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What Is “Resilience”?
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Course Objectives

Introducing Green Infrastructure for Coastal Resilience

Participants:

* Recognize green infrastructure terms and concepts that contribute to
community resilience

 Understand ecological, economic, and societal benefits of
green infrastructure

 Understand the wide variety of contexts and scales of approaches

 Understanding of how green infrastructure fits into existing planning
processes, tips on engaging stakeholders, and potential funding
opportunities

* Identify local green infrastructure activities and experts with
additional information and resources
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Course Outline

Introducing Green Infrastructure for Coastal Resilience

1. Green Infrastructure Concepts and Principles
2. The Practice of Green Infrastructure

3. Implementing Green Infrastructure
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Section 1

Green Infrastructure Concepts
and Principles




The Terminology Thi

marsnes

yster |Il".|'.
living shoreline

.I... hard fiiarshes
THELT 3 Lt ol
e - \‘\‘*~i||1|i\h|
!IIUII'.' & |
nature b i ]:II .|I - 1 n I.I I
natur .marshes ot b i : ;
t‘t‘]lﬁ,ld‘s% living shoreline ving sporeline oh
- “Ii‘ull“ - nature- basédsor - '..'.I ure-based oF
n urllmh astruci ture
na ‘..mhdr([ : 5 sh .|||. tabil
natura ture al infrastr
vices cwn‘nm m Servi

;
|]I||||l' natur
i
i]l\ ing »hum lingé

Al : softharc
r natu ysterbeds idture ‘f Ie lIll[lll I[]ll 1Hl]LlLlLIIL‘
i iy i shibreline sy softhid,, Tt arshe er bed
(\“”T“I* {]1t1|19 it soft ECO\VQEE )\\\\Iv\[\‘\‘ e AT | II_\IIIIIL' ||>\| 1. [ .
sreen Infrastructure naturalhar ow impact developmen
\r\]l =1 € nature [
hs o (IFL n ]lﬂ[J ) n\wl m(\ ¢ 7 Green Infrastructure
Iy 1 | P At T .
. ng sho S natlre
inatl 'EI]E’U“ NoT — mi[sln ‘_«wm_\ 1l = ‘ hitastrchir:
oyster beds soft hard pu [ ponlsnla® "
low impact devel NAture: i “"mhw‘ J\‘L;H“(“‘-“ ird
i marshes i - ct develc L f
eel grasspaiira - mllm l) md\\l Tras
nature-based . G ](l[‘].llﬂl‘l‘»l[ll‘t ure fit
SOt BaTd : rass l1ving shoreline
natural ‘\“ 1é muJJ infrastructure rd
i e X ‘ecosystem services
onliving shoreline al
hard |.l_
\‘\ ire e
soft ure
= ft
hard 1T
hard I
Soft ft
_m‘r‘l rd
mshes
ature
soft rd
hard t
ra ral
soft ras
nature 1
soft ft
hard ure
y T\)!L : 1
nature \l 65
..rd

1ature

ngllurv

i ur
|1.u :II\' based

eel grass

)Il“_

"mwmhard;
natural

oyster beds:

oyster b(‘.(ls
naturs |I(_,(_’l ”11.15"' A
ster be 11 n"[tL]IE' ift

Green Infrastructure
Tattral lldrd hard

'ndtm cl]"’““

T GeT

marshe

.marshes

]mn” shoreline

nature-basédsof
1m|11r.1| infrastruc ture

rmlur(‘

1rie-hased

Iltu Ve
«hmt‘lmt“
Jature na

ine stabilizatic

SOIT

e shor
s i ECOH\ Stem Sel

soft (1r0 n ]IlflEl‘;l]‘l

h.lu

. oo livir
7ing shoreline
- Nature-ba
50 O ster beds eel gra
soft low impact deve Ir‘|1||u il
bl natural

S[)ft R _|"I_! fras uciure

natural
nature

"
hard
mirshes
hard
atural

h‘.ud

ne HL]]L
'-;U-Il

natural

‘hard

nattiral

soft
eel grass

hard
+S0ft
"goft

marshes




Foundations of Green Infrastructure

Green Infrastructure Concepts and Principles

Clean Water
Act

1970s

Landscape Design with Conservation
Ecology Nature Biology

1930s 1960s 1970s

Landscape
Architecture

1860s
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Foundations of Green Infrastructure

Green Infrastructure Concepts and Principles

Landscape approach?
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Applicability across Scales

Green Infrastructure Concepts and Principles

Landscape and
watershed

Community
and site

Shore and
coastal zone
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Importance of Context

Green Infrastructure Concepts and Principles

Green infrastructure practices are context sensitive.

