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Preface

This thesis report is the result of a year of research and design on stormwater management
and the functioning of estuary ecosystems in Tampa, Florida. In the past year I have
researched how to store, purify and infiltrate water inside the city. I studied the landscape,
its processes and did extensive research in latest best management practices around the
world. Through designing, I found out that I could combine stormwater measures into a
greenblue network, which deals with water quantity as well as water quality. I started to
draw perspectives and thought about what made the design site-specific; how could I
provoke the feeling of being in Tampa, Florida?
For that, I had to visit Florida myself. The NH Bos foundation made it possible for me to
go to Florida and join the international competition [re]Stitch Tampa of the University
of South Florida (USF). Here, I discussed my ideas with professionals from the field of
landscape architecture, water management and urban planning. Furthermore, I stayed for
a month with local people in Tampa, who made me experience different Floridian lifestyles
and cultures from up close.
The result of this project is a landscape-based design approach for handling stormwater
inside the city. The static stormwater system is transformed into a dynamic system that
anticipates on the (future) flood risk, improves water quality, increases biodiversity and
generates tactile, everyday experiences of water and nature.
I would like to thank in particular my supervisor Sanda Lenzholzer from Wageningen
University for guiding me and keeping me on the right track. She thought me to built up
clear and powerful argumentations. I would also like to thank Tom Levin from Ekistics
Studio in Tampa, and Luis Mola from Mola + WinkelMüller Architects in Berlin for sharing
their knowledge and design skills.
Furthermore, I would like to thank all the people from the University of South Florida
(USF) which welcomed and helped me very much by sharing their knowledge. Firstly,
Jim Griffin, who developed the WaterAtlas and tought me much about the watersystem
of Tampa. Secondly, Shannon Bassett, the organisor of the competition [re]Stitch TAMPA,
who introduced me to many professionals and professors, Thirdly, Vikas Mehta, who fully
understood the value of water in the daily life and taught me about creating socially lively
environments. Last, I want to thank Kala Varimoorty and Jochen Eckart from the School of
Global Sustainability for their critical feedback, which helped me to improve my ideas.
Finally, I would like to thank my colleague students, friends, and family for their positive
support, interesting discussions and critical feedback.
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Definitions

Artificial wetland
A man-made wetland in an area where a natural wetland did not exist before. (Alberta
Environment, 2008)
Estuary
An area where the fresh water of river meets the salt water of ocean. The estuary system
is a highly productive and dynamic marine system.

Ecosystem
A dynamic complex of human, plant, animal and micro-organism communities and
associated non-living environment interacting as a functional unit. (Saunier and Meganck,
2004)
Ecological or natural processes
Changes or reactions which occur naturally within ecosystems. They may be physical,
chemical or biological. (Johnston et al., 2012)
Eutrophication
The process by which lakes and ponds become enriched with dissolved nutrients, either
from natural sources or human activities. Nutrient enrichment may cause an increased
growth of algae and other microscopic plants, the decay of which can cause decreased
dissolved oxygen levels. Decreased oxygen levels can kill fish and other aquatic life. (NSWA,
2008)
Evapotranspiration
The combination of evaporation from the surface of soils and vegetation, plus the
transpiration of water through plant leaves and vegetation. (Alberta Environment, 2008)
Flood, 100-Year
A 100-year flood does not refer to a flood that occurs once every 100 years, but to a flood
level with a 1 percent or greater chance of being equaled or exceeded in any given year.
(NALMS, 2008)
Habitat
Living space – all the elements which collectively deﬁne and constitute the locality or
nature of the spatial and temporal “frame of reference” within the biosphere in which plants,
animals and humans live. Includes non-living inﬂuences such as soil, light, temperature,
moisture, humidity and other abiotic factors, as well as biotic (living) components which
inﬂ uence, or are inﬂuenced by, the activities of organisms, individuals, communities and
organizations, all of which integratively determine the “quality of life” conditions. (Johnston
et al., 2012)
Hydrologic cycle or water cycle
The process by which water evaporates from oceans and other bodies of water, accumulates
as water vapor in clouds, and returns to oceans and other bodies of water as rain and snow
or as runoff from this precipitation or groundwater. (Alberta Environment, 2008)

6

Impervious surfaces
Land where water cannot infiltrate back into the ground such as roofs, driveways, streets,
and parking lots. (Alberta Environment, 2008))
Inﬁltration
Flow of water through the soil surface into a porous medium. (Johnston et al., 2012)
Landscape
A landscape is made up of a collection of landforms, soils and vegetation, which are altered
by humans. It consists of natural, rural as well as urban landscapes.
Non-point source pollution
Pollution that is not discharged from a speciﬁc point; examples include urban runoff or
erosion from agricultural ﬁelds. (Johnston et al., 2012)
Nutrient
An element essential for plant or animal growth. Major plant nutrients include nitrogen,
phosphorus, carbon, oxygen, sulphur, and potassium. (AARDWeb, 2001)
Organism
An individual animal, plant, or single-celled life form.
Point source pollution
Pollution that originates from one, easily identifiable cause or location, such as a sewage
treatment plant or feedlot. (Alberta Environment, 2008)
Pollutant
A contaminant in a concentration or amount that adversely alters the physical, chemical,
or biological properties of the natural environment. (US EPA, 2008)
Riprap
A layer of stone, pre-cast blocks, bags of concrete, or other suitable materials, generally
placed on the upstream slopes of an embankment or along a watercourse as protection
against wave action, erosion, or scour. (Alberta Environment, 1998)
Scenario
A postulated development of events, based on certain assumptions and factors (variables)
chosen by its creator. Scenarios are used in estimating the probable effects of one or more
variables, and are an integral part of situation analysis and long-range planning. (www.
businessdictionary.com)
Sediment
Eroded soil, rock and plant debris, transported and deposited by water. (AARDWeb)
Sedimentation
The process of material settling out of water. (BRBC, 2002)
Stormwater run-off
Water discharged from a surface as a result of rainfall or snowfall. (Alberta Environment,
2008)
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Suspended Solids
Material, such as fine particles of soil, that neither dissolve nor settle out of water, but
instead are held or carried along in the water. (BRBC)
Sustainability
Biocultural health. (Johnston et al., 2012)
Sustainable water resource management
The primary goal of water development and management is to sustain human and
environmental needs now and in the future. This means developing and managing water
in ways that protects and provides the means to support sustainable ways of life for people
and their environment. (Johnston et al., 2012)
Upland
An area of dry land surrounding or upstream of a waterbody. (Alberta Environment, 2008)
Urbanization
An increase in a population in cities and towns versus rural areas. Urbanization began
during the industrial revolution, when workers moved towards manufacturing hubs
in cities to obtain jobs in factories as agricultural jobs became less common. (www.
businessdictionary.com)
Water quality
The chemical, microbiological, and physical characteristics of water. (Alberta Environment,
2008)
Water quantity
The volume or amount of water. (Alberta Environment, 2008)
Water Table
The top of the saturated zone in the ground, where water fills the spaces in the soil and
rock. (AARDWeb)
Wetland
Land that is saturated with water long enough to promote wetland or aquatic processes as
indicated by poorly drained soils, water-loving vegetation, and various kinds of biological
activity which are adapted to a wet environment. (WRCG)
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Abstract

This thesis report illustrates how a landscape-based stormwater model can be developed
in order to mitigate flood problems and increase the water quality in American coastal
cities. It also shows the potential for increasing biodiversity and generating tactile
everyday experiences in relation to water and nature. The Nature and Urban Stormwater
Synergy (NUSS) model contains a toolbox of design principles, which make it possible to
apply this model to other American coastal cities with similar hydrological conditions. The
NUSS model is translated into an integral design for the the Downtown Area of Tampa, by
using scenarios based on economic development. Visionary images show the potentials
of integrating nature inside the city to store and treat stormwater run-off. The benefits of
using these natural systems are discussed in the context of the global trend for sustainable
city developments, especially waterfront developments.
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Treatment of the first flush is the key to proper
stormwater management, and treatment of the
first one inch of runoff from new development is
the minimum needed to achieve the desired water
quality benefits. In some cases, more than the
first inch may need treatment-depending on the

size of the drainage basis, the amount of impervious surface, the type of land use, the type of
stormwater management system and, most importantly, the type of receiving water and the desired
water quality.
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1. Problem introduction

Estuaries—areas where the fresh water of rivers meets the salt water of oceans—are highly
productive and dynamic marine systems. Worldwide, there are over 1,200 major estuaries.
People have settled in these areas as they contained rich soils and an abundance of fresh
water. Agriculture and fisheries provided plenty of food and the strategic position at the
water made these places centres for trade. Their continuous growth lead to the current
coastal cities we know today. (Tampa Bay History Center, 2013) However, these urbanized
landscapes experience multiple water-related problems. In the United States, the recent
hurricanes Katrina (2005) and Sandy (2012) show that the current coastal cities are not
designed to deal with severe rainfall, rising sealevels and storm surges. The city of Tampa,
Florida, is also threathened by these problems and will therefore be the case study of this
project.

Tampa

Figure 1 The city of Tampa is located on the westcoast of Florida in the United States.

1.1 Urbanization of the estuary system

1.1.1 The Tampa Bay Estuary
The city of Tampa, Florida, is also chosen as case study for this project because it is part
of an unique coastal landscape: a sub-tropical estuary. The Tampa Bay Estuary is Florida’s
largest open-water estuary. It is of national importance for preserving biodiversity; it
contains unique habitats like oligohaline marshes, mangrove forests and seegrass beds. It
is home to an impressive variety of animals, such as wading birds, manatees and sportfish
like snook and tarpon. The natural processes of this rich and unique landscape will form
the basis for the landscape-based solution.

1.1.2 Process of urbanization
The rich landscape of the Tampa Bay Estuary was inhabited by indigenous people untill
the 16th century. They were adapted to the landscape which provided them freshwater,
timber and plenty of food. Over the centuries, these native people developed complex
cultures. They developed cultivated agriculture, traded with other groups in what is now
the southeastern United States, and increased their social organization, reflected in large
temple mounds and village complexes. (Tampa Bay History Center, 2013)
In the 1528, Spanish colonists arrived, took over the area and founded the city of Tampa.
They laid out a geometrical grid orientated to the sun which still structures the Downtown
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Area today, see figure 2. Around the time of the European colonists, 3% of the world’s
population lived in cities. (Grove, 2009)
In 1821, the United States bought the territory of Florida. During this time, the industrial
revolution took place, which led to a world-wide migration towards cities. In 1900, already
14% of the world’s population lived in cities. (Grove, 2009)

Figure 2 A grid orientated on the sun structures the Downtown Area (Google Earth, 2012)

In Tampa, the Americans constructed a railroad and harbour to facilitate the phosphor and
cigar industry. People moved towards the city to work in factories. Like the Spanish, the
Americans used a geometrical grid to structure city developments, however their grid was
orientated to the north-south and east-west.
In 1920s, the car was introduced and city expansions increased rapidly. Untill the 1960s the
grid system was widely used in the major cities and suburbs to structure new developments,
see figure 3.

Atlanta, GA

Beaufort, SC

Boston, MA

Chicago, IL

Detroit, MI

Great Falls, MT

Honolulu, HI

Lewiston, ME

Lincoln, NE

New York, NY

Miami, FL

Odessa, TX

Owatonna, MN

Paragonah, UT

Portland, OR

San Francisco, CA

Salt Lake City, UT

Washington, DC

Figure 3 American grid systems (thegreatamericangrid.com)
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However, the marriage of the car and the city grid was not perfect.
The introduction of the car into grid is critized by many urban planners, among which the
prominent 20th century urbanist Lewis Mumford. He advocaded that anyone could ‘plan’ a
metropolis “with its standard lots, its standard blocks, its standard street widths, in short,

with its standardized comparable, and replaceable parts”.
Furthermore, Mumford regards the grid system as inefficient and waste generating: “By

usually failing to discriminate sufficiently between main arteries and residential streets,
the first were not made wide enough while the second were usually too wide for purely
neighborhood functions . . . as for its contribution to the permanent social functions of the
city, the anonymous gridiron plan proved empty.” (Mumford, 1961, p.48)
The use of the city grid gets even further critized when it comes to pre-fab building methods
also introduced durig the industrial revolution. The city grid structures the city and thereby
introduces clarity and uniformity. Within this structure, the buildings, parks and other open
spaces should introduce diversity. This creates a variety of experiences, which are brought
to you on a structured manner.
However, with pre-fab building methods, the buildings and open spaces became more
uniform. Instead of local materials, globally produced materials such as concrete and steel
are the main building materials. In this way, the diversity inside the city is lost; cities
become uniform and a like.
Ian Mc Harg (1969) even goes further in this critique on the city grid. He advocates that the
city grid is symbol for our need to control nature. The grid neglects the natural circumstances
within the environment. We should stop ‘working against nature’ and instead start ‘work
ing with nature’. If we would use the characteristics of the underlying landscape, we would
gain back the diversity in our the environment.
After the 1960s, urbanization continued, but the grid was less used. Currently over 50%
of the world’s population lives in cities. In the future, urbanization will continue untill it
reaches a dynamic equilibrium of approximately 80% urban to 20% rural dwellers. (Grove,
2009) Like in Tampa, most of the urbanization takes place in coastal zones. In the United
States, 22 of the 30 most populous counties are located near the coast, see in figure 4.

Tampa

Figure 4 Of the 30 most populous counties in the US are 22 located in estuary zones. (USCB, 2011)
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1.1.2 Impact on the hydrological cycle
The footloose process of urbanization in the United States did not only affect the distribution
of land, it interfered with the water system as well. To understand the relationship between
water and the city, Tjallingii (2012) notes that we have to start by seeing water flows as part
of the hydrological cycle.

The hydrological cycle can be defined as the succession of stages through which water
passes from the atmosphere to the earth and returns to the atmosphere: evaporation from
the land or sea or inland water, condensation to form clouds, precipitation, accumulation
in the soil or in bodies of water, and re-evaporation. (UNESCO 2006)
The Tampa Bay Estuary is subject to heavy storms producing large amount of rainfall. In a
natural situation, these amounts of water are captured and stored in natural habitats such
as marshes to be infiltrated in the soil or slowly discharged into receiving water bodies.
However, urbanization alters the flows of water, see figure 5.

Figure 5 Urbanization leads to more run-off and less infiltration.

