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An integrated landscape approach for coastal restoration 
in Biscayne Bay through spatial and ecological 

interventions



“To completely change the direction of something”

Cambridge dictionary of American idioms (2003)
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I

Introduction to the mangrove 
landscape
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spatial structure

Source: Google Earth
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coastal defence
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Edited map obtained via Mapchart. Retrieved on December 29 2018 from www.map-
chart.net

Mangrove distribution worldwide

1 % coast line
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Edited map obtained via Mapchart. Retrieved on December 29 2018 from www.map-
chart.net

Mangrove distribution worldwide

storm surge
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Edited map obtained via Mapchart. Retrieved on December 29 2018 from www.map-
chart.net
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United States of America Florida Biscayne Bay

Study area

Miami
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Impression of the natural landscape
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Mangrove distribution 1900

>40 %

loss

Mangrove distribution 1992

Maps and data obtained via NASA. Retrieved on October 24 2018 from www.arthobservatory.nasa.gov

Mangrove loss in south florida
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Impression of the cultural landscape
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Sea level rise.
Impact of increasing tropical storms.

CLIMATE CHANGETHREAT

URBANIZATIONCAUSE Replacing natural coastline for urban development.
Altering water system.

Absence of the mangrove landscape and its vital functions
Consequences as flooding, salt intrusion and wildlife habitat loss

EFFECT MANGROVE LOSS

Problem statement
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Source: www.miamiherald.com
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Future?
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Identify and explore 

design strategies 

for the development of the

mangrove landscape 
of Biscayne Bay,

in order to reduce flood risk caused by 
tropical storms and sea level rise, as well as 

provide aesthetic, ecological and 
functional qualities 

that contributes to the identity and resilience of 

this coastal region.

Research objective
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How does the mangrove landscape function in South Florida and 
how did it change in Biscayne Bay?

What spatial and ecological design principles can provide 
conditions to restore and improve the mangrove landscape in 
order to let it function as coastal defence and let users 

reconnect with the natural landscape.

What are the spatial possibilities to create the needed 
conditions and reconnection in Biscayne Bay and how can they be 
made resistant to threats such as sea level rise and tropical 

storms? 

What lessons are learned from using the mangrove landscape 
in a landscape architectural design for Biscayne Bay, in 
order to reduce flood risk in the Miami Metropolitan Area 

and reconnecting inhabitants and visitors to its origin and 
function.

Research questions
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II

Approach
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ActorsProcessesStructure

Dimensions

Landscape as a system
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III

Understanding the mangrove 
landscape
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How does the mangrove landscape function in South 
Florida and how did it change in Biscayne Bay?
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How does the mangrove landscape function in South 
Florida and how did it change in Biscayne Bay?
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Conclusions Challenges and potentials

Use of the landscapeLandscape dynamicsLandscape morphology

How does the mangrove landscape function in South 
Florida and how did it change in Biscayne Bay?
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Water
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ELEMENTS OF THE BISCAYNE  BAY COASTLINE

STRUCTURES
Landscape 
typologies

Layers of the mangrove landscape
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Wetland
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Meadow
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ELEMENTS OF THE BISCAYNE  BAY COASTLINE

PROCESSESWater flows

STRUCTURES
Landscape 
typologies
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Increased flood 
risk
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Current 
situation

Historical 
situation

loss in 20 years

Biscayne
Bay

Map obtained via GFW. Retrieved on January 12 2019 from www.globalforest-
watch.org

Mangrove loss South Florida 1996 - 2016

Vast mangrove area

Decreased 
mangrove area

Potential of Biscayne Bay
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Source: www.luxlifemiamiblog.com



59Biscayne Bay: Turn the tide
Source: www.nytimes.com
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Source: www.miamiluxuryliving.com
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Source: www.activerain.com
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Source: Alex Sotomayor



65Biscayne Bay: Turn the tide

1. Sea level rise of 0,5 meter / 1,6 ft 2. Sea level rise of 1 meter / 3,3 ft

Current king tide
 and 2100 projection

3. Sea level rise of 3 meter / 9 ft

Source: Climate Central. Retrieved on December 12 2018 from http://sealevel.climatecentral.org

