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7.1 Introdti@

Climate c ses many challenges to infrastructure in New York City. This chapter
builds upmork on climate change and critical infrastructure systems presented in the
firstand s ew York Panel on Climate Change (NPCC) reports (NPCC 2010, 2015), and
provides new dir;ttions, updates, and considerations. Key concepts and definitions for
resilience and vulnerability are found in Box 7.1. NPCC (2010) covered infrastructure by
inventoryElected New York City facilities and their vulnerability to climate change.
Vulnerabi re described primarily in terms of outages and other disruptions, and
covered a ge of climate hazards, with a particular focus on exposure to sea level
rise. NPCC@M not have a separate chapter titled infrastructure, and infrastructure
dimensi istributed throughout the report.

Box 7.1 Resilience and vulnerability in the context of infrastructure.

Resilience

Resilience is a core concept throughout the infrastructure and climate change theme.
Resilience generally refers to the ability of systems, whether networked, interdependent, or
independent, to return to some state after experiencing a disturbance and/or adopting
processes that promote those readjustments. That state can either be the state prior to the
disturbance or to a different state that can resist adverse effects of disturbances (Vale 2014),
resist change altogether, or prepare, respond and recover from disturbances (NYC Mayor’s
Office of Recovery and Resiliency (ORR) 2018 Climate Resiliency Design Guidelines; City of
New York, 2013). Resilience is often associated with vulnerability.
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Vulnerability

A review of the concept of vulnerability by Adger (2006: 268) defined vulnerability in the
context of changing conditions or threats as “the state of susceptibility to harm from
exposure to stresses associated with environmental and social change and from the absence
of capacity to adapt” referencing both processes and outcomes. For infrastructure, aspects of
vulnerability emphasized in this chapter are: its initial condition and its usage relative to its
capacity, both of which influence the extent to which infrastructure is exposed to a threat
and can resist or adapt to it maintaining at least its initial functions (Gallopin, 2006; Farmani
and Butler, 2013; Zimmerman, 2016).

In additiofl to building upon the previous work of the NPCC, many other New York
City effor ntegrated in this chapter and others such as PlaNYC (City of New York,
2013), On ity of New York, 2015), the 1.5 Celsius Aligning NYC with the Paris Climate
Agreeme (City of New York, 2018a), the NYC Mayor’s Office of Recovery &
Resiliency i Resiliency Design Guidelines (NYC Mayor’s ORR, April 2018) summarized

in Box 7.2\kel nd the NYC Office of the Mayor Mayor’s Management Report (2017).
New York State reports particularly following Hurricane Sandy (e.g., NYS, 2013) and U.S.
Depart Homeland Security (DHS) reports (U.S. DHS, 2013, 2015) are also key
sources.

Box 7.2 NYC design guidelines for climate resiliency.

NYC Climate Resiliency Design Guidelines

In April 2017 the NYC Mayor’s ORR released a draft of its “Climate Resiliency Design
Guidelines” which was finalized in 2018 (NYC Mayor’s ORR, 2018). The Guidelines' purpose is
to provide guidance on “how to use the range of climate projections in design” in order to
promote resilience (NYC Mayor’s ORR, 2018: 5) across the useful life of a facility in light of
three climate elements: heat, precipitation and sea level rise. The Guidelines indicate the
need to coordinate with other guidance in connection with special funding and other
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requirements and considerations (NYC Mayor’s ORR, 2018). Procedures are provided to
select climate data, analyze risk, consider uncertainty, conduct sensitivity analyses, and
identify and analyze design-related interventions depending on what the particular facility is,
its useful life, and where it is located.

A

The goals issehapter on critical infrastructures are to:

U

- Pl
co

te change challenges in the context of current infrastructure usage and
n New York City as these characteristics contribute to infrastructure

y

Fl

vu

- Pr
sy

ights on dependency and interdependency among NYC’s infrastructure

d

t case studies of how infrastructure and climate change intersect at the
com level

M

- Explore insurance and finance issues related to infrastructure resiliency in the face of
climate change

Ofr

- Link resiliency to mitigation of greenhouse gas emissions as well as to adaptation

This ¢ cuses on Infrastructure categories typically referred to as “lifelines”, e.g.,

§

energy tion, communications, and water management that are considered

“essen peration of most critical infrastructure sectors” (U.S. DHS, 2013: 17).

{

H

Depende interdependencies among infrastructures are another dimension

addressed in addjtion to the individual sectors, and are defined in Box 7.3.

A
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Box 7.3. Infrastructure dependencies and interdependencies

The concept of dependencies and interdependencies among infrastructure sectors and
between infrastructure and the economy and society was identified by Rinaldi et al. (2001),
expanded in subsequent literature, and has increasingly been drawing the attention of
infrastructure managers, infrastructure finance organizations, and disaster management
agencies. Infrastructure interdependencies may not always have appeared to be a direct
component of climate-related infrastructure concerns, however, the focus on
interdependencies is emerging in the examples, scenarios, and guidelines being used to
connect climate and infrastructure.

According to Rinaldi et al. (2001), dependencies refer to a one-way relationship where one
type of infrastructure depends on another but the reverse does not occur.
Interdependencies connote at least a bi-directional relationship and can have a more
complex structure when numerous infrastructure systems are involved. These concepts
have since been carried forward into policy and planning documents, for example, into the
sector-specific plans developed by the U.S. DHS for infrastructure (U.S. DHS, 2013; U.S. DHS,
2015). These documents and subsequent work have articulated various types of such
interconnections involving, for example, spatial proximity, functional dependency, and
information control, and the interconnections have formal properties that involve flows of
people, goods, and information applicable to many infrastructure sectors (Rinaldi et al.,
2001; U.S. DHS, 2015). These different types of interdependencies often occur
simultaneously. The effects of these interconnections on system operations include what
happens system-wide when a particular node (infrastructure component) or link
(infrastructure route) upon which other systems rely becomes disabled. This partially
explains why extreme events are a useful perspective for identifying infrastructure
vulnerabilities. Metrics exist to characterize these relationships (which are addressed in
Chapter 8: Indicators and Monitoring). Concepts and models for interdependencies have
been developed and applied across a number of lifeline sectors, potentially applicable to
climate change (Zimmerman, Zhu and Dimitri, 2016, 2017; Zimmerman, et al. 2017 and
numerous references therein).

Interdependencies have typically started with electric power, since it is used by practically

T
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all sectors either directly or indirectly, and electric power in turn relies on those other
sectors. Electricity is used by the transportation sector for road-based systems to power
lights, signals, and fuel pumps, and for rail-based systems to power signals, switches, and
third rails and catenary lines to power trains (Zimmerman and Restrepo, 2009). Energy is
vital to the water sector for the operation of pumps for those portions of the water supply
system not operating by gravity and for intermittent pumping operations to dewater
equipment that is flooded. Transportation in turn enables workers and supplies to be
transported to facilities and services that are critical components of electric power and
other infrastructures. Water is needed for power production and other processing
functions, where they occur, as well as providing water for worker consumption.
Telecommunications connect with all critical infrastructures for purposes of detecting
system states and anomalies, controlling and managing infrastructure systems, and
communication of information to deploy resources, and in turn relies on other
infrastructure, particularly electric power, to function.

Serrastructure properties that create potential vulnerabilities for
infrastructukedasihe context of climate change are described in Box 7.4.

m——— |

Box 7.4. Selected infrastructure properties

Condition: The condition of infrastructure is assessed in many different ways, often
constructed relative to or against needs and performance, and these dimensions of
condition are interpreted or defined in many different ways depending on purpose,
organizational mandates, and jurisdictions. For New York City, these are contained, for
example, in the City of New York annual Mayor’s Management Report (NYC Office of the
Mayor, 2017), the OneNYC plan (City of New York, 2015), the National Academy of Sciences
(2016) report that contained a New York City section, and other sector specific documents.
The American Society of Civil Engineers (ASCE) (2017) report card presented a number of
measures for several of the City’s infrastructure systems that reflect some potentially
weakened conditions that could make parts of the system less resilient to the effects of
climate change. Traditional condition measures, however, have not necessarily been linked
directly to climate change, and Chapter 8: Indicators and Monitoring identifies some of the
relationships that do exist. To make these linkages, inferences are required from underlying

]
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knowledge of conditions that potentially undermine the ability of infrastructure to
withstand disruptions.

Usage: Usages of infrastructures or consumption of infrastructure services vary considerably
depending on the type of infrastructure. Generically they can be in the form of rates of use,
temporal patterns of use, and purpose of use. Most significantly, regardless of how usage is
measured, is the ratio or comparison of infrastructure usage to capacity, where capacity
information is available, since it reflects potential impacts of new stresses on infrastructure
designed and managed for different tolerances.

Thi
Monitoring in thi§jreport. This chapter sets forth vulnerabilities of the critical infrastructure

r on critical infrastructures is closely linked to Chapter 8 Indicators and

systems i ork City to key climate extremes, and Chapter 8 describes how to track
those vulnf@rabilities and proposes the creation of the New York Climate Resiliency
Indicators nitoring System to do so.

ion.7.2 infrastructure issues are examined with regard to the climate variables
that are iked in Chapters 2, 3, and 4: (1) extreme heat (2) cold snaps (3) heavy
downpo rought (5) sea level rise and coastal flooding and (6) extreme winds. This list
of vari es those that were identified in NPCC1. The impacts identified in this

chapter provide the basis for and are directly linked to the infrastructure indicators and
metrics inShaEter 8. In section 7.3 key infrastructure vulnerabilities are addressed, first for

individual i tructures, with and without climate change in section 7.3.1 and 7.3.2 and

then fori ture dependencies and interdependencies with and without climate

change resp vely in Sections 7.3.3 and 7.3.4. In section 7.4 community issues are

presente case studies that illustrate how infrastructure interfaces with
commnﬂ/iding a model or benchmark for other cases. New finance and insurance
mechaWave emerged to reduce vulnerability are introduced in Section 7.5.
Section 7. briefli links infrastructure strategies to mitigation. In section 7.7 conclusions and

recommendations are presented that synthesize some of the major findings and suggest
new direc

<
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Appendices present background information for selected New York City
infrastructure sectors (Appendix 7.A.), a compendium of adaptation measures (Appendix
7.B.), acknewledging the need to balance risk, cost and uncertainty in implementation
decisions,;'\H progress towards NYC’'s commitment to reduce greenhouse gas emissions
80% by 20 w endix 7.C.). The section on adaptation reflects part of a trend toward

innovative sformation emerging as a new direction for infrastructure adaptation
(Soleckise traniup204 8).

Stakehol@ement Processes

Different stakeholder engagement were undertaken to provide inputs to this
chapter. This ovefllapped to some extent with the stakeholder engagement process for the
Indicators onitoring chapter, since that chapter also focused on infrastructure. One
mechanis keholder engagement was the New York City Climate Change Adaptation
Task Forc ). The City convened numerous city agencies and other organizations that
oversee in ture through this venue covering the five lifeline infrastructure sectors in
this reporfi A ber of meetings in particular of the entire CCATF were attended by one or
more of the co-authors of this chapter. These meetings were held on July 27, 2016, June 29,
2017, er 19, 2017, and July 26, 2018. Moreover, there were infrastructure specific
meetings, e eral meetings of the CCATF Transportation Working Group, that a

repres i he infrastructure chapter attended. In addition, members of the

infrastructure chapter participated in a roundtable organized by the Indicators and
Monitorirgchapter lead on March 9, 2016 that consisted of a number of city infrastructure
agencies. er of the infrastructure chapter team met routinely with members of the

Indicators nitoring chapter and participated in their ongoing meetings with a couple
of city age etails of this process are described in the Indicators and Monitoring

chapter. tnechanism consisted of informal engagement of members of
infrastructiure managers for specific portions of the work. The insurance and finance section
authors, far exanaple, took advantage of contacts with organizations relevant to that work.
The sta e NYC Mayor's Office of Recovery and Resiliency (ORR) provided important

inputs on speajaspects of this chapter. Finally, informal contacts proved to be very
valuable t enues such as professional society conferences and meetings (e.g., the

American Sagi f Civil Engineers (ASCE)) which afforded the opportunity not only to
obtain tion through formal presentations but as a basis for informal exchanges as

well.
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7.2 New York’s Critical Infrastructure Systems and Updates from NPCC1

The Ne“ “infrastructure-shed” extends well beyond the borders of the City’s
approxim 0 square mile area. The term “infrastructure-shed” has been used in the
context o change by Rosenzweig, Solecki, Blake et al. (2011) referring to the scope
of the 2010 NPCC (2010). The City both affects and is affected by the region beyond its

N
borders. TSis is particularly true of its infrastructure.

Crihurastructure is defined by the New York City Climate Change Adaptation
Task Forc NYC Panel on Climate Change as: “systems and assets (excluding
residentia mmercial buildings, which are addressed by other efforts) that support
activities ital to the city and for which the diminished functioning or destruction of
such systmssets would have a debilitating impact on public safety and/or economic

security” E«/eig, Solecki, Blake, et al., 2011: 94 citing NPCC CRI, 2009 (Horton et al.
2010)).

Thm touches on five key lifeline sectors plus social infrastructure systems that
provid rastructure to the New York Metropolitan Region: (1) energy, (2)
transportation™8) telecommunications, (4) water, (5) waste and sewers, and in addition (6)
social i ucture. The lifeline sectors as they pertain to NYC’s infrastructure are
described in more detail in Appendix 7 A. These lifeline sectors represent those that have
been singlgd out by OneNYC (City of New York, 2015), PlaNYC SIRR (City of New York, 2013)

and the Nabi nfrastructure Advisory Council (NIAC) (November 21, 2013), and are
retained hg the purpose of consistency. Other areas of infrastructure not specifically
singled o INYC, such as banking and other financial institutions and solid waste

management that have been used by other agencies, such as the U.S. Department of
HomelandiSecurity, are not included here. The buildings sector, which cuts across many of

h

these
April 2
connects

separate report and inventory that the City undertakes (City of New York,

1

e not included here except with respect to how the buildings sector

other infrastructure covered here.

Ea
characteri

U

of infrastructure has one or more technology dimensions or

ch technology has its own level of risk and resilience. New technologies
are co emerging that can change the nature of risk and resilience for each type of

infrastructure.
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In its 2010 analysis, the first New York City Panel on Climate Change (NPCC1) presented a
table that listed potential infrastructure impacts from climate extremes (NPCC, 2010). NPCC1
dealt extegsivelygwith the relationship between key climate change risk factors — higher
mean tw; changes in precipitation, and sea level rise — and their effects on energy,
transportg ater supply, wastewater, solid waste, and communications infrastructure
(NPCC, 20i REC3 (NPCC, 2015) those relationships are summarized, which are still
generally appligalsle, and the 2010 table is now updated appearing in this chapter as Tables 7.1a
through 7.& to incorporate additional climate extremes (see also Chapters 2, 3, and 4) and
impacts. In NPC@1 (NPCC, 2010) climate extremes, referred to as climate risk factors, were
restricted 0 temperature, precipitation and sea level rise. In NPCC3, extreme heat replaces
temperature, heavy downpours replace precipitation, and sea level rise is combined with coastal
flooding. I@fad@iti@n, cold snaps, drought, and extreme winds have been added.

TaJthrough 7.1e set forth impacts that provide the basis for framing
infrastruct ators and metrics in Chapter 8. These climate extremes are described in more
detail in eghi pters. The impacts listed in Tables 7.1a through 7.1e are meant to be

iIIustrativemﬁan comprehensive.

mples of potential illustrative infrastructure impacts from climate extremes:

Infrastructure sector Climate extremes** Potential illustrative infrastructure
impacts***

and compt!ents

Energy (electricity) (NYCDEP, 2008: 38; ClimAID, 2011: 260, 261,

450; NYC, 2013: 112, 120, 121, 126, 127; Anel
etal.,, 2017:3, 4, 5, 6; Bartos et al., 2016: 6;
Schaeffer et al., 2012: 5, 8; U.S. DOE, July
2013; U.S. EPA, January 19, 2017a; NYC
Mayor’s ORR, 2018: 13)

Productios

Extreme heat - Increased user demand for and consumption
of energy potentially straining capacity (U.S.
DOE, July 2013: 5); ClimAID, 2011: 450; NYC,
2013: 112; Schaeffer et al., 2012: 8; Anel et al.,
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2017: 4; NYC Mayor’s ORR, 2018: 13)

- Increase in extreme energy use (peak load
days) (ClimAID, 2011: 450; NYC, 2013: 112)-
Increased potential for power interruptions
(ClimAID, 2011: 450; NYC, 2013: 126; NYC
Mayor’s ORR, 2018: 13)

- Overuse and strain on equipment, materials,
efficiency and performance, including cooling
water needs increasing maintenance (U.S. DOE
July 2013: 2, 5); ClimAID, 2011: 450; NYC,
2013: 120; Schaeffer et al., 2012: 5)

-Equipment damage (ClimAID, 2011: 450; NYC,
2013:120; Anel et al., 2017: 5)

Cold snaps

- Some production processes may slow down;
equipment unprotected from low
temperatures and snow and ice accumulation
could be damaged depending on material
tolerances and existence of icing conditions
(ClimAID, 2011: 450)

Heavy downpours

- Equipment damage from flooding (ClimAID,
2011: 261; NYC, 2013: 121)

Drought

- Material and processes compromised if
drought conditions are prolonged, especially
processes dependent upon water inputs and
maintenance of water intake levels; likelihood
of increased fire risk and inability to fight fires
due to insufficient water (NYCDEP, 2008: 38;
ClimAID ,2011: 310)

Sea level rise and coastal
flooding

- Equipment damage and potential damage to
docks and marine-based infrastructure from
flooding and corrosive effects of seawater
(ClimAID, 2011: 446; NYC, 2013: 127)

Extreme winds

- Potential production disruptions due to shut
in facilities to avoid damage (ClimAID, 2011:

)\uthor anuscript
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Table 7.1b Examples of potential illustrative infrastructure impacts from climate extremes:

Transportation*

—

Infrastruct @ r

and corgpQgilim,
~

Climate extremes**

Potential illustrative infrastructure
impacts***

Transportation

(Kish and Samavedam. 2013; NYCDEP, 2008:
38, 41; ClimAID, 2011: 310, 311, 312, 341, 342,
345, 356, 450, 451; U.S. DOT Federal Transit
Administration (FTA), 2011:5, 10, 16, 19, 21,
30,42, 102; NYC, 2013: 173-188; U.S. EPA,
January 19, 2017b)

Roadways

L

Extreme heat

- Increased road material degradation,
resulting in increased road maintenance
(ClimAID, 2011: 451; Kish and Samavedam.
2013.