The large amount of impervious surfaces in the city prevent the water from infiltrating to
the aquifer. The water runs off these impermeable surfaces and into stormwater drainage
pipes. The network of stormwater pipes transport the large amount of stormwater quickly
towards a receiving water body, e.g. a river, lake or sea. In receiving water bodies, the
natural environment is often altered by civil engineered structures. In Downtown Tampa,
the river is narrowed, deepend and concrete walls replaced the natural edges, see figure 6.
The disappearance of the natural ecosystem and the replacement of it by a static, civil
engineered stormwater system resulted several problems which will be discussed in the
next subchapters.

Figure 6 Static concrete edges are unable to deal with fluctuating water levels.
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Urbanization of Tampa Bay
1880

1940

1980

2013

Stormwater pipes beneath city of Tampa

Hillsborough River

Stormwater pipes beneath Downtown Area

Figure 7 Urbanization and drainage network of the city of Tampa
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1.2 Increased flood risk
In Tampa, large amounts of stormwater un-off are quickly transported to the canalized
river. This structure cannot contain the rising water levels, so local floodings occur.
Floodings occur especially when the water level of the river is high. Intertidal areas will
experience high water levels during high tide. In Tampa, the difference between high tide
and low tide is relatively small: 0.70 meter. Higher water levels occur during a severe storm
or hurricane. During the storm, offshore winds push the water towards the shore which can
raise water levels in coastal areas in Florida from one to seven meters. (National Hurricane
Center, 2012)
Climate change will increase future flooding problems. Sea levels will rise and rain events
will intensify. (Hoyer et al., 2011) Also, the temperature of the oceans increases, which
increases the formation of hurricanes. In Tampa Bay area, this means that approximately 4
million people will be confronted with a rising sea level, increased storm intensities and
possible flooding in the near future (Kellogg, 2013).

1.2.1 Run-off
When making a plan to deal with stormwater run-off inside the city, this plan has to be
able to deal with a regular large storm, which is defined as rain event which occurs every
5 years. (Jensen et al., 2010) The amount of rain accumulated during the first 2 hours is
the amount which you have to be able to store inside your system. During these 2 hours,
a large part will infiltrate into the soil, so that space is provided for the rain falling down
the following hours. In Tampa, 89 millimeter of water is accumulated during a 2 hour 5
year rainevent.
Future plans to deal with stormwater inside the city will need to have a plan B in case of
a severe storm. This plan B consists of an overflow plan towards areas where the water
causes the least damage, like parking lots, vacant plots or grasslands. To calculate the
amount of storage which is needed for this overflow area, the 25-year rain event is used.
We thus allow the system to overflow once every 25 years. In this way, the interventions are
not oversized, this saves costs and ensures the visibility of water.
In Tampa, 114 millimeter of water is accumulated during such an event. This implies that
the overflow area has to deal with 25 mm (= 114 mm - 89 mm) of accumulated rain of the
plan area.
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Figure 8 Tampa rain events (accumulated mm) as a function of rain duration, tr, and return period, T,
based on precipitation measurements 1936-1957. In bold: Intensities for T=5 years. (NOAA, 1961; NOAA,
1964)
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1.2.2 Sealevel rise
Sea level rise in the Tampa Bay Region is predicted by the Environmental Protection Agency
(EPA) and based on the historic rate of sea level rise in this region, which is 2.3 mm/year.
(Titus and Narayanan, 1995) This is higher than the global rate, which is 1.8 mm/year. The
expected sea level rise for Tampa Bay Region is 0.5 meter in 2100 and 3.0 meter in 2200. The
sea level rise has consequences for future plans. EPA proposes to use at least the 1.5 meter
(5ft) elevation line for the sea level in future plans. Prefered is to allow the sea to rise to
2.1 meter (7ft) in order to deal with spring tides.
Currently, two types of shoreline protection structures are used to protect the city of
Tampa against the rising sea: man-made and natural structures. Seawalls are the primary
man-made coastal protection structures in the County. Seawalls are made of concrete or
stone and are found downstream of the Hillsborough River; along the Downtown Area
and along Bayshore Boulevard. Natural protection structures are barrier islands, banks and
mangrove forests. These areas have often multifunctional; they provide habitat for birds
and marinelife and often have a recreational function. (HCCM, 2008)
The sea level rise has several consequences for these shoreline protection structures. First,
it has an erosionary effect on the barrier islands. The barrier islands have an important
function in protecting the inland against heavy winds and waves. Therefore, future plans
should find a way to constantly heighten these islands.
Secondly, the rising sea level will affect the city itself. In future plans, the concrete seawalls
may have to be heightened or replaced by another, more dynamic, structure.
Many buidings are situated in lower lying areas and are vulnerable to flooding. In the
current policies, the people living below the 100-year flood line are not given flood
insurance coverage, which forces them to abandon their homes. This is a powerfull tool
which can also be used in the proposed plans for Tampa.

1.2.3 Hurricanes
The Tampa Bay region, including Hillsborough County, has been identified by the National
Weather Service as one of the most hurricane-vulnerable areas of the United States. (HCCM,
2008, p.32)
The last large, destructive storm in Tampa occured in 1921. However, in the future the
chance can increase; climate change increases the temperature of the oceans which will
result in more and stronger hurricanes. (TBRPC, 2008)
If a mayor hurricane is to stike Tampa, the damage will be severe. However, the question is
not about saving lives, but costs. Hurricanes can be predicted and people can be evacuated,
but redevelopment is expensive. If and how redevelopment should take place, is an ethic
dilemma:

Hillsborough County has an estimated 293,925 individuals (40% of total population)
vulnerable to the effects of a worst case hurricane scenario. Therefore, a plan for how
to deal with not only the redevelopment, but also the more esoteric issue of wether
redevelopment should occur at all, must be prepared. (HCCM, 2008, p.39)
This project will not provide a future plan which is able to deal with the most severe
hurricane, as the costs are too high for preparing for such an unlikely event. This project
will focus on a plan which can deal with a regular large storm (hurricane category 1). The
area which will be flooded as a result of such a large storm is comparable to the area
marked by the current 100-year floodline, see figure 9 and 10.

22

Current and future 100-year flood lines

Hurricane flood lines

2200
2100
category 3
current

category 1

Figure 9 and 10 Downtown Tampa: 100-year floodlines and hurricane flood zones. (Titus and Narayanan, 1995;
TBRPC, 2008)

structural damage

$10,893 million

[13.8% of total building stock]

Flooded zone
Hurricane
category 1
Hurricane
category 3

10 km

Figure 11 Hillsborough County: hurricane flood zones and the resulting structural damage costs.(TBRPC, 2008)
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Figure 12 Distribution of rain (in mm/day) in 2005. (NOAA, 2005) Marked are small rain events in antecedent conditions: this
run-off is most polluted.

1.3 Water pollution
The high speed and large volume of stormwater run-off erodes the soil and urban surface. It
takes up all kind of waste and particles containing oil, heavy metals, nutrients and bacteria.
Figure 14 elaborates on the different pollutants and their impact on the environment. In
conventional drainage systems like in Tampa, this polluted water is directly transported by
pipes to the receiving water body causing environmental pollution. The small amount of
natural habitat which is left over during the urbanization process can degradate severely
when the polluted stormwater is charged into it.

1.3.1 Facts Hillsborough River
The water quality of the Hillsborough River does not meet the standarts of the
Environmental Protectency Agency (Tampa Bay Wateratlas, 2013). Polluted stormwater runoff is the main cause. It contains trash, grease and oil, phosphor, nitrate, sediments and
heavy metals coming from highways, streets and parking lots. Due to the piping of the
water, the dissolved oxygen levels in the water are very low. When this water enters the
river, it disturbs the estuary system of the river.
Nitrogen and phosphor levels in the Hillsborough River exceed the prefered water quality
levels for rivers. The pollution is an anthropogenic (man-induced) impact, mainly due to
fertilizers and air pollution. Stormwater run-off from the Tampa Bay watershed contributes
about 62% of the bay’s total annual nitrogen load.
Concentrations of metals in the Hillsborough River are also above the preferred levels.
Many of these toxic elements enter the bay attached to suspended solids in stormwater
run-off. Stormwater run-off conveys more than 60% of the annual loadings from each of
the following metals: chromium, lead, mercury and zinc. (HCCM, 2008)

Rain water

Stormwater

Hillsborough River Prefered levels

run-off

river water*

Nitrogen (mg/L)

0.22

0.76

0.98

0.90

Phosphor (mg/L)

0.02

0.32

0.09

0.04

DO levels (mg/L)

no data

no data

1.6-6.0

>5.0

Cu (ug/L)

2-3

14-21

no data

<2.9

Pb (ug/L)

1-5

5-15

no data

<5.6

Zn (ug/L)

8-30

92

no data

<86

Fe (ug/L)

19-40

1060-1440

no data

<300

Figure 13 Pollutant levels in the Downtown Area of Tampa (FDEP, 1992; Teague and Rushton, 2005;
Tampa Bay Wateratlas, 2013) *Class III surface water quality classification
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life.
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Oil & grease

Petroleum spills,

Petroleum contains PAHs (polycyclic

vehicular exhaust.

aromatic hydrocarbons) which are toxic
and carcinogenic to plants, animals and
humans. PAHs accumulate in tissue and
become extremely toxic when exposed to
sunlight.

Fecal coliform

Feces, fertilizers, plant

Fecal coliform is not harmful, but their

material.

presence indicates a higher risk on
pathogens being present in the water.
Pathogenic diseases include ear infections,
dysentery, typhoid fever, viral and bacterial
gastroenteritis and hepatitis A. It affect
humans more than animals.

Dissolved

DO levels are connected

Levels under 5.0mg/L can break the redox

Oxygen

to nutrient levels,

cycle. Iron sorbes to other metals (Zn,

thus fertilizers and air

Cu, Cd) and phospate, which makes them

pollution.

immobile and not toxic. When the cycle
breaks, these pollutants are released and
become harmfull.

Figure 14 The source and implication of pollutants in stormwater. (FDEP, 1992; Teague and Rushton,
2005; Xian et al., 2007)
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The Florida Department of Environmental Protection (FDEP) analyzed sediment quality in
Hillsborough Bay near urban areas and found that the levels of lead, mercury and zinc were
exceeded. Natural levels for chromium and copper were only slightly exceeded.

ush
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water quality is the FIRST FLUSH
s term describes the washing action
has on accumulated pollutants in
the early stages of runoff the land
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king areas, are flushed clean by the
is creates a shock loading of pols in Florida have determined that
ch of runoff generally carries 90%
from a storm.

Other pollutants of the Hillsborough River are trash, oil and grease and fecal coliform. Trash,
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water quality.

piping system. Fecal colliform is removed by bacteria and plants.

Figure 15 The first flush contains 90% of the total amount of pollutants. (FDER, 1991)
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1.3.2 Antecedent conditions and first flush
Antecedent conditions (inter-event dry period) increase the amount of pollutants in
stormwater run-off. In the dry period, pollutant concentrations in the stormwater increase
by allowing time for accumulation of pollution on land surfaces. High rainfall intensity
following these dry periods dislodges pollutants from the urban surface. The first inch of
run-off generally carries 90% of the pollution from a storm, see figure 15. This first small
amount of run-off is called the first flush. However, in practice the first flush mixes with
later flushes. A first flush can only be detected in the run-off from areas smaller than 200
hectare. If you want to capture and purify this first flush, you should do this very locally,
preferably in the same plot or street.
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1.4 Loss of biodiversity

1.4.1 Biodiversity in ecosystems
Each ecosystem in the world has a certain productivity rate, depending on the amount of
freshwater and nutrients available. Therefore, the productivity rate is low in deserts, high
in moist grasslands and forests and very high in rainforests and estuaries, see figure 16.
The productivity rate is positively correlated with diversity (Knox, 1980). Tampa is situated
in one of the nation’s most biologically productive and diverse estuaries. Destruction of
these high productive ecosystems eventually implies loss of biodiversity on a world scale.
(Knox, 1980)

Figure 16 Estuaries are one of the most productive and diverse ecosystems on earth. (Knox, 1980)

1.4.2 Habitat destruction and water pollution
There are two main threats to natural habitats such as estuaries. The first is physical
destruction of the habitat to provide land for agriculture and urban developments. Often,
there are some remnants of the natural habitat. If these patches of habitat are too small
and/or disconnected from larger parts of habitat, they will degradate and disseappear
eventually. The second threat is pollution, especially by nitrogen and phosphor, which
is called eutrophication. Eutrophication causes shifts inside the ecosystem: the faster
growing plants will outcompete the slow-growing plants. In this way, only a limited
number of fast-growing plants will occur, leading to a decline in biodiversity inside the
ecosystem. Therefore, the diversity in fauna is much higher in an oligotrophic than in an
eutrophic wetland.
In and around Tampa Bay, big parts of the estuary habitat were physically destroyed when
urbanization took place in the 1950s to 1980s. Salt marshes and mangrove forests had to
make way for buildings and seawall edges. The river and bay were dredged for transport of
larger vessels, destroying large portions of oyster and callop reefs, seagrass beds and salt
marshes. (HCCM, 2008, p.49)

27

Secondly, water pollution led to the diminishment of estuary habitat. Point source
pollution of domestic and industrial areas eutrophicated the water. In turn, this causes
algea blooms, which inhibit light penetrating the water. As a result, seagrasses died, see
figure 17. Algea respirate O2 during the day and COs during the night. High concentrations
of CO2 combined with a lack of vegetation for food and shelter caused many fish, manatees
and other marine life to die too.

Sunlight

Nitrogen & Phosphor

CO2

No seagrasses =
No food & shelter

Figure 17 Eutrophication causes algea blooms which leads to a decrease in seagrasses and marine
life.

In Tampa Bay, physical destruction and water pollution led to a diminishment of 44%
of the original 10.000 hectares of mangrove forests and salt marshes and 81% of the
original 31.000 hectares of seagrasses, see figure 19. Since the 1980s, habitat restoration
in combination with water quality improvement (concerning point-source pollution) has
taken place. Recent estimates (2005) in Tampa Bay indicate that there are currently about
8.100 hectares of mangrove forests and saltmarsh. Seagrasses are increasing in numbers
too, but re-establishment is slow due to their sensitivity for the current water pollution
problems. If the stormwater run-off continues eutrophicating the water at the current rate,
it is likely that the seagrass cover will not increase, see figure 18. Therefore it is necessary
to enhance the water quality of the stormwater run-off as well as of the river itself.

Point-source pollution

Non-point source pollution
66% of nitrogen load from stormwater

Figure 18 Currently, stormwater is the main factor limiting the growth of seagrasses. (Johansson, 2002)
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1880 seagrass cover: 31.000 ha

1940 seagrass cover: 16.000 ha

Start phosphate mining industry.

