surficial unconfined slow moving 

ñriverò located beneath the surface of four South Florida 

counties, including the Miami Dade County. It is mainly 

composed of limestone soil, which makes it very permeable 

and easily rechargeable. It also constitutes one of the 

main drinking water supplies for the Miami Dade County 

consumption.

Since it is an unconfined aquifer, the top part 

constitutes the water table, which varies during the dry 

and rainy seasons. 
Map 11. Miami Dade County elevation map: Depth to water table.
Source: author

Map 12. South Florida Map: Biscayne 
Aquifer. Source: author
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WATER TABLE OF THE AQUIFER DURING THE DRY AND 

RAINY SEASONS

DRY SEASON

The water table drops during the dry season due to 

the decrease of rainfall events. There is higher 

risk of salt water intrusion during this season. 

RAINY SEASON

The water table level rises very close to the 

surface during the rainy season. There is a very 

high risk for groundwater related floods.
Map 13. Water table contour lines: dry season.
Source: author

Diagram 8. Miami Dade 
County water table 
behavior during the dry 
season ( November  -
May). Source: author.

Diagram 9. Miami Dade 
County water table 
behavior during the 
rainy season ( May  -
December). Source: 
author.
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Previous (PRE DRAINAGE) AND CURRENT HYDROLOGICAL AND 

GEOLOGICAL CONDITIONS OF HIALEAH AND MIAMI SPRINGS

THE BISCAYNE AQUIFER

The cities of Hialeah and Miami Springs, like many 

other areas of the Miami Dade County, are located in 

flat lowlands that used to be marshes and fresh water 

wetlands before urbanization. The average height on 

these 2 cities is 2 meters above sea level. 

Both cities are located above the Biscayne Aquifer. 

The water table in this areas fluctuates from 0.3 m 

above mean sea level during the dry season up to 1.5 m 

during the rainy season. Therefore, during the wet 

season the water table is just 0.5 m below the 

surface. 

Before the city expanded from east to west towards 

Hialeah and Miami Springs, the former marshes and 

wetlands ecosystems gradually absorbed rainfall water. 

Moreover, there were vast amounts of natural surface 

areas to store rainwater. However , current 

urbanization makes the water percolation process 

slower at the present time. 

The disruption of the natural systems, in combination 

with the high groundwater levels underneath, and the 

increasingly heavier rainfalls in the area due to 

climate change and the heat island effect, are the 

main causes for both cities to flood in a regular 

basis during the last years. Moreover, the water that 

permeates into the aquifer during heavy rainfalls is 

of less quality since it infiltrates from urban soil, 

which carries all sort of pollutants to the underneath 

fresh water reservoir. 
Map 14. Water table contour lines: rainy season.
Source: author
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WATER MANAGEMENT SYSTEM OF SOUTH FLORIDA AND THE MIAMI DADE 

COUNTY

The South Florida and Miami Dade County water management 

system is composed by:

Å A system of main, secondary and tertiary canals.

Å A system of levees, pumps and lock structures (salinity 

control structures).

The main purposes of the canal system are to:

Å Replenish the aquifer during both seasons. 

Å Discharge the excess of rain water during the wet season 

to the Biscayne Bay and water conservation areas in order 

to lower the water table and prevent floods.

Å To keep the water table higher during the dry season in 

order to prevent salt water intrusion.

Therefore, the lock structures are closed during the dry 

season and most of the times open during the rainy season 

(The Biscayne Aquifer, 2009). During King Tides (hides 

tides), the control structures may be closed during the wet 

season in order to prevent salt water intrusion due to high 

salt water levels on the Biscayne bay.

Map 15. Miami Dade system of primary, secondary and tertiary canals.
Source: http://fcit.usf.edu/florida/maps/pages/9000/f9069/f9069.htm

Diagram 10. Salinity control structures diagram of South 
Florida. Source: author, based on an image found at:. 
https://pubs.usgs.gov/circ/2003/circ1262/
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RELATIONSHIP BETWEEN SEA LEVEL RISE AND GROUNDWATER UNDER 

A CLIMATE CHANGE SCENARIO

Higher groundwater levels reduces the capacities of 

underground retention of stormwater, which could upsurge 

water to the surface, causing flooding. ( Sukop , M, p. 

1690). Since a great portion of the Miami Dade County is 

located in low laying areas above the unconfined Biscayne 

Aquifer, this limited underground storage capacity might 

become a more severe problem as sea level rises .

According to Ellen Plane, a student at the College of 

Environmental Design at UC Berkeley, ñIn areas where you 

have a shallow unconfined coastal aquifer, as sea level 

rises and intrudes farther inland, the interface between 

the salt water and fresh water will rise and push the 

fresh water lens upward, potentially causing emergence 

and inundation in areas that you wouldnôt expect from 

salt water inundation alone, because they are not 

directly connected.ò (Ellen Plane, quoted on Maven, 

2018). 

This correlation is already happening through artificial 

means in the Miami - Dade County, where an ñextensive 

network of salinity control structures is intended to 

maintain higher inland water levels in the canals and the 

groundwater system to prevent saltwater intrusion via the 

subsurface or via movement up the canalsò ( Sukop , M, p. 

1671)in order to protect the aquifer integrity. However, 

the same artificial water management system is used ñto 

move water out to the sea quickly and to adjust 

groundwater levels to better accommodate impending 

stormsò (Sukop , M, p. 1670 - 1671). Therefore, there is a 

dilemma between these two water management strategies, 

which belong to the same system. 

PRESENT AND FUTURE SCENARIO

The consequences of sea level rise doesnôt necessarily 

constitute a problem to be seen in the near future 

(diagram 11). They are already happening during high tides 

season, when water returns to the surface via drainage 

pipes. Moreover, it has been estimated that sea level will 

rise 0.61 m by the year 2060 ( Sukop , M, p. 1687 ). 

On the other hand, the amount of precipitations is also 

prognosticated to keep growing. In fact, there was a 10% 

intensification of rainfall in the year 2016 ( Sukop , M, p. 

1687). An even more saturated water table in subsequent 

years in combination with the increase of heavy rainfall 

events will only provoke more severe floods in the near 

future. 

Diagram 11. Miami Dade County water table behavior during high tides / future sea level rise scenario. Source: author.
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