Cold snaps

- Some road surfaces could be damaged
depending on material tolerances and
resistance to effects of icing and snow
accumulation (ClimAID, 2011: 451; U.S. DOT,
FTA, 2011: 21)

Heavy downpours

- Declining serviceability of roadways due to
flooding conditions (ClimAID, 2011: 451)

- Increased travel delay from increased
congestion during street flooding (ClimAID
2011: 451)

- Increasing need for pumping capacity and
associated increased energy use for additional
pumping to remove excess water to prevent
flooding (NYCDEP 2008: 41; ClimAID 2011:
342)

Author I\/IEn

Drought

- Increased road material degradation if
drought is accompanied by heat (ClimAID,
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2011: 451)

- Likelihood of increased fire risk along
roadway rights of way and inability to fight
fires due to insufficient water (NYCDEP 2008:
38; ClimAID, 2011: 310)

nor Mgnuscript

Sea level rise and coastal
flooding

- Declining serviceability of roadways due to
flooding conditions (ClimAID, 2011: 451)

- Increased travel delay from increased
congestion due to persistent high water levels
(ClimAID, 2011: 451)

- Increased need for ongoing pumping capacity
and associated increased energy use for
additional pumping to remove excess water
continuously to prevent flooding (NYCDEP,
2008: 41; ClimAID, 2011: 342)

-Corrosion of roadway support facilities by salt
water (NYC 2013: 178)

Extreme winds

- Increase in roadway accidents from vehicle

collisions with road debris and vehicle
instability (ClimAID, 2011: 311)

-general potential impacts on transportation
roadway and bridge structures and vehicles if
winds exceed guidance and announced event-
specific wind thresholds as it was for
Hurricane Sandy for example (195 Corridor
Coalition, 2013; NYS Office of the Governor,
October 29, 2012)

Transit

Extreme heat

- Increase in use of cooling equipment due to
increased underground station temperatures
(ClimAID, 2011: 451; U.S. DOT, FTA, 2011: 21;
NYC, 2013: 182)

- Increased rail degradation and equipment

J
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flooding

deterioration from saltwater inundation,
resulting in increased maintenance (ClimAID
,2011: 451; U.S. DOT, FTA, 2011: 42; NYC,
2013: 178, 181)

Extreme winds

- For commuter rail or elevated subway lines,
increase in transit accidents from train
collisions with track debris; operating
disruptions where trains are required to cease
operations (ClimAID, 2011: 312; U.S. DOT, FTA,
2011: 30)

S

Table 7.1c Examples of potential illustrative infrastructure impacts from climate extremes:

U

Telecommunications*

1

Infrastruct

and comp

A

Climate extremes**

Potential illustrative infrastructure
impacts***

Telecommunications

(ClimAID, 2011: 450, 452; NYC, 2013:161-172)

\

(corres

ctric power above)

Supplies: fa hat provide electric power for telecommunications

Extreme heat

- Power disruption/outage frequency and
severity affects communication equipment,
e.g., computerized controls for power systems
(ClimAID, 2011: 452; NYC, 2013: 169)

Cold snaps

- None expected for supply facilities, except as
listed under energy

Heavy downpours

- Equipment flooded and stored materials
damaged (ClimAID, 2011: 452)

Drought

- Water level and water supply inputs for
electric power potentially affected (see
electric power) (ClimAID, 2011: 450)

Author
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Sea level rise and - Increased flooding of electric power
coastal flooding equipment and corrosion from salt water
(ClimAID, 2011: 452)

Extreme winds - For production, disrupted power supply due
to electric power production system
disruptions (ClimAID, 2011: 450)

- For transmission, in areas with overhead
lines, power disruption due to fallen lines
(ClimAID, 2011: 452; NYC, 2013: 169)

ript
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Table 7.1d les of potential illustrative infrastructure impacts from climate extremes:
Water, Waste and Sewer*

Infrastructmr Climate extremes** Potential illustrative infrastructure

impacts***
and compo

Water Supply
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s Extreme heat

- Changes in characteristics of water flow
through pipes

- Material degradation resulting in the
potential for more pipeline breaks and water
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leakage

Cold snaps

- If icing conditions exist, water movement
could be inhibited

- Material degradation resulting in the
potential for more pipeline breaks and water
leakage

Heavy downpours

- Pressure changes in water distribution
system (NYCDEP, 2008: 38)

- Increased corrosion (ClimAID, 2011: 446)

- Increased water loss (ClimAID, 2011: 444)

Drought

- Potential materials impairment in prolonged
droughts

Sea level rise and
coastal flooding

- Increased flooding (infiltration and inflow)
from flooded distribution lines (ClimAID, 2011:
446)

$nuscﬂpt

Extreme winds

- Temporary disruption of operations due to

operating restrictions in high winds
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Marine transfer stations

Extreme heat - Increased evaporation of contaminants from
refuse
Cold snaps - None expected except for exposed facilities

where temperatures below material
tolerances and freeze-thaw cycles can
potentially damage facility components

éHu%eﬂp

Heavy downpours - Marine transportation impeded (NYC, 2013:
231)

Drought

Sea level rise and - Alignment of marine transfer station docking

coastal flooding facilities with landside facilities affected (NYC,
2013: 232)

Extreme winds - Temporary disruption of operations due to

restrictions on vessels operating in high winds
(NYC, 2013: 232)
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232)

Extreme winds

- Disturbance of refuge storage and
unexpected uncontrolled release of refuse
(NYC 2013: 231)

[

Sewer (Wastewater treatment and conveyance

Quality

Extreme heat

- Treatment capability of wastewater
treatment plants improved up to a point due
to increased heat affecting biological processes
but then declines tolerance limits are
exceeded (NYCDEP, 2008: 41)

- If substantial evaporation or drought occurs,
quantity of wastewater becomes insufficient
to sustain treatment processes

Cold snaps

- Treatment systems and processes are
compromised if they are affected by cold

Heavy downpours

- Hydraulic capacity of sewers and wastewater
treatment plants exceeded owing to increased
flows (NYCDEP, 2008: 9; ClimaAlID, 2011: 444,
NYC Mayor’s ORR, 2018: 15)

- Combined sewer overflow facility capacity is
overwhelmed and pollutants are discharged
into sewer systems and waterways (, 2011:
445; NYC Mayor’s ORR, 2018: 15)

- Sewer backups (ClimAID, 2011: 444)

- Treatment capacity of treatment plants
exceeded from dilution from increased flows
(ClimAID, 2011: 444)

- Decline in water quality reflected in Clean
Water Act standard variances (ClimAID, 2011:
446)

Author M%nusc#

Drought

- Insufficient water for sewer collection
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systems to operate

- Saltwater intrusion (NYCDEP 2008: 9)

Sea level rise and
coastal flooding

- Reduced function of wastewater treatment
plants and related infrastructure, including
outfalls if sea level overwhelms plant facilities
and other infrastructure through regular
flooding and ponding upstream and
downstream (NYCDEP, 2008: 9; ClimAID, 2011:
446; , October 2013; NYC Mayor’s ORR, 2018:
15)

Extreme winds

- Outdoor facility components can be damaged

ug,crip{

Table 7.1€lExamples of potential illustrative infrastructure impacts from climate extremes:
Selected rastructure*

Infrastru

-

3

and co

/

Climate extremes**

Potential illustrative infrastructure
impacts***

Social Infrastructure

(NYCDEP, 2008: 9; ClimAID, 2011: 174,
449, 446, 450, 453; NYC, 2013: 143-160;
Guenther and Balbus, 2014)

Authol

Extreme heat

- Power disruption/outage frequency and
severity affects power dependent
operations; Given the use of electricity in
hospitals (U.S. DOE, 2011; Christiansen et
al. 2015), increased use of electricity for
cooling (ClimAID, 2011: 450)

- Hospital and associated health facility
capacity is overwhelmed due to increase in
cases of mortality and injuries from heat
stress, air quality degradation, vector-
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borne diseases and other heat-related
health effects (ClimAID, 2011: 453)

Cold snaps

- Given the use of electricity in hospitals
(U.S. DOE 2011; Christiansen et al. 2015),
Increased use of electric power for heating
(ClimAID 2011: 450)

Heavy downpours

- Equipment flooded and stored materials
damaged (ClimAID, 2011: 450; Guenther
and Balbus, 2014: 33)

Drought

- Increased demand on water supply and
electric power given the use of electricity
in hospitals (NYCDEP, 2008: 9; ClimAID,
2011: 450)

Sea level rise and
coastal flooding

- Increased flooding of equipment upon
which hospitals rely heavily (in particular,
electric power used in hospitals and
telecommunications) and corrosion from
salt water (ClimAID, 2011: 446; Guenther
and Balbus, 2014: 33)

Extreme winds

Lr I(Aarluchipt

- See sectionson impacts of wind on
electric power , telecommunications and
other infrastructure related to the
functioning of hospitals

Parks and Public Spaces

Extreme heat

- Reduction in vegetation due to heat
tolerance problems (ClimAID, 2011: 174)

Cold snaps

- Reduction in vegetation due to cold
tolerance problems (ClimAID, 2011: 174)

Heavy downpours

- Reduction in vegetation from washouts
and flooding of root systems (ClimAID,
2011: 449)
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Drought - Reduction in vegetation due to water
reduction, where supplemental irrigation
is not available (ClimAID, 2011: 449)

Sea level rise and - Periodic or permanent inundation of
coastal flooding vegetation potentially resulting in
transformation of species that can both
positively and negatively impact the
natural distribution of species (ClimAID,
2011: 446)

Extreme winds - Destruction of trees thus reducing tree
canopies

Tables 7.1 a-

NOTES AND!OURCES

*This table is@sgamized as in NPCC1 (Zimmerman and Faris, NPCC 2010, Table 4.1), with climate extremes
expanded fi@m % to six for NPCC3, and includes lifeline infrastructure systems Energy; Transportation;
Telecommuri@a

Water, Waste, and Sewer with the addition of selected Social Infrastructure (hospital
nly) as defined centrally for the NPCC3 report. The energy sector focuses on electricity.

*** The impacts listed here are illustrative, and are not intended to be comprehensive. Factors other than
climate extr@mes can contribute to impacts given. In some cases, references that pertain to other

infrastructu are listed where impacts to those other sectors are implied or mentioned in another

are identified in or inferred from general literature, common use, and the impacts that
occurred d @ ane Sandy identified in plaNYC “A Stronger, More Resilient New York” (City of New York,
t of probability or level of impact is assumed. The potential illustrative infrastructure

t take into account adaptations or other actions to reduce or avoid the impacts, some of
which appedk in Appendix 7.B. They do not reflect temporal dimensions, that is, different impacts occur at
differen . The potential infrastructure impacts are repeated in Chapter 8 (Tables 8.5 and 8.6) for
the purpwently linking indicators and their metrics to impacts. The references cited are not meant
to be compr, ive, and tend to be specific to or applicable to NYC. Some impacts listed are worded directly

as they appear in Tallle 4.1 in NPCC 2010 in order to maintain consistency.

<C
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Abbreviations for some of the references in the Potential Infrastructure Impacts column are:

e ClimAID: Rosenzweig, Solecki, DeGaetano, et al. 2011

M\lew York Environmental Protection, 2008
f New York. 2013. Strategic Initiative for Rebuilding and Resiliency (SIRR). A Stronger,

N

Mo ew York.
H
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7.3 Key-Vu ilities, Dependencies, and Interdependencies

>
(1]
-
[Y)

This sectioggdesgribes infrastructure vulnerabilities in the current and future climate.
Section 7.8.1 add¥esses infrastructure vulnerabilities irrespective of climate change (for
individual infrastructures separately). Section 7.3.2 superimposes climate change on these
vulnerabilities! Séction 7.3.3 illustrates how these individual infrastructure sectors are

S

interlinked By d€pendencies and interdependencies without climate change and Section
7.3.4 illustrates the dependencies and interdependencies with climate change. Energy and

L

transportati rastructure are emphasized, but other lifeline sectors are also discussed,

namely w telecommunications.

7.3.1.Vu ies for individual infrastructure without climate change

all

Curren rabilities for individual infrastructure systems encompass a number of
infrastructur ibutes and their social dimensions. These include:

\

e Initial condition and performance (including designed capacity)

e Extént of use or dependency on the infrastructure, especially relative to capacity

d

e Ac
th

y and availability to users, and equity issues arising from differences in
cteristics

e

Ext€nt of or repeated exposure to hazard

§

Ability to gecover from hazard

t?

e Ex f and access to alternative services to support immediate response during

an

3

ng a disaster, for recovery, as well as toavoid damage at onset.

A
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Each of these characteristics influences how an individual infrastructure system can
resist stress. The first two vulnerabilities - condition and usage relative to capacity - are
critical chiacteri tics related to vulnerability and are singled out for greater discussion
below.

7.3.1. 1" ffaStrticture condition

If infrastrwweak to begin with, it will be less able to withstand stress. Table 7.2
presents t ition of selected infrastructure in New York City and in some cases in the
region. Nmorganizations work together to maintain the highest level of performance
of infrastr in the region. These include government agencies at state and local levels,
professional assagiations such as American Public Transportation Association (APTA) and the
American of Civil Engineers (ASCE), and private and non-profit entities. In New York
City, govemagencies include the New York City Office of Emergency Management
(NYEM), t York City Mayor’s Office of Recovery and Resiliency (NYCORR), NYC Office

of the Co , infrastructure owners and operators, and many of the City’s community
boards. T3bl mphasizes selected illustrative characteristics of infrastructure condition.

Table 7.2. Selected illustrative characteristics of infrastructure condition in or affecting New

York City s

Infrastructu e | Description of Selected potential Time period | Reference
and syste condition element consequences (if specified)
applicable to NYC

! Energy

Electric Power

operational, and extensive outages (in 2013: v)
maintenance levels to terms of number of
meet functional needs, | customers affected

acknowledging that and infrastructure

Some design, Frequent and often Approx. 2013 | U.S. DOE (April
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Petroleu i capacity
e 5 Condition of refining

m refin
: capacity may be

weather events

Shutdown of refining
capacity (expressed

affected during extreme | in barrels of oil per

day)

Hurricane Irene:
238,000

Hurricane Sandy:
308,000

Approx. 2013

U.S. DOE (April
2013: v)

Transportation
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Roads

0

Pavement condition:

-43% poor;

-30% mediocre

Likelihood of inability
to withstand water
and wind related
effects of extreme
events

circa 2015

ASCE (2015: 44)
(4]

Rough roads

Additional vehicle
operating costs (per
vehicle per year)
$694

Circa 2015

ASCE (2015: 5)

Auth
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Water

Water main Strength -
-Number of breaks per
year:

406, 513, 563, 397, 424
-Number of breaks per
100 miles of water main
(previous 12 months):
5.8,7.3,8.0,5.7,6.1

Outages and ability to
restore water supply
quickly: restoration
time 4-5 hours

Weaknesses in the
water supply
distribution system
reflected in breakage
rates could point to
the likelihood of a
greater inability of
those systems to
withstand pressures
from flooding.
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FY 13, 14, 15,
16,17

NYC Office of
the Mayor
(2017:262-263)
[3]; AWWA
2012




Notes:

[1] Numberh\ers is not equivalent to number of people. Consequences are either for facility damage

or deIiberaths to avoid facility damage.

[2] Note: SG inations are required by the federal MAP-21 law and are implemented by individual
transit S\Inal Center for Transit Research, June 2016: 3).

[3] Thes ased upon the TRIP (November 2016) report that implies that the percentages refer to
roadwayMthat condition is based on pavement condition (TRIP November 2016).