Waste water causes eutrophication and destroys habitat.

1980 seagrass cover: 5.900 ha

2010 seagrass cover: 9.600 ha

Start water quality improvement & habitat restoration,

Storm water causes eutrophication which limits growth.

Figure 19 Seagrass cover, degree of urbanization (amount of impermeable surface) and related processes in the period 18802010. (Tampa Bay Wateratlas, 2010)
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1.5 Poor experience of water

1.5.1 Hidden water
Although Tampa is situated in an estuary, water is hardly seen inside the city. A network of
stormwater pipes is laid out underneath the city in order to transport rain water directly
towards the river. Even the pure mineral-rich water pouring from springs is drained by
these pipes.
During my time in Tampa, I discussed the absence of water inside the city with some local
citizens. From their reactions it was clear to me that there is a general fear for natural
water bodies; they produce odors and are a breeding ground for mosquitoes. However, this
is a misunderstanding; these problems do not occur in healthy ponds where the water is
in constant movement and vegetation and fish are present.

1.5.2 Lack of tactile everyday experiences
An interview with professor Vicas Mehta of the University of South Florida in 2012 provided
insight in the problems concerning the experience of nature and water in the Downtown
Area. Mehta states that the biggest problem is that the whole Downtown Area gets
developed as very sterile, high-end and expensive kind of neighborhood that exclusively
supports activities such as strolling or taking a boat trip. This is wrong because people will
not be able to do the day-to-day things that they do when they live. Furthermore, this kind
of neighborhood won’t have the tactile feel which enables people to connect to nature.

“If you look at these towers they are very sterile. They are not really connected to the land,
there are no tactile experiences of touching the water or being able to set these fully in a
place.” (Mehta, 2012)

Figure 20 You can smell the choline water from a distance.

Another example of a sterile tactile experience is the water of the fountains. It is water
mixed with chlorine which you can smell from a distance. An example of a high-end
development which lacks possibilities for tactile experiences is the recently built Riverwalk.
It offers a view on the water from behind a prefab concrete ballustrade. The water’s edge
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consists of concrete seawalls which offer little imagination or feeling of being in Florida. At
some points however, the concrete seawalls are replaced by a more naturalized edge with
rocks and vegetation. Here, viewing decks offer the possibility to look down at the water
and nature. Unfortunately, there is no possibility to walk down to the water’s edge to touch
or enter the water.

Figure 21 There is a lack of tactile experiences with water and the associated aquatic vegetation.
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2. Starting from the landscape

The solution for the water-related problems can be found in the landscape. To understand
landscape, one has to understand the natural processes which shape it. Subchapter 5.1 will
discuss the abiotic process, such as water cycles and land formation. Then, subchapter 5.2
will elaborate on the biotic processes in natural habitats, such as nutrient cycles.

2.1 Geology, soils and water
The base of Florida is a limestone shelf, which is created in the Ordovician Period, 530
million years BP, when marine materials accumulated. On top of this shelf, there is a layer
of fine sand. Tampa is build on a location where this layer of sand is less than 10 meters
thick. (Yates et al., 2011)
When it rains, water infiltrates through the sand into the limestone rock. In time, this
water accumulated, creating a large fresh water bubble; the Floridan aquifer. In Tampa,
the covering layer of sand is quiet thin, so the aquifer is close to the surface, see figure
22 and 23. This results in many springs. Due to the limestone, spring water contains high
concentratons of minerals. In the river, this spring water mixes with nutrient-rich run-off
from the hills and salty water from the sea. It is a dynamic environment where salt and

Floridan plateau

Alabama

Georgia

South Carolina
Thickness aquifer (meter)
0-600
600-1200
1200-1800
1800-2400
2400-3000

Florida

>3000

Aquifer is
unconfined or
thinly covered

A'

TAMPA

A

0

Figure 22 Tampa is in close contact to a deep aquifer system (USGS, 2009)

36

2

200 km

Salt water

TAMPA

Fresh water
aquifer

current sea level

sediments
A

limestone
FLORIDA
westcoast

A'

eastcoast

Figure 23 Tampa is in close contact to the Floridan Aquifer (USGS, 2009)

water levels change constantly due to the tides. Exactly here, estuary life can thrive.
In order to have a healty estuary environment, you have to ensure a healthy aquifer. The
aquifer is continuously recharged by infiltrating rainwater. It is important to realize this is
a long-term process. Any changes in water flows will not be noticed directly, but can affect
the water quality and quantity on the long term.
In order to maintain a healthy aquifer, the infiltrating water has to be clean. Pollutants
are filtered from the water when the water infiltrates slowly through vegetated soils
consisting of loam and fine sand. When the water infiltrates quickly through bare soils
consisting of course sand, not all the pollutants are removed. In this way, the pollution
can enter the aquifer. Inside the aquifer, the pollution is distributed over a large volume
of water. Therefore, pollution problems will not be noticeable on the short term. However,
long term pollution will affect the water quality of the whole aquifer.
Not only the quality of the aquifer’s water should be protected, also its quantity. The
amount of infiltrating rainwater has to be equal to or larger than the water leaving the
aquifer through springs and water withdrawal installations. Currently, 62% of the water
used in Florida is withdrawn from aquifers (USGS, 2005). To ensure enough fresh water for
the next generations, future plans should focus on infiltrating water. In Downtown Tampa,
the rainwater is not infiltrated but transported towards the river. However, the higher
parts of the Downtown Area are very suitable for infiltrating rainwater due to their deep
groundwater table (>61 cm) and relative high infiltration rate (1*10-4 m/s), see figure 24. In

Downtown Area of Tampa
GOOD INFILTRATION
Tavares fine sand
Infiltration rate 1*10-4 m/s
Water table 107-183 cm

MODERATE INFILTRATION
Myakka fine sand
Infiltration rate 1*10-5 m/s
Water table 31-60 cm

GOOD INFILTRATION
Pomello fine sand
Infiltration rate 5*10-5 m/s
Water table 61-106 cm

LIMITED INFILTRATION
Immokalee fine sand
Infiltration rate 5*10-6 m/s
Water table 15-30 cm

SPRING
0

200

500 m

Figure 24 Abiotic landscape underlying the Downtown Area: soil types and ground water tables (SWFWMD, 2012)
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Figure 25 and 26 Hydrological conditions of the city of Tampa (USGS, 2009; SWFWMD, 2012)
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the low lying parts of the Downtown Area, the water infiltrates much slower. These areas
should be used for water retention. In this way, the water can be stored untill it infiltrates
or evaporates.
To fully understand the estuary landscape, we take a look at the processes which shaped
the Tampa Bay Estuary. In figure 27, you can see that erosion due to sealevel rise created
the bay in the last 10.000 years. At the same time, the river deposited sand, which created
the higher areas near the river. On these high areas, the city of Tampa was founded. Today,
the river is cannalized, so the sand deposits on his floodplanes stopped. However, erosion
10.000 BP

8.000 BP

River system with closed line of barrier islands.

Riversystem with sand bars.

Start of sealevel rise: the coastline moves inlands.

Without protection of the barrier islands, the sea can
erode the land at a higher pace.

5.000 BP

3.000 BP

Riversystem with sandbars and some barrier islands.

Riversystem with a disrupted line of barrier islands.

Erosion of the barrier islands in front of the bay and

Erosion takes place along the river’s edge.

along the river’s edge.
Present

Riversystem with a disrupted line of barrier islands.
Sealevel rise causes erosion of the barrier islands
and the low parts along the bay.
Figure 27 Formation of Tampa Bay. (Yates et al., 2011)
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due to sealevel rise still continues to shape the landscape today. For the next centuries,
rising sealevels and storms will cause further erosion of the barrier islands and lower parts
of the bay, this includes a large part of the Downtown Area. To control erosion, materials
such as sand or concrete blocks are added to the shoreline. Another option for the future
could be to use vegetation or oyster reefs to stabilize the shore and enhance the process
of sedimentation.

2.2 Natural habitats
Natural habitats occur under certain hydrological conditions, soil characteristics and
salinity levels. However, vegetation and animals inside this habitat can also influence their
abiotic environment by capturing sendiments and storing water and nutrients.
In Tampa, three types of natural habitat can be found, namely (1) upland forests, (2) freshwater
wetlands, and (2) estuary habitats. Today, much of the these habitats are destroyed during
the process of urbanization. If urbanization did not have happened, the Downtown Area
would be home to all these habitats, see figure 28. However, the remaining parts of the
natural habitats inside the city of Tampa still fulfill important ecological functions. They
purify, store and infiltrate the water. Furthermore, they form a complex foodweb, storing
nutrients and providing us of food and materials.
Currently, natural habitats and the city of Tampa are treated as two different entities in
policies and future plans. However, if we come to understand the functioning of natural
habitats, we could incorporate (aspects of) them inside the city. The goal would be to

develop cities in such a fashion as to be better integrated into their natural biogeographic
surroundings. (Werner, 2011, p.232) When this balance with the natural landscape is
achieved, we can speak of sustainable development. For Tampa, this implies not only
integrating the upland habitats, but also the freshwater wetlands and estuary habitat into
the city.

river

Upland forest

Freshwater wetland

Upland forest

Salt marsh
Mangrove forest

Oyster reef
Seagrass beds

Figure 28 Habitats which would occur in the Downtown Area in a natural situation. The gradient is perpendicular to the river.
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2.2.1 Upland forests
The higher sandy soils with a high infiltration rate are home to the upland forests. Upland
forests are found in higher laying areas where the soil is not permanently inundated. These
forests consist of hardwood trees, pine trees or a mix of these two types. They have an
important function for capturing and infiltrating rainwater. Furthermore, they protect the
soil from eroding, transform CO2 into O2, and create a habitat for wildlife species. However,
these high and dry areas are also very suitable for humans to settle on. In Tampa, these
areas were one of the first to get urbanized. You can find the renemnants of the upland
forests in the form of street trees, gardens and parks.
The plant and animal species living in these urban areas are part of the regional pool of
species. Therefore it is important that the city contributes to the protection of this regional
pool of species by creating diverse natural habitats in its urban fabric.
In order to learn more about the diversity inside the urban green areas, you can look at the
distribution of species. A low or high rate of centain species may suggest either a surplus
or deficit in biodiversity. (Werner, 2011)
In the City of Tampa, an extensive study is done of the distribution of tree species
(Campbell and Landry, 1999). The Live Oak and Laurel Oak were the two most dominant
tree species, comprising roughly 20% of the estimated number of trees within the City
or Tampa. Crape Myrtle, Cabbage Palm, Slash Pine, Queen Palm, Cherry Laurel, Drake Elm,
and Citrus comprised the remaining nine most dominant tree species in Tampa. The total
number of individual trees represented by these nine species was estimated to be 57% of
the total number of trees within the City of Tampa. Other dominant tree species within the
City of Tampa included: Southern Waxmyrtle, Red Maple, Longleaf Pine, Cedar, Goldenrain
Tree, Bottlebrush, Southern Magnolia, and Water Oak.
				
Tree species
Distribution

Live oak
11.4%

Laurel

Crape

Cabbage

Slash

Queen

Cherry

Drake

oak

Myrtle

Palm

Pine

Palm

Laurel

Elm

9.3%

7.9%

7.7%

5.5%

4.4%

3.9%

2.6%

Citrus
2.5%

Figure 29 Distribution of tree species in the City of Tampa. These 9 species represent 57% of the total number of trees.
(Campbell and Landry, 1999)

Compared to the naturally occuring uplands forests, the diversity of tree species is low.
Furthermore, the understory layer is very sparce; there are almost no shrubs and if there is
a groundcover, it exists often of bermuda grass. This lack of appropriate groundcover limits
the diversity in bottom dwelling animals and insects. These aspects should be addressed
in future designs.

2.2.2 Freshwater wetlands
In the the lower lying, wet parts of the landscape, freshwater wetlands can be found. These
wetlands consist of moist-loving vegetation of the grass family. Shrubs and trees can also
occur in these wetlands. Water inside a wetland fluctuates during dry and wet periods. The
fluctuating fresh water levels create channels which are important breeding grounds for
fish. When it rains, the wetland acts like a sponge by absorbing the turbid, nutrient-rich
run-off in the marshy soil between the roots of the vegetation. The suspendid particles are
captured and nutrients are taken up. In this way, the wetland act as a buffer for water and
nutrients. However, when the water stagnates, anaerobic conditions occur and bacterial
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Figure 30 Remnants of tidal and freshwater wetlands inside the city of Tampa

processes take place, which increase the presence of nutrients in the water. If a rain
event occurs, these nutrients are flushed out towards the estuary. During the process of
urbanization, many of the freshwater wetlands have been destroyed, the renemnants are
shown in figure 30. The design challenge is to plan and design these wetlands as part of
the city.

2.2.3 Estuary habitat
Estuary habitat is found near the river, where nutrient-rich water from the river mixes with
salt water from the sea and mineral-rich water from springs. It is a dynamic area due to
tidal influences. Estuary habitat consists of salt marshes, mangrove forests, oyster reefs
and seagrass beds, which occur in different hydrological zones and on different substrates.
Salt marshes consist of grasslike vegetation and are found on mud flats in the tidal zone.
Their root network creates an important habitat for many microbes and benthic animals.
Mangrove forests appear on mud flats in a smaller tidal zone of +0.30 m to +0.60 m above
sea level, as flooding depth, duration and frequency are critical factors in the survival
of both mangrove seedlings and mature trees (Lewis, 2005). Their vast network of roots
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captures particles and creates a habitat for fish and other marine animals like oysters and

clams.
Oyster reefs can be found on mangrove roots, but also on concrete pillars, limestone rocks
or dead oysters. They attach themselves to any hard surface in the water as long as there
is a source of calciumcarbonate available. Oysters filter small particles from the water,
improving transparancy and therefore increase the amount of light penetrating the water.
The reefs provide habitat for other marine life to shelter, forage and breed.
On the soft, sand banks up to 2.5 meter deep, seagrasses grow. The water has to be clear
so that enough light reaches the seabed. Therefore, their presence indicates a high water
quality. Seagrass is the main nutrition for manatees, who are now endangered due to the
dramatic decline in seagrasses in the past 100 years. Furthermore, seagrasses provide
habitat for fish, turtles and other small marine life.
Estuary habitat has an important function as buffer for nutrients by storing large amounts
of nutrients inside the complex food web, see figure 31. This web consists of several
trophic levels. At the lowest level are the phytoplankton, rooted plants and ditritus. Ditritus
consists of dead organic material such as excretions and dead plant material. At a higher
level are benthic animals, small fish, oysters, crabs and manatees, which feed on the
phytoplankton, plants and ditritus. At even higher levels stand large fish and birds which
feed on benthic animals, crabs and small fish. The total mass of living organisms depends
on the amount of plant life and ditritus. In Tampa, much of the seagrass beds, mangrove
forests and salt marshes have been destroyed. Therefore this crucial first level is altered.

