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“Next Generation” 1st prize North America

Reinforced mangrove protective infrastructure, Miami, FL, United States

The jury was impressed by the simplicity yet powerful intervention with global relevance. The reinforcement of the mangrove 
biotope and its function as natural shelter has a multiple positive impact in regard of sustainability. The project postulates 
an approach that aids in securing communities on the coastal fringe, creating natural beauty to coastal zones, and developing 
habitats. The proposed structure is low in cost and is of great fi nancial advantage in comparison with the costs for damages 
it may prevent.

Approximately half of humanity lives in a coastal strip just 
200km (124mi) wide, putting intense pressures on coastal 
zones and leading to a global decline in mangrove, seagrass 
and coral reef ecosystems. Simultaneous to this, one quarter 
of the global population is exposed to threat of tsunami, 
with large-scale urban regions and infrastructure becoming 
increasingly vulnerable to catastrophic events. 

Recent catastrophes have brought global attention to the 
need for alternative buffer structures to protect coastal 
communities. Engineered shorelines, such as breakwaters, 
bulkheads and seawalls, have been previously accepted as 
a method to protect people from risk of wave impact, while 
natural buffers, such as mangrove forests, have only recent-
ly gained attention for their protective value to communi-
ties exposed to these hazards. Conventional civil coastline 
structures collapse tidal zones into rigid vertical walls that 
are susceptible to scour and erosion and eliminate the pos-
sibility for replanting mangrove trees within the tidal range. 
In contrast to this, the aerial prop root systems of mangrove 
trees reduce erosion and in many cases build-out coastlines 
by colonizing new land. In addition, recent research has shown 
mangrove forests are capable of reducing storm wave energy 
or tsunami fl ow by up to 90% (Hiraishi et al, 2003).

Reinforced Mangrove Protective Infrastructure is an urban 
retrofi t utilizing mangrove trees in association with engi-
neered structures as a hybrid (bio-mechanical) landscape 
to buffer areas against storm waves or tsunami impact. The 
inhabitable landscape hosts recreation, food production 
and extensions of urban context by establishing interde-
pendent systems (human and biological). A critical aspect 
of this project is the unique implementation of an artifi cial 
tidal substrate that intercepts waterborne mangrove seed-
lings. By reestablishing mangrove trees alongside artifi cial 
habitat, the project reintroduces the biological lifeline that 
extends to seagrass and coral reef ecosystems in the form 
of tree litter (detritus) and partner species (fi sh, shellfi sh) 
that spend portions of life in different coastal ecosystems. 

The advantage of biological protection systems is that re-
generation rates and scales can be coupled with storm cycles 
to create a self-repairing breakwater. The landward side of 
the structure would fi ll in with sediment over time, where-
as the outermost areas, exposed to the heaviest tidal fl ow 
and wave energy, would contain movable components in-
spired by the fl exible mangrove. These components would 
generate electricity from wave energy through piezoelec-
trics, and through electrodeposition the artifi cial landscape 
would construct mineral foundations that enhance the 
structure and attract oyster and coral communities.

Innovation and transferability – Progress
The approach is comprehensive and ties together the various 
entities (built, environmental, biological, cultural, economic) 
of the coastal zone. As a result, the bio-mechanical landscape 
is innovative in its synergistic partnerships that are formed 
across systems and in developing new structural solutions 
that address pressing contemporary social and environmen-
tal issues. In addition, the project goes beyond the standard 
for sustainable construction to not just mitigate impact 
but substantially improve the environment. The project is 
meant to regenerate ecology, and in doing so, will increase 
diversity and expand habitat simultaneous to enhancing the 
safety and quality of human development. The structures 
are adaptable to additional contexts where tidal zone loss 
and erosion are major problems. 

Ethical standards and social equity – People
Hundreds of thousands of people fall victim to coastal catas-
trophes each year. This project considers the safety of these 
populations and the long-term wellbeing of communities 
through an ecological approach. As a functional buffer, the 
proposed landscape integrates vital infrastructure, such as 
food production (aquaculture) and water remediation (run-
off), and brings cultural signifi cance to urban contexts 
through a unique and regional hybrid landscape providing 
access to natural resources.

Environmental quality and resource effi ciency – Planet
An estimated 35% of mangrove cover is gone, with some 
countries having lost 80%, and an annual rate of loss ex-
ceeding the rainforests. Conventional civil coastline struc-
tures are vegetation exclusive, and a decline in shoreline 
ecosystem services emphasizes the critical need to restore 
coastal zone habitats. This project proposes an artifi cial tidal 
substrate to intercept waterborne mangrove seedlings and 
reinforce the forest in the long term. The mangrove-like 
landscape reduces wave energy to allow seedlings to take 
root in mesh and sediment to accumulate. Oyster colonies 
below the waterline bolster the structure and create a nacre 
foundation over time. Research has shown that including 
diverse aquaculture can improve the recovery of an ecosystem, 
and food production is integral to the design.

Economic performance and compatibility – Prosperity
Economic damages from coastal catastrophes extend into 
the billions of dollars annually. This project aims to reduce 
damage (and costs) to vital infrastructure and human habitat 
and to capitalize on the self-repairing advantages of integrat-
ed biological wave attenuators. Aquaculture and recreation 
are integrated to increase value of the constructed landscape, 
and by utilizing nearby real estate, signifi cant social costs can 
be distributed across large-scale developments to increase 
feasibility.

Contextual and aesthetic impact – Profi ciency 
Mangrove forests change over time, and this would be an 
intrinsic part of the project by shifting aquaculture and re-
creation with the forest (over long-term succession) to pro-
mote healthy diverse ecosystems. Urban spaces would, in 
turn, be dynamic and change with the landscape over time. 
The goal is to reconnect communities intimately with the 
dynamic mechanisms of coastal environments, and to pre-
serve and enhance urban integrity with increased security 
and wellbeing in these regions.
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Context: degraded and vulnerable coastlines.

Shoreline as departure.

Material distribution.

Artifi cial tree colonization.

The mangrove ecosystem.

Structural systems criteria.

”Mangrove-like” landscape.

Reinforced Mangrove Protective Infrastructure: a strategy for integrating the regenerative and protective features of mangrove 
forests in and around coastal urban development.
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