[4] Water s ages can reduce capacity; the major leak that the City is addressing is in the Delaware
Aqueduct water tra ission system. This will be addressed through construction of a bypass (NYC Water
Board, May ontrast to the NYC breakage rates, a U.S. Canada survey of 281 responding utilities
found that “B en 2012 and this 2018 report, overall water main break rates increased by 27% from 11.0 to
"m miles)/year” (Folkman, March 1 2018: 4, 8). By comparison, the NYC Office of the Mayor
MMR (2017: 26 indicates that NYC breaks per 100 miles are between 5.7 and 8.0 for FY13-FY17.
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7.3.1.2 Infrastructure usage vs. capacity

capacity is
stresse®lis ally diminished. The ratio of use to capacity is often used as an
icator, for example, volume to capacity ratio for roadways.

O

Usage onsumption of electric power and water services and resources have been

infrastruc

increasin ondlly over time, though in the New York area usage has in some cases been
at least st possibly intermittently declining in recent decades yet a comparison of
usage against capiacity is what is relevant for resilience. The transportation sector has
generally nced extensive growth in terms of vehicle miles of travel for road-based
travel, briﬂunnel crossings (NYS Comptroller, 2018: 3), and transit ridership (though
transit rid s shown some declines in the past four years (NYS Comptroller 2018: 3).
Table 7.3 p examples of some of these infrastructure usage characteristics that can
be compa“’vst capacity when such information on capacity becomes available.

Table 7§ucture usage characteristics: Energy and Transportation

Infrastructure Description of lllustrative usage details | Time period Reference
type and system usage (if specified)

ENERGY

Electric po Electricity use Electricity use increased 2015-2016 NYS ISO (2017b: 13)
by 0.31% (GWh) equal to

53,653 GWh in 2016

TRANSPORTATION
Roads Congestion (time | “New York has the 2017 INRIX (2017: 25)
and cost of highest daytime
delay) congestion rate on

arterials and city streets
among the major US cities

-
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Note: Trenfs i sector potentially signify stresses on the existing system unless capacity

7.3.2. ies for illustrative individual infrastructures with climate change

The previhssion identified infrastructure vulnerabilities in the absence of climate

temperatdre. These vulnerabilities contribute to impacts outlined in Tables 7.1a-e

7.3.2.1 Se ise

Many of the onents of the City’s infrastructure assets and services are at risk from
floodin directly and indirectly. Direct risk occurs in terms of elevation above sea level,
extreme pr ikation including flash flooding, and indirect risk to areas that are not in
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flood-prone areas but are connected to them physically or functionally. Most vulnerabilities
relevant to climate change-related sea level rise pertain to location, and thus actual or

potential rposu'a to sea level rise.

FigureS M .1b combined indicate the vulnerability to flooding for selected
infrastfctiFES M Lower Manhattan by virtue of flood plain delineations that existed
following icane Sandy. The following sections will zoom in on the impacts of flooding

events on wnfrastructu re sectors.

Area Critical Infrastructure

DEP Wastewater Facilities

o]
®  (ritical Telecommunication Facilities
B cower Substations
v Hospitals
‘I'f o Subway Stops

Subway Lines and Tunnels (MTA)
== Vehicular Tunnels

e Mzjor Arteries

Figure 7.1a. Exagiple of selected critical infrastructure systems located in or connected with

facilities in flooddnundation zones, Southern Manhattan, NYC. Source: City of New York,
2013 <|
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= \
rf—‘jg el

Inundation (Feet Above Ground)
\ \ - Less Than 3
\ -
e {“ | LBt
= B - More Than 10
-1 = b =
Note: Inundation more than 10 feet includes below grade areas. Source: FEMA (MOTF 11/6 Hindcast surge extent)

Figure as subjected to inundation and surge where selected critical infrastructure
d in or connected with facilities in flood inundation zones (infrastructure

ure 7.1a), Southern Manhattan, NYC.

systems a
locatio

Source: N¥C SIRR (City of New York 2013)

Transporr@

The locatigns of NYC transportation systems that are commonly flooded or are routes for
floodebeen known for some time from the histories of flash flooding and intense
precipita@tudies of the elevations of these facilities relative to sea level. Several
studies h

system, su e NYS ClimAID study, e.g., Rosenzweig, Solecki, De Gaetano et al., (2011),
cob et al. (2009), Rosenzweig and Solecki eds. (2010b), the various

City’s rail transit infrastructure within various sea level elevations

ified locations for the most vulnerable components of the City’s transit

components
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(USACE, 1995; Zimmerman and Cusker, 2001; Zimmerman, 2003), and the subway lines and
stations most vulnerable to flooding for example during the August 2007 floods (MTA 2007).
Zimmerman (2008) summarized the USACE (1995) findings for the elevations of major

facilitieﬁwr’;ponents in terms of the National Geodetic Vertical Datum (NGVD) of 1929:

o A Metro-North Railroad, Long Island Rail Road: 10 stations were within 10 feet
ar Mea level and 4 were between 10 and 12 feet;

° ys and the PATH system: 17 components were within 10 feet and 3 were

g 0 and 12 feet;
° dges and tunnels: 21 were within 10 feet and 9 were between 10 and 12

o Magi iIities: 6 were within 10 feet, and
o Aj were within 10 feet and 2 were within 10 and 12 feet.

In add ny other facilities are threatened that are used for storage, cleaning and
maintenafice nsportation infrastructure, as well as intermodal facilities for goods
movement.

Energ

I

Historically electric power plants were located along shorelines for cooling water and
greater ad aterborne transport of supplies. Selected locations were presented in
Chapter 4 G 010 NPCC report (NPCC, 2010). In addition to power plants, other units, in

particular ons, were near enough to coastal areas to have been flooded in Hurricane
Sandy. ison of Figures 7.1a and 7.1b above illustrates some of the damages to

electrichtations resulting from Hurricane Sandy.

Enm:structure in New York City includes power production equipment,
transform oth underground and overhead distribution lines, each having different

vulnerabiliti pending on the hazard. Overhead lines are vulnerable to wind and tree

damag «Jﬂ

corrosion in g

rground distribution lines are vulnerable to salt-water intrusion and water
2ral. The operation of transformers and production equipment when
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directly exposed to water inundation becomes disabled as was apparent as a result of
Hurricane Sandy and other similar storms. A key learning experience is Hurricane Sandy and
the associated stgrm surge that destroyed temporary protection barriers and inundated Con
Edison Mtreet facility, causing massive flooding to two transmission substations
and leadi @ intense electric arc (City of New York, 2013).

*mgacts from Sandy on the electric distribution system contributed to customers
enduring llackout conditions for 4 days, some even lasting up to two weeks before power
was restohh critical control equipment was submerged and damaged due to salt
water cor@/\any of Con Edison electric systems in Manhattan are in the floodplain
close to th ine and are buried underground making them more vulnerable to sea

level rise surge (City of New York, 2013). Hurricane Sandy caused catastrophic
damage t ical underground systems causing many cascading effects to the electric

system witini outside of Manhattan that are interdependent with each other (City of
New York, 2013

Wastewa;

New Y urteen wastewater treatment plants are located on or near the City’s
waterways, S to power plants contributing to vulnerability to high water conditions.
After ne Sandy, the City conducted an extensive wastewater resiliency plan and

analysis detailing the components of the wastewater facility plants vulnerable to flooding

(NYCDEP, gctober 2013).

Th@EP’s post-Sandy analysis in October 2013 of the vulnerability of the City’s
ent plants and their components to flooding indicated that all 14 of its

wastewat@r treatment plants experienced such vulnerability (NYCDEP, 2013). In addition,
426 combined sewer overflow facilities (NYS DEC, 2012) and regulators
urrounding water from flooding City streets are extremely vulnerable to

sea level Slooding, and their operations could be seriously affected.

@ indings do not separate out many of the stresses associated with flooding

such as hydrol@gig stress and undermining of structural supports and corrosion. Many of the

This article is protected by copyright. All rights reserved.



vulnerabilities and the consequences associated with flooding are distinct from those
associated with sea level rise. Sea level rise is a slow onset hazard that causes saltwater
intrusion ﬁmag’to infrastructure, while coastal flooding is acute yet intermittent damage.

7.3.2.2 Te

The NPCCMport (NPCC, 2010: Table 4.1) sets forth impacts of temperature on the
City’s infragrudteire and Tables 7.1a-e provide more current details. This section focuses
primarily mlnerability of selected infrastructure sectors to temperature impacts
primarily inte of attributes of materials and structural characteristics, keeping in mind
that tempgraturdlis measured in a number of different ways. A heat wave, for example, is
defined for New York City as three or more consecutive days with maximum temperatures
at or above 90°FfHorton et al., 2015: Chapter 1). New York City is experiencing increases in

the numb tensity of extreme heat events that can be attributed to a warming
climate ( WBader, Kushnir et al. 2015). NPCC2 presented these conditions in terms of
heat wav n, Bader, Kushnir et al., 2015), and NPCC2 as well as future NPCC3
projection cribed in the climate sciences chapter) project these trends to remain

throughodt o rest of the 21st century (Horton, Bader, Kushnir et al., 2015). While the
key physical'dri¥ers of extreme heat events are predominantly synoptic climate signals, the

built e of the complex urban core has a magnifier effect, the urban heat island,
increasing th nsity of them (Ortiz et al., forthcoming).

TransporlSion

Temperathssed as unusually high temperatures that are frequent or long duration

(e.g., hea have had the effect of deforming transportation materials, for example,
concre roadways and other supports such as bridges (Jacobs et al. 2018), asphalt

for roadways, ang steel for transit rails and vehicle components (U.S. DOT, FTA 2011).
These phehomena are a combination of temperature levels, duration of the heat,
environmental Iids, usage (e.g., vehicular speed and weight), and the manner in which

transport terials have been installed in light of temperature constraints (Kish and
Sameveda . The New York area transportation systems have experienced the effects
of tem on its operations, and some examples are noteworthy. With respect to steel

rail, the MTA’s ™Metro North system has experienced actual rail buckling and wheel
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distortions associated with high temperatures. A derailment near Poughkeepsiewas
potentially considered to be attributed to high temperatures (Cummings, May 22, 2017).
This is pointiall*a system-wide problem and common to rail systems beyond the New York

area (U.S. , FTA, 2011) that needs to be addressed in the future, since rail
transports ems were not necessarily designed for such temperature extremes or to
the delays with reductions in train speeds to reduce heat effects (Kish and

Samevetd Jmm2088). Furthermore, increased maintenance is often called for to compensate
for such vﬁerabilities (ClimAID, 2011: 451). The vulnerability of concrete to heat on

roadways isgalsgsubject how roadways are designed to accommodate heat-related
expa nsior@ etal., 2018).

Energy

Heat wavﬂverely stress the electric power system that is built and operated for

certain te re tolerances (U.S. DOE July 2013; ClimAID 2011: 450). Records of past
heat wave indicate that peak loads and blackouts can be related to these extreme
heat events. ay overhead transmission and distribution systems are designed can

affect vulnerability to sagging, which is related to air temperature and the ability to reduce
artos et al. 2016).

Water Supply

A number%r studies have identified vulnerabilities of certain water supply
compone * mperature effects including the relationship between temperature and
N Q

precipitat

emperature and water demand (NYCEP 2008). Water storage facilities are
ned by increased evaporation rates which for New York City is a problem

oration. Increasing temperature can also affect water quality.

Wastewaﬁment

Following igéne Sandy, New York City studied selected effects of storm-related impacts
on wastewa atment (City of New York October 2013). In addition, other studies have
noted tewater treatment processes which in NYC rely upon action by biological

organisms c affected given the limited tolerance of those organisms to heat.
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7.3.3. Vulnerabilities for infrastructure dependencies and interdependencies without
climate change

Dependengi@apd interdependencies among infrastructure systems contribute to
vulnerabirconnections when not anticipated, are unexpected, or are uncertain.
To exarﬂine and address potential climate change risks to critical infrastructure, the City
recently regconvened the CCATF in the fall of 2015 to review risks based upon the most
recent NP&ate projections for New York City and to develop and coordinate potential
mitigatior@es. As part of CCATF, the City through the Mayor’s Office of Recovery and
Resiliency s working with the U.S. Department of Homeland Security (DHS) and

Argonne i Laboratories to focus in particular on risks associated with
interdepe i®s among critical infrastructure sectors; to better understand the risks

posed to rjd systems such as energy, telecom and transportation, in addition to
asset-level vulnefabilities; and examine potential asset-and neighborhood-level
infrastructure resilience strategies. Table 7.4 below gives examples of infrastructure
interdepeﬁ and dependencies among infrastructure sectors that begin to identify

some of t ctions (Zimmerman and Restrepo, 2009).

Table ive examples of generic infrastructure interdependencies
Sector Receiving the Service

Sector Generating Energy: Oil | Energy: Transportation | Water Communications
or Providing the & Gas Electricity
Service toh
or Receivirﬂ
Energy: Oil & Gas Fuel to Fuel to Fuel to Fuel to maintain
operate operate operate temperatures
power plant | transport pumps for equipment;
motors and | vehicles and fuel for backup
generators treatment | power
processes
Energy: EIeH Electricity Power for Electric Energy to run
for overhead and | power to cell towers and
extraction underground operate other
and transit lines, pumps transmission
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transport switches, and equipment
(pumps, signals, and treatment

generators) lighting processes

Production | Coolingand | Water for Water for
process production vehicular equipment and
water processes operation; cleaning

water cleaning

Source fEFTABIE odified and expanded from R. Zimmerman and C.E. Restrepo. 2009. Analyzing

Cascadi ithin Infrastructure Sectors for Consequence Reduction. Proceedings of the HST 2009 IEEE
Conference on Technologies for Homeland Security, Waltham, MA, pp. 165-170. DOI:
10.1109/THS.2009.568029.

Note: exchanges or igterconnections within each sector also occur, but are not shown here.

Note: T

@@ ples are illustrative and not intended to be comprehensive. Cases of dependencies and

interdepende pecific to New York City are presented in the context of climate change below.
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7.3.4 Vulnerabilities for infrastructure dependencies and interdependencies with climate

change

Table 7.5 iriefly 'Hustrates conceptually the nature of infrastructure dependencies and

interdepe
of the effe
York City
interdepe ndengies.

L

encies relevant to climate change exemplified by electric power as the initiator
dhinteractions with water and transportation. Key cases applicable to New
gimm follow, first in terms of dependencies and then extended generally to

Table 7.5 @cture dependencies, interdependencies, and selected climate impacts:

illustrated

rgy, water and transportation

pends upon energy

r operational controls
signals, switches,
hting) and vehicular
wer in the case of
transit

imate impact: Heat,
a level rise, and
orms can disable

energy which in turn can
isable transportation
ransit)

energy for water conveyance
(via pumps) and to provide
power for treatment
processes, where applicable

Climate impact: Heat, sea
level rise, and storms can
disable energy which in turn
can disable water supply
systems

ependency 1 Dependency 2: Interdependency:
ransportation q Energy-
. Water Dependence on .
ransit) Dependence P Transportation-
n Energy Energy Water
ansportation (transit) | Water supply depends on Electric power outages

affect transportation
and water (see
dependencies 1 and 2)
and then electric
power is affected since
it depends on water for
production processes
and transportation for
access to resources.

Climate impact: Heat,
sea level rise, and
storms can disable
interdependent energy,
transportation and
water systems,
potentially with more
severe consequences
given the
interdependencies
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Source: Based upon R. Zimmerman. 2018-2019. Ongoing research on infrastructure interdependencies and
extreme events. Wagner Graduate School of Public Service, New York University.

Note: This hlﬁothet'al example only portrays energy infrastructure as electric power. An additional energy
dimension is*for fuel. This example only covers the disabling of transportation and water supply from electric

power outag m reality, disabling also occurs for both of them from direct effects of climate change on
them in add®ion to@Cting through electric power outages.
I I

Some cases specific to New York City are given below for dependencies and

interdepefldenci@s. Though the climate change connections were not usually made, ways in

which clim ange could be related are suggested or inferred.

734.1 DTcies for energy and transportation with climate change

Under cli nge, impacts from heat could exacerbate power outages and lead to

transit imp low are examples of electric-transportation sector dependencies in New
York City.

Transit Disruptions from Electric Power Outages. The City’s transit system

Con Edison as a power supply. In late 2016, subways were disrupted by a
n manhole fire and the New York City Transit system experienced outages on
several subway lines for about a day (Honan, December 26, 2016), which exemplified
the power-transit connectivity in NYC. This was one of a series of such outages

re ino the power-transit connections that continued through the following year
for ex@maple on April 21, May 7 and 9 (New York State Office of the Governor, August
9, @ d September 17, 2017.

e 20 anada Blackout. The extensive 2003 blackout was not a particularly

extéeme heat event however, it underscores the dependency of transportation on
elagtric services in the event of a disruption. A 2006 study showed that during the
Mout, transit in New York City took about 1.3 times as long to recover and
traffic siglals 2.6 times as long to recover compared to the length of time it took for
pol very (Zimmerman and Restrepo, 2006).

0

° ber 2016 Power Distribution to the MTA Metro-North Railroad. A high-
v eder cable powering the MTA’s Metro-North Railroad commuter rail
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transit system was taken off-line, but during that process the adjacent backup unit
was disabled, disrupting Metro North commuter rail service for over a week

(Flegenhaimer, September 25, 2013). The problem was investigated and ensuring
Mu;tnness of power supply to a large transit system suggests operational and

t
mntrol needs.