Stormwater

Ditritus: nutrients stored in
organic matter.

Nitrogen is transfered through
the food chain through
consumption and excretion.

Missing link in Downtown
Tampa due to lack of aquatic
vegetation and phytoplanton.

Figure 31 Nutrients are stored inside the complex food web of an estuarine system.

43

The nutrients are not taken up by rooted plants, but by algea. The result is algea blooms.
Algea respirate oxigen during the day and carbondioxide during the night. The large
amount of carbondioxide causes fish and other marine life to die. High concentrations of
nutrients due to stormwater pollution increase this problem. It is therefore important that
future plans should focus on the development of estuary vegetation.
The estuary habitat has another important function, namely to act as a nursery for many fish
species. It is a vital link in the larger marine system. The destruction of mangrove forests,
seagrass beds and oyster reefs, will lead to a significant decrease in fish populations, see
figure 32. As declining fish stocks are a global problem (UN, 2004), it is important to find
ways for mangrove forest and oyster reef creation in symbiosis with urban development.
Furthermore, the water quality, especially its clarity, should be enhanced in future plans, in
order to increase the amount of seagrasses.

Figure 32 Estuaries serve as an important nursery habitat for fish. (Harvorne, 2009)
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3.1 Cities as social-ecological systems
Cities have become the dominant global human habitat of this century. This reality demands
that we need to organize the natural resources: an integration of ecological functioning
with human desires, behaviors and quality of life. (Grove, 2009) To be able to integrate
human and natural processes, the city is considered as a social-ecological system. Within
this system there are several subsystems like the water system, transportation system and
energy system. (Bhatta, 2010)
The human subsystems have their own logic with a static ordering grid and structural,
linear infrastructures. Economic development is steering and infrastructure lays out a
long-term framework for the faster changing buildings and open space.
The natural subsystems are more complex, non-linear, chaotic, self-organizing, nonequilibrium and discontinuous. (Röling, 1997) The designer needs a holistic view which
enables him to understand the natural processes and their interactions. (Koh, 2013)
Because natural and human processes are interrelated, any intervention will have an
ecological implication. Therefore, the responsibility of the designer is to orchestrate our
relationships with other living organisms in the built environment. (Palazzo and Steiner,
2012) Integrating these systems, implies starting with the natural subsystems in the
landscape. It is important to realize that starting from the landscape requires a new angle
of incidence and implies breaking with current policies, such as building in low lying areas.
If we study the natural subsystems in the landscape, you will notice that there are longterm and short-term processes. Long-term processes are slow and hardly noticeable, like
the recharge of an aquifer or the erosion of the bay due to sea level rise. These processes
should be incorporated in a long term plan for the whole region. In this plan, the urban
subsystems have to be balanced in such a way that the long-term processes can continue.
Short-term, dynamic processes are noticeble within years, like the successon of a grassland
into a forest or the formation of dunes. These short-term processes could be used in the
urban environment to develop green space or create land. There are also short-term
processes with a much higher impact. Examples are hurricanes, fires and tornados. Future
plans should explain how they deal with these kind of disasters and should focus on the
least damaging outcome.
The result is a landscape-based solution. This solution has specific characteristics. First,
it deals with complex issues on the large scale, because that is the nature of the studied
processes. Secondly, it is site-specific, instead of generic, because it is based on the regional
and local circumstances of the landscape. Third, the solution is resilient and open-ended:
it deals with future change and is focussed on steering processes. The landscape is always
changing, therefore the design should guide permanent change. The solution is not
a final master plan, but is composed of strategic interventions. These interventions are
key to start and guide processes to steer future development. Fourth, the outputs of one
process are the inputs for another process. Therefore, no waste is generated and city is
not consuming its surroundings. In my view, this landscape-based solution is sustainable
urban development.
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3.2 Ecological engineering and ‘Building with nature’
Landscape based solutions deal with natural and human processes which shape the
landscape. The solutions seek a balance between the dynamic natural processes and
static technological interventions. The applied field of ecological engineering can provide
knowledge for accomplishing this.
Ecological engineering represents the marriage of ecology and engineering design. It is
the design of sustainable systems, consistent with ecological principles, which integrate
human society with its natural environment for the benefit of both. (Mitsch, 1996, 1998;
Mitsch and Jørgensen, 2003)
Ecological engineering involves creating and restoring sustainable ecosystems that have
value to both humans and nature. Ecological engineering uses mainly the energies of
nature with some human energy to control key processes. It is an approach where the
primary tools are self-organizing ecosystems.
A self-organizing ecosystem has the ability to reorganize itself, given an environment that
is inherently unstable and heterogeneous. Self-organization is established by promoting
complexity and diversity at all scales. This leads to a large functional space which enables
the ecosystem to move between different states; this is called self-organization. In natural
ecosystems, this is the process of succession.
All systems have some level of organization, but Pahl-Wostl (1995) argues that there are
two different types of organization: imposed organization and self-organization. Imposed
organization, such as implemented in many conventional engineering approaches, results
in rigid structures and little potential for adapting to change. This of course is desirable
for engineering design where predictability of safe and reliable structures are necessary,
e.g. for bridges. Self-organization, on the other hand, develops flexible networks with a
much higher potential for adaptation to new situations. It is thus the latter property that
is desirable for solving many of our ecological problems. In this way, the biological systems
are able to change, adapt, and grow according to their forcing functions and internal
feedbacks. (Bergen, Bolton and Fridley, 2001)
In the self-organizing ecosystem, the outputs of one process serve as the inputs to others.
No waste is generated and nutrients are cycled from one trophic level to the next.
When we cooperate with natural processes and allow systems to self-organize, it requires
less energy and information to implement and maintain a design. In the case of an
engineered wetland, for example, a wide range of species can be planted, but natural
processes are allowed to select those best suited for the imposed environment.
A solution in the form of a self-organizing ecosystem is site-specific and small-scale. The
design cannot be standardized due to the high degree of spatial variability, which is cause
by the location’s complexity.

3.3 Creating experiences
The design not only has to function ecologically; it must also perform socially and
culturally. Therefore, sustainable landscape design involves the design of experiences as
much as the design of ecosystems.
The experience of the landscape is a holistic phenomenon, a flow of experiential qualities,
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images, thoughts, and meanings. (Karmatov, 2009; Koh, 2013) Landscape is a bodily
experience and is perceived through multiple senses. All kinds of sights, smells and
feelings of cold-warm-dry-wet, touching and the perception through one’s body through
movement, lead a variety of experiences:

‘…the aroma of material; the feeling of humidity or dampness; the intensity of light, dark,
heat and cold. … the greater part of landscape experience belongs to the sensorium of the
tactile, the poetries of material and touch … and is best understood through the tactile
and bodily perception of things, senses distinct from any form of secondary or objective
deduction.’ (Corner, 1992)
To design for these kind of experiences, one has to understand the medium of landscape.
Landscape is material, tactile and spatial, but foremost, it is temporal. Not only do we move
through the landscape, the landscape itself moves, changes, grows, declines. Its beauty
is emphemeral; it can be a fleeting event, captured in the mix of a specific light angle
with the ground covered with a short-lived carpet of brilliant yellow autumn leaves. Or
it can be created by the long processes of decay and accumulation of vegetation, and of
regeneration, in a cypress wetland.
These changes in the landscape are multiple and overlapping, operating at numerous
spatial and time scales: spontanuous, successional vegetation in the dunes, tidal rhythms
of water flowing in and out of the creeks, or the seasonal changes of temperature and plant
growth. Therefore, the act of designing landscape is a process of manipulating temporal
dynamics. (Jackson, 1984, p.8)
If the designer exploits these sensory qualities of the landscape, it can provoke a feeling of
physical presence; a feeling of connecting to the natural world. Especially children can be
fascinated by nature by exploring the richness in flora and fauna. These tactile experiences
make people aware of the rhythms and cycles necessary to sustain and regenerate life. It
grounds us and evokes a cultural connectedness, a regional sense of place:
“The experiences are vehicles for connecting with, and caring for, the world around us.”
(Meyer, 2008, p.18)
These tactile experiences should be part of our day-to-day life. It is important to highlight
these everyday experiences in the design. Many developers are drawn towards fancy
images showing high-end and expensive neighborhoods that exclusively support hyper
activities such as flanering or taking a boat trip. However, when you are a child living in
this neighborhood, you want to know where you can built your treehouse or launch your
toy boat. (Mehta, 2013)
For Tampa, water and nature can be used in the design to create the atmosphere and feeling
of being in Florida. Especially wetlands are an important element in Tampa’s landscape.
Natural floodable places can be places of exploration due to their diversity and complexity.
Currently, any green area in Downtown Tampa is controlled and managed, so there is an
opportunity of those landscapes with naturalized conditions. (Mehta, 2012)
The other important factor in the Florida’s landscape is water. “A persuasive layer of water
in this area could make it very unique; very much Florida like.” (Mehta, 2012). Simple tactile
experiences of water are very giving, especially in a warm climate like Florida.
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4. Searching models for urban water system

4.1 Overview on stormwater management literature
Within the landscape-based approach there are multiple theories concerning stormwater
management. I selected two theories for my project, will be discussed below. First, the
infiltration model of Tjallingii which deals with water quantity and secondly, the stormwater
treatment train which deals with water quality.

4.1.1 Infiltration model
The infiltration model is developed by Tjallingii (2006) and deals with stormwater on the
local level for different soil types. This model deals primarily with water quantity.
The goal is to infiltrate as much stormwater as possible. Infiltration takes place in areas
where the soil is permeable and the groundwater table is low enough to infiltrate water.
The water is collected, stored and infiltrated in swales, see figure 33. Swales are vegetated
ditches with an improved soil permeability in order to infiltrate water quickly. The swales
can be connected to each other to create a stormwater network. Tjallingii does not
discusses this network any further.
Large quantities of water as a result of peak and seasonal rainfall cannot be dealt with
inside this network of swales: it would simply take up too much space inside the city.
Therefore, the excess water as a result of heavy rainfall is stored in retention wetlands and
lakes, see figure 33. Overflows from these water bodies to the river ensure their storage
capacity.

brook

swales

river

retention lake or wetland

Wetland purification
surplus discharge

Figure 33 Infiltration model of Tjallingii (2006)
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4.1.2 Stormwater treatment train
The stormwater treatment train represents an ecological approach to stormwater
management. This model deals primarily with water quality. Its goal is to treat the
stormwater before it leaves the site. It comprises of a number of small but interconnected
stormwater elements that collect, convey, infiltrate, evaporate and detain stormwater
by mimicking natural hydrological processes. The connected elements can be seen as a
train, starting with urban stormwater solutions and ending with more natural ones, see
figure 34. When the water moves through this sequence of stormwater elements, the water
quality increases. In this way, the natural solutions receive water of a higher quality, which
enhances their value as natural habitat. At the end, a discharge to the river can take place.
(Lloyd et al, 2002; Villarreal et al, 2004)
The stormwater treatment train has two important benefits compared to implementing
individual stormwater elements. First, it counteracts the risk of over-dimensioning
individual SUDS elements, because the different elements are connnected thereby acting
as overflow compartments for each other. (Dreiseitl and Grau, 2009; Fryd et al., 2010)
Secondly, it can enhance the experience of water in the city. When designing the train as an
aesthetical water feature, it is recommended to collect a sufficient critical mass of water
before exposing it (Beneke, 2003; Dreiseitl and Grau, 2009) Furthermore, it should be kept
in mind that most of the time the infiltration and transportation elements of the system
will be dry.

urban

prairie

wetland

river

bmp

total suspended solids

phosphorus

nitrogen

metals
% REMOVED

Figure 34 Stormwater treatment train (Applied Ecological Services, inc.)

3.2 Knowledge gaps
During my literature research, I could not find a strategy which dealt with water quality
and quantity at the same time. The infiltration model of Tjallingii and the stormwater
treatment train deal both with only one of these aspects.
Neither do these strategies provide a clear overview of design principles. So there is a
knowledge gap concerning how to apply these strategies into practice.
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4.3 Developing a new model using research through designing
In order to bridge the design knowledge gap, I used principles from the infiltration model,
the stormwater treatment train and related literature to create a combined model. Through
designing, I explored the possible combinations. This process is discussed in the following
paragraphs.

