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GREEN STORMWATER INFRASTRUCTURE

Source: Philadelphia VWater Department




* “Infrastructure resiliency is the ability to gracefully degrade and subsequently
recover from a potentially catastrophic disturbance that is internal or external
in origin

—  Source: American Society of Civil Engineers (ASCE) and National Science Foundation (NSF) researchers under the Resilient and
Sustainable Infrastructure (RESIN)

* In the context of flooding, resilience is the capacity of a system (community,
society, or environment), to adapt, resist, and/or recover from the flood in order
to maintain or achieve an acceptable level of functioning.

— Source, Pelling, (2003)

* In the context of resilience building: resilience is the potential to absorb and
cope with impacts of climate shocks and extremes in the short-term, and to
reorganize, and redevelop, preferably to an improved state in the longer term

— Source: Engel, et. al. (2014)




FRAMEWORKS FOR RESILIENT
INFRASTRUCTURE

* United Nations International Strategy for Disaster Reduction’s
(UNISDR) 2005 Hydogo and 2015 Sendai Framework:

* UNISDR’s Making Cities Resilience campaign of 201 3
* World Bank’s Global Facility for Disaster Risk Reduction - 2013

* United Kingdom Department for International Development’s resilience

framework




Coastal Resilience Index

Argonne National Laboratory Resilience
Index

Social Vulnerability Index

Baseline Resilience Indicator for
Communities (BRIC)

Community Assessment of Resilience Tool
(CART)

Resilience Capacity Index (RCI)

Community Disaster Resilience Index
(CDRI)

Center for Risk and Economic Analysis of

Terrorism Events Economic Resilience
Index (CREATE — ERI)

United Nations Development
Program (UNDP) Disaster Risk
Index (DRI)

Inter-American Development Bank
Disaster Deficit Index (DDI)

Interagency Standing Committee
(IASC) In-Country Team Self-
Assessment Tool for Natural
Disaster Response Preparedness

United Nations University Institute
for Environment and Human
Security,World Risk Index
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Helping around the world

become more resilient to the physical,
social, and economic that
are a growing part of the 21st century.

Source: 100 Resilient Cities




100 RESILIENT CITIES
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ARUP - GITY RESILIENCE INDEX

BASIS OF
ASSESSMENT AND
MEASUREMENT

Y e OSSN 12 . ) 52
DIMENSIONS GOALS INDICATORS

For example:

Health & Well-being, Infrastructure
& Ecosystemns, The four dimensions
address foctors related to peopie,
organization, ploce and knowledge in
acty.

For exampie
Mindmised human vidnerability,
Sustainable econamy.

For exampie,
Protection aof hvelthoods following
@ shock

Source: 100 Resilient Cities

For example

to what extent

are hous Ids
ond businesses
within the city

insured ogainst
high risk hx
facing the city

PROMPT QUESTIONS
(AVERAGE OF 1 PER
SUB-INDICATOR)

156

PROMFT QUESTIONS
(AVERAGE OF 1 PER
SUB-INDICATOR)

—_—

QUALITATIVE

ASSESSES THE ADEQUALY OF THE MECHANISM AND
PROCESSES IN PLACE TO ACHIEVE THE QUTCOME
ARVICULATED BY THE INDICATORS

Scovod on g near scove betwoen 1 and 5, based upon
consideration of @ bes? case’ and ‘Worst case’ scenario
relevant 1o a particuker area of

city performance.

For example

WORST CASE

QUANTITATIVE

FDENTIFES QUANTITATIVE METRICS THAT CAN BE USED &Y
CITIES AS PROXIES FOR PAST AND CURRENT PERFORMANCE
N RELATION TO THE INDICATORS

Scored on redevont city data in a specific unit asa
globally applicable metrics of resilence. A score from
1to 5 is then outomated, based on o standardised
performance scake

For example

percentage of bulidings with insurance cover for high
risk hazards redevaont to the city- %



100 RESILIENT GITIES — EXAMPLES - LA, ATLANTA

4 CHAPTERS, 15 GOALS, 96 ACTIONS

Resdiont Los Angeles is o coll fo action for avery Angalanc to contributo
10 the resifence of owr cily of every scols.