In eacme examples, commuters heading to work and other transit users were
affected bypo outages that unexpectedly halted train service. Some solutions are for
New YorkState alid New York City to ensure electric power reliability for subway signals,

switches, and d rail systems and to improve signaling and switch capabilities. The

Governor @irgcted the NYS Public Service Commission to investigate (NYS Office of the

Governor, August 9, 2017), and Con Edison has scheduled improvements (Con Edison, July
. In th5

27,2017) uture, these considerations should be expanded to components of the

MTA syst r than trains but related to train service.

7.3.4.2 Inm-udencies with climate change

The effe a level rise and temperature on individual infrastructures are heightened
where se rastructures are connected. In New York City, water supply distribution
lines a ower lines are often co-located in the same conduits or corridors for cost-

saving. Drainage pipes are often located on the underside of highway overpasses or bridges.
Under sms conditions, sea level rise and high temperatures will affect more than one

infrastructurf

Some s illustrate selected interdependency and climate change phenomena
releva

° Enlrgy and Transportation: This case is identical to the one above for New York City
transit st@ways in the absence of climate change except that the climate change

p

>

on can be specified. First, when heat or sea level rise causes power

d separately also impairs rail lines and disrupts train operations, then
iders may shift to other travel modes (e.g., road-based transit that can cause
exces way congestion. Such congestion will likely prevent electric utility
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workers from accessing utility equipment (e.g., electric power, water) causing delays
in equipment repair. Second, when heat impairs rail travel by distorting the rail lines
or when sga level rise floods rail lines and disrupts train operations, not only will
Mirectly affected but electrical lines that run near the rail lines will in turn

almpaired.

. &oMSewer Overflow (CSO) facilities and Transportation. New York City has 426
combined sewer overflow facilities at shoreline locations (NYS DEC, March 8, 2012:
1-% CSOs operate in the following way (NYCEP, May 2018; U.S. EPA

Demzo 2017): when the tide is below the level of the CSO, the CSO regulators

ca hus discharging excess water from streets into the waterways surrounding
NY@ the tide increases the regulators close. This is an important mechanism
fo ng water from land surfaces including streets. Under rising sea level

€O mliibi depending on the height, the regulators could be permanently shut
thereb venting them to function for street and land surface drainage. When

streets are flooded due to CSO interruption the streets can in turn disrupt water
dr!nage infrastructure further through uncontrolled water discharges from the
st 0

Information Technology (IT). As a result of Hurricane Sandy, information
gy (IT) components were disabled in part due to their connectivity to

c power, estimated to be the major cause of IT outages (City of New York,
nzweig, Solecki, De Gaetano et al., 2011; NYS 2100 Commission, 2013).
dency becomes an interdependency when an electric power outage

causes an IT system outage which in turn prevents the IT enabled electric power
sygtems to operate. The IT connections to electric power systems occur in several
di

@ | Water Supply. Water supply delivery to housing units in buildings above
six stories relies on power supplies to operate the pumps, and electric power can be

vu!eraE!e to the effects of climate change and extreme events. Such units and their
ave been estimated for New York City as a basis for adaptation strategies

“erruptible water supplies (Zimmerman, Restrepo and Kates, 2015).
Li i ater supply outages caused by electric power outages can in turn affect

rms, as computers, sensors, cell towers, etc.

e En

energy inffastructure that is dependent upon water for cleaning, operations, cooling,

and otherfunctions. When these other infrastructures are deprived of water, they
se to function especially where water is needed for cooling.
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e Water and Transportation. Water usage is pervasive across infrastructures, and in
turn, water infrastructure relies upon electric power to run pumps and other
magchinery and transportation to provide water system supplies. Downstate transit
Mpon water for potable use and washing operations for its facilities. The
M @ ted 2.6 billion gallons of water consumed in 2006 for potable purposes
ac ire MTA downstate system and of that 1.9 billion gallons of water was
Ws&asfegmwashing (MTA Blue Ribbon Commission on Sustainability Water
Suwny, December 24, 2008). The New York City transit system alone uses

e-quarters of the potable water system used throughout MTA and over 80

pefcent affithe washwater (2006 water use data) (MTA Blue Ribbon Commission on

Sustainability Water Sustainability, 2008:). Thus, if electric power to these water and

ion systems is disabled (separately to each system), it can produce
impacts'across both water and transit systems, that is, once the power is disabled to

bo@ns the impacts will be felt across both. Ultimately, electric power can in
tu ected by transportation and water services.

7.4 Commuai d infrastructure resilience case studies

are potentially pervasive in many areas in terms of the extent to which

differentia s and remediation are experienced by communities of different types.
The casggsi

among

nnection with infrastructure, including dependencies and interdependencies
em, associated with electric power, transportation, water and telecommunications
introduced in the previous section provide a context for the cases here.

reas are presented that illustrate the role of infrastructure and its
interdependencies and the nature of community and citywide decisions to improve

resiIienceSeaIth care in particular, hospital row in New York City and the New York City
Housin (NYCHA) in connection with Hurricane Sandy. For each of the cases key

infrastrﬂrdependencies, specific effects on community, and solutions in terms of

current ci:ms and recommended solutions are the focus.

Th elow are illustrative of social infrastructure. The City of New York (2015:
237)s y defines social infrastructure as “infrastructure that strengthens
communities, as hospitals, community centers, libraries, and schools, . . .[that]. . .can
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enhance social resiliency and assist in immediate response after a disruptive event.” While
Chapter 6 Community-Based Assessments of Adaptation and Equity addresses these
directly, tE reIa’a’ nships for two examples of these types of social infrastructure to lifeline
infrastructlres are described here.

Q)

7.4.1 Intersection of social and critical infrastructure in Hospital Row

B

Health fam be particularly vulnerable during extreme weather events, and, like
e

most oth f social infrastructure, rely on and are connected to a vast network of

infrastruct vices: transportation for access, environmental facilities for cleanliness,

and elect and water to support essential services. To illustrate the

interrelationships between social and critical infrastructure, this section will focus on New
York City’s “hos
between to 30th Streets and First Avenue, where many hospitals are located,

including Ct of the five acute-care hospitals evacuated during hurricane Sandy.

al row”. Hospital row is an area along the East River shore of Manhattan,

74.1.1 Vty

A variet ent types of health facilities are part of the city’s health care system
encom pitals, rehabilitation/long-term care, ambulatory care, pharmacy, and
home care settings, and all of these interact with one another. New York City has 62 active
hospitals ith a total capacity of 26,451 beds. (NYC Independent Budget Office (IBO), 2012;
Commission on Health Care Facilities in the 21st Century, 2006; NYU Langone web site) The

NYC Healt @

the public als and clinics in NYC. NYC Health + Hospitals is the largest municipal health
system in try and it serves more than 1.2 million city residents annually (City of
New Y@The NYC Health and Hospitals operates 11 hospitals, 44 neighborhood
health centers ag@l 5 post-acute/long-term care centers across the five boroughs (NYC
Health M Eitals, undated web sote). All of these facilities are dependent upon

pspitals Corporation (HHC) also known as NYC Health + Hospitals operates

transportation ctric power and water for resilience during normal as well as emergency
condition

<
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During emergencies, maintaining the functioning of acute healthcare facilities is of
the highest priority. Evacuation can be life threatening to vulnerable individuals (McGinty,
2015). Foranmge, a study of nursing home residents with dementia reported that
evacuatioff increased the risk of death 30 and 90 days after relocation (Brown et al., 2012).
Because p @ n hospitals are ideally expected to shelter in place to minimize the risks to
vulnerable uring most emergencies including extreme weather events such as
heat wawessam@sstorms, they are heavily dependent on the availability of a reliable backup
eIectricityWn case of electrical grid failure. The adequate flood protection of critical
electrical @cture within these facilities is also vital for ensuring the continuity of

services.

Are or:g the U.S. Department of Health and Human Services concluded that:
“without excepti@n, the loss of (or lack of) emergency power following the loss of municipal

grid powe e primary reason that hospitals, adult care facilities, and nursing homes
evacuate d critical infrastructure, such as ground floors, electrical switchgear, and
heating/cmstems, was the secondary reason. In ambulatory settings, the disruption
to staff an ieat travel became the primary reason for disruption, followed by loss of
communicati systems” (Guenther and Balbus, 2014: 33). The Pace Energy & Climate
Center (c2013)"as0 emphasized the disabling of hospitals due to electric power outages in
the Hu . proximately half of New York City hospitals’ generators malfunctioned
during the bl t [citing U.S. EPA CHP], and many other hospitals were unable to sterilize
equip insufficient steam pressure [citing the NYC Emergency Response Task

Force, October 28, 2003)]”

Th bility of these facilities to climate related extreme events is reflected in
some of t s

that Hurricane Sandy had on them. Specifically, five acute-care hospitals
shut downg York City due to Hurricane Sandy, two of which evacuated before and
three of which were evacuated after the storm hit (Kinney et al., 2015; Teperman, 2013).
Since somg hospikials were unable to ensure continuity of operations, there were substantial
delays M to normal functions (Powell et al., 2012). Bellevue Hospital, which
evacuatems and staff after the storm hit, did not restore inpatient wards until 2

weeks lat man, 2013). The locations of hospitals and hospital beds considered at

risk during

for flog ,«@

on Health Ca

ane Sandy are shown in Figure 7.2 along with the City’s zone designations
d at the time (NYC IBO, 2012; NYS Department of Health, 2012; Commission
ilities in the 21st Century, December 2006).
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In 2014, the City announced $1.6 billion in funds from FEMA for hospital repairs,
particulH repairs for four of the City’s hospitals, which are Coney Island, Bellevue,
Metropoli and Coler (City of New York November 6, 2014). The destruction experienced
by the NYCenter illustrates particularly well the magnitude of impacts
experie-nced b¥ the communities served by the Center as a result of infrastructure
disruptiorg. According to FEMA (U.S. DHS, FEMA, October 28, 2017), The NYU Langone

Medical C ich is a private non-profit facility consisting of the NYU School of
Medicine,@spitals, and specialized centers, experienced severe damages to its

electrical i cture, backup power systems, and communications due to flooding
related togto rge conditions during Hurricane Sandy. The electric power and
communi ystems are interconnected as well, each relying on the other to function.

Public an i financial support enabled surgery units to open on December 27, 2012,
pediatric servicegito open on January 2013, and emergency services to be available by April

2014. Subsequent funding for repairs supported long-term resilience and key resilience
investments included the relocation of electrical equipment, drinking water and fuel pumps

to higher &% well as building flood walls aimed at protecting critical infrastructure on
hospital cm to the 500-year flood level (U.S. DHS, FEMA, October 28, 2017).

The NYC In ent Budget Office summarized federal financial commitments for hospital
repairs e nearly 1.6 billion in disaster relief funds, $1.3 billion were added to the
city’s capital budget and $260.5 million were added to the operating budget (IBO, June
2016). NYC Health + Hospitals received $231.5 million in federal funds for repair and
reconstruchi jects, including improved protection from future storms. Of these funds

$208.8 milligmgate planned for 2020 projects. According to the City of New York Sandy
Funding T m@' 018), some hospital and medical facilities where repairs are currently or

recently undef¥ay include Jacobi Medical Center, Metropolitan Hospital, Roberto Clemente

Familyﬂenter and Bellevue Hospital. Examples of repair projects include

“installfi nnections for external generators, temp boilers, and temp chillers”
(MetroMpital), “build[ing] a floodwall and relocate[ing] the ED & critical

infrastruc ve the 500-year floodplain (Bellevue Hospital) and strengthening the soffit

support system t@ provide a “rigid system capable of resisting uplift loads experienced
during Sa acobi Medical Center).

This article is protected by copyright. All rights reserved.



7.4.1.2 Social impacts

Emergenc! ospital closures during disasters can have a myriad of short- and long-term
@ the populations they serve and the healthcare system in general. For
example, ReSPitaM&Wacuations, the process of moving patients from an at-risk location to a
safer z8he™Mithmthe hospital or to another facility (Tekin et al., 2017), may put critically ill
patients ath ed risk (King et al., 2016) and pose a number of operational challenges for

the medicaisfadilities received patients from evacuating hospitals (Adalja et al.,2014).
Accordin reports, nearly 2000 patients were evacuated as a result of hospitals closings in

conseque

the aftermath @f Hurricane Sandy and transferred to medical facilities that struggled to
meet theifing€dsl City of New York 2013: 16). One estimate was made by the NYC SIRR (City
of New York 2013) of the total costs to New York City hospitals associated with the
emergencﬁse to Hurricane Sandy (City of New York 2013: 148) but revenue losses or

the costs ed with restoring normal operations were probably not included.

patient s highlight the most immediate social impacts of physical damage to

Tmerm challenges related to patient evacuation and absorbing citywide
e

hospitals, and secondary hospital “surge” issues need to be addressed. Studies have

demon that some of the greatest effects of a disaster on healthcare services
utilization o the months and years following the immediate impact (Bell et al., 2017,
McQu 18; Sharp et al., 2016). According to one analysis, “disasters create a

secondary surge in casualties because of the sudden increased need for long-term health
care” (Rurgle et al. 2012). Although the mechanism through which disasters may affect

long-term for health care services is not completely understood, it is well

establishposure to disasters poses particular challenges to individuals suffering
from chrofighedlith conditions such as heart disease, cancer, chronic respiratory and
diabetes ( et al., 2005; Sharp et al., 2016). Therefore, hospital closures will likely
have substantial and long-term consequences for the populations they serve.

4

{

7.4.1.3 Recomme@nded adaptation measures

Gl

Hurricane San sulted in around $3.1 billion dollars in estimated total healthcare
damag stantial fraction of which likely reflects damages to hospitals (NYS Office of
the Gover ember 26, 2012). Improving the infrastructure resiliency of hospital

A
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facilities to climate related extreme events will be essential for ensuring the continuity of
healthcare services and reducing the adverse health impacts of disasters, particularly among

the aIreaﬁ vulnsable.

Adganning with consideration of the hospital capacity and lifeline

infrast™c 8@ M Wulnerable areas will be essential for minimizing costs and damages to
health ins j associated with future extreme weather events. For instance, four of the
hospitals that ewgcuated during Hurricane Sandy New York Downtown Hospital, Manhattan
VA Medic@

southern part

, Bellevue Hospital and NYU Langone, are located in low lying areas in the
ign of Manhattan. The southern portion of Manhattan is characterized by a
high concéntf@tigh of critical infrastructure including Con Edison’s East 13th Street complex
in addition to a large number of hospitals including those located in “hospital row” (City of

New York, 2013:shapter 18). Health facilities and infrastructure in such vulnerable areas

often ser unities well beyond their geographical scope. According to the NYS
Departm alth, 20% of all New York City hospital beds are located in or near likely
flood zon importantly, a substantial amount of hospitals with over 500 beds are at
risk, includj hattan VA Medical Center, Bellevue Hospital and NYU Langone (NYC IBO,
2012).

Im ime’the resiliency of healthcare infrastructure is one of the most critical steps
necess nt human health and safety impacts during future weather events

(Powell et al., 2012; Redlener and Reilly, 2012). This will be especially critical in light of the
increasinaisk of flooding due to sea level rise. According to one FEMA estimate based on

NPCC high= level rise projections, a total of 1,000 New York City healthcare facilities

will be in vear floodplain by the 2050s. Although estimates may vary depending on
sea level r arios used, this assessment highlights the vulnerability of the City’s
healthcareg uctures and prompts urgent resilience measures.

Thé City of New York has already committed to ensuring better preparedness to
future extreme Weather events by enacting improved flood protection building codes and
implemen ergency power systems resiliency measures (City of New York, 2013). Such

measures, ta er with improved emergency preparedness plans at healthcare facilities
will be “'ﬂ or ensuring the continuity of operations during climate and weather
emergencies.
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How Many of the City’s Hospitals, and Hospital Beds,
Were at Risk During Hurricane Sandy?

The city has 62 active hospitals, with a combined capacity of 26,451 beds.

Legend
*  Evacusted Duning Hurricana Sandy
Active Hospitals
20% of hospital beds in NYC are at Mumber of Eeds
risk—in or near likely flood zones. « 1-100
® 013w
5 hospitals (2,513 beds) were @ ;-5
evacuated due to the storm. . Cver S00
B :oneE-A
8 more hospitals (2,793 beds) are in || zaNER
or adjacent to Evacuation Zone A. [ Jzonec
[ 1 Hve Communty Districts
4 at-risk hospitals are Level 1
Trauma Centers.

Hospitals below 32 Street in Manhattan were particularly hard hit during the storm.
Prior to Hurricane Sandy, two hospitals in this area—Cabrini and 5t. Vincent's Medical Centers, with a combined 1,200 beds—were closed.
These closings also eliminated 1 of the 2 trauma centers downtown.

Legend

= Evacualed During Hurricane Sandy
Closed Hospitals

4 hospitals (2,142 beds) were

evacuated during Sandy. Number of Beds
@ 1100
3 hospitals (1,130 beds) remained & 101- 300
open. ) @ - so0
O Cwar 500
1 general hospital (871 beds) Active Hospitals
remained open. Humber af Bads
& 1-100
@ 101- 300
No Le_vel 1Trauma Centers ® w1
remained open. . verson
| EEE
P zomE B
] zonE ©

[ W commurity Districts

SOURCES: IBO; New York State Department of Health,
Hospital Profiles (2012); Commission on Health Care
Fadilities in the 21st Century, Final Report (2006) NYU
Langone Medical Center Wb site (2012).

