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Introducing Green Infrastructure for Coastal Resilience

What Is “Resilience”?

“Resilience is our ability to prevent a short-term hazard event from 
turning into a long-term community-wide disaster.”



Section 1
Green Infrastructure Concepts                

and Principles

Departamento de Recursos 
Naturales Y Ambientales



The Terminology Thicket



Foundations of Green Infrastructure
Green Infrastructure Concepts and Principles

Landscape approach?

Site-level 
approach?

DNREC



Landscape and 
watershed 

Community 
and site

Shore and 
coastal zone

Green Infrastructure Concepts and Principles

Applicability across Scales



Importance of Context
Green Infrastructure Concepts and Principles

Green infrastructure practices are context sensitive.

Rural

Coastal

Urban

Upland



Why Green Infrastructure?
Green Infrastructure Concepts and Principles

Barrier island mangroves, East of Goodland

Rookery Bay NERR parking lot

Mobile home park in Naples



Why Green Infrastructure?
Green Infrastructure Concepts and Principles

https://blog.nature.org/science/2017/10/24/saved-by-the-dunes/



Exposure to Coastal Hazards
Green Infrastructure Concepts and Principles

coast.noaa.gov/digitalcoast/tools/flood-exposure



Exposure to Coastal Hazards
Green Infrastructure Concepts and Principles

coast.noaa.gov/digitalcoast/tools/flood-exposure

High Tide Flooding FEMA Flood Zones

Storm Surge Sea Level Rise



Green Infrastructure Concepts and Principles

Natural ecosystems provide multiple benefits to 
people, including food and water production, improved 
air and water quality, and recreation and spiritual 
inspiration.

Ecosystem Services



Multiple Benefits

• Environmental

• Societal

• Economic

nca2014.globalchange.gov/report/regions/coasts



Section 2
The Practice of Green Infrastructure

Jobos Bay NERR



• Scale

• Service

• Science

Planning Concepts
The Practice of Green Infrastructure



• Multi-functionality

• Resilience

• Sense of place

• Return on 
investment

Design Concepts
The Practice of Green Infrastructure



Landscape and 
watershed 

Community 
and site

Shore and 
coastal zone

Green Infrastructure in Practice
The Practice of Green Infrastructure



Landscape Design Concepts
The Practice of Green Infrastructure

BETTER WORSE

Area

Proximity

Connectivity



Watershed Design Concepts
The Practice of Green Infrastructure

• Preserve native vegetation
• Protect steep slopes
• Buffer stream channels
• Reduce connected

impervious cover
• Seek multiple benefits

Source: Horsley Witten Group; Center for 
Watershed Protection



Watershed Design Concepts
The Practice of Green Infrastructure

https://data.nodc.noaa.gov/coris/library/NOAA/CRCP/NM
FS/OHC/Projects/30033/HorsleyWittenGroup2017_Island_
Unpaved_Road_Standards.pdf



Landscape Approaches and Resilience
The Practice of Green Infrastructure

• Recent study* on flood reduction during 
Hurricane Sandy showed:
– Coastal wetlands saved more than $625 million 

in flood damages
– Where they exist, coastal wetlands reduced 

damages by more the 10% on average
– In Ocean County, NJ wetland conservation 

reduces average annual losses by more than 
20%

*Coastal Wetlands and Flood Damage Reduction: Using Risk Industry-
Based Models to Assess Natural Defenses in the NE USA, 2016. 



• Natural areas and open spaces should serve multiple 
functions (e.g., recreation, stormwater storage, 
filtration)

• Connect people to open areas through greenways 
and trails

• Preserve or mimic the natural hydrological functions 
of a site or drainage area

• Use urban streetscapes to provide ecosystem 
benefits in urban areas

Community and Site Design Concepts
The Practice of Green Infrastructure



Restorativedesign.blogspot.com

Urban Forestry
• Trees provide enormous 

environmental, economic, 
and societal benefits 

• Develop a tree planting 
program designed to 
maximize benefits 

• To the extent possible, 
protect existing forested 
areas, particularly large 
specimen trees

Community and Site Approaches
The Practice of Green Infrastructure



Philadelphia Water Department

• Key linking component in 
green infrastructure network

• Design dependent on local 
conditions but generally 
include
- Alternative street widths
- Swales
- Bioretention
- Permeable pavements

• Provides multiple benefits

Green Streets

Community and Site Approaches
The Practice of Green Infrastructure

Coos Bay, Oregon



Environmental Site Design
• Place the site in context to 

greater community

• Preserve and enhance  
natural features

• Mimic or enhance           
existing hydrology

• Minimize impervious cover

• Key component of low impact 
development (LID)

TrockWorks Architectural Services

Community and Site Approaches
The Practice of Green Infrastructure



Low Impact Development Practices

Bioretention (Infiltration 
and Filtering)
• Rain gardens
• Bioswales
• Stormwater planters

Green Roofs (Storage and 
Evapotranspiration)
• Blue roofs
• Cisterns

Permeable Pavements 
(Infiltration)
• Porous asphalt/concrete
• Grass or gravel pavers
• Pavers

Community and Site Approaches
The Practice of Green Infrastructure



The Practice of Green Infrastructure

https://oceanservice.noaa.gov/news/feb16/reef-to-ridge-conservation.html

Culebra, 
Puerto Rico

Before After

Stormwater
runoff 
damaging 
coral reefs

Community and Site Approaches



The Practice of Green Infrastructure

www.coast.noaa.gov/digitalcoast/training/low-impact

Community and Site Approaches



Community and Site Approaches and 
Resilience

• Many studies on the effectiveness of 
these practices for
– Reducing the heat island effect
– Improving water quality
– Recharging groundwater 
– Providing societal benefits

• For LID, flood reduction is a ‘co-
benefit’
– City of Portland, OR reduced peak flow of 

stormwater runoff by 93%, cooling costs 
by 27%, and heating costs by 15%.