10 km 10 km 10 km

6.2 mi 6.2 mi 6.2 mi

Turkey Point
nuclear power plant

neighborhoods
Coconut Grove
and Pinecrest

Down town

Keys

Agricultural area

Sea level rise scenarios
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MSL 2100 + 90 cm / 3,0 feet

Hurricane Irma (2017) + 143 cm / 4,7 feet

MSL 2050 + 38 cm / 1,3 feet

Current MSL
MSL

MHHW

MLLW

King tide

King 
tide

90 cm / 3 ft

30 cm / 1 ft

- 30 cm / 1 ft

Data based on the National Hurricane Center

Water levels



67Biscayne Bay: Turn the tide

Seepage

No effect on 
groundwater 

level

Extreme rise of 
groundwater 

level
Seepage blocked

Hardly salt 
intruded groundwater

High sea level
High sea level

Lime stone coast lineClay soil coast line

Seawall
Seawall

Heavy salt 
intruded groundwater

EFFECTIVENESS OF A SEAWALL
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IV

Mangrove design principles
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Restoration methods
Conditions for reforestation

Research through design Research on design

Spatial application
Design experience

Principles and strategy

What spatial and ecological design principles can 
provide conditions to restore and improve the mangrove 

landscape in order to let it function as coastal defence 
and let users reconnect with the natural landscape.
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Support primary production
Enabling sedimentation.

RECOVERY CONDITIONS

Design principles
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RECOVERY CONDITIONS
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Flood reduction
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Support primary production
Enabling sedimentation.

RECOVERY CONDITIONS

LAYERS AND BARRIERS

VISUALIZATION OF CHANGE

Flood reduction

Sychronic change Diachronic change

Design principles

Relocate barrier
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Wetland Forest Meadow
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V

A new coastline for Biscayne Bay
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What are the spatial possibilities to create the needed 
conditions and reconnection in Biscayne Bay and how can 
they be made resistant to threats such as sea level rise 

and tropical storms? 
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Regional plan

Urban habitat

Residential area

Urban 
environment

What are the spatial possibilities to create the needed 
conditions and reconnection in Biscayne Bay and how can 
they be made resistant to threats such as sea level rise 

and tropical storms? 

Actions and future effects
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2 km
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Regional plan
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Regional plan
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Natural zone
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Current situation

200 m
0,1 mi

CURRENT SITUATION OF FOCUS AREA ON LOCAL SCALE

Map based on USGS The National Map (2019) and Google Earth

0,6 - 0,9 m / 
2 - 3 ft

Mangrove

Biscayne National Park visitor centre

Wetland Sea grass

Weir

Lock

Tree nurseries

L3
1E

 c
an

al

Mudflat

St
o

rm
 w

at
er

 d
is

ch
ar

g
e

vi
a 

ca
na

ls



91Biscayne Bay: Turn the tide

FILLING UP CANAL RESTORED SHEET FLOW

Breaking barriers
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Design
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Nº I

Route through the transition zone
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Nº I

Nº II

Route through the transition zone
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Nº II

Nº III

Route through the transition zone
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Urban zone
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SEDIMENTATION DEVELOPMENT MANGROVE DEVELOPMENT

Mangrove islands
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Building of the island

Elongated slope:  500 cm (196 inch)

King Tide and 2100 MSL +0,9 m (3 ft)

Windward side barrier island
Detail 1:50

Rock structure
Middle sea level
Sedimentation zone
Hard bottom

Irma +1,8 m (6 ft)

Cynoscion nebulosusRhizophora mangle Farfantepenaeus duorarum
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> 10 YEARS
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Mangrove island route
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Mangrove island route
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Can we completely change the direction of something?
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Turn the tide!



Thank you for your attention

Biscayne bay:
Turn the tide

An integrated landscape approach for coastal restoration 
in Biscayne Bay through spatial and ecological 

interventions
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