NOTE: Number of beds for (non-Veterans b
Administration) active hospitals are as of August 2012. F¢H
Figure 7 o hospitals and hospital beds during Hurricane Sandy
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7.4.2. New York City Housing Authority and access to energy after Hurricane Sandy

The caus York City Housing Authority's (NYCHA) experiences in rethinking access
to renewa rgy during normal and emergency conditions illustrates many of the
challenge ordable housing resource faces in light of climate change and related
extremg weather events. NYCHA’s course of decision-making and its projects also elevate
the complexities embedded in Mayor Bill de Blasio’s strategic focus on the intersection of
equity, wi phasis on inclusive growth that reduces poverty and expands job
opportuniffes, an@ climate action designed to reduce risks and vulnerability while building
sustainabi resilience at all scales (household, neighborhood, borough, and citywide).
(OneNYC m Report City of New York, 2018). (See Appendix 7C for a fuller discussion

I

of equity ate related to critical infrastructure in New York City.)

Lat er 2018 marked the sixth anniversary of Hurricane Sandy, which affected
about 60,Q00 residents and damaged over 200 New York City Housing Authority buildings.
The infras systems of these residential building sustained significant damage —
residents ndure the loss of electricity, elevators, heat and hot water (Goodson and

Moore 20%8). e than 400 NYCHA buildings throughout New York City, were affected by
the hungi
compactor ice, and 386 of those buildings lost heat and hot water (New York City CDBG-
013; NYS CDBG April 2013). NYCHA housing stock in Coney Island, Brooklyn,
sustained significant damage from sand and saltwater infiltration while damage to other
NYCHA housing stock was mostly the result of flooding. U.S. DHS, FEMA (2015: 23) noted in
connectiom New York City application to upgrade various facilities for portions of
NYCHA housi nd others that:

of those NYCHA buildings lost power, which also disabled elevator and

Ths revised information depicted on the P-FIRMs has increased the number of
Idings located within the 100-year flood zone as compared to pre-
andy conditions. With one exception (Gowanus, located in Shaded Zone

A developments included in this PEA [Programmatic Environmental
Assessmefit] are located in Zone AE.

In Figure 7 ocation of NYCHA developments are shown with respect to 2015
Prelimi M flood zones, and provided by NYCHA.
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NYCHA Developments in
2015 PFIRM Flood Zones

I svcis vostspmints in 100-Yeur Fsas Zsne
[ svesia coestoprmsents in 500-vear Fscs Zone
[[] wvesia mevstispemants b in Flood Zoes
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Figure 7.3 N developments and selected flood zone locations. Source: NYCHA with
FEMA 2018 Preliminary FIRM.

{

In f 2017, NYCHA forecasted that projects designed to repair, fortify
systems, CHA'’s terms “build back better,” will be in construction through 2021

(Honan, Mar 2017).

H

A
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Like almost all residential buildings in New York City, NYCHA infrastructure systems
for heat, hot water, elevators, trash compacting and other functions depend on grid-

connecteielectri al power (U.S. DHS, FEMA, 2015: 7).

Ngently incorporating distributed energy resources (DERs) into its $3

billion Sa8Y*RE&8very and Resilience program, including one campus-scale microgrid. When

complete, 0 NYCHA buildings will benefit from emergency back-up power for full
building logsls (Rather than critical building functions only). After evaluating generation
technolog@ding CHP and solar PV, NYCHA chose to install gas-powered emergency
back-up generators connected to a centrally-controlled demand management system.
NYCHA plahs -set the maintenance cost of this infrastructure with revenues generated
from peak shav ni and demand response programs.

NY uilding a campus microgrid for more than 6,000 residents of its Red Hook
East and West Houses (Red Hook NY, 2014). The Red Hook Houses back-up
electric sy y also allow the possibility for future integration with the Red Hook
Communi grid, another DER project under the auspices of the New York State
Energy Research and Development Authority (NYSERDA) and the New York Power Authority
(NYPA) is,community-wide microgrid has listed solar and wind as its preferred sources of
low-carbon and natural gas as a backup alternative.

mitigation,
viability a ial success for the private-sector partner. Since 2015, NYCHA has
providﬁ interest to six DER (microgrid) projects led by private DER developers
that in aggregategencompass 13,700 apartments and more than 13 million square feet of
public W f.l\lone of these projects have progressed beyond the concept phase.

nce, and public benefit for the housing authority as well as technical

In 20 City Block, a unit of Google proposed the Eighth Avenue Microgrid, a DER
that w ude three natural-gas fired Combined Heat and Power (CHP) microturbines
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to be located in NYCHA’s Robert Fulton Houses, a solar array and a back pressure turbine to
be located on the Google building in Chelsea, a West Side Manhattan neighborhood south
of NY Pen.sylva?a' Station (NY Prize Stage | Feasibility Study, Eight Avenue Microgrid, ERS,

April 20 RDA, April 2016)). During normal, everyday operation, this DER would
provide e to One City Block (the Google campus in former Port Authority buildings)
and a subs re of the steam needs of Fulton House’s 945 apartments in 11

buildings. Dusimgian emergency, this DER would be “islanded’ and would provide power for
Google an&he Fulton Houses apartments for approximately seven days. This proposal won
a first-round planning grant from NYSERDA but the proposal failed to advance to later stages
of the NYSERDA gbmpetition. Though this is a single project, it is an important model.

In ZOI&WA began to evaluate development options for solar PV-based DERs,
informed Ethe need to provide emergency back-up power for critical building
systems a Sustainability Agenda goals. In light of NYCHA’s electric supply contract
with the Power Authority, capital constraints, and regulatory and rate-structure
Iimitationmility to participate in remote net metering and as an off-taker in
communitydisteibuted solar, NYCHA ultimately came to the conclusion that the currently
economicdllyWiallle solar development option is limited to leasing rooftops and parking

canopy space to"private solar developers. Accordingly, NYCHA released two solicitations for
solard :in 2017 for commercial-scale solar projects, and in 2018 for its small
buildings. NY eeks to site 25 megawatts of renewables on NYCHA property by 2026;

howev o be seen whether any of these projects could be structured to provide

an emergency back-up function for NYCHA’s critical building systems.

L

NYCH@rojectS, both those led by NYCHA and those in which it is a public-sector
participan blic-private partnership (P3), underscore the substantial, near-term
challenge w York City and New York State face in rightsizing DER projects and
designing Wiable P3s. In addition to the mitigation and resilience benefits of viable DER

projects, ﬁw Yoi< City at a variety of scales — City Hall, borough, neighborhood — ought to
be formulating positions on how the economic benefits and co-benefits of DERs should flow.

U

Two in t DERs operations — one at Co-op City in the Bronx and the other at New
's Greenwich Village campus — may provide lessons learned as New York

City builds ou ERs policy and projects. Building connected to New York University’s
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microgrid on its Greenwich Village campus continued to provide electricity during and after
Hurricane Sandy. In the Bronx, Co-op City, home to 60,000 people in 35 high-rise buildings
and seve*ets oitownhouses used its microgrid to continue supplying electricity for heat,
hot waterfand air conditioning while nearby neighborhoods went without power (Leonhardt

etal., ZOIQ
I

New Mand the Empire State’s transition to low-carbon and zero-carbon
feedstockUrgy by 2050 will transform energy generation, transmission and delivery
ers j

as energy all sectors (public, private and independent) move from reliance on
utility-scalegridsbased power to a system where a growing share of power needs under
normal cw and during emergencies will flow from distributed energy sources linked
to battery s orage units. This emerging structural shift in the sources and assets for energy,

as well as other @lements of mitigation, adaptation and resilience, is creating new
challenge tunities, economic benefits and co-benefits in all sectors and many

communicding low-income, low-wealth communities.
7.5 Insurm finance strategies for citywide resilience

Insurance anEnce are key dimensions in achieving infrastructure resilience.

7.5.1 Insurance®

Economic gAid red losses from hurricanes and floods have increased significantly over
the last se & cades and are likely to increase further in the future from more intense

hurricafa level rise. There is general consensus that improvements in resilience to

® Some of the materjal in this section is taken from Kunreuther, Michel Kerjan and Tonn (2016). Partial support

for this rese@rch comes from a grant to Wharton Risk Center from the National Critical Infrastructure

Resilience C xcellence through the University of Illinois 2015-ST-061-CIRCO1, “Identifying and
Reducing Barriers tollhfrastructure Insurance.”

<
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reduce future disruptions is a smart investment. Research is being conducted to improve
understanding of infrastructure resilience from a climate change perspective along with
other thrits suﬁ as cyber-attacks. However, the economic and financial considerations of
resilience ¥emain less explored.

B hEAStPaNnce industry can catalyze infrastructure resilience by encouraging

investmenhi reduction measures prior to a disaster through a reduction in premiums
to reflect Igwverglaim payments. Losses from both natural disasters like hurricanes and
floods an an-miade disaster such as accidents, terrorism, and cyber-attacks are often

insured throughhtraditional insurance products. Newer financial instruments like
catastrop nds also facilitate the transfer of a portion of the risk from these types of

hazards to investors.

Cemriers prevent wider use of insurance-related instruments and other
market-b imeentives for improving infrastructure resilience. For example, government
disaster rmdeter both the purchase of insurance and other risk- transfer instruments

and inves mitigation measures, thus increasing the reliance on taxpayers’ money to

aid the recovery process following severe losses from future disasters.
§ the following questions will help facilitate better understanding of the
economic and financial facets of resilience:

° Whay for cost-effective mitigation measures that enhance resilience against

fu sters?

0O

o “ the best way to finance resilience in the short-term and long-term?”
(Kd@nreuther, Kerjan and Tonn, 2016: 3)

£

e How can we transfer more risk to the private sector to reduce reliance on post

t

isaster taxpayers’ money?

AU

This article is protected by copyright. All rights reserved.



To answer these questions, it is critical to understand the nature of federal disaster
relief, economic constraints and behavioral limitations that need to be overcome. Two
infrastruc*re seiors are the focus of this work: energy utilities and transportation.

7.5.1.1 Neral Disaster Relief and its Relationships to Insurance

[

Governm“n serve as the insurer of last resort (King et al., 2013, Pidot, 2007), and the
role that the fetlgral government plays in disaster relief has been continually growing. The
Stafford I@elief and Emergency Assistance Act (Public law 100-707) plays a key role
in providing emgrgency funds following disasters that impact public sector infrastructure by
providing s t@ cover at least 75 percent of the cost of recovery and repair following a
Presidentially-declared disaster. (It was 100 percent after Hurricane Katrina). Further details
on federal disas

relief funding are discussed in the next section under financing, and this

section a its relationship to insurance.

inhibit inf
funds may be available following a disaster should their facilities incur damage,

re resiliency in a couple of ways. First, with the knowledge that federal

meﬁord Act supports community recovery following a disaster, it can also
st

infrast managers may have less of a financial motivation to invest in loss mitigation

measures o rchase insurance to make their systems more resilient in light of potential
future econd, Stafford Act funding typically only covers the costs to restore an
infrastructure system to its pre-disaster design. It generally does not pay for the costs

associategith improving an infrastructure system’s resilience to future disasters. When
other sou siliency funds are available, improvements can be made in conjunction
with resto m put this is often infeasible given budget limitations (Kunreuther, Michel-

Kerjan and 016).

-

ThIUﬁh tbs Stafford Act in its current form serves in some ways as a deterrent to
infrastructure resilience, it could potentially be modified to encourage communities and

infrastructure mi‘vagers to exhibit greater financial responsibility and to undertake
adaptatio res to reduce losses prior to a future disaster. One revision that FEMA

proposed afford Act would compel a state to meet a disaster deductible prior to
receivi ery funds. The deductible could take on a variety of forms such as

emergency sa or pre-disaster mitigation measures. Such modifications could reduce
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the reliance of infrastructure systems on federal disaster relief funds and could encourage
increased insurance and mitigation (U.S. DHS, FEMA, 2016).

@: federal disaster relief also potentially hinders the ability of the insurance
¥l price and share risks (King et al., 2013, Pidot, 2007). Improvements to
the StaffoP@"Reteould potentially address this concern. With reduced reliance on federal
disasterr s, infrastructure managers will be incentivized to purchase sufficient
insurance@ losses should a disaster occur. Insurance can also serve as a tool to

iti

incentiviz ion, wherein an infrastructure system could receive a premium discount

or improved pglicy terms if they employ mitigation measures to reduce the potential losses

from a na ster and insurance premiums reflect this reduction in risk. When
evaluating mitigation measures and insurance policies, one also needs to take into account
how climate chaRge will impact the environment (e.g., sea level rise). This is important in

determini to protect existing infrastructure (e.g., sea walls) and in designing

insurancecisms to support these measures.

In to federal disaster relief posing a disincentive to insurance purchase and
risk reduction investment, other challenges also limit infrastructure system resiliency. One

challeng®igga lack of information sharing amongst critical infrastructure organizations. Due
to security ns, sharing of information about system vulnerabilities between
infrast nizations typically does not occur. However, this information could be

helpful for preparedness planning and for understanding risks associated with infrastructure
interdepefidencies. A second challenge is a lack of direct experience with major disasters on
the part o%nfrastructure managers, which may limit the understanding of

vuInerabiI' eir systems. While some infrastructure managers may gain insight from

disasters € ced in other places or by other infrastructure systems, they may be

limited in Ed erstanding of necessary investments to reduce future losses and improve
system reSiliency toward disasters. For these reasons, and in light of budget limitations,
decisions and expenditures for improving infrastructure resiliency for the future are often
deIayecMeence of economic incentives in the present (Chang et al., 2014).

-

7.5.1.2 Ins for Specific Infrastructure Sectors (this section is drawn from Czajkowski,
Kunre onn, 2017 and Kunreuther, Michel-Kerjan, & Tonn, 2016)
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Insurance needs and policies vary for infrastructure systems based on the type of system,
risks faced, funding sources, and other factors. In this section we consider insurance for

electric uti ities id transit infrastructure.

IngDamage or Disruption of Electric Utilities. Electric utilities are typically

insured® aFEH&Eost of the premium is embedded in the electricity rates paid by customers.
Insurance ary for electricity producers and distributors. Electricity producers are
typically ingtireiyggainst property damage and business interruption. Electricity distributors
usually aI@overage for business interruption; however, property damage coverage is
limited for
distributi
against losses associated with adverse weather events such as warm winters that impact

ibution systems due to the significant exposure of their transmission and

ewer insurance products available to electric utilities provide coverage

profits. Separate¥usiness interruption insurance for losses associated with compromised or

Y

lost data perator error and cyber risk from hackers, data malware, and other

malicious ks is also available (Bruch et al., 2011).

N

Transi | Infrastructure Insurance. Rail organizations generally seek private

a

insurance for catastrophe risks. Considerations in insurance coverage for rail companies
include ss and size of the railway as well as local laws. Coverage is typically first party
on an all-ris cement cost basis through companies such as Lexington (AlG), Lloyds,
and th
following Hurricane Sandy depended on whether the damage was attributed to flooding or

M

| European market. The amount of coverage that insured parties received

to storm dlirge. Flood coverage is usually subject to an aggregate limit, whereas storm surge

I

coverage . For some infrastructure systems, recovery and restoration after a disaster is
along pro ﬁ d it can take the insured a long time to recoup their losses as was true
gdne Sandy (Kunreuther, Michel-Kerjan and Tonn, 2016).

following

h

Public tramsit operators generally have some combination of self-insurance and

{

commercial insurance for their systems, but coverage types and amounts vary greatly
between differef organizations. Due to budgetary limitations and a focus on insurance

1

needs for sks, as noted in the prior section, many transit infrastructure systems are
not suffici sured against natural hazards and other catastrophic risks and are reliant

on fed f funds to recover from catastrophic disruptions.

A
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The U.S. DOT Federal Transit Administration’s (FTA) Emergency Relief Program (ERP)
provides assistance to public transit operators in the aftermath of an emergency or major
disaster, *d elig)' ility for such funding relates in some ways to insurance requirements. The
FTA program has helped states and public transportation systems fund the protection,
repair, or @ nent of equipment and facilities that are damaged due to emergencies
and natur (U.S. DOT, FTA, May 31, 2018). The ERP was established under the
MovingeA weaesfier Progress in the 21st Century (MAP-21) Act, and seeks to improve U.S.
DOT and ls DHS coordination for the purpose of expediting emergency assistance to

public trangit systems (U.S. House of Representatives, 2015). The ERP funds emergency

ding emergency operations, protective measures, emergency repairs,
permanent repairs, resilience improvements, and the purchase of spare parts. Disaster relief

resources(prVidéd by the FTA are separate from those provided by FEMA.

Fl rance is required for transit related buildings and stations and terminals
that are simbove—ground and within a FEMA Special Flood Hazard Area (SFHA), also

known as ped 100-year floodplain. Certain facilities do not require flood insurance,

for example=daderground subway facilities, tunnels, ferry docks, or any transit facilities
located oﬁa SFHA” (Kunreuther, Michel-Kerjan and Tonn, 2016: 34). If a building in
the SFHA isun red at the time of a disaster and has previously received prior federal
fundin .S. DOT, FTA 2018) will only fund a reduced amount of disaster
assistance. T igible amount is established by subtracting the maximum limit of coverage
(500, ilable under the National Flood Insurance Program (NFIP) or the amount of

prior federal funding received, whichever is less, from the total restoration cost. The ERP
received $i0.9 billion from the Disaster Relief Appropriations Act of 2013 for Hurricane
Sandy rec .S. DOT, FTA, 2018).