Rural Urban

Coastal ‘ Upland
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Why Green Infrastructure?

Green Infrastructure Concepts and Principles

Coastal Shoreline Counties

Populatiol
123.3 million P .
The Bottom Line
|‘-j|t-|:‘hlj-rEI—T,1,, Figure 3 | Population Change in Coastal Shoreline Counties: 1970-2010 In 2010, 123.3 million people,
(S ) Do) AL 200 or 39 percent of the nation's
;: population lived in Coastal
39% _% 160 BO0% g Shoreline Counties. Population
= growth in these counties
rarcant o 120 60%
Percent of t = & occurred at a lower rate than
that resid _E &0 40% g the nation as a whole from
= a0 0% 1970 to 2010. The population
g in Coastal Shoreline Counties
0 0%

increased by 34.8 million
people, a 39 percent increase,
while the nation’s entire
population increased by 52
percent over the same time

10 million

cted population change

tal Shoreline Counti

in tsland: -
= U virgin Note: Includes U5, Tarritories. Sourca: LS. Cansus Bureoy, 20116 NOAA, 2013 Croweil et o, 2010

MOAL's Mational Coastal Population Report
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Why Green Infrastructure?

Green Infrastructure Concepts and Principles

Collins Cover, Salem
Courtesy, Elizabeth Hollin

e Sandy.
, Brian Birke




Why Green Infrastructure?

Green Infrastructure Concepts and Principles
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Exposure to Coastal Hazards

Green Infrastructure Concepts and Principles

Sea Level Rise Seenarios

_ A S~
Storm Surge Sea Level Rise

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



Ecosystem Services

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.
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Multiple Benefits

\ Agriculture

e Environmental
e ‘Aﬂiauv:tion
* Societal = TRl f 4 Y

—

. | Clarbon ' e, l /
.' Storage
. Coastal R Cultural Heritage
* Economic Meinews:

Employment "‘"7!"*1
Opportunities

Opportunities for
Recreation
and Enjoyment

Tourism 3 Biodiversity
A 2" and Habitat
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Who’s Benefit

Green Infrastructure Concepts and Principles

A wide variety of stakeholders stand to benefit.
Engaging stakeholders is an essential part of

understanding the benefits and how they are valued
by people.
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Group Discussion 1

Green Infrastructure Concepts and Principles

What coastal hazard issues is your community
experiencing? (e.g., flooding, stormwater runoff)
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Planning Concepts

The Practice of Green Infrastructure

* Approach will depend on the scale you
are addressing

* All practices, regardless of scale, use ecosystem
services to acquire maximum benefits

* Design methods are repeatable and grounded
in science

* (Contextis important
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Design Concepts

The Practice of Green Infrastructure

Successful green infrastructure practices incorporate

Multi-functionality

Doing it right - protecting our water Doing it wrong - degrading our water

Resilience

Heating
ail tank with
spill containlMt

Sense of place

Return on
investment
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Green Infrastructure in Practice

The Practice of Green Infrastructure

Landscape and
watershed

Community
and site

Shore and
coastal zone
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Landscape Design Concepts

The Practice of Green Infrastructure

BETTER

A

Area

Proximity

Connectivity

Aoy
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Watershed Designh Concepts

The Practice of Green Infrastructure

* Preserve native vegetation
* Protect steep slopes
e Buffer stream channels

e Reduce connected
impervious cover

» Seek multiple benefits

Source: Horsley Witten Group; Center for
Watershed Protection
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Landscape and Watershed Approaches and
ReSi I ie nce The Practice of Green Infrastructure

e 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 can reduce 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.
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Community and Site Design Concepts

The Practice of Green Infrastructure

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

e Connect people to open areas through greenways
and trails

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

e Use urban streetscapes to provide ecosystem
benefits in urban areas
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Community and Site Approaches
The Practice of Green Infrastructure
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 Aleay green
. tree can drink .
specimen trees 500-2000 A single evergreen
gallons. - can absorb more than

4,000 gallons
of water a year.