Source: Resilient Los Angeles, March

2018
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EXAMPLES FROM 100 RC - ATLANTA

* Vision 3 — Building our future city - today

TARGET 3.5

SA

$21.85

PER GALLON

Create 500 new ocres of publicly accessible greenspace by 2022,

The City will create 500 new acres of publicly occessible greenspoce by
2022. Public open spaces foster civic connection and bulld social capital
while improving environmental heolth and increasing opportunity for
physical octivity. However, according to the 2009 City of Ationta Project
Greenspace ossessment, only 41 percent of Atlontons live in arecs where
they can safely wolk to o nearby park, ond many of Atlonta's existing
parks are smaller than the notional threshold for a full-service park. Since
Project Greenspace was published, the City has workad diligently to add
new parks and greenspace but there Is still o critical need for occessible
greenspace. In Action 3.4.1, the City will construct the Proctor Creek
Greenway trail to increase public greenspace and transit occess; catalyze
economic development, and cregte a healthy livable environment for an
area of the city which foces considerable environmental ond economic
challenges. Action 3.4.2 creates a funding strategy to support ond ensure
o more equol distribution of greenspace throughout the city, Action 3.4.3
expands the functions of the City of Atlanto Tree Recompense Fund to
better protect and grow Atlonta’s tree canopy.

Install sustainable energy- and water-efficient infrostructure
improvements in public spaces as well as around 500 homes and
businesses each year.

The City will work with local orgonizations; businesses, and private-
property awners 1o install water-and energy-efficient systems in order to
manage drought, stormwater flooding, and rising energy costs to ansure
a sustoinable future for the city. For instance, most commercial entities,
such os restourants, ore billed primarily ot Tier 3-usage rates, so every
gallon of water conserved would produce savings of $21.85 per gallon of
woter.” Action 3.5.1 develops o restaurant water-efficiency program to
reduce woste and woter costs. Action 3.5.2 racormnmuands the creation of a
stormwater utifity fee to fund green infrastructure improvements. Action
3.5.3 increases the use of solar improvemnents through bulk purchasing
options. Action 3.5.4 educates ond encourages homeowners to adopt
energy-saving techniques. Action 3.5.5 supports a resifient infrastructure

ion project on Ted Turner Drive to encourage innevotion and
greater use of resiiient infrostructure ocross Metro Atlonta.,

Source: Resilient Atlanta: Actions to Build an Equitable Future

Action 3.5.2: Create a stormwater utility fee to develop and
fund a comprehensive stormwater management program

Estabish o stormwoter utiiity fee to fund tha City's  Resilience Value to Atlontans:
stormwater manogement plan, which 5 designed to reduce Prirrary Driver
surfoce ficoding, oddress aging infrastructure, and improve @ Ensuras Continuity of Critica
the gquality of woter Iin owr streams. This initiotive will Sorvices
ity . x e b e M L
inciude funding projects vccrmf-ed in the City's Wotershad Secoridary; Drives
Improverment Plans, leveraging portnersheps through the @ Provic J
“ 3 ) ovides & Enharces Notura!
Green Infrastructure Strotegic Action Flan, ond providing & Monmas Asadns
Incantives for customners to install green infrastructure best %
manogement practices (BMP'3) on privote peoperty to I.\ood Implementing Partners:
halp manoge on-site stormwater runoff. The Department  CoA Deportment of Wotershed
of Watershed Managernent has proposed o comprehensive M““‘?"_"""i Co Mayor’s .(j)“'“
Stormwater Manogement Program to be supported by of Resitence, The (.onzr.:watu‘t
o sustainoble stormwoter utiity fee established through Lisuch Arerioon Rieny, West Atianta
s 3K AEBLK 1 84 ‘Watershed Allionce
the standard proctice of billing property owners based on
the amount of impervious surfoce presant on a property.  Potential Metrics/Measures of
The program wil be modelsd ofter o combinotion of Success:
naticnal best proctices and peograms from neighboring  ®  Yelume of pollutants coptured
jurisdictions, Atlanta's stoemwater utility fee will be &” ‘"i"‘c’“"d Groon 'gf'c’“,"‘c.'“'"
desgned to specificolly oddress equity concerns by I.&"‘;ps{’n:x;q"‘('n‘ ractices
D'Gwd-.vs;_; grant grogroms 1o ensure low-incomme residents o of BMPs instated
are neither adversely affected by the cost of the fee nar ¥ of floading Incidents cltywide
unable to porticipate in BMP implementotion programs. ond o1 U.S, Federal Emergency
gnagement Agency recognized
fiood-prore oreos
o $Scollected through stormwater
utikty fee