O

Th politan Transportation Authority (MTA): Insurance and Government
Relief. Hufsicane Sandy provides a good illustration of costs and disruptions to taxpayers
associatedwith igsufficient infrastructure resilience. Congress allocated more than $50
billion iMHurricane Sandy recovery efforts across the entire affected area, and
more thanmion of this funding was allocated for projects in New York City (NYC Sandy
Funding T 018). A substantial amount of this funding was allocated to infrastructure,
including tr tation infrastructure systems. The MTA is a public benefit corporation that
is resp{&?ublic transportation. MTA experienced more than S5 billion in damage

during Hurri andy, including substantial damage to rail and subway systems. The
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MTA’s property insurance paid out at the policy limit of $1.1 billion for Hurricane Sandy,
which only covered a fraction of MTA’s losses. The MTA also received $4.2 billion in federal
relief fromythe Ug®. Department of Transportation Federal Transportation Administration
(FTA) uMeRF. This $4.2 billion included $900 million for resilience improvements.
FEMA alsg @ ed $3.7 million for emergency repairs to equipment and facilities such as
damaged igmals, power lines, communication links, and stations (Kunreuther,
MichelsKenjammame Tonn 2016, Czajkowski et al. 2017). Following Sandy, the MTA
establisheﬁ Sandy Recovery and Resiliency Division with a key goal being to protect the

many places where their subway system is prone to future flooding (Metropolitan
Transportdtion hority, 2016).

P,

Following Sandy, the MTA was unable to renew its annual insurance policy under

. They were offered only a policy that halved their coverage and doubled

premium sought other forms of risk transfer. In July 2013, the MTA issued a $200

million ca e bond with stable premiums over the next three years in order to
mof its exposure to future storm surges to the financial markets. The bond

pre-disaster ter

transfer a
would pay the MIA $200 million if specified storm surge conditions occurred during that

period; thg f @

completed euther and Michel-Kerjan, 2013).

u
Eive cost to taxpayers plus the substantial business interruption that

occurred in the aftermath of Hurricane Sandy, illustrate the need for infrastructure
resiliencyﬁprovements. Financial and insurance mechanisms, along with regulatory

g would be provided rapidly after storm surge damage estimates were

mechanis e used to facilitate resilience via mitigation and insurance. In addition to
substantia @ | disaster relief expenditures, there was a substantial cost to the insurance
industry assg ’d with Hurricane Sandy. Total insured losses equaled around $37 billion.

$20 to $254eillimmmof this cost was incurred by private insurers, with the rest incurred by the
NFIP (Kunkeuther, Michel-Kerjan, and Tonn 2016).

7.5.1.3 Prjor Utilizing Insurance to Enhance Infrastructure Resilience

Interactio nterviews with leaders of the insurance and reinsurance industry involved
in risk ent for rail, transit, air, and marine transportation infrastructure revealed
that enhance s to infrastructure resilience and insurance are needed to address the
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challenge of increasing losses associated with catastrophic events. The following seven
recommendations for utilizing insurance to foster resilience in critical infrastructure in the
New York Metropolitan Region as well as other parts of the country emerged from these
intervieMview of the existing literature that are detailed in Czajkowski, Kunreuther
and Tonn ): “1) Continue working towards revisions of the Stafford Act; 2) Promote
alternativ hicles for pre-event resiliency investments linked to discounts in
insuran@e premi@Ms; 3) Facilitate catastrophic risk data collection, availability, and analysis
to better gite resilience improvements to insurance premiums and cost savings; 4)
Encourage velopment of resilience metrics; 5) Support research pertaining to
tastr@phic risks such as cyber and climate change; 6) Consider a redefinition of
terrorism for Coverage under the Terrorism Risk Insurance Act (TRIA); and 7) Promote the

comprehmnefits, beyond a straightforward loss backstop, of catastrophic risk
insurance coverage for infrastructure systems.”

emerging

7.5.2. Infrcre Finance

A robust inable infrastructure financing system is at the core of infrastructure
resilience. study of spending in global megacities for resilience and adaptation
indicat York City ranked first in total spending, ranked second in spending per
capita, an r third for spending per dollar of GDP for climate change adaptation
(Georg al., 2016).

Esh)f infrastructure needs are a useful prerequisite for investment. Needs are

usually lin performance standards some of which are incorporating resilience in the

face of clifg ange and extreme events, including greenhouse gas mitigation measures
either directly or indirectly associated with climate change. Chapter 7, “Indicators and

" of the 2010 NPCC report (Jacob et al., 2010) addressed these metrics, and some
are als n Chapter 8 of this third NPCC report (Blake et al., 2018). For U.S.
infrastr#estment needs have been estimated by the ASCE (2017) as over 4 trillion

dollars n33 for the period from 2015 to 2025 (ASCE, 2017: 8). Needs assessments do

Monitori

not always expliditly or directly include climate change requirements for resilient
infrastructure.
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The financing mechanisms that support New York City’s infrastructure draw from
diverse financing sources, in particular with respect to the public and private mix, level of
governmit, anyhe conditions or applicability. The mechanisms also can change under
different donditions and over time. This section focuses on three financial mechanisms: (1)
Federal Dj @ ssistance, (2) Bonds, and (3) Green Infrastructure Grant and Loan
Opportunit

[ |

7.5.2.1 Fe aster Assistance

[ ]
Federal disastemassistance is a major source of federal funding available to aid in
infrastrucfurg@regtoration following certain disasters. Some aspects of federal disaster
assistance were addressed above in connection with infrastructure and insurance, and this
section providess general coverage of the program as it pertains to extreme events that are

relevant t ork City. Moody’s Investor Service (November 28, 2017) used Hurricane

Sandy to im the diversity of funds that were provided for emergency relief and

recovery, articular reflected FEMA’s role and the changing nature of its financial

resources:
Genermge:
° igal FEMA coverage for “emergency response and debris cleanup”: minimum 75%
° rage: 90% or more

Hurricane Sandy coverage:

. FEh% “of certain emergency response and cleanup costs”

e Add alldisaster relief from Congress: supplements for $48 billion

o A sources were: “Community Development Block Grants, FEMA, and
MOod Insurance Program housing aid, other supplemental federal funds and

thggSandymsupplemental measure” (Moody’s Investor Service, November 28, 2017:

@,

15). More details on these are provided below.

Disas stance for Hurricane Sandy came from the following federal agencies: FEMA
(23%), and Urban Development (HUD) (32%), the Department of Defense (DOD)
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(11%), the Department of Transportation (DOT) (26%), and other Federal agencies (8%).
Involvement of Federal agencies besides FEMA and HUD typically depends on the source
and scale If the isaster and what types of entities are affected. For instance, the DOT is
generally thvolved when a disaster has a significant impact on transportation infrastructure.
Certain sa of federal relief require a Presidential Disaster Declaration under the
Stafford A me do not. Additionally, some types of federal funding can be applied
to resilieneesimprovements while others are solely allocated for restoration or replacement
in-kind (K%Eeuther, Michel-Kerjan and Tonn, 2016).

As indicated above in connection with hurricanes, disaster assistance levels
administe y BEMA can be expanded and adapted to specific events and targeted for
infrastructure. For example, the 2018 California wildfires are a case in point. The linkage
between the wil@8fires and climate change has not been well-developed though it is believed
to be rela

Ul

rt to the extensive drought period that preceded the fires in California. In
uthern California fires, FEMA’s authority to fund infrastructure

s expanded by Congress on November 28, 2017 (U.S. DHS, FEMA,

7).

response

1

improve
November

c

conditions open up a range of other funding options, such as state and

federal dis lief funds administered, for example, by FEMA and U.S. DOT programs for
transportai®f-related recovery at the federal level to fund state and local areas, including
dedica ncy funds that have had caps (Zimmerman, 2012).

7.5.2.2B

F

Bonds iss

O

frastructure include general obligation bonds, revenue bonds, and special

purpose b h as green bonds, and as indicated in the section on insurance,

catastropRe bonds for example, for the MTA. Catastrophe bonds are issued by reinsurance

companleian r?ently by FEMA in connection with the National Flood Insurance Program

(Friedm , 2018). Green bonds are of increasing importance, especially for green
infrastrucwport (City of New York Office of the Comptroller, April 2015). Green bonds
operate li ional municipal bonds, but unlike traditional municipal bonds they are
used exclusi fund environmentally friendly or climate mitigating projects and are
often s ous with climate bonds. According to the New York City Office of

Manageme Budget (OMB) information (NYC OMB, December 14, 2018 for these and
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following quotations), the NYC OMB has indicated that “to date, the City of New York has
funded all of its environmentally friendly or climate mitigating projects with traditional
municipalEonds,‘:fter determining, in consultation with participants in the green bonds
market, that green bonds do not provide cost savings to the City and actually include

o

minimizesis@mm@Wing costs by tapping a broad pool of investors that participates in the

complexr, requirements that could be administratively burdensome. Additionally,

the invest municipal green bonds remains small. The City, as a frequent issuer,
larger, m% mature traditional municipal bond market.” An example of climate bonds being
used in New Yogk City is the MTA Transportation Revenue Green Bonds (The Climate Bonds
Initiative, 018). rhese bonds were first issued in February 2016 and have resulted in
$5,489,500, or subway infrastructure renewal and upgrade, including electrification
(The Climate Bon@s Initiative, 2018). The MTA worked with the Climate Bonds Initiative
(2018) to certifythe bonds using the Low Carbon Transport criteria. According to

ed by the NYC OMB, “The decision to issue green bonds does not in and
additional funds are available to fund environmentally friendly or climate

H ”

5

informati

L

of itself m
mitigating

N

Bond s, covered in Chapter 8 on Indicators and Monitoring, are fundamental
indicators fOr strength of bonds as a financing mechanism. Chapter 8 addresses how
bond r
are among th jor bond rating organizations, and have generally consistently rated New
York Ci ich. According to information provided by the NYC OMB, NYC OMB has
indicated that “Further, both bond rating organizations and investors have consistently

dl

eflect climate change considerations. Moody’s, Standard & Poor, and Fitch

VA

commented that the City of New York’s disclosure in its offering documents is among the
best with
change.”

I

o its comprehensive discussion of the potential impacts of climate
public authorities issue bonds separately. Some of the authorities
relevant t ructure for New York City are the Metropolitan Transportation Authority
(MTA) and t Authority of NY and NJ for the transportation sector, and the New York
City Muni@pal Water Finance Authority for the water sector.

3

{

7.5.23N State Green Infrastructure Loan and Grant Programs and New York
City Climate Chdhge Needs

U

NYS State ving Fund (SRF) program
State r funds were set up by Congress separately for clean water and drinking water
as amendme the U.S. Clean Water Act in 1987 (U.S. EPA, April 23, 2018) and U.S. Safe
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Drinking Water Act in 1996 (U.S. EPA, May 8, 2018) respectively. Eligibility under the Clean
Water State Revolving Fund (CWSRF) program has gradually been expanded under various
amendmegts (U.S EPA, April 18, 2018) to include green infrastructure (U.S. EPA, April 23,
2018; Uwy 2016; Environmental Finance Center Network, August 2017).

FhEB"WS®Ebde of Federal Regulations (2011: Article 35.3135(b) indicates that funds
are provi e federal government with at least a 20% state match (U.S. EPA, March 6,
2018). Accgrdigyto the U.S. EPA (2016), green infrastructure projects are eligible for
financingwr management, and green infrastructure projects include: stormwater and
i

wet weath es, energy efficiency, water efficiency, and innovative approaches to

managing r fesources. “Climate resilience” is explicitly a criterion for funding under SRF

(U.S. EPA, 2016:°8) and planning activities connected with climate change are eligible for
funding. s

As:ized by the U.S. EPA (March 6, 2018), the CWSRF offers a variety of
different t inancial support including loans, loan guarantees, purchasing or
refinancir@ebt guarantees to improve interest rates and access to funds, insurance,
and under some circumstances “principal forgiveness, negative interest rate loans, or
grants.
NYS Enviro

Conse ilarly, the Drinking Water State Revolving funds are co-administered by
the NYS EFC and the NYS Department of Health.

Examplesable wastewater and clean water improvements eligible for funding

under the include: “construction or restoration of sewers and wastewater
treatmen s, stormwater management, landfill closures, as well as habitat
restoramotection projects” (NYS EFC, undated web site, Clean Water State
Revolvinﬁ!und‘.'he EFC provides low-cost financing in the form of low to no interested
loans throtgh the CWSRF and Drinking Water State Revolving Fund. Both funds compile an

w York State, Clean Water State Revolving funds are co-administered by the

| Facilities Corporation (EFC) and the NYS Department of Environmental

annual priority liSt to strategically issue loans as funding allows. For fiscal year 2018, of the
potential k City projects on the CWSRF priority list, two are specifically for green

infrastruct
EFC, 2

Water Finance

e is for a green roof and the other is for NYC DOT porous pavement (NYS
NYC OMB (December 14, 2018) notes further that “Through its Municipal
hority and the Department of Environmental Protection, NYC is the
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largest recipient of the NYS CWSRF and DWSRF funds, which are used to fund a number of
environmental projects, such as the Newtown Creek Wastewater Treatment Plant upgrade.”

T

M O

In additiohing money, the EFC also provides several grant opportunities: the Water
Infrastrucwrovement Act Grants for infrastructure projects at municipally-owned

sewage tr or public water systems, the Inter-municipal Water Infrastructure Grants

Program fog pa@iects impacting multiple municipalities, the Integrated Solutions
ConstructWts for green infrastructure components of Clean Water State Revolving

Fund proj GIGP for green infrastructure projects not receiving revolving fund loans,
and Engineering Blanning Grants for planning costs associated with water infrastructure

projects.

Focusing IGP, the GIGP (NYS EFC, undated web site, Green Innovation Grant
Program) cally targeted to the support of a variety of different types of green
infrastr. jects. The funding provides “a minimum of 40% up to a maximum of 90%
of the to igible project costs as provided in the application. A minimum of 10% up to
60% mat state or local sources is required.” (EFC undated web site, Green

Innova rogram). The EFC reported that “Through 8 Rounds, GIGP has awarded

$140.2 million to over 190 GIGP projects across New York State” (NYS EFC, 2017a). Under
the GIGP gm 2009 through 2016, New York City funding under the GIGP accounted for
nt of the total statewide funding (NYS EFC 2017b). Most of the projects
funded in ¥ ark City under the GIGP, occurred in 2011 and 2012 with those two years
accounting 0% of the total through 2016 (NYS EFC, 2017b). The last Green Innovation

Grant rep New York City was in 2015 for a Department of Transportation project
valued 00 (NYS EFC, 2017b).

=

about 7 perce

over the of the 21st century will require all sectors of the city — public, private and

indepe ctors — to reduce locally generated sources of carbon emissions as well as

7.6 Interactions Sith mitigation: energy and transportation
Transfor of the five boroughs of the City of New York into a sustainable metropolis
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indirect transboundary emissions that are embedded in the imported goods and services
New York City consumes. Efforts to reduce carbon from the built environment and vehicles
— important sousces of locally generated CO, —have received more policy focus than
efforts Midirect, transboundary emissions that are part of every New Yorker’s

carbon foails on how New York City is preparing to reach its commitment of

reducing gas emissions 80% by 2050 are presented in Appendix C.
[

[ ]
Thiggsecdtign highlights the important interface between two key infrastructure
systems —\ner nd transportation — and mitigation efforts that must accompany

resiliency efforts. Within these two sectors, some conflicts or tensions between mitigation
and adapt@atigh afe illustrated with examples.

7.6.1 Ener:

The interfc\/een energy and other sectors is key to mitigation efforts given the
substanti jbution of the built environment to energy-related emissions in New York
City eithe

their clients if they are to lower the carbon footprint of energy. The providers need to

or indirectly. Energy providers have an interest in the energy efficiency of

se of solar energy on a building scale is growing in importance in NYC. As
of July 20
fold increase fro

are over 154 MW across 15,000 solar installations in NYC. This is a six-

December 2013 (since this current Administration took office). For

example, ovember 7, 2017) summarized the Stuyvesant Town complex’s plans to
add solar to many of its building. Other means of improving energy use have been
cited a he Urban Green Council was cited as indicating that from 2010 to 2015
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energy reduction in existing buildings has amounted to 10% from power plant
improvements and oil to natural gas conversions (Grant, November 7, 2017).

T

Dineration and new technologies such as micro-grids to improve the
resilience ® gy delivery system are underway. The development of resilience is not
only ocBu g atthe facilities level but at the level of the users. Energy efficient buildings
are a top phiekityeand have expanded in NYC.

As jmdi d by the National Academies (NAS) (2016: 59): “The government of New
York City is@s direct control over a small share of the built environment through

ownershi for governmental purposes as well as regulation over other sectors.
Mazria (2015) ofsred a guide to proposed changes in the New York City Energy
Conserva e to support energy efficiency and renewable energy in order to catalyze a

reductionEemissions from the built environment that is largely controlled by the
private se nonprofit or civic sector.”