4.3.1 Creating a network of stormwater infiltration elements
This first small amount of rainfall, or first flush, contains most of the pollutants. Both
the infiltration model and the stormwater treatment train recomment to use stormwater
elements such as swales inside the city to capture, treat and infiltrate the first amount of
rainfall. By doing this, the pollutants are kept inside the city where they can be monitored
and treated if necessary. As a result, vulnerable natural habitats around the city are
protected against pollution.
Through designing, I found out several ways to combine these stormwater elements into
a network. Small elements like swales, raingardens, ponds and infiltration boxes can be
linked in order to create a greenblue network in the city grid. This network can be a shaded
and attractive passage way for pedestrians and cyclists. Furthermore, it can be linked to
larger storage and infiltration elements. These larger elements can have a second function
such as recreation lakes, parks, urban farms or parking lots.
During the process of designing I questioned myself how I could make the stormwater
structure site-specific. By using local materials and native vegetation, its appearance
becomes specific for that region. By linking the green structure to the city grid, the
configuration becomes specific for that city. In order to make it even more site-specific, I
proposed to make the stormwater structure street-specific. The structure should react to
the street and adjacing buildings by fascilitating specific functions.
Topography

City grid

Research by design: linking individual elements to create a network

Figure 35 Development of the permeable city grid.
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Swale network

4.3.2 Wetlands and lakes as overflow systems
During a large rain event, more space is needed for water storage. The infiltration model
advices to use a wetland or lake. Research about wetlands in Florida state that it is possible
to store 2000 m3/ha of water in the forested areas and 3000 m3/ha in the areas with
submergent vegetation. (Lane and D’Amico, 2010) This implies a that the water level of the
wetland would increase with 20 to 30 centimeters during a large rain event.
The stormwater treatment train uses the wetland as last step of the water purification
process. Other research (Shutes, 2001) confirms this; wetlands are very suitable for removing
nutrients and pathogens. Even low concentrations are removed due to the long residence
time of the water in the wetland. If the incoming water is free of toxic compounds, such as
oil, PAH’s or high proportions of heavy metals, the substrate does not have to be replaced.
It is enough to harvest the vegetation, in order to prevent the wetland becoming too
eutrophic.
Combining these two facts, I can conclude that wetlands and lakes can be used as overflow
systems to store and purify large amounts of water. I will use the wetlands as a second step
in the purification process, so the incoming water does not contain any toxic compounds.
Through analysing and designing, I found suitable places for the lakes and wetlands.
Buildings in areas beneath the 100-year floodline do not get a flood insurance. These lowlying areas are very suitable for wetland creation, as the water table is close to the surface.
If multi-level parking is introduced in Downtown Tampa, 40% of the space would become
available for wetland creation. In order to finance this, it could be combined with building
developments.
Furthermore, the wetland itself can be designed. The topography can be altered to create
areas with open water and levees. In this way, the wetland becomes more diverse, which
leads to an increase in species and more possibilities for recreation.
Surface parking

Location of wetlands

100-yr Floodlines

Figure 36 Exploring possible locations for the wetlands.
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4.3.3 A tidal strip for flood protection
Furthermore, I explored how the low lying areas can be used to protect the hinterland
against storm surges.
During my literature research, I found out that the valuable tidal wetlands such as
mangrove forests and oyster beds can contribute to my previous network of urban BMP’s
and wetlands. The estuary habitat can purify the water even further and act as a protective
buffer against waves.
I found out that the vegetation of these habitats did not need to be planted. These
habitats develop spontaneously if the right conditions are created. (Coen and Luckenbach,
2000; Lewis, 2005; Meyer and Townsend, 2000; Meyer et al., 1997) Through designing, I
experimentated with those conditions, creating different gradients.
I found out that by creating a higher levee between the freshwater wetland and the tidal
wetland, you can prevent the salt water from entering the freshwater wetland during a
storm. This levee is comparable to a hammock; a naturally higher laying area with upland
vegetation inside a wetland. It offers unique recreational possibilities as it looks out over
the wetlands and river. I also explored the options of using the inside of this levee for
R.R. Lewis III / Ecological Engineering 24 (2005) 403–418
407
parking or water storage.
Due to time limits for exploring the technical
aspects, I did not

develop these ideas any further.

Figure 37 The natural gradient of an estuary. (Lewis, 2005)
Fig. 1. Schematic diagram of the six components of the tropical coastal shelf ecosystem (modiﬁed from Crewz and Lewis, 1991).

Florida. No speciﬁc measurements of tidal inundation
depth, duration and frequency at the source site of the
mangroves were made, and the initial management of
tidal effects in the mesocosm are not described in detail.
The mesocosm and adjacent mesocosms exchanged
water to simulate tides, but this was discontinued, and
Finn (1996) indicates that the mangrove mesocosm had
operated for 3 years without tides. The amount of inundation is not described in the non-tidal mesocosm,
but Finn (1996) states that the experiment may be a
useful tool for characterizing the effect of impounding
mangroves. Finn (1999) describes the lack of understory vegetation in the mesocosm and notes that this
compares favorably with natural systems. The transplanted mangroves have grown well in the mesocosm
but most of the animals in the system, including ﬁddler crabs, periwinkles and coffee snails disappeared
from the system between 1991 and 1993. There were
restocked in 1994 but their fate is not reported in Finn
(1999).

Wetland (0.3m storage)

It is possible to restore some of the functions of a
mangrove forest, salt ﬂat or other systems even though
parameters such as soil type and condition may have altered and the ﬂora and fauna may have changed (Lewis,
1992). If the goal is to return an area to a pristine predevelopment condition, then the likelihood of failure is
increased. However, the restoration of certain ecosystem traits and the replication of natural functions stand
more chance of success (Lewis et al., 1995).
Because mangrove forests may recover without active restoration efforts, it has been recommended that
restoration planning should ﬁrst look at the potential
existence of stresses such as blocked tidal inundation
that might prevent secondary succession from occurring, and plan on removing that stress before attempting restoration (Hamilton and Snedaker, 1984; CintronMolero, 1992). The next step is to determine by observation if natural seedling recruitment is occurring once
the stress has been removed. Only if natural recovery
is not occurring should the ﬁnal step of considering

Hammock (on levee)

Mangrove

Seagrasses

Salt Marsh

Oyster beds

Water storage or parking inside?
Figure 38 Exploring different options using research through designing.

58

4.3.4 Nature and Urban Stormwater Synergy (NUSS)
Finally, the research through designing resulted in a combined model, which is based on
the Infiltration model of Tjallingii (2006) and the Stormwater Treatment Train (Lloyd et al,
2002; Villarreal et al, 2004).
The combined model is called the Nature and Urban Stormwater Synergy (NUSS) model.
The word ‘synergy’ comes from the Greek sunergia / sunergos, which means ‘working
together’. In the NUSS model, the cooperating parts of urban stormwater and nature have
a combined effect which is greater than the sum of their individual effects. In this way, the
model deals with water quantity as well as water quality. Furthermore, these cooperative
relationships provide functional advantages (economic benefits) in the form of increased
biodiversity and enhanced experience of water and nature.
It contains three parts: the permeable city grid, the freshwater wetland and the tidal strip.
In chapter 6, I will elaborate on the model and its design principles.

Permeable

Freshwater

city grid

wetland

tidal strip

Figure 39 Nature and Urban Stormwater Synergy (NUSS).
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4. Research framework

4.1 Hypothesis
This thesis project tries to reconcile the conflicting needs of nature and urbanization.
This subchapter will elaborate on the initial building block of the scientific method; the
hypothesis. In the context of this project, the hypothesis can be seen as a design guideline,
based on prior knowledge and observation of a particular phenomenon. It can be supported
or refuted through carefully crafted experimentation or observation.
As already mentioned, the urbanization of estuaries leads to multiple problems: increased
flood risk, water pollution, loss of biodiversity and poor experiences of water and nature.
This is mainly caused by the transformation of a dynamic natural water system into a
static, civil engineered water system.
Therefore, it is important to find alternative ways to handle stormwater in the urban
environment. Prior knowledge consists of two theories which provide general design
guidelines. First, the infiltration model of Tjallingii (2006) provides general guidelines
about changing the flows of water in the urban environment. Secondly, the stormwater
treatment train provides general guidelines about improving the water quality.
Furthermore, prior knowledge consists of various research projects which provide specific
design principles about water, biodiversity and experience of water and nature in the
urban environment.
The aim is to combine the infiltration model and stormwater treatment train in order to
solve the problems. Therefore, the hypothesis is:

The infiltration model combined with the stormwater treatment train approach will
generate solutions which improve water quality and prevent flooding, while improving
biodiversity, recreational activities and spatial experience.
The goal is to make the water system more resilient for future flooding problems and
enhance the water quality. The solutions are based on the landscape and thus site-specific.
They will enrich the environment by creating valuable experiences for people and natural
habitat for animals. Downtown Tampa will acts as a ‘testcase’.

4.2 Research questions
To explore the hypothesis, the main question to answer is:

How can a combination of the infiltration model and stormwater treatment train be
implemented in Downtown Tampa to prevent floods, improve water quality, increase
biodiversity and enhance the experience of water?
The main question can be divided in several sub-questions:

How can the infiltration model and stormwater treatment train be combined into one
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strategy which deals with water quantity and quality?
Which design principles does the ‘research through designing’ generate?
How can this strategy be translated into an integral design which deals with future
uncertainties?
How can the design have a positive impact on the biodiversity?
How can the design enhance the experience of water for people working and recreating
there?

4.3 Research method and techniques
In this subchapter, the research methods and techniques are described which provide
insight in the research and design steps. The way of doing research depends on the view of
the researcher. Therefore, different world views influencing research will be described first.

4.3.1 A pragmatic world view
Creswell (2009) describes ‘research’ as a systematic activity to generate new valid and
reliable knowledge or insights. He defines four different world views influencing research,
each with specific aims, methods and value systems.
The first is the (post)positivist world view, which is rooted in the long tradition of the
natural sciences and aims to verify theory through the testing of hypotheses.
The second is the constructivist world view, which is commonly used in the arts, humanities
and social sciences and aims to ‘make sense’ of situations in a qualitative and contextual
way. The research involves the researcher because his or her interpretations are at the core
of the research.
The third is the advocacy/participatory world view, which is used in the humanities and
social sciences and aims to bring about changes in actual situations and raise awareness
of the participants. It actively involves the researcher, as he or she becomes the ‘voice’ of
the (often marginalized or disenfranchised) participants of the research.
Fourth is the pragmatic world view, which integrates the three world views described
above. Pragmatics agree that research always occurs in social, historical, political and
other contexts. So, the knowledge claims among which the researchers maneuver and the
related methods depend on the research questions and context. (Lenzholzer et al., 2013)
In this project, a pragmatic world view is used to integrate knowledge of the workings of
nature (postpositivistic knowledge) and socio-cultural issues (constructivist knowledge).
Furthermore, the constructivist view drives the generation of new insights and ideas and
the positivistic research grounds these ideas by providing verified data. The knowledge is
embedded in the context of the physical and social environment of Tampa, FL, and within a
given timeframe (next 100 to 200 years). However, some parts, such as the overall strategy
with design principles, will be transferable to other comparable cities. (Lenzholzer et al.,
2013)

4.3.2 Research through designing within a pragmatic world view
In this paragraph, the act of desiging within the research is taken under a closer look.
Lenzholzer et al. (2013) point out that within the pragmatic worldview, research through
designing focusses on finding solutions to problems within a specific context. The new
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knowledge often revolves around the ‘how’.
Within the postpositivistic part of the research, designing can include the translation of
specialist knowledge (e.g. hydrology, climatology, landscape ecology or environmental
psychology) into generally applicable design guidelines or models. (Lenzholzer et al.,
2013) These guidelines and models can be tested (verified) using prototypes, simulation
software and calculations.
The constructivist uses designing during research to reframe problems and generate
solutions and new mental constructs. Techniques such as drawing, sculpting or building
models are used to explore different phenomena. (Schön, 1987) Visualizing the site can
engender new ways of seeing (Tufte, 1990). During the designing, reflection-in-action takes
place. This implies a constant reflecting during the designing itself, so that the idea or
problem evolves during the act of designing. It is a trial and error process, where the
reflection on each trial and its results sets the stage for the next trial. During this process,
critical thinking can restructure strategies of action, understandings of phenomena, or
ways of framing problems. (Schön, 1987)
It can also offer an opportunity for one-the-spot experiments. The designer can come up
with new ideas and try them out. He can also explore phenemena and test his tentative
understandings of them. (Schön, 1987)

4.3.3 Methods and techniques
In this thesis, the pragmatic world view leads to the combination of several methods of
postpositivitic or constructivist origin. The thesis can be divided into three steps, namely
problem determination, development of a theoretical solution and the translation of this
solution into spatial design scenario’s.
The first step is to investigate the context and determine the problem. Postpositivistic
research provides information about the workings of the landscape, flood problems and
habitat degradation. Information is gathered through the study of literature. Constructivist
research is done to investigate the unique situational and complex interactions of humans
with their environment by doing interviews and immersing in the research context. Semistructued interviews with local professionals provide insight in their view on the perceived
flood risk, water quality and experience of nature and water inside the city. Besides the
interviews, the researcher physically immerges herself for one month in the research
context. The social encounter with inhabitants results in new ways of conceptualizing
places, people and their interaction.
The second step is to generate a theoretical solution in the form of a strategy with design
principles. Postpositivistic knowledge from literature studies provide information about
landscape based solutions for flood and water quality problems. However, these solutions
are generic and not site-specific. Furthermore, they often only address one aspect. In order
to solve all the problems, a combination of the various theoretical solutions needs to be
found. This is done by testing different combinations in the context of the site through
designing.
Design is used as an explorative learning process to figure out how stormwater elements
can be combined and implemented in a city’s grid structure. (Gero, 1990) The goal-directed
nature of this design process provides a natural focus for theory developement (Edelson,
2002). Thereby I mean that by exploring the options through design, certain questions are
raised which will steer further research and theory development.
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The design solution evolves over the course of my thesis, as my understanding of the
design context is deepened through analysis and formative evaluation. (Edelson, 2002)
The outcome of the research through designing process is a combined model, which is
based on the two theoretical solutions. This combined model provides guidelines (design
principles) which are suitable for the given context.

Chapter 1

phenomenon & site

Literature study

knowledge gap

Chapter 3

Chapter 1 & 5

Chapter 1

Interviews, field study

Literature and

and physical immersion

field study

visually analysed
spatial experience

visually analysed
facts & data

problem definition

Literature study

Chapter 3

Deepend literature study

test solutions in
Tampa, FL

theory
possible solutions

Designing

Chapter 6

strategy and
design principles

Designing

Chapter 7 & 8

testcase Tampa:
scenarios & impressions

Reflection
Chapter 9

conclusions

Figure 40 Research and design steps related to the chaptering of this thesis
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The final step is testing the combined model using scenarios. Site-specific knowledge is
needed in order to apply the combined model to the site. This concerns postpositivistic as
well as constructivist knowledge. Knowledge results from studying documentation of soil,
water, vegetation and history. By visiting the site and doing interviews, knowledge about
the experience of water and nature inside the city gained. This knowledge needs to be
interpreted by the researcher as it concerns spatial experience, meanings and values.
The scenarios show different possibilities of future urban development. One is based on
economic decline and shrinkage and one on economic growth and urban renewal. These
scenarios show the two most extreme ways in which the city can develop in the future.
These scenarios help to deal with future uncertainties of the economy, as a combination of
the two is likely to deal with any future economic scenario inbetween.
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6. Nature and Urban Stormwater Synergy (NUSS)

6.2 The model
The Nature and Urban Stormwater Synergy (NUSS) model is developed in order to deal
with water quantity as well as water quality issues at the same time, while increasing
biodiversity and enhancing the experience of water. The NUSS model is based on the
infiltration model of Tjallingii (1996) and the stormwater treatment train (Tjallingii, 1996;
Lloyd et al, 2002; Villarreal et al, 2004).
The NUSS model consists of three steps: (1) interventions inside the city grid, (2) the
freshwater wetland and (3) the tidal strip. Figure 41 shows how the run-off from the city
will pass these three steps before entering the river.