Community and Site Approaches

The Practice of Green Infrastructure

Green Streets

* 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

Coos Bay, Oregon

Aoy

3

e

P
;@\% OFFICE FOR COASTAL MANAGEMENT
=v NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

TaEnT



Community and Site Approaches

The Practice of Green Infrastructure

Environmental Site Design - N

e Place the site in context to
greater community

e Preserve and enhance
natural features

e Mimic or enhance
existing hydrology

e Minimize impervious cover

TrockWorks Architectural Services

e Key component of low impact
development (LID)

P
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Community and Site Approaches

The Practice of Green Infrastructure

Low Impact Development Practices

Bioretention (Infiltration = Green Roofs (Storage and Permeable Pavements

and Filtering) Evapotranspiration) (Infiltration)

e Rain gardens * Blue roofs * Porous asphalt/concrete
* Bioswales * Cisterns * Grass or gravel pavers

e Stormwater planters * Pavers

Aoy
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Community and Site Approaches and
ReSi I ie nce The Practice of Green Infrastructure

e Many studies on the effectiveness of these practices
for .
— Reducing the heat island effect
— Improving water quality
— Recharging groundwater

— Providing societal benefits

e 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%.
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Shoreline Design Concepts

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




Shoreline Approaches

The Practice of Green Infrastructure

Natural or Nature-based

* Break offshore waves

* Attenuate wave energy

e Slow inland water
transfer

Courtesy, Waquoit Bay NERR

Salt Marshes, Wetlands, Oyster and Coral Reefs
Vegetation, SAV

Break offshore waves
* Break offshore waves Attenuate wave energy
* Attenuate wave energy Slow inland water
e Slow inland water transfer
transfer
* Increase infiltration

Aoy

3

e

P
;@l \'% OFFICE FOR COASTAL MANAGEMENT

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
gy o £



Shoreline Approaches

The Practice of Green Infrastructure

Hybrid

SILLS BREAKWATER GROIN

Courtesy, Ttacy'-Skrabal, NC Coastal Federation, l.'

e Blends both nature-based and structural approaches
e Derives benefit of wave energy dissipation from structural practices

e Derives ecosystem service benefits from nature-based practices
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Shoreline Approaches and Resilience

The Practice of Green Infrastructure

e Study™ conducted in North Carolina
before and after Hurricane Irene
showed:

— Marshes with and without sills are more §#
durable and protected shorelines from
erosion better than the bulkheads
during the Category 1 storm.

— 76% of bulkheads were damaged in the
storm.

— No damage occurred to shorelines with
or without sills.

Courtesy, Tracy Skrabal, NC Coastal Federation

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



Table Discussion 2

The Practice of Green Infrastructure

What green infrastructure-related projects are you
working on now, or hope to, that contribute to
preserving resilience-enhancing ecosystem services in
your community?

Record one sentence project description, location,
your contact information

Put a “P” if it is an existing or planned project
Put an “I” if it is an idea.

WL,

>

i | ‘i OFFICE FOR COASTAL MANAGEMENT

| g
. f NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
T






Barriers to Green Infrastructure

Technical and Physical

* Lack of understanding
* Lack of data showing benefits, costs, and so on
* Insufficient technical knowledge or experience

* Lack of design standards, codes,
and ordinances

Legal and Regulatory

Local rules lacking, conflicting, or restrictive
State policies

Property rights issues

Federal rules can be conflicting

Implementing Green Infrastructure

Financial

e Not enough data about costs and
economic benefits
e Perceived high costs over short and long terms
e Lack of funding for implementation
e Too much risk — not enough incentives

Community and Institutional

e |nsufficient information and green infrastructure
benefits for political leaders, administrators,
staff, developers, builders, and landscapers

e Community and institutional values that
underappreciate green infrastructure aesthetics
and characteristics

e Lack of interagency and community cooperation

T

>
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Green Infrastructure Can Inform Planning

Incorporate green infrastructure into

planning efforts:

 Comprehensive

* Transportation

* Smart growth
 Watershed

* Conservation

* Hazard mitigation

Implementing Green Infrastructure

Stormwater
Climate change
adaptation
Resilience

Land use

3
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Green Infrastructure Can Inform Planning

Implementing Green Infrastructure

.
Green Infrastructure
I Hub Natural Cover

- Corridor Natural Cover
- Developed Gap

Agriculture or Lawn Gap

- Barren Gap
N B-digit Watershed
Boundary
Chesapeake and

Coastal Bays

Maryland State Plan Prince George’s County Bowie Planning Area

Aoy
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Comprehensive, Hazard Mitigation, and
Climate Adaptation Planning

Implementing Green Infrastructure

-RCOG SOUTH CENTRAL REGIONAL COUNCIL OF GOVERNMENTS
e ianning for Our Region’s Farure

SOUTH CENTRAL REGION
MULTI-JURISDICTION
HAZARD MITIGATION PLAN

TownN ofF EAST HARTFORD
PLan oF CONSERVATION & DEVELOPMENT

Connecticut Climate Change

nal Preparedness Plan

- x L. f = Adaptation Strategies for Apriceliure, Infrastrecturs, Nodural
Hp ri ] 24, 20 1 4 - ey e Resawees apg Publle Health Climate Change Valnerabiics

BFJ Planning
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Multiple Benefits

WHAT \F 1T
A BIG HOAX AND
| We (ReATe A BeTTer
© 5\ WORLD Fop NOTRING ¢

: HEALTHY CHUDREN

Implementing Green Infrastructure

* ENERGY INDEPEN

. gkesemre m&&?
* SUSTAINABILITY

* GREEN Jops
* LIVABLE C'T’ES

* RENEWABLES

+ CLEAN wATER, AR

eTC, €Tc
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Engaging Stakeholders

Implementing Green Infrastructure

e Have a plan

e Speak to their
Interests, not yours

e Explain the hazard risk
and offer solutions

e Use multiple ways to
communicate

L

coast.noaa.gov/digitalcoast/tools/canvis iv
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Engaging Stakeholders

Implementing Green Infrastructure

Get nature’s benefits between you
d the next coastal storm
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https://coast.noaa.gov/greeninfrastructurevis/
https://coast.noaa.gov/greeninfrastructurevis/

~~=~O¥STER BEDS
7" AND SEA GRASSES

=

FORESTED
WETLAND

SAND DUNES

e

CORALS

Put Green Infrastructure between Your
Community and the Next Coastal Storm.

There are many benefits.

Tidal and Forested Wetlands
+ Slow waves
= Filter and clean floodwaters
+ Provide food and jobs

Green Streets
+ Capture and clean stormwater
« Beautify streets and encourage economic
development
+ Provide pedestrian-friendly walkways

Oyster and Coral Reefs
+ Slow storm surge
+ Provide food
+ Clean water

Sand Dunes
« Buffer waves as a first line of defense
« Build economy through tourism

Open Space and Parks
« Store floodwaters and recharge aquifers
« Increase property values

Urban Trees
« Reduce runoff and absorb floodwaters
« Shade and cool homes and businesses
« Provide clean air and water

Living Shorelines
+ Slow waves and reduce erosion
« Protect property

Engaging Stakeholders

Implementing Green Infrastructure

Here’s What You Can Do to Protect Your Community.

Green infrastructure can have multiple functions and cost less than using only gray infrastructure.

Conserve Existing Natural Areas

Natural areas such as wetlands, dunes, and vegetated
shorelines absorb storm surge waves, reducing damage to
nearby homes and roads.

How do we know it works? A study after Hurricane Sandy
showed that areas containing wetlands had less damage than
those without. Wetlands prevented an estimated $600 million
in property losses.

Increase Your Community’s Ability to
Absorb Stormwater

= Protect and plant trees.

« Implement other practices such as green streets to keep
stormwater from running into sewers, lessening the strain
on existing systems.

= Use capital improvement projects as an opportunity to
fund stormwater projects.

How do we know it works? The City of Portland, Oregon,
used a combination of green roofs, green streets, trees, and
rain gardens to reduce the peak flow of stormwater runaff by
93 percent, cooling costs by 27 percent, and heating costs by

15 percent.