(O

tation measures are not without conflicts with mitigation. For example,
air coolin eded to adapt to increasing heat waves, however, it contributes to energy
demand whi urn increases CO,emission. The IEA (2018) has identified many

interc

aCl

etween air cooling and electric power usage. In particular the IEA (2018)
report notes that air cooling is growing faster than any other sector for energy use, is
currently %% of the use of energy globally and by 2050 is expected to account for 37% of
electricity demand, and energy demand from AC use could be reduced with better

@ hat potentially can reduce CO, emissions from that source.

7.6.2 Tra!Eortation

H
A number

conversion of pulllic transit diesel to combined electric diesel or entirely electric facilities to

performi

onents for transportation mitigation are critical in NYC. First is the

reduce diesel-related emissions, which is one type of fuel option. The second pertains to
privately- vehicles associated with surface transportation, for example the switch to
electri s to reduce or avoid transportation emissions. Connected with both of these
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is the feedstock issue, that is, where energy for transportation is coming from and to what
extent these energy feedstocks can become greener. These issues pertain to decisions at
much broFer gwgraphic levels and across many economic sectors, i.e., are transboundary
issues, and these problems are beyond New York City and NYS MTA control. A third
componei @ sportation-related mitigation is the promotion of non-motorized based
modes of as biking and walking. New York City has promoted these modes
througmexpamaes numbers of bike lanes and pedestrian walkways and the availability of
bike-shar&cilities. A fourth component is an important transportation and urban planning
and land use cqanection in mitigating energy use by transportation. Finally, other options
are overalireduction of vehicle-miles of travel through demand management, increased use

of transit and hew “shared mobility” concepts.

S

7.7 Conclusions and Recommendations

Ul

The introdliction of relatively new elements pertaining to infrastructure and climate change
in NPCC3
change ef;

n

lessons learned and new directions for future New York City climate
infrastructure to parallel climate change projections.

d

Unde or prior condition of infrastructure systems, usage vs. capacity and their
ability e with environmental stresses are key factors in existing and future

VA

infrastructure vulnerabilities. An important element is locational lock-in that is, addressing

long-standing traditions of the location of infrastructure facilities as well as the users of the

services i

i

ulnerable to damaging consequences of extreme events and climate

change. A dimension exists in that not all sectors of society experience these
infrastruc @ em conditions equally.

hd

ctions among different infrastructures in the form of dependencies and

|

interde s are becoming recognized as important factors in the escalation of

adverse ¢ nces resulting from extreme events and climate change. The next step will

be to identi re the vital interconnection points are that produce cascading effects, the

U

process by w hose cascades occur, and how to reduce their effects through

nd in some cases decentralization of infrastructure services to reduce

intersectio . Data collection and metrics development are crucial to understanding
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and enhancing resilience, particularly towards emerging risks like climate change and cyber
security.

N @ btate and New York City have experimented with the design, development

and deplo¥ 6fDistributed Energy Resources (DERs) and battery storage. As the
initiatiV@s #"R®&" ook and Chelsea illustrate, these energy projects have created an
opportuni igorously rethink and redefine the optimal balance between the share of

energy thatsh be produced by central, utility sources and the share of power that can
be generated logdlly and close to the source of energy use during under normal operating

conditions.w

Insuranc%nd finance policies continually evolve to provide opportunities to reduce
the cost o nsequences of climate change that can further expand to support

adaptatiomtigation. Stafford Act funding following a disaster can serve as a
imyestment in resilience improvements, but modifications to the Stafford Act

disincenti

s this issue. Potential modifications could include availability of funding to

ce improvements in conjunction with repairs, and mechanisms to

infrastructure systems which often lack budget for resilience

ese partnerships can involve insurance or financing mechanisms. Many
of the mechanisms reflect a patchwork of applicability, and a coordination of these two
areas is arflimportant future direction to achieve consistent infrastructure goals to reduce
climate c nsequences.

Mi and adaptation tensions arise with respect to infrastructure choices, and
some emere presented for energy and transportation above. According to Grafakos
etal (201': 105 .hese tensions are multi-dimensional and differ with respect to “spatial,
temporal, institutional, and administrative scales.” Attention to this will involve moving
toward re@onﬂicts and moving toward mechanisms that are more synergistic
through p s to identify and resolve such conflicts.

<
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The overall key findings and recommendations for critical infrastructure in the face

of climate change are summarized below.

T

w Keyﬂ

1. Key Mfrastraetare vulnerabilities exist for individual and interdependent infrastructure
that are:

e nofldirectly related to climate change, yet affect infrastructure resilience or the

abi withstand climate change stresses; examples include (a) low physical and
fuw‘ondition and (b) usage potentially exceeding capacity; both indicate
po ia®ulnerabilities for NYC

o directly rSated to climate change factors, such as heat, extreme precipitation, sea
levelrise, and storms, e.g., many vulnerabilities are locationally based: inventories

ingafe !ow-lying infrastructures

e creatj e potential for vulnerabilities where interdependencies are involved, in
the'f f cascading impacts and these are not comprehensively understood

2. Communi infrastructure resilience case studies presented real-world instances of
the int een critical infrastructure systems and climate change.

especially in emergencies; many hospitals and these infrastructures are at

ris looding from location.

° NYDHurricane Sandy infrastructure service outages affected hundreds of
bui nd thousands of residents; distributed energy and other service strategies
ﬁts. New York City and the Empire State’s transition to low-carbon and zero-
cagbon fegdstocks for energy by 2050, as exemplified by NYCHA’s exploration of
distributed energy, will transform energy generation, transmission and delivery as
energy users in all sectors (public, private and independent) move from reliance on

uti e grid-based power to a system where a growing share of power needs
un al conditions and during emergencies will flow from distributed energy

e Hospital Row: New York City’s 62 hospitals are dependent on transportation, power
anL

linked to battery storage units. This emerging structural shift in the sources
and as for energy, as well as other elements of mitigation, adaptation and
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resilience, is creating new challenges, opportunities, economic benefits and co-
benefits in all sectors and many communities, including low-income, low-wealth

coimuniies.

3. Insuran sms and federal disaster relief can be improved for better coverage in
disaste®; AEMEPOuUs and diverse financing mechanisms exist potentially applicable to
climate risks; ies show that investments before disasters can lower post-disaster costs.
7.7.2Keyr endations

address ¢ rastructure risks in the New York Metropolitan Region:

Recommergations for Research

. Immowledge of interactions between infrastructures and climate risks to understand
jilily, requiring new science and data.

NPCC3 mmmIIowing recommendations for continued work in research and policy to

Recommendations for the City

gased frequency of extreme heat will drive peak energy demand for air

co g, the City should continue to work with the energy sector to develop improved
o power outages.

hi_

ilancial strength, invest in infrastructure maintenance and upgrades, and work

ce companies to encourage incentives with attention to the risks that
re systems and their users experience. These will increase resilience and ensure
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e Integrate equity dimensions into planning for infrastructure adaptations to climate change in
light of the four visions of OneNYC.

T

e Id re the vital interconnection points are among different infrastructures (i.e.
de nd interdependencies) to reduce cascading effects resulting from extreme

©venisaagiclimate change through management and in some cases decentralization.

e Prq@Vide acBess to infrastructure data and resources to explore infrastructure risks associated

Cr

e change.
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APPENDICES
Appendix{#-A. “infrastructure-shed” and critical infrastructure systems in the New
York Met itan Region

dl

The “Infra e-shed”: Introduction

The Re
place of infrastructure among other elements in its plan for the New York region’s future. A

M

Association (June 2016: 5, 6, 8, 24) has specifically emphasized the central

few compgnents of the infrastructure-shed are described briefly below, but each sector is

I

presente detail in the infrastructure lifelines section that follows.

Energy

ho

Accordingto Con Edison, one of the major distributors of NYC'’s electric power, the Con
Edison service ar@a, is cited as 604 square miles including service areas that extend beyond

Uit

New York ndaries (Con Edison Company undated web page accessed June 16,
2017). Natiog
and pa

Grid also serves certain portions of the City, namely Staten Island, Brooklyn
eens for gas (National Grid). According to the New York State Independent

System Operatof2016 power trends report, the energy usage in the downstate area is
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about 1.5 times greater than what it generates, indicating that energy has to be obtained
from outside of the city (NYS Independent System Operator (I1SO) 2016).

T

Transport

New YorkLompasses transportation infrastructure managed by numerous transit,
road and mencies. The road system consists of Federal, state and local owned and/or

operated s, bridges and tunnels. The agencies involved in the management of this
infrastructredmglude the NYC DOT, the Port Authority of NY and NJ, and the NYS
Metropol rafsportation Authority (MTA). For transit, the NYS Metropolitan
Transportati thority (MTA) is the largest provider of transit for the City extending to
portions of its region as well. The Port Authority of NY and NJ, NJ Transit and Amtrak also
manage b rail transit. According to the MTA’s description of its network, the MTA
service ar@ds over 5,000 square miles (MTA 20164, accessed June 16, 2017), more
than sixtegiuii the area of the City reflecting its reach well beyond the City’s borders.
Both passe d freight rail transit are affected by conditions outside of the City given

9iin and out of the City that is carried by rail and the commuters in and out

city inevita ct the ability of people, goods and services to move in the region. The U.S.
inition of its term “Metropolitan Statistical Area” is generally based on
travel in terms of economic connectivity. The effects of transportation infrastructure often
act throua intermediaries in the form of other infrastructures that transportation is

dependen articular electric power. When a massive electric cable outage occurred to

the north @ ity Metro North lines were disabled for over a week. The extent of the
total impatiased’s referred to as the New York Metropolitan Region; however, the reach of
each infra:e is different.

=

As noted i apter 2, the water supply systems draw from a watershed that is almost

Water

seven times thegarea of the City (NYC DEP), and New York City residents and businesses are

affecte the infrastructure in areas outside of the City experience disruptions.
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Infrastructure Lifeline Sectors — New Elements of Risk and Resilience

Definition! of critical infrastructure identify almost a dozen and a half different categories
that inclu ical, Commercial Facilities, Communications, Critical Manufacturing,

Dams, De d¥Strial Base, Emergency Services, Energy, Financial Services, Food and
AgriculBr®®&8¥8 nment Facilities, Healthcare and Public Health, Information Technology,
Nuclear R Materials, Transportation Systems, and Water and Wastewater Systems

(U.S. DHS,@
Energy w

The energysgn serving New York City consists of an extensive array of facilities from
productio¢ough end usage. A list of the existing electric power production facilities was
compiled YS ISO (2017a: Table IlI-2). Con Edison, for example, indicates that it

manages miles of underground cable and 34,215 miles of overhead cable each with

transform ther support systems (Con Edison undated web page, accessed June 16,

2017). components requires a unique set of protection measures against
destructi ciated with extreme weather events and climate changes ranging from
elevation rsion, sealing and operational controls (Con Edison and Orange and
Rockla 12015).

The gaaiR energy service providers for New York City are Consolidated Edison (Con
Ed), the N @ Power Authority, and National Grid, with the latter providing natural gas.
In addition, ong Island Power Authority (LIPA) provides electric service to the

Rockawmens. According to NYS Independent System Operator (ISO), New York City

energy rgy use has been declining: Over the 2010-2014 period, NYS ISO power
trends indic8ted a drop of 4.7% in annual usage of electric energy in New York City
(from 55, ,541 Gigawatt Hours) with a decline occurring each year (NYS ISO, 2015:
10), which NYS IS® primarily attributes to recent cooler summers, that may not be likely to
continue pter 2) and also increased use of more energy efficient appliances. From
2014-20 ever, usage increased by 1.8% though still indicating an overall drop in the
2010-2 % (NYS 1SO, 2016: 10), and NYS ISO generally attributed these changes in
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energy use to changes in weather and economic activity (NYS ISO, 2016: 7). In the 2015-
2016 period, New York City was the only one of the ISO-defined regions that increased in
annual elagtric egergy usage by 0.31% from 53,485 GWh to 53,653 GWh (NYS ISO 2017: 13).

The NY 017a: 12, 16) forecasts both with and without weather taken into account
generally ated declines in annual energy usage over a ten year period from 2017-
2027 alon imcrease in summer peak demand and a decrease in winter peak

Transport@tion

-
)
)

The trans system serving the City of New York is comprised of over thousands of

miles of surface tansportation via various conduits such as roadways, bridges, tunnels, rail,

i

waterways, d pipelines. In addition, there are related infrastructures such as terminals
and statiﬂor water-based transportation, ports and docks. These in turn are owned
and/or m y many organizations. For transit exclusive of pipelines, these include the
New York etropolitan Transportation Authority (MTA), the Port Authority of NY and
NJ facilitie8 s PATH and the region’s airports, NJ Transit, AMTRAK, freight rail
companies, and Federal, State and local highway authorities or transportation departments.

TA network consists of almost 9,000 rail and subway cars, over 5,700
buses across 2,080 rail track miles and 2,952 bus route miles (MTA, The MTA Network,
undated

eb site accessed June 16, 2017). According to MTA, its network of facilities
supports 2.73 billion trips per year and accounts for about half of the total transit ridership
in the U.S 015: 2016). Numerous other support facilities for equipment and

operations'e
service di in the form of mean distance between failures (MTA Performance Data
Sets urmsite, accessed June 16, 2017), which is defined for subways, for example,

as “Average numiber of miles a subway car travels in service before a mechanical failure that

part of MTA’s network. One way its robustness is measured is in terms of

makes the'train arrive at its final destination later than 5 minutes.” The lower the number
the worse the pehformance is with respect to this particular characteristic (MTA undated

web site , June 16, 2017). Fitzsimmons (February 12, 2017) cited a decline to
120,000 mj ovember 2016 compared with 200,000 in November 2010. Fitzsimmons
(Febru 017) cited other performance indicators such as number of subway delays,
and the NYC of the Comptroller (2009) identified a number of different indicators,

This article is protected by copyright. All rights reserved.



some of which would be relevant for potential climate change impacts. Delays due to signal
and switch failures have received considerable attention.

Th @ y of the bus and rail transit system reflects Metropolitan Transportation
Authority's"p8 B¥ficane Sandy capital projects as well as other MTA plans and programs.

Examp®s BFEHESE capital projects include extensive repairs to the subway tunnels, switches,
and signa 2017; MTA web site Fix&Fortify program). The time period over which
these impggve ts occur could be aligned with NPCC forecasts for heat and precipitation.
This is alswthe network of other transportation facilities and services in New York

City and p%other infrastructures as well.

Some adaptations since Sandy have been undertaken ranging from short-term

(episode- , often operational measures) to medium-term measures including flood
protectio removal, and green infrastructure. Transportation projects after
Hurricane ave initially focused on repair of damage but have since employed flood
protectiomer adaptation measures, some of which are discussed below.

munities that are being studied by the NPCC3 Community WG that have
been identifi s having transportation and flooding issues are Hunts Point in the Bronx
and Su Queens (see Chapter 6: Community-Based Assessments of Adaptation

and Equity). At Hunts Point, transportation circulation is relatively restricted, and some of
the areas Sithin Hunts Point are susceptible to flooding though these areas barely missed
flooding during Hurricane Sandy. The Sunset Park area encompasses portions of the

rently served by three subway lines around its periphery: The northern

and easte ns of Sunset Park are served by the D line, the western portion by the R
line an rn and southern portion by the N line. It is also served by bus transit lines.

=

Water/wastewaSr
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The New York City water supply system encompasses a nearly 2,000 square mile watershed
north and west of NYC. The water supply system is managed by New York City and portions
of the cougties digectly to its north: Westchester, Putnam, Orange and Ulster. The facilities
consistwater systems — Croton, Catskill and Delaware, three water tunnels, 19
reservoir @ pusands of miles of conveyance systems consisting of transmission and
distributio 5. Extensive work is underway to complete the third water tunnel that
will prowidespamef the system within the City’s borders with a redundant water distribution
system, arSthat redundancy will support resilience (NYC Special Initiative for Rebuilding
and Resilh@RR), 2013: 63; NYCEP 2017c Drinking Water Supply and Quality Report).

Ther City wastewater treatment system consists of 14 wastewater
treatment plants, numerous pumping stations that support them, about a half-dozen sludge
treatment plantShmost of which are located near the wastewater treatment plants, and
about 6,0 of collection lines with a few pumps to convey the wastewater where
gravity is ient (NYC EP, 2013). In addition, there are combined sewer overflow
facilities tmle stormwater flows. In many parts of New York City, the wastewater
collection oes not separate sanitary sewage and storm sewage, and combined
sewers ar@ e ted at 60% of the City’s sewer system (NYCEP, 2018: 4) The City of New
York has embatked on ambitious green infrastructure programs aimed at water

manag ugh non-structural controls (NYCEP, 2018: 37-38) such as the Staten Island

Bluebelt proj YCEP, undated web site accessed June 16, 2017).

V]

Th@City tracks the viability of its distribution infrastructure for both water and sewer

I

interms o ge rates and service interruption and has reported declines in those rates
recently a w declines in restoration time summarized earlier in this chapter (NYC
Office f thayiM Management Report (MMR), 2017: 262-263) (see Chapter 8: Indicators

and Monitesi

th

Telecommunications

U

The tele nications structure within New York City provides telephone, wireless,
Internet® able services. Verizon is the incumbent telecom franchise in NYC.