Partner Spotlight

Green Infrastructure Taskforce

in 2013, the City of Azlanta corvenad relevont
Clty agencies, os well o8 partner groups, to
promaze ond  support tha integrotion of
grean infrostructure into all types of public
nfrostructe  Investmants, This  Geeen
Infrostructure Toszk Force haos deyeloped
o Swrotegic Action Plan to oddress the
challenges aossocioted with  manoging
stormwater runoff thot leads 10 Hooding,
degraded water quality, and property
damoge. The Plan, which the Atlanta City
Councl  unanimowsly opproved in 2017,
suggests actions for remaving institutional

barriers to green infrastructure construction;

Increasing  cost-effectivenass of green
infrastructure; and engaging multiple Gty
departments, citizens, developens, ond
envirorvmental groups in working towards the
goal of reducing storrmwater runotf by 225
millan golions annually, Numerous projects
have been completed, nduding Southeost
Atlonte Permeable Povers, Ador Pork Rain
Garden, and Hstoric Fourth Ward Park.
Upcoming initiotives include Proctor Creek
Groenway, Boone Fark West with the Atlonto
Urban Ecology Canter @ Proctor Creek, ond
Rodnay Cook, Sr. Park




EXAMPLES FROM 100 RC - NEW YORK CITY

Over our 2012 monitoring season (April - November), we
found that 21 out of 24 storm events were 100% retained
within the site.

Furthermore, our data suggests that the Nashville site can retain [
100% of the flow directed to it during all storms with less than 1.6
inches of rainfall. %

Source: Google Maps

Source: Landscape Architecture Foundation News



NYC GREEN JOBS CORPS
New York City continues to be 0 leode in redudng
the greenhcuse as emissions ot coMribute 10
catasiropvic chmate change and is the lorgest city
on the giobe 10 have committed 1o an 80 percent
reduction in emissions by 2050, Achieving thes goal
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DEP GREEN INFRASTRUCTURE
MAINTENANCE TRAINING
Thomos Arringlon recantly jored DER o port of

the Sgency’s green REraEirociune MOnMenonos unit

8 CUrTRnTly STl g OMIroAMmental scircs ot

oMty Colegd 0N P G chd? pOIBOn
for Thi nOtURCl envicorvymmnt
" his cOmmurity and & O Mermnbar of the Frenas of
owid Pork in Ouoens

THOran 1 g very GeTive

“Previously, I've worked
in landscaping and for
the Parks Department
and | hope this job at

in forestry in New York
City's public sector”

% Wil hilgs 10 Mo the C
PVSSEMENE N Sreen INFrastructune ond prowoe workers
with bose sdls in horticufiure and green Infrastructure
maintancnea. DEP will 0ls0 provida caportunites

%0 become pormonent stoff.
olowing for further profe al pavancerment within
the agency. DEP continues e oodvondl emplyoes
'rr.‘r;-rﬁ ks OF R CONMIrUCEs new Green Afsostn ture

DER's aroen jo
DEP's groen jo

for seosonal empioyees

gsnets oonoss the Cxy

Source: One NYC 2017 Update

DEP will lead to a career

Initiative/

Initiative/

Leod Funding

Supporting Initiotive  Agencies Stotus

35.3 Continue
the NYC Green
infrastructure
Program In oreos
served by the
combined sewer
system to reduce
€50, and expond
the use of grewn
infrostructure 1o
other ports of the

ey

Initiative/
Supporting Initiotive

3534 Allevicte
flooding in
southeast Oueens

DEP In Progress/
Funded
ExXpand ¢
nt ™ }
Initiotive/
Leod Funding

Agencies Stotus

DEP

In Progress/
Funded

100 RESILIENT CITIES - NYC

Progress Since April 2018

The City. through DEP. continued its
green infrostructure progrom as o
part of o $1.58 commitment by 2030
Ongoing progrom areos include right-
of-way rain gardens. stormwoter
green streets, and porows pavement.
To date. 3800 green infrastructure
assets ore either completod or iIn
coNAtIuction