Permeable city grid

Freshwater wetland

Tidal strip

Figure 41 Nature and Urban Stormwater Synergy (NUSS).

In the first step, rainwater is stored and partly infiltrated in interventions inside the city.
These interventions consist of lakes, ponds, raingardens, fish tanks and crop fields. These
interventions use soil and vegetation to remove heavy metals, nutrients and suspended
solids. The storage and infiltration elements are connected by transport elements like
swales. In this way, a network is created. Excess water from one storage element can
flow towards another storage element, which lowers the risk of flooding of an individual
element. The network ends in the lower lying wetland, the second step of the strategy.
Inside the wetland, water is stored and partly evapotranspirated by plants. The wetland
has a large water storage capacity and acts like a sponge during heavy rain events by
absorbing the water. In this way, the large amount of run-off is slowed down and reaches
the river long after the rain event is over, minimizing floodings. The wetland plants use
their comprehensive root system to purify the water. The water is aerated, large quantities
of nutrients and pathogens are removed and small suspended particles are captured. Next,
the water enters the third step; the tidal strip.
When the remaining water reaches the tidal strip along the river, the water is relatively
clean. Here, fresh water mixes with salt water creating an unique habitat. Many plants and
animals thrive here and maintain the water quality by taking up and releasing nutrients
and oxigen. Furthermore, this habitat protects the city against waves during storms and
hurricanes.
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6.3 Toolbox of design principles
Each part of the NUSS model has its own design principles. These design principles can be
used to apply the model in the given site. The principles of each part are ordered in three
categories: water network structure, plant selection & biodiversity, and tactile aesthetic
experience.

6.3.1 Permeable city grid
Water network structure
The network is formed by swales and gutters in the streets. The streets
differ from each other. The nature and size of the stormwater transport
structure corresponds to the function of the street. Use water transport
structure as a shade structure for cyclists and pedestrians. Public
transport can also be linked to the green structure.
In case of large sized blocks, a secondary network is integrated in the
blocks. The city is made more pedestrian friendly by creating shortcuts
for pedestrians only.
Multiple adjacing blocks create a large open space inside the city where
water is stored and infiltrated. Larger water bodies can store water
which can be reused in the dry season.
Individual blocks are transformed into water retention and infiltration
areas. This results into multiple open spaces inside the city.

Parts of blocks are transformed into water retention and infiltration
areas. This creates more intimate spaces. Place infiltration boxes beneath
impervious surfaces to increase storage and infiltration capacity in areas
with a limited amount of space available.

Figure 42 Individual blocks can be transformed into water infiltration parks (Guthrie Green Park in
downtown Tulsa, Oklahoma, designed by SWA, 2012)
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Plant selection & biodiversity
Use a variety of native species to increase biodiversity. Choose
especially species which provide nectar, berries and nuts to wildlife.
Also introduce rare species. See plant selection for Tampa in figure 44.
Create multiple layers on top of each other (groundcover, shrubs,
trees) in order to enhance biodiversity. The groundcover can consist of
graminoids, vines, wildflowers and ferns.
Right plant at right place: select for right soil (bog, clay, sand) and
hydological condition (wet, regularly flooded, dry). For raingardens and
swales the plants should have a large amplitude in order to tolerant
longer periods of drought and short periods of flooding. See plant
selection for Tampa in figure 44.
To control erosion, chose plants with an extensive root system which
stabilize soil, especially in swales. Prevent open soil by planting
groundcover such as graminoids, wildflowers, vines and ferns.
Aqua- and agricultural practices can be used to clean water. The water
can be cascaded between fish tanks and hydroponic vegetable farms,
see figure 43.

Vegetables and fruit

Plants absorbe
nitrate

Fish excrete
ammonia

Fish

Stormwater with nitrate

Bacteria convert
ammonia to nitrate

Figure 43 Nitrogen cycle in aquaponics.
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Fish food

DRY PARTS such as hammocks or edges of raingardens and swales
GROUNDCOVER

Shade
Ebony spleenwort (Asplenium platyneuron)
Bracken Fern (Pteridium aquilinum)
Sarsaparilla Vine (Smilax pumila)
Narrowleaf Silkgrass (Pityopsis graminifolia),
Woodsgrass (Oplismenus hirtellus)

Sun
Twinflower (Dyschoriste oblogifolia)
Blanket Flower (Gaillardia pulchella)
Bluestem grass (Andropogon floridanu)
Silver plumegrass (Saccharum alopecuroides)
Yellow indiangrass (Sorghastrum nutans)

SHRUBS

Indigo Bush (Amorpha fruticosa)
Florida rosemary (Ceratiola ericoides)
Fiddlewood (Citharexylum fructicosum)
Upland Swampprivet (Forestiera ligustrina)

Firebush (Hamelia patens)
American holly (Ilex opaca)
Black ironwood (Krugiodendron ferreum)
Coralberry (Symphoricarpos orbiculatus)

TREES

Deciduous understory trees
Flowering dogwood (Cornus florida)
Silver Buttonwood (Conocarpus erectus)
Stopper (Eugenia axillaris, Eugenia confusa,
Eugenia foetida)
Yaupon Holly (Ilex vomitoria)
American Hophornbeam (Ostrya virginiana)
Chickasaw Plum (Prunus angustifolia)
Small sand live oak (Quercus geminata)
Eastern Redbud (Cercis canadensis)
Seagrape (Coccoloba uvifera)

Deciduous canopy trees
Live oak (Quercus virginiana)
Laurel Oak (Quercus laurifolia)
Darlington Oak (Quercus hemisphaerica)
White Oak (Quercus alba)
Chapman’s Oak (Quercus chapmanii)
Southern Red Oak (Quercus falcata)
Slash Pine (Pinus elliotti)
Longleaf Pine (Pinus palustris)
Gumbo-limbo (Bursera simaruba)
False Mastic (Mastichodendron foetidissimum)
Southern Magnolia (Magnolia grandiflora)
American Persimmon (Diospyros virginiana)
Sweetgum (Liquidambar styraciflua)
Eastern Redbud (Cercis canadensis)
Strangler Fig (Ficus aurea)

Palm trees
Silver Palm (Coccothrinax argentata)
Saw Palmetto (Serenoa repens)
Scrub Palm (Sabal etonia)
Key Thatch Palm (Thrinax morrisii)
Florida Thatch Palm (Thrinax radiata)

REGULARLY FLOODED PARTS such as inside raingardens & swales
GROUNDCOVER

Shade
Southern Woodfern (Dryopteris ludoviciana)
Venus Hair Fern (Adiantum capillus-veneris)
Eastern poison ivy (Toxicodendron radicans)
Woodoats (Chasmanthium spp.)
Florida Gamagrass (Tripsacum floridanum)

Sun
Swamp sunflower (Helianthus angustifolius)
Shiny Coneflower (Rudbeckia nitida)
Blue Mistflower (Conoclinium coelestinum)
Elliots’s Lovegrass (Eragrostis elliottii)
Wiregrass (Aristida beyrichiana)

SHRUBS

Sweet Acacia (Acacia farnesiana)
Marlberry (Ardisia escallonioides)
American Beautyberry (Callicarpa americana)
Coco-Plum (Chrysobalanus icaco)
Silver Buttonwood (Conocarpus erectus sericeus)
Florida Privet (Forestiera segregata)

American witchhazel (Hamamelis vierginiana)
Wax Myrtle (Myrica cerifera)
Myrtle Oak (Quercus myritifolia)
Buckthorn Bully (Sideroxylon lycioides)
Sweetleaf (Symplocos tinctoria)
Walter’s Viburnum (Viburnum obovatum)

TREES

Deciduous understory trees
Buttonbush (Cephalanthus occidentalis)
Pigeonplum (Coccoloba diversifolia)
West Indian Mahogany (Swietenia mahagoni)
Dahoon Holly (Ilex cassine)
Red Mulberry (Morus rubra)
Rusty Blackhaw (Viburnum rufidulum)

Deciduous canopy trees
Red Maple (Acer rubrum)
Green Ash (Fraxinus pennsylvanica)
Pop Ash (Fraxinus caroliniana)
Loblolly Bay (Gordonia lasianthus)
Sweetgum (Liquidambar styraciflua)
Black tulpelo (Nyssa sylvatica)
Paradise Tree (Simarouba glauca)
American Elm (Ulmus americana)
Winged Elm (Ulmus alata)
Cedar Elm (Ulmus crassifolia)

Palm trees
Florida Cherry Palm (Pseudophoenix sargentii)
Dwarf Palmetto (Sabal minor)
Cabbage Palm (Sabal palmetto)

Figure 44 Plant selection for dry and regular flooded areas in Tampa, Florida (FNAI, 2010).
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Tactile aesthetic experience
Create a feeling of regional connectness by using native species and
local materials. Create paths with a distict atmosphere. Use wooden
boards or chips, pebbles or stone. The paths can be distinguished from
their surroundings by their smoother texture.
Use pebbles in elements which only temporarily carry water, such as
swales and raingardens, to remind people of the water in drier times.

Create access to water by creating gentle edges, decks or steps.

Figure 45 Live oak trees covered with Spanish moss remind Floridian people of home.

6.3.2 Freshwater wetland
Water network structure
Prevent salt water entering the wetland during a storm surge, because
still standing salt water kills the trees. Therefore, create a levee between
the tidal strip and the wetland. Hammock vegetation will naturally occur
on this levee.
Cascade the water in bays. The first bay captures most of the suspended
solids from the urban run-off. The next bays acts as overflow basins in
case of heavy rainfall.
Create curved streams instead of straight ones to increase the distance
and therefore time for water to travel which leads to optimal removal
of nutrients.
Improve predator access for fish and water insects to limit mosquitoes:
create open water and an open structure of diverse vegetation for a
consistent water flow. (Thullen et al. 2002)
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Plant selection & biodiversity
Use sustainable harvest to create diverse stages of succession within
the wetland which enhances biodiversity.
Right plant at right place: select for right soil (bog, clay, sand) and
hydological condition (wet, regularly flooded, dry). See figure 46 for the
plant selection for wetlands in Tampa.

WET PARTS such as water edges and wetlands
GROUNDCOVER

Shade
Giant Leather Fern (Acrostichum danaeifolium)
Golden Leather Fern (Acrostichum aureum)
Giant Sword Fern (Nephrolepis biserrata)
Cinnamon fern (Osmunda cinnamomea)
Swamp Fern (Blechnum serrulatum)

Sun
Rosemallow species (Hibiscus spp.)
Sawgrass (Cladium jamaicense)
Meadow beauty (Rhexia salicifolia)
Canna Lily (Canna indica)
Milkworts (Polygala spp.)

SHRUBS

Pond Apple (Annona glabra)
Groundsel Tree (Baccharis halimifolia)
Swamp Dogwood (Cornus foemina)
Florida Anise (Illicium floridanum)
Inkberry (Ilex glabra)
Myrtleleaf Holly (Ilex myrtifolia)

Virginia Sweetspire (Itea virginica)
Florida Leucothoe (Leucothoe populifolia)
Fetterbush Lyonia (Lyonia lucida)
American Snowbell (Styrax americanus)
Southern Blueberry (Vaccinium formosum)
American Wistera (Wisteria frutescens)

TREES

Deciduous understory trees
River Birch (Betula nigra)
Parsley Hawthorn (Crataegus marshallii)
Swamp Titi (Cyrilla racemiflora)
Coastal Plain Willow (Salix caroliniana)

Deciduous canopy trees
Water Hickory (Carya aquatica)
Waterlocust (Gleditsia aquatica)
Loblolly Bay (Gordonia lasianthus)
Sweet Bay (Magnolia virginiana)
Red Bay (Persea borbonia)
Swamp Bay (Persea palustrus)
Overcup Oak (Quercus lyrata)
Swamp Chestnut (Quercus michauxii)
Water Oak (Quercus nigra)
Bald Cypress (Taxodium distichum)
Pond Cypress (Taxodium ascendens)

Palm trees
Paurotis Palm (Acoelorrhaphe wrightii)
Needle Palm (Rhapidophyllum hystrix)
Florida Royal Palm (Roystonea elata)

Figure 46 Plant selection for wetlands and water edges in Tampa, Florida (FNAI, 2010).

Tactile aesthetic experience
Show that some one is caring for this green area by providing order in the
natural chaos, for example by creating sharp edges or by adding signs,
benches and pathways.

Figure 47 The roughness of the reed can be appreciated as it is framed by the wooden boards.
(Sterling Oaks park, Maplewoods, Minnesota)
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Tactile aesthetic experience (continues)
Create landmarks and views towards open water and the city to enable
orientation and create a feeling of spaciousness. Enable a view over the
wetland from the edge of the city.

Figure 48 An ruin acts as a landmark (Cypress Gardens at Charleston)

Parts of the wetland should be made accessible. The type of path, especially
its width and materials, influence the tactile experience. Pathways can also
have a more adventurous character, see figure 49.

Figure 49 Pathways with an adventurous character. (Florida EcoSafaris at Forever Florida)
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6.3.3 Tidal strip
Water network structure
Exaggerate the topography to reduce wave energy during a storm. The
bankfaces consist of sea oats (Uniola paniculata). This grass is deeply rooted
and protects the banks against erosion.

Create creeks to enable the nutrient-rich water from the river to enter and
fertilize the tidal strip. Marine life also depends on these flows.

Tactile aesthetic experience
Enable access for kayaks and pedestrians in parts of the mangrove and salt
marsh in order for people to experience the nature from up close. A narrow
pedestrian path intensifies your experience of nature.

Figure 50 This narrow, winding path intensifies your experience of nature.

Create views towards the river and landmarks to enable orientation and
create a feeling of spaciousness.

Figure 51 Open areas inside the mangrove forest act as landmarks and create depth.
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Plant selection & biodiversity
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Figure 52 Creating the tidal strip by working with natural processes.
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7. Scenarios

7.1 Introduction
The NUSS model proposes to slow down and clean the run-off in order to infiltrate it or use
it inside the city. The strategy will be tested by implemening it in Downtown Tampa. I use
spatial scenarios to see how the NUSS model works in various conditions. The scenarios
will show two extreme outcomes. The probable future will be a combination of these two
scenarios.