Photo: Tracy Skrabal, North Carolina Coastal Federation

Create Natural Shorelines

Create living shorelines using oysters, marsh grass, and other
natural materials to absorb wave energy and reduce erosion.

How do we know it works? North Carolina properties that
used natural shoreline protection measures withstood wind
and storm surge during Hurricane Irene better than properties
using seawalls or bulkheads.

Office for Coastal Management
Digital Coast

See the reverse of this page to leam more.

To learn more, visit coast.noao.gov/digitalcoast/topics/green-infrastructure.

Office for Coastal Management
Digital Coast
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Engaging Stakeholders

Implementing Green Infrastructure

SEPA

Low Impact Development

LID Saves Money and Protects Your Community’s Resources

Low Impact Development

Communities Are Easily Managing LID Practices

LID Barrier Busters Fact Sheet Series

Are Low Impact Development (LID)
Practices More Economical Than

AQ

= “reen” IO be
contemed that maintenance costs will grow as a resul of

. i

Conventional Practices? eeLiD in 50me cases, i genersi LID pracoss have knwet long-ierm Aren't maintenance
oo costly? Erci com, pkr bk, i vk cklnd bt ach 30 for LID still

In many cases, the anzwer is yes. LID typically includes a variaty of low- b e ] ad e %’m
cost elements such as bioswales that retain rain waler and encourage it rrier Busted! Tt inatall mcitional mmwum gt sy
1o saak into the around rather than allowing it Lo un off into storm drains Communities recognize that e mmh‘:‘;*. i Initia copital costs of instaling Busted!
where it would atherwisa contribute ta flooding and poliution protlems. LI | USing LID can save money. the practices and do ot evaksale the performance of the systems. Results show that life cycle costs
projects typically include smaller overall development footprints, reduce O EE—— o fully account for operation and maintenance costs such as pond of LID are usually less than
the amount of runoff generated and increase the amount of natural areas hes ssies halping 1o arcons and water qualty inlet pumping and residuais dspesal in traditional practices.

on a site, thereby when compared to

management and fiood control.

. o

bioswales, making and de Wamw-ﬁunwmawhu - Teetessiogy. 2
pamgluswﬂnmmmmﬂmmnummomw rights.of.way. Resuls requine frequent vacuum sweeping 1o maintain water quality benafits, P
pavemant, curbs and gutters needed. ¥ 40 paccan, Ovarsl, resul in cost savings by avoiding he land space and costs nesded &

. 8851548 'the
+ Installing green roofs, disconnecting roof downspouts from um.mgmmm 'What Can Your i LD
(driveways or streets), and incorporating bioretention areas ok, v ok e st et 968,803 s As comeurins nely mon on LID, ey must sdapt o g pacton e re dapeciad
'saves money by eliminating the need for costly runoff * Mapervile, llincés: Devlopars ot T S5-acr Tellata corporate campus e across mmm
pipe delivery systems. Ay i uamnul)_e-uy mnmemmw mmlmf hires o reg netioring
. it poby peien Tra ety community
+ Designing more compact residential lots by 10 manage siormwates. Thay not adequately protec waler quality and hatitat g
and building preparation costs, and can increase the 1 righon mmw‘m"‘ some ol wiich are iffcul s T O el 7 dbris oe¢ wonms. it
for sale. i e kyartog i increased pioperty vahues and & cleansr smirooment ASTING LID b 1 reree ot A are tan
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Funding for Green Infrastructure

Implementing 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
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Group Discussion 3

Implementing Green Infrastructure

 Part 1: What barriers have you run into around
implementing green infrastructure?

e Part 2: How can you overcome these barriers?
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One Last Thing . ..

Please f|II out the Evaluatlon'

http://bit.ly/2pXLNEN

o HATICRA

?@% OFFICE FOR COASTAL MANAGEMENT
Vf;‘ NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

Ty o O



Thank You!

John.Rozum@noaa.qgov

Rebecca.French@uconn.edu, CIRCA
Katherine.Lund@uconn.edu, CIRCA
Kim.Bradley@uconn.edu, CIRCA
Peter.Francis@ct.gov, DEEP
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