The Practice of Green Infrastructure



• Natural or Nature-Based
- Dunes and beaches
- Vegetated features (salt marsh, wetlands, 
submerged aquatic vegetation)
- Oyster and coral reefs
- Barrier islands
- Maritime forest/shrub communities

• Hybrid
- Natural and structural features

• Nonstructural
- Floodplain policy and management
- Flood proofing

Shoreline Design Concepts
The Practice of Green Infrastructure

DNREC



Natural or Nature-based

Dune and Beach Creation
• Break offshore waves
• Attenuate wave energy
• Slow inland water 

transfer

Salt Marshes, Wetlands, 
Vegetation, Mangroves, 
SAV

• Break offshore waves
• Attenuate wave energy
• Slow inland water 

transfer
• Increase infiltration

Oyster and Coral Reefs
• Break offshore waves
• Attenuate wave energy
• Slow inland water 

transfer

Shoreline Approaches
The Practice of Green Infrastructure



Hybrid

• Blends both nature-based and structural approaches
• Derives benefit of wave energy dissipation from structural practices
• Derives ecosystem service benefits from nature-based practices

Shoreline Approaches
The Practice of Green Infrastructure

http://sagecoast.org/info/information.html



Landscape Approaches and Resilience
The Practice of Green Infrastructure

• Recent study on flood 
reduction benefits of 
mangroves:
– A 500 meter wide 

mangrove forest can reduce 
wave heights by 50-100%

– Mangroves reduce annual 
flooding to more than 18
million people. 

– Without mangroves, 39%
more people would flood 
annually, increasing flood 
damages by 16% or $82 
billion.

nature.org/GlobalMangrovesRiskReductionSummaryReport and
nature.org/GlobalMangrovesRiskReductionTechnicalReport



Landscape Approaches and Resilience
The Practice of Green Infrastructure

*Coastal Wetlands and Flood Damage Reduction: Using Risk Industry-
Based Models to Assess Natural Defenses in the NE USA, 2016. 

nature.org/GlobalMangrovesRiskReductionSummaryReport and
nature.org/GlobalMangrovesRiskReductionTechnicalReport



Shoreline Approaches and Resilience

Hurricane Irene, North Carolina
The Practice of Green Infrastructure

*Marshes with and without sills protect estuarine shorelines from erosion better than bulkheads 
during a Category 1 hurricane, 2014

Before After

76% of bulkheads 
were damaged in 

the storm

No damage 
occurred to 

shorelines with or 
without sills



Green Infrastructure and Resilience
The Practice of Green Infrastructure

coast.noaa.gov/digitalcoast/training/GI-database



Green Infrastructure and Resilience
The Practice of Green Infrastructure

coast.noaa.gov/digitalcoast/training/GI-database



Green Infrastructure and Resilience
The Practice of Green Infrastructure

coast.noaa.gov/digitalcoast/training/GI-database



Section 3
Implementing Green Infrastructure



Incorporate green infrastructure into 
planning efforts:

• Comprehensive
• Transportation
• Smart growth
• Watershed
• Conservation
• Hazard mitigation

Green Infrastructure Can Inform Planning
Implementing Green Infrastructure

• Stormwater
• Climate change 

adaptation
• Resilience
• Land use



Local Codes and Ordinances
Implementing Green Infrastructure

seagrant.wisc.edu/home/Portals/0/Files/Coastal%20C
ommunities/Green_Infrastructure/DRAFT_GIworkbook
_complete.pdf



Multiple Benefits
Implementing Green Infrastructure



• Have a plan

• Speak to their 
interests, not yours

• Explain the hazard risk 
and offer solutions

• Use multiple ways to 
communicate 

Engaging Stakeholders
Implementing Green Infrastructure



coast.noaa.gov/digitalcoast/training/gi-animation

Engaging Stakeholders
Implementing Green Infrastructure

Animations!

https://youtu.be/rtyT_H8hXzE

https://coast.noaa.gov/greeninfrastructurevis/
https://coast.noaa.gov/greeninfrastructurevis/


Engaging Stakeholders
Implementing Green Infrastructure

Infographics!

www.pewtrusts.org/en/research-and-
analysis/data-visualizations/2014/coral-reefs-
reduce-wave-energy-and-height

http://oceanwealth.org/resources/infographics/



Nrcsolutions.org

Engaging Stakeholders
Implementing Green Infrastructure



Engaging Stakeholders
Implementing Green Infrastructure

coast.noaa.gov/digitalcoast/training/gi-benefits



Funding for Green Infrastructure

• US Environmental Protection Agency 
• NOAA
• Federal Emergency Management Agency
• National Park Service
• National Endowment for the Arts
• US Department of Transportation
• Economic Development Administration
• National Recreation and Parks Association
• Funders Network for Smart Growth and Livable Communities
• Qualified Energy Conservation Bonds

Implementing Green Infrastructure



Thank You!

Stephanie.Bennett@noaa.gov
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