7.1.1 Basis of the scenarios
In the United States, the economy is steering urban developments. Therefore, one spatial
scenario will be based on economic growth and the other on economic decline.
Nature and water will have a different roles in each scenario. When the economy is growing,
buildings pop up quickly and the greenblue structure has to facilitate this growth. However,
when the economy declines, vacant areas arise inside the city. These areas can be used for
food and biomass production in lean times.
Both scenarios show that nature is indispensible in the functioning of an urban system as
it cleanes and buffers stormwater run-off and provides many other benefits.
The scenarios incorporate climate change, therefore they take the 100-year flood line
as starting point. Certain elements are located above this floodline, e.g. swales. Other
elements are located below the floodline, e.g. wetlands. As the 100-year floodline moves
inland in the future, these elements in the stormwater system will also move inland.

2000

2100

Figure 53 The 100-yr flood line in 2000, 2100 and 2200.
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2200

7.1.2 Calculating storage capacities
The stormwater system in both scenarios is designed to deal with a large storm which
occurs on average every 25 years (a 2hour 25year rain event). This implies that there is
every year a chance of 1/25, thus 4%, that this rain event occurs. Therefore, the chance on a
larger rain event, which will cause local floodings, is less than 4%.
In order to deal with the 25-year rain event, all the interventions need to be realized.
It is possible that there are situations in which this level of implementation cannot be
reached. As a minimum, urban stormwater interventions should be able to deal with a
5-year rain event. (Jensen et al., 2010) In this situation, the risk of local floodings is 1/5,
thus 20%. To deal with the run-off of the 5-year rain event, 78% of the interventions needs
to be realized. In this way, there is some flexibility in the plan if one chooses to develop
some areas otherwise.
Another option is to shift between the development of the wetlands or permeable city grid.
When more space inside the city is transformed into swales and raingardens, less space
is need for the wetlands and vice versa. In this way, you do not increase the risk on local
floodings.

Total amount of run - off

STORAGE CAPACITY

2 HOUR 5 YEAR rain event

2 HOUR 25 YEAR rain event

Permeable city grid

245.500 m3

89 millimeter

114 millimeter

Wetland 		

472.700 m3

560.700 m3

718.200 m3

Total 			

718.200 m3

Scenario Activate Fallow Land

Scenario Promote Urban Density

economic decline

economic growth

City grid interventions

Wetland

Tidal strip

Figure 54 The scenarios and the storage capacity
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7.2 Scenario Activate Fallow Land
In this scenario, the economy declines and vacant areas arise inside the city. This fallow
land is activated by transforming it into energy and food producing areas. Furthermore,
these areas store and purify the water and to protect the city against storm surges.
The transformation starts by the development of a swale network, which takes up 10% of
the street space. This network captures water and transports it to natural basins, where
it is purified. Next, the water is used by different agricultural grassroot developments,
which cover 40% of the block space. Moveable fish tanks and hydroponic installations
circulate the water for optimal use of the nutrients. Furthermore, this process of cycling
the water ensures that water is available during periods of drought. The water is also used
for irrigating the crops. Water which is not taken up by the plants, infiltrates towards the
aquifer.

High level of nutrients and suspended solids.
Low level of dissolved oxigen.
Low level of nutrients and suspended solids.
High level of dissolved oxigen.
Removes nutrients and suspended solids.
Increases level of dissolved oxigen.

Figure 55 Water flows in Activate Fallow Land.
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Adds nutrients.
Decreases level of dissolved oxigen.

Water which is not used by the agri- and aquaculture flows towards the freshwater
wetland. Here, the remaining nutrients from the water are taken up by cypress trees and
reed. Through a process of decay and denitrification, the nutrients are taken up by fish.
Sustainable harvest of the timber, reed and fish prevents the wetland from becoming too
eutrophic.
Water from the freshwater wetland enters the tidal strip through openings in the hammock.
Nutrients in the tidal strip are also balanced by sustainable harvest of fish and oysters.
Only a few paths provide access to the remote natural areas of the freshwater and tidal
wetland. This enables close contact to local flora and fauna.

START

STEP 2

100-year floodline and fallow land

Freshwater wetland and tidal strip

STEP 1

Aqua- and agriculture & swale network

STEP 3

Complete network

Figure 56 Transformation process in Activate Fallow Land
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7.3 Scenario Promote Urban Density
In this scenario, the economy is growing and buildings pop up quickly. The greenblue
structure has to facilitate this growth. It has to deal with stormwater as well as increase
the quality of life for its inhabitants. Like in the previous scenario, green areas store and
purify the water and protect the city against storm surges. However in this scenario, the
vegetation also mitigates urban heat islands, creates a pedestrian and cycle network and
attractive areas for recreation.
The transformation starts by the development of retention lakes. These lakes store and
purify large amount of water. At the same time, they act as a buffer, providing water for
irrigation in times of drought. These large, attractive lakes can be used to steer urban
development. They lure businesses to the safe, high parts of the landscape and away from
the dangerous floodplains of the river.
The lakes are connected to a network of swales which transports and distributes the
stormwater. This green network is integrated in the streets, taking up on average 20% of
the street space. At the same time, it functions as a shaded network for pedestrians and
cyclists.
Smaller infiltration elements like raingardens and ponds are also connected to the network.
They are positioned on small open spaces between the buildings, taking up 15% of the

High level of nutrients and suspended solids.
Low level of dissolved oxigen.
Low level of nutrients and suspended solids.
High level of dissolved oxigen.
Removes nutrients and suspended solids.
Increases level of dissolved oxigen.

Figure 57 Water flows in Promote Urban Density.
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Adds nutrients.
Decreases level of dissolved oxigen.

block space. These small elements provide attractive public and private space with a good
microclimate.
When the developers are drawn to the higher areas, the city officials should focus on
developing the low lying areas into wetlands. As in the previous scenario, the freshwater
wetland can be created for water storage and purification and the tidal strip for water
purification and flood protection. However, in this scenario these natural areas are
exploited as a recreational area for the city. They are made accessible for pedestrians,
cyclists, boats and kayaks. Some recreational facilities can be built on the higher grounds
of the hammock.
START

STEP 2

Buildings and 100-year floodline in 2100

Wetland & Tidal strip

STEP 1

Retention lakes steer urban developments

STEP 3

Complete network

Figure 58 Transformation process in Promote Urban Density

89

Literature Cited
Jensen, M.B. A. Backhaus and O. Fryd, 2010. Stormwater management in the urban
landscape – overview of elements and their dimensioning. Forest and Landscape,
Faculty of Life Sciences, University of Copenhagen.

90

8. Detailed designs and impressions

91

8. Detailed designs and impressions

8.1 Scenario Activate fallow land

8.1.1 Productive city landscape
In this scenario, the economy is shrinking and people lose their jobs. In such a situation,
food security is important. With enough time on their hands, people start producing their
own fish and vegetables on fallow land.
Run-off is a free and relatively clean source of water, which is used in the aqua- and
agriculture practices. Swales are constructed in the streets in order to collect the water,
see figure 61. The water is stored and purified in natural basins, before it is used for food
production. Vegetables are grown in hydroponic installations, which can be placed on top
of fish tanks to maximize the use of space, see figure 59. The installations are moveable so
they can be relocated from one vacant area to the other.

Figure 59 Aqua- and agriculture practices

Food can bring people together. Currently, there is a local food market in Downtown
Tampa every Friday afternoon, which acts as a meeting place for people from surrounding
neighborhoods. Local food production areas inside the Downtown Area will contribute to
this phenomenon by providing a day-to-day meeting place.
Furthermore, events can take place like the harvest festival Thanksgiving. In the United
States, the Thanksgiving has a special place in the hearts of Americans and is a important
moment which is spend with family and friends.
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If you take a look at the current situation of the Downtown Area, you see concrete and
asphalt as far as the eye reaches. Introducing green areas to handle stormwater and
produce food can therefore be seen as a return of nature inside the city:

Did you hear about the rose that grew
from a crack in the concrete?
Proving nature’s law is wrong it
learned to walk with out having feet.
Funny it seems, but by keeping it’s dreams,
it learned to breathe fresh air.
Long live the rose that grew from concrete
when no one else ever cared.
(Tupac Shakur, 1999)

Figure 60 Current situation

Figure 61 Swales in scenario Activate Fallow Land
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8.1.2 Feast of the harvest

Figure 62 Wetland for the production of cypress timber, reed and fish.

The wetland acts like a sponge, capable of holding large amounts of water before slowly
reasing it towards the tidal strip. During this process, numerous plants and bacteria remove
nutrients and pathogens from the water. As if this was not enough, the wetland provides
cypress timber and reed for the local community. Selective harvest ensures that there are
different succesional stages in the wetland. In this way, the wetland provides a home for
a wide range of wading birds, amphibians and reptiles. If you enter the wetland, you can
have amazing encounters:

Mysterious creature of the night,
your silouhette captured by fading light.
Your cat-like grace prevailing,
your saddend secrets telling,
of a time you use to roam,
in piney woods; your forest home.
Now vanquished to nary a trace,
to Cypress trees and swamp-like space.
Your legend now a bed time story,
no more vastness of territory.
A phantom, a ghost is all we see,
A slowly fading memory!
(Rebecca Wiles)
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8.1.3 Explore the remote tidal area
The tidal area consists of mangrove forests, salt marshes and oyster reefs. When the
groundwork is done and the substrate is put in place, these pioneer species establish
themselves spontaneously. The result is an impressive piece of Florida’s nature, which you
can explore in a kayak or small boat. Many fish, shellfish and crabs thrive here, which can
be caught on a small scale to be sold on local markets.
Furthermore, 191 bird species can be found in the mangrove habitat. Many of them are
migratory birds which depend on this habitat during their travels between northern
breeding grounds and southern wintering grounds in autumn and spring. This place is a
heaven for birders. (USFWS, 1999)

Figure 63 Spot fish and wading birds in the mangrove forests.
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8.4.1 Transitions
Passing a transition can evoke an intense experience as you enter another landscape type,
with a different atmosphere. However, they are also places on themselves, where you can
stop and rest or do specific activities.
The entrees to the freshwater wetland consist of small bridges and dirt roads. These
informal entrees have an explorative character. On this edge of the city, childern can play
and catch frogs, while their parents are busy working in the agri- and aquaculture practices.
The transition from the wetland to the tidal strip consists of a belt of hammocks. These
higher grounds are only limited accessible. Therefore, intimate, quiet spaces are created
where you have a wide view over the wetland or tidal strip.

Transition 1
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8.2 Scenario Promote urban density

8.2.1 Fascilitating blue-green structure
In this scenario, the economy is grows and many new offices are planned to be build. The
blue-green structure has to facilitate this growth. Therefore, this structure is strategically
integrated in the streets and blocks. In the streets, swales are linked to pedestrian and
cycle paths to create safe and shaded routes, see figure 67. The size and position of the
swales depends on the function of the street and its adjacing buildings. In the blocks of the
city grid, the blue-green structure consists of stormwater storage and infiltration elements
such raingardens and ponds. These elements create shaded and attractive recreational
space. This space is either public or private and functions for example as a playground,
outside restaurant, bicycle parking or local market.
The blue-green structure consists of local materials and native vegetation. More than
66 native tree species are introduced into the city. In this way, the atmosphere of the
surrounding natural areas is brought into the city. When walking under the elegant palm
trees or giant oaks covered with moss, you feel that you are in Florida!

Trees
I think that I shall never see
A poem lovely as a tree.
A tree whose hungry mouth is prest
Against the earth’s sweet flowing breast;
A tree that looks at God all day,
And lifts her leafy arms to pray;
A tree that may in summer wear
A nest of robins in her hair;
Upon whose bosom snow has lain;
Who intimately lives with rain.
Poems are made by fools like me,
But only God can make a tree.

(Joyce Kilmer)
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current situation

proposed for this street

alternative 1

alternative 2

alternative 3

Figure 67 Swales in scenario Promote Urban Density.
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There are not only raingardens and ponds inside city, there are also larger water storage
elements. Multiple blocks of the city grid can be used to create a retention lake. Such a
large natural space inside the city offers its inhabitats close contact with water and nature.

Allie, call the birds in,

Allie, call the children,

The birds from the sky.

Children from the green.

Allie calls, Allie sings,

Allie calls, Allie sings,

Down they all fly.

Soon they run in.

First there came

First there came

Two white doves

Tom and Madge,

Then a sparrow from his nest,

Kate and I who’ll not forget

Then a clucking bantam hen,

How we played by the water’s edge

Then a robin red-breast.

Till the April sun set.

Allie, call the beasts in,

(Robert Graves, 1920)

The beasts, every one.
Allie calls, Allie sings,
In they all run.
First there came
Two black lambs,
Then a grunting Berkshire sow,
Then a dog without a tail,
Then a red and white cow.
Allie, call the fish up,
The fish from the stream.
Allie calls, Allie sings,
Up they all swim.
First there came
Two gold fish,
A minnow and a miller’s thumb,
Then a pair of loving trout,
Then the twisted eels come.
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Figure 68 Reference: Lake Eola, Orlando, FL

8.2.2 Wetland as city park
In the scenario Promote Urban Density, the wetland becomes a recreational area for
the densely populated city. It will function as a city park, but will have a more natural
atmosphere than an average city park. If the citizens visit the wetland, they can have
intimate experiences with water and nature:

Dawn, yes and the mist, what else do you
expect on lake Martin early and summer?
Swamp cypress dripping with Spanish moss.
I have stopped rowing, water swirling around
Oar blades, the silence is absolute I dare not
Inhale, a bird shrieks, the lake shudders
An evil thought has entered Paradise, I hear
The faint noise of outboard motors,
The moment of ethereal stillness has gone,
I lit a cigarette inhale deeply, exhale and blow
Rings a pure delight into morning air.
(Jan Oskar Hansen, 2010)
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8.3.2 Exploring the mangrove
By crossing the hammock belt, you enter the tidal strip. Here, you can find dense mangrove
forests in wide fields of salt marsh grasses. Boardwalks create safe and dry routes, so you
can enjoy the natural wonders of this wet area. If you look down to the water, you will notice
many small fish which try to hide themselved between the mangrove roots. Furthermore,
you will discover springs and have the possibility to encounter a manatee. These friendly
creatures are drawn to the mineral-rich springwater. If you look up, you can spot one of
the many birds which use this area for resting and feeding during their annual migration.
Another way to enter the mangrove, is from the water. Small yachts have the possibility to
dock along the river. Here, somewhat hidden behind the bush, there is a floating restaurant,
where you can dine while admiring the reflections of the sun over the river. This restaurant
is one of the many amenities which are located along the river; the heart of the tidal strip.
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children bathe in the river.
we were children once, we bathe in the river
we float and go with the flow of the river
we lied to mother we were afraid of father
but we were children once and we bathed in the river
we all know how a river felt
throughout our bodies
time runs like a river how many times shall i tell you that
we had mud all over
we were once children we grow to be men
strong arms and swift feet
we caught fish
we claim to be men with responsibilities
we are still children at heart we still feel the rivers running on our skins
i know, i still know how a river feels
time does not know how to kill the feel of rivers
do not ask me then if i have forgotten the river
we are men with responsibilities we have gone away
far from what we are
the river still flows and it will never stop 		