Prograss Since Apeil 2016

The City. through DEP. completed an
enginearing study of the SO hardest
hit fliooding grds ond identified
site-speocific sclutions. The City also
began the design of 200 rain gordens
In southeast Quoens and expects
construction 10 bagin in the sumrer of
2017 In addition, DEP lounchad dasign
for grean nfrastructure ratrofits at
three porks, while construction i
underway for green infrastructuere

at two schools and on the Basloy
Pond Biuebeit. Planning ond design
for green nfrostructure on NYCHA
propecties in the arca is expected to
begin summer of 2017

Milestonas to coenplote
by December 31, 2016

Submit the CSO Performance
Metrics Report and the Green
Infrastructure Contingency Plan
to NYS DEC

Milestones to comphe ts
by Decernber 31, 2018

Intiate design of green
Infrastructure on public fand

Campiate an engineering study
to essess the SO hardest hit
fooding grids and kKientify site-
secific solutions Tor sach grid

Begin construction on Baiskey
Pond Bluebelt

tarmu ta

2018
Milestone Milgstonas Lo complato
Stotus by Decamber 31, 2017

Completed » Submit Green infrostructure
Annual Repaort (April 30, 2017)
and continue to moke progress
toward the next CSO Consent
Order miestone in 2020

Complete construction of
Springfieid Loke Bluebelt

2018
Milestons Milestones ta comple s
Stotus by Decamber 31, 2017
Completnd 1+ Isscm RFP for green
infrastructure construction on
public land
Completed 1 Inltiate construction of right-
of-way green infrastructure
Completed  + Continue construction on

Baisley Pond Blusbelt



MAJOR MOTIVATIONS FOR GSI
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Wastewater Treatment
Facility

Trea

Decentralized
systems for
resilience

ki

low to Wastewater
Treatment Facility

Sewage and stormwater management

Source: St. Louis, MO — Clean Rivers Healthy Communities Program lllustration




MAJOR MOTIUATIONS FOR GSI -
EGONOMY

SITING GREEN INFRASTRUCTURE

Introduction

Greater Miami & the Beaches

Source: Climate Ready Boston, 2014
Source: Resilient Greater Miami and the Beaches




MAJOR MOTIVATIONS FOR GSI — THE
“RESILIENGE DIVIDEND”

l. Greenhouse gas emissions A ¥

2. Temperature (urban heat island
Mit-FLG Community Resilience Indicators Project Data Viewer... Web Viewar

effe Ct) AT This web viewer saccompanies the "DRAFT Interagency Concept Document - Presenting a Concept for Community Reallence Indicators and National-Level Messures* Xt s
Intenced 10 view and download key data sets associated with ths document

3. Flooding AVLI A$ : A LEGEND

Indicator 25: Civic Capacity

Indlicator 27: Higher
Standards

4, Real estate A$

State evel percentage

Indicator 26: Bullding ﬂ:'r:ﬂ:d}f:r! n:'-w
5. GW recharge - AH Codes Inthe Corn
Rating System (CRS)
. with a CRS rating of
6. Economy (jobs created/added) - Indicator 27: Higher Class § or better
Standards >277t053
AJ >0.93t02.77
State level pe ge af krsur Dod rek - >024t0 093
7. Water use/reuse - AV, A$ - : B 00024

8. Building energy costs - ALI[L]

9.  Wildlife habitat - A%,

T

Indicator 28: Mitigation esri

10. Recreation- A3[]

I. Soil erosion/subsidence A~= Source: Department of Homeland Security

12.  Water quality A@ A$




MEASURING METRICS

* Citizen participation (similar to lay monitoring
programs)

* Public private partnerships

* Partnering with universities

* Real time sensor based data collection and analysis
to develop trends




* GSI practices are true examples of a ““resilience
dividend” - one feature, multiple benefits

* Designing for resilience rather than risk allows not
only robustness and redundancy - but also
increases flexibility

* GSI practices allow progress toward Sustainable
Development Goals - offering more metrics
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