(Ric S. Bastasa)
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8.4.2 Promote Urban Density
The transitions offer unique opportunities for recreational developments. On the border of
the city, a boulevard is constructed. Strolling on the boulevard is about seeing and being
seen, as well as enjoying the views over the wetland. Many restaurants are located along
the boulevard, offering opportunities for people to meet, rest and eat.
The second transition consists of the hammock belt. On this higher area, you have stunning
views over the wetland and tidal strip. Therefore, multiple recreational developments take
place on the hammock belt.
Both transitions use natural surroundings to create attractive recreational spaces. These
natural surroundings are in contrast to the hustle and bustle of the city. They create a
moment to stand still and enjoy:

What is this life if, full of care,
We have no time to stand and stare.
No time to stand beneath the boughs
And stare as long as sheep or cows.
No time to see, when woods we pass,
Where squirrels hide their nuts in grass.
No time to see, in broad daylight,
Streams full of stars, like skies at night.
No time to turn at Beauty’s glance,
And watch her feet, how they can dance.
No time to wait till her mouth can
Transition 2

Enrich that smile her eyes began.
A poor life this is if, full of care,
We have no time to stand and stare.
(William Henry Davies, 1911)
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9. Conclusion and discussion

Cities in the United States are characterized by a footloose process of urbanization, which
neglects the natural circumstances within the environment. (McHarg, 1969)
Especially in coastal areas, urbanization led to multiple problems such as flooding, poor
water quality, loss of biodiversity and loss of contact to water and nature. In the future, the
flood problems will increase due to climate change which causes sea levels to rise and
storms to intensify.
In this project, I used Tampa, Florida, as a case to investigate alternative ways to develop
American coastal cities in the next centuries. I worked with landscape processes and used
them as basis of the solution. In this way, nature becomes an integral part of the city.
The aim of this project was to create a visionary design to inspire and fuel discussion of
sustainable city developement.
I started this project by analysing the landscape. In this way, I gained insights about the
processes in the landscape and how urbanization processes interfere with them. Next, I
studied literature to find new ways for managing stormwater inside the city using natural
processes. I found two theories which can be the basis for a large-scale stormwater plan.
Each theory adresses a different important aspect of stormwater management. First, there
is the infiltration model of Tjallingii (2006), which provides general guidelines about how
to deal with the amount water inside the city, based on the soil type. Secondly, there is the
stormwater treatment train, which provides guidelines in order to improve the quality of
the water.
My hypothesis is that if the infiltration model is combined with the stormwater treatment

train approach, solutions will be generated which improve water quality and prevent
floodings, while improving biodiversity, recreational activities and spatial experience.
I used research through designing to explore possible combinations. In this process, I
conducted more literature research to develop the different components of the solution.
This led to the creation of design principles for the specific components. The result is the
NUSS model, which includes a toolbox of design principles.
I tested my hypothesis through implementing the NUSS model in Downtown Tampa, using
spatial scenarios. These scenarios show how the NUSS model works in various conditions.
Each scenario shows an extreme future outcome. The probable future is a combination of
these two scenarios. The future uncertainty ‘economic development’ is used as perimeter
for the scenarios, as it steers building developments. As a result, one scenario, Active Fallow
Land, is based on economic decline and the other one, Promote Urban Density, is based on
economic growth.
Both scenarios show that it is possible to deal with the large amount of water inside the
city. The interventions of the permeable city grid variate per scenario. However, both can
store and infiltrate 43% of the run-off produced by a large rain event occuring every 5 years.
The overflow is stored in the wetland, which is also able to store the extra run-off produced
during a large rain event which occurs every 25 years. In this way, the chance that the
system will not be able to handle the run-off is less than 1/25, thus 4% per year.
The pollution is removed in several steps, depending on the scenario. Promote Urban
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Density uses lakes, ponds, raingardens and swales for the first step, while Activate Fallow
Land uses basins and aquatic farms. In the first step, suspended solids, heavy metals and a
part of the nutrients are removed. The following steps are similar in the two scenarios: the
freshwater wetland vegetation takes up a large part of the nutrients. Next, the water enters
the tidal strip. Here, mangrove forests, salt marshes and oyster reefs remove the remaining
nutrients from the run-off, as well as nutrients carried by the river from upstream.
Besides dealing with water, both scenarios show a large potential for increasing biodiversity
on a regional scale by creating new natural habitats inside the city. A large part of these
habitats consist of freshwater and tidal wetlands, one of the most diverse ecosystems
on our planet. In Downtown Tampa, 180 hectare of freshwater wetland and 70 hectare of
tidal wetland is created. If the NUSS model would be implemented in the whole city of
Tampa, the wetlands would be doubled in size, see figure 75. Furthermore, there is a large
potential for developing wetlands as integrative part of the city in the southwest of Tampa.
Further research is needed about the integration of these wetlands inside neighborhoods.
The biodiversity in Tampa city is also increased by introducing many native shrub and tree
species in the streets and blocks of the city. Currently, 70% of trees inside the city belong
to eight species, of which two are exotic and invasive, see figure 76. In both scenarios, the
NUSS model introduces 66 native tree species, which can be planted throughout the city
in different hydrological conditions. Specific design principles are followed to enhance
biodiversity, such as the design of multiple vertical layers and the use of fruit carrying
plants.
There are also differences in the scenarios if it comes to the biodiversity. In the scenerio
Activate Fallow Land, there is limited amount of money available, which is unlikely to
be spend on street trees. Therefore, the trees and shrubs will establish themselves on
fallow land through seedlings. This can be done by citizens in the form of tree nurseries
or by nature itself. In the scenario Promote Urban Density, most of the trees are planted.

CURRENT

POTENTIAL

DOWNTOWN AREA

FURTHER RESEARCH

Figure 75 Current and potential wetland habitat. Green is freshwater wetland, purple is tidal wetland. (SFWMD, 2012)
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These trees are located in streets, parking lots and recreational space to create a pleasant
microclimate. As the trees can be carefully selected to contribute to the regional pool of
species, it is likely that this scenario has a higher diversity in tree species than the scenario
Activate Fallow Land.

8 species respresent 70% of the current amount of city trees

66 native tree species are introduced by the NUSS MODEL

Figure 76 Increase of biodiveristy due to the NUSS model. (USF, 2006)

The case of Tampa also shows that there is a large potential for generating everyday
experiences that bring us in contact with water and nature. Currently, public space in
Downtown Tampa only supports formal activities related to water and nature such as
strolling along the Riverwalk or taking a walk in the park (see figure 77). Good design
should always include the informal, tactile experiences. Therefore, both scenarios create
direct, informal contact with water and nature, each in their own way. The differences are
highly noticeble in the streets and blocks of the city. In the scenario Activate Fallow Land,
pioneer vegetation establishes itself on fallow land and along the constructed basins,
creating more rough natural areas. In this scenario, there are also agri- and aquaculture
practices, in which nature is highly controlled. This is in sharp contrast to the natural
pioneer vegetation. In the scenario Promote Urban Density, there is not such a contrast. All
the trees and shrubs are carefully planted. This creates order in nature’s choas and thereby
informing people that these green areas are cared for.

Figure 77 Current formal experiences of nature and water.
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Furthermore, the scenarios differ in the experience of water and nature in the freshwater
wetland. In Activate Fallow Land, the wetland is used for producing fish, timber and reed.
The trees are planted in a systematical way, which makes the appearance less natural.
Access to the wetland is limited and in the form of dirt roads, creating a rural atmosphere.
When the harvesting machines are not running, you will experience quietness and can
have many encounters with the native wildlife. In Promote Urban Density, the wetland is
constructed as a city park. The topography is excaggerated, creating a diverse area with
open water and levees. Groups of trees are composed to create views over the water.
Boardwalks guide you through this composed landscape. In this scenario, the experience
of nature is less rough, as you don’t need to wear boots in order to enter this wetland.
Finally, the experience of the tidal strip also differs per scenario. In Activate Fallow Land,
a narrow, low-tech boardwalk and a kayak route provides limited access to the mangroves,
salt marshes and hammock belt. You will truly experience the wilderness of Florida in this
remote area.
In Promote Urban Density, many well-maintained boardwalks and boat routes provide
access to the tidal strip. Furthermore, recreational facilities such as restaurants are located
on the higher grounds of the hammock belt. In this way, the experience of water and
nature is less private, instead it becomes a shared experience. Picknicks, family walks and
boattrips; it is about spending time with each other.

Figure 78 Getting your hands dirty in scenario Activate Fallow Land.

Figure 79 Quality time in beautiful natural surroundings in scenario Promote Urban Density.
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The NUSS model and its design principles can be applied to Tampa, but also to American
coastal cities with similar problems, see figure 80. By reflecting on the scenarios of Tampa,
I want to point out the two most important conditions, which are needed for the NUSS
model to succeed.

Seattle
Portland

Boston
New York
Philadelphia
Washington

San Francisco

Los Angeles

Jacksonville

Tampa

Fort Lauderdale
Miami

Figure 80 Cities where the NUSS model can be applied.

First, the NUSS model can only be applied to a city with a certain topography. A considerate
amount of relatively low-lying space is needed in order to create the wetlands. So the
floodplains around the river should be broad.
The wetlands are created on these floodplains. The tidal wetland should be created on the
lowest parts, which are flooded during springtide. The freshwater wetland is created on
higher parts, which does not flood during a storm due to the protection of the hammock
belt. If the water table is too deep in order for the wetland to establish, the area can be
slightly excavated, like in the case of Tampa. The excess soil can then be used to create the
hammock belt.
Secondly, the NUSS model can be best applied to a city which is (partly) built on soils
with a relatively high infiltration rate, because the interventions of the permeable city grid
depend on infiltation. If the infiltration rate is lower than K=10-4 m/s, the interventions
need a considerate more amount of space in order to store the water untill it infiltrates.
This can be a problem in cities where space is scarce. Therefore, the city is best applied
to cities with sandy or loamy soils. The Urban Estuary strategy is less suitable for cities
which are build on peat and clayey soils, as a large amount of space is needed for the
interventions.
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With this project, I hope to trigger a new way of looking at the current policies of city
development, especially waterfront developements. Landscape processes should be the
leading forces behind urban development, to ensure water hygiene, ecological functioning,
flood protection and experience of water and nature.
Nature is indispensible in the ecological functioning of an urban system as it cleanes
and buffers stormwater run-off and increases biodiversity. Therefore, (constructed) natural
areas should always be part of a urban renewal plan.
Due to safety reasons, the landscape should determine were to build and where not. The
NUSS model limits buildings in the wetland and tidal strip to some recreational facilities.
However, these green areas can be a magnet for building developments. More research
is needed about the maximal building capacity and how buildings can be integrated and
developed in relation to these functional natural areas.
Landscape processes should also be the leading forces for nature experience. In the USA,
waterfront developments are very popular and the danger lies in the fact that each city
becomes alike; each with the same, fancy designed parks, boulevards and water edges. The
NUSS model works with what the landscape has to offer, such as natural springs, native
vegetation and local materials. In this way, the site-specific characteristics are enhanced
and will contribute to a city’s own landscape identity.
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Appendices

Calculations

1. Storage Volumes
Storage Volume = Surface Plan Area * Amount of Rainfall
Surface plan area: 630 ha or 6.300.000 m2.
Amount of rainfall
2 hour 5 year rain event: 89 mm or 0.089 m.
2 hour 25 year rain event: 114 mm or 0.114 m. (NOAA, 1961)
The 2h5y rain event is used to dimension the stormwater elements. The 2h25y rain event
is used to dimension the overflow elements, in this case extra wetlands.
Total storage capacity needed for regular elements: 6.300.000 * 0.089 = 560.700 m3
Total storage capacity needed for overflow elements: 6.300.000 * 0.114 = 718.200 m3

2. Dimensioning the stormwater elements
The Downtown Area consists of blocks of 60 by 60 meter which are separeted by streets of
30 meter wide. These blocks and streets are located above the 100-year floodline. This area
equals around 470 ha.
Therefore, 44% of the area consists of blocks.
(60 m * 60 m)/(90 m * 90 m) = 3600 m / 8100 m = 0.44 = 44% blocks.
This equals a surface of 0.44*470 ha = 209 ha = 2 090 000 m2
The rest of the area, thus 56%, consists of streets.
This equals a surface of 0.56*470 ha = 261 ha = 2 610 000 m2
In scenario Activate Fallow Land 10% of street space and 40% of the block space is
transformed into stormwater elements.
The stormwater elements in the blocks consist of retention ponds, fish tanks and
hydroponical installations. These elements have an average storage capacity of 0.20 meter.
The total storage volume = 0.40 * 2 090 000 m2 * 0.20 = 167 200 m3
The stormwater elements in the streets consist of swales. The average depth of the swale
is 0.30 meter. The total storage volume = 0.10 * 2 610 000 m2 * 0.30 m = 78 300 m3
The total storage volume inside the permeable city grid in scenario Activate Fallow Land is
167 200 m3 + 78 300 m3 = 245 500 m3
In scenario Promote Urban Density 20% of street space and 15% of the block space is
transformed into stormwater elements.
The stormwater elements in the blocks consist of retention lakes, ponds and raingardens.
These elements have an average storage capacity of 0.30 meter.
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The total storage volume = 0.15 * 2 090 000 m2 * 0.30 m = 94 050 m3
The stormwater elements in the streets consist of swales. The average depth of the swale
is 0.30 meter. The total storage volume = 0.20 * 2 610 000 m2 * 0.30 m = 156 600 m3
The total storage volume inside the permeable city grid in scenario Promote Urban Density
is 94 050 m3 + 156 600 m3 = 250 650 m3
The wetland is located underneath the 100-year floodline.
The wetland can store 0.30 meter. (Lane and D’Amico, 2010) The amount which needs to be
stored, including the overflow, is equal to: 718.200 m2 - 245 500 m3 = 472 700 m3
Therefore, the wetland should have a size of: 472 700 m3 / 0.30 m = 1 575 666 m2 = 158 ha
The area below the 100-year floodline of 2100 is 160 ha, so there is just enough space for
the wetland.
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