A
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Telecommunications infrastructure consists broadly of buildings that house communication
equipment, exchanges, switches and computers; cabling for signal transmission and
conduits; 'Fterm’:liary locations such as cell towers that house telecommunication

equipme Ikipedia “Cell Sites”), and equipment at user locations (NYC 2013: 163). The
expanse o ystem and its network is comprised of: “. . . over 50 thousand miles of
cabling, t ' cell sites [or cell towers where telecommunication facilities are

locatedly amemmearly 100 critical facilities.” “New York City accounts for approximately 3
percent o&e world’s web traffic—even though the city is home to only 0.1 percent of the
world’s population” (NYC 2013: 163). Telecommunication infrastructure is not only
vulnerabl@ito power outages and damages also to backup power facilities which was
experience ring and after Hurricane Sandy (NYC, 2013: 168) but also to the stresses
created bmmpingement by floodwaters and wind and water driven debris. The
intensely coOmpl€x and interconnected networks and rapidly changing technologies that
characteriwlecommunications sector create challenges to addressing its climate
vulnerabiliii

Appendixmpendium of Selected Adaptationsb

®The NYC ORR (2
ems to a new or changing environment that seeks to maximize beneficial opportunities or

36) Climate Resiliency Design Guidelines defines adaptation as: “Adjustment in natural

moderate negative effects.”

Adaptation was defined by the IPCC (2007) early in the climate change assessment process in the following
ways: ”Adaﬁtion Adjustment in natural or human systems in response to actual or expected climatic stimuli
or their effe moderates harm or exploits beneficial opportunities. Various types of adaptation can be

distinguishe@wg anticipatory, autonomous and planned adaptation:
Anticipatory lon — Adaptation that takes place before impacts of climate change are observed. Also

referred to e adaptation.
Autono on — Adaptation that does not constitute a conscious response to climatic stimuli but is

triggere ical changes in natural systems and by market or welfare changes in human systems. Also

referred to as spontaneous adaptation.

Planned adaptation S Adaptation that is the result of a deliberate policy decision, based on an awareness that

conditions have changed or are about to change and that action is required to return to, maintain, or achieve a
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A wide range of strategies specific to infrastructure are under consideration and in many
cases al“y throughout the United States and the world to strengthen the resilience
of the infragff@@gure against the consequences of climate change across numerous
infrastruc ors. These are aimed at increasing the resilience of the built environment
overall and the social systems it serves. These generally fall under the heading of

N ——
adaptatioms These have tended to occur separately for each type of infrastructure though
some pro easures afford simultaneous and coordinated protection.

MMese strategies and approaches were introduced in the main section of the
report. A ad@fitional approaches are introduced here for illustrative purposes and
generally o introducing flexibility into the design and operation of infrastructure.
AdaptatioE

number of di t design guidelines have been summarized for adaptation measures
dependingon the type of construction and the location of a facility (NYC Mayor’s ORR, 2018:

27, Clima

res encompass design strategies for new and retrofitted infrastructure. A

ncy Design Guidelines). Examples of design and construction measures

suggeste uidelines and elsewhere include relocation, elevation, hardening, barriers,
reconfiguragi .g., elevating structures for flooding and sea level rise), providing flexible
routin g transportation modes), altering materials, etc., and the relevance very
much depe on the nature of the hazard. Operational measures in addition to design
have al put forth to support flexibility, for example, by using alternative resources,

configurations for infrastructure facilities, and usage or consumption. In many cases these
adaptation measures have been known for some time. The NYC Department of City

Planning’ ont plan that pre-dated Hurricane Sandy set forth a number of strategies
aimed at resiliggce pertaining to flooding in the areas of “retreat,” “accommodation,” and
@ y applicable to infrastructure (NYC DCP, 2011: 109-110) and they also

identified a per of adaptation measures within the City after Hurricane Sandy (NYC DCP,

2013b). Pgecflve mechanisms for example include many structural approaches involving

“Adaptive capacity (in relation to climate change impacts) The ability of a system to adjust to climate change
(including cIBability and extremes) to moderate potential damages, to take advantage of

“protectia

opportunities, or t pe with the consequences.”

<
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gates, seawalls and others. These mechanisms were expanded considerably in the New York
area following Hurricane Sandy (NYC 2013; New York State 2100 Commission 2013; NYS DEC
2016), anihave been listed by the NYC Mayor’s Office of Recovery & Resiliency (2017: 24)
as design Mterventions in connection with sea level rise. Green infrastructure is an
expanding @ interest for adaptation primarily for water management (U.S. EPA,
undated essed June 16, 2017) but other approaches exist as well | such as urban
tree camopiess@iMeil-Dunne, 2012). New York City has been pursuing a project originally
develope(si the “Big-U” (Rebuild by Design, undated web site accessed June 16 2017) and
currently referngd to as the East Side Coastal Resiliency (ESCR) project, the Lower

Manhattall Coast@al Resiliency (LMCR) project, and Two Bridges (NYC 2018a, b), that
combines str

ural and green infrastructure approaches and numerous strategies targeted
specifically't ove transportation resilience after Hurricane Sandy (U.S. DOT, FHWA

2017).

A f efforts are underway for managing water, for example, stormwater
managem EP, 2018), measures specific to wastewater treatment plants and related

facilities s pumps (NYCEP, October 2013: 9-10) and tailored by NYCEP to specific
plants, an anagement through flood zoning (NYCDCP, 2013a). One relatively newer
land manage mechanism primarily for controlling and managing water is green

infrast . NYC Department of Environmental Protection has embarked upon a
green infrastr re program to comply with the NYS DEC consent orders for combined
sewer YCEP, 2017). NYCDEP manages an extensive program to install green
infrastructures, and indicates thousands of these have been installed throughout the city
using a vagiety of technologies between 2011 and 2016 (NYC EP, 2017). The U.S. EPA defines
green infr&re as: “Green infrastructure uses vegetation, soils, and natural processes
to manag@and create healthier urban environments. At the scale of a city or county,

green infr re refers to the patchwork of natural areas that provides habitat, flood

r air, and cleaner water. At the scale of a neighborhood or site, green
infrastructure refers to stormwater management systems that mimic nature by soaking up
” (U.S.EPA, June 13, 2014).

Sp:rastructure agencies have developed extensive adaptation mechanisms.
For exampl TA (2009; 2017) has set forth numerous measures to protect its transit
infrast nd the U.S. DOT (2011) has considered a broader scale of measures

applicable to ity. The City’s transit system has undertaken adaptation measures in
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response not only to Hurricane Sandy’s impacts but also current and anticipated impacts of
climate change aimed primarily at temperature and flooding associated with precipitation
and sea leyel risgg MTA, 2017: 4). The 2016 commitment for 46 projects was $751 million
with a tﬁbillion in overall resilience funds, and additional funds were indicated for
2017 and , 2017: 12). The projects consist of strengthening the condition and
design of Wil ilities, relocation of equipment to higher elevations, and barriers.

H

Copgkd Orange & Rockland Utilities (2013) developed an extensive set of
primarily @I mechanisms to protect its electric power infrastructure. The portion of
the City’s electgic power system operated by Con Edison went through an extensive
adaptatio% following hurricane Sandy involving various techniques such as sealing,
cable removal and reconnection flexibility, submersion, strengthening of overhead electric
power po@rimming, and numerous other measures (Con Edison and Orange and
Rockland , 2013). The 2013 plan has now, according to Con Edison, been updated
and portimave been implemented with an estimated $1 billion investment (Con

Edison, 2 Edison reported a $1.6 billion investment for work begun in 2016 that
included t ing improvements:
o “1 k transformers;

head transformers;

ound feeder sections connecting manhole structures and transformer

vaults;

° 37Wd sections of power lines, and reinforcement of 25 electric feeders. . .

* 2 rground electric network to help meet growing energy needs on the west
Si town Manhattan . ..

° ans completing a $1 billion, 4-year storm hardening plan to protect infrastructure
ers from the impact of major storms, like hurricanes.” (Con Edison May

-

Con Ediso imated that through October 19, 2017 250,000 outages had been averted
throug stallation of more than 1,000 "smart" switches on its overhead system,
submersible®@guipment that can withstand flooding, redesigned underground electrical
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networks, and numerous other steps to avoid outages,” circuit breakers to achieve more
rapid recovery, flood walls and seals specified in their 2013 plan and numerous other design

and operﬁional imanges (Con Edison, October 19, 2017).

Summaryge Programs and Plans
[

New York @ty about 520 miles of shoreline (NYC DCP, 2016: 7). Portions of it are at sea
level or wwrgins that are potentially vulnerable to flooding from sea level rise as well
as storm suig e coastal boundary for both developed and undeveloped shoreline areas
are definwe to sea level (NYC DCP, 2016: 9). Numerous proposals for altering the
coast exis f which are protective in light of climate change and others not, but have
the potential for ihtegrating climate change. These include some of the suggestions in the
NYC DCP (ﬂ

shorefron ns in and around the City, the New York City Waterfront Alliance’s

ision 2020 waterfront plan, the NYC (2013) designs for many of the

(January ns and manual for coastal planning, and the post-Sandy competitions that

included t tion of the Big U project. Current city programs such as zoning and land
use should\c e to incorporate these ideas.

Parkland E

An impor ct of the resiliency of NYC’s shoreline is the extent to which parkland can

i

buffer the effeets of storm surge, sea level rise and coastal flooding. Parks near coastlines
can provid @- brary inundation areas that can recover relatively quickly after extreme
weather eve nvolving flooding. Permanent increases in sea level are more challenging

howevﬂcial infrastructure overlaps with and depends upon transportation
infrast h as bike and pedestrian paths. Parks often provide protection of

neighb m severe weather by providing shade from trees however, trees can also
be vulner xtreme wind events.

e parks comprise the largest portion of the parks managed by the New York
City Dep t of Parks comprising “7,300 acres or 30% of its total land area and found
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along 150 miles—or almost 30%—of the city's total coastline”, and in addition natural areas
comprise another 9,900 acres under the Department’s jurisdiction (NYC EM 2014: 59).

T

A oncepts for using land susceptible to flooding to absorb water have
been put fOFEA™WAERIN NYC, the Staten Island Bluebelt provides such an example. The
NYCDEP (&0¥8¥escribes it as “natural drainage corridors, called Bluebelts, including
streams, d other wetland areas. Preservation of these wetland systems allows
them to pesformytheir functions of conveying, storing, and filtering stormwater. In addition,
the BIueb@ide important community open spaces and diverse wildlife habitats. The
Bluebelt prograi saves tens of millions of dollars in infrastructure costs when compared to
providing €onWentional storm sewers for the same land area.” Similar ideas have been put
forth for Boise, Idaho (Barker, April 19, 2017), the Trinity River System (Water Environment
Federatiorm 1, 2017), and as the ideas for “Sponge Cities” particularly in China
(Garfield, er 10, 2017). Other approaches include integrating transportation and
water ma t, for example in Kuala Lumpur where a six mile tunnel is used for traffic
control inm
2012: 115;
the U.S. EPA : e City of New York along with a number of other cities throughout the
the

her and the conveyance of stormwater in wet weather (Zimmerman,
ater Management and Road Tunnel (SMART), undated website). Finally,

country and world have been leaders in developing green infrastructure concepts that

serve gation and adaptation measures. Although the concept has been used for
a number of ent environmentally purposes, its use for water absorption or storm

water tis key to confronting some of the flooding aspects of climate change.

Fo*,he Trust for Public Land (TPL) listed 39,615 acres of parkland within the
City, comout a fifth of its land area (TPL, 2016: 5). Of that, three-quarters is under
the jurisdiGtigredf the NYC Department of Parks and Recreation, and New York City ranks
second in f high-density cities in percent parkland (TPL, 2016: 9). There were 4.7
acres per goo residents, and New York City ranked 13th in the high density city group (TPL,
2016: 10).,Park agcess is very high for NYC, and is critically dependent upon transportation
infrastructre. TPL indicated that 97% of NYC’s population was within a half mile of a park -

walking disiancaunobstructed, from a road (TPL, 2016: 13). Two characteristics of parks
interrelat ibl¥infrastructure and climate change are first the proximity of some parks to

coasts and the potential vulnerability to sea level rise and second the integration of
treesi and elsewhere that affects urban heat levels. Given the extensive coastline of
New York City*amg its attractiveness for recreation, a large number of parks are located
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along the City’s shoreline (NYC Department of City Planning, 2011: 11). The City has
acquired 1250 acres of waterfront parks since 1992 with Staten Island having the highest
acreage, filloweiby Brooklyn, Queens, the Bronx, and Manhattan (NYC, 2011: 11).Many of
those parlés that are in flood zones are potentially prone to flooding during weather

eXtremeSQ

Jaiai y represents an extensive program of shoreline and estuary planning and
managememt the participation of numerous organizations including the Science and
Resiliencew at Jamaica Bay (SRIJB) aimed in part at increasing the resilience of the
area to future storms. The Institute has partnered with The City of New York and National
Park Serviwfﬁliates with the NYC Department of Environmental Protection on
projects and events, in particular the Jamaica Bay Watershed Protection Plan
(http://wvmorg/sotbzow/). With respect to infrastructure, a recent study identified
8 differen ations for utilities and 14 involved in transportation (Sanderson et al.

2016:). C

Shoreline m and Modifications

Numerou ies have taken part in planning for the increased resilience of New York
City's s light of Hurricane Sandy and prior to it. A few examples are given below in

addition to the work in Jamaica Bay that cuts across park and shoreline modification efforts.
Two majo&rograms that New York City is a part of are: Rebuild by Design
(http://www.rebuildbydesign.org/) funded by the U.S. Department of Housing and Urban
Develop

D) with not for profit organizations and philanthropies

(http://w #lildbydesign.org/about) and the Rockefeller Foundation 100 Resilient Cities
with whic by Design has partnered (http://www.100resilientcities.org/about-us/).
These icularly targeted shoreline areas in addition to supporting actions for a

broader base of lmzards related to infrastructure and other areas.

Fi 1 portrays the work of the NYC DCP (2013b) visualizing different shoreline
modificati increase resilience depending upon the characteristics of the shoreline

and thead%{mter environment. These apply not only to buildings but also to
infrastn
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Extensive efforts were made in the New York City Special Initiative for Rebuilding
and Resilience (SIRR) to identify ways in which selected shorelines could be adapted to
create gregter regjlience. Figure 7.B.2 gives just one example of the many potential
modificMYC's shoreline to improve its resilience provided by the NYC SIRR by taking
into acco @ ynamics of the water environment. The area below is identified as Coney
Island Cre RR.

N

-
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Figure 7.B.2. Example of possible shoreline modifications proposed in the NYC SIRR (2013).

Coney Island Creek

Conceptual rendering of Coney Island Creek wetlands and tidal barrier, with Rockaway inlet barrier
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New York Bay f\ﬁﬁ Coney Island Creek
—_—

17" Design Flood Elevation

=

Flood gates dosed at low tide in anticipation of storm event, increasing capacity of tidal
pond to receive rainfall and stormwater run-off and protecting inland areas from storm surge

New York Bay (ﬁ
17" Design Flood Elevation I

Coney Island Creek
—

High Tide
LowTide
Flood gates opened at low tide following storm to release excess water from tidal
pond and flush creek system
Source New York, 2013.
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Appendix 7.C. New York City Greenhouse Gas (GHG) goals

Like otl‘“es in North America (C40 is a network of cities committed to addressing
issues relaje@ limate change (https://www.c40.org/about)), New York City under the
mayoral @ ations of Michael Bloomberg (2002 through 2014) and Bill de Blasio
(2014-p-resentl have maintained city government's commitment to reducing citywide
human—ge;erated greenhouse gases (GHG) 80% by 2050. Achieving that 80X50 goal of

cutting cit ted emissions requires a major focus on New York City’s built
environmgéht. Th@ building stock of the city’s five borough (counties) generates nearly 70%
of the emiS8i n 2015 (Inventory of New York City Greenhouse Gas Emissions, April 2017).
Progress t e goal of reducing city-generated carbon emissions has been incremental
but enco s the city government and the state government in Albany implement

policies t ergy-consumption practices in all sectors (public, private and
independent).

In with the 80X50 commitment, Mayor de Blasio announced the outlines of
proposed on to reduce emissions from fossil fuel consumed onsite in buildings
primarily ng and hot water — apartment houses, office buildings and warehouses

25,000 square feet (Neuman, September 15, 2017). This mayoral
ed in the fall of 2017 while United Nations met in New York and
enets and goals of the Paris Climate Accord, promised to impose strict

— wit

initiative, a
reaffir
standards on as many as 23,000 inefficient buildings in this category by 2030. Clearly, final
provisions of this mayoral legislative initiative — even its fate — will be subject to

negotiati een the mayoral administration and the New York City Council as well as
efforts by ipiekested parties, from business sectors like commercial real estate to

environm @ focused on climate mitigation issues. This particular de Blasio initiative,

whatever it al shape or fate, also opens up space for the policy and research

infrastrucge o: :?e city and the state to pose at least two questions related to achieving
the 80 ese efforts to reduce and cap CO; emissions in buildings have been

suppoeregislative initiatives (The Council of the City of New York, November 20,

2018; Kauﬁyvember 20, 2018).

e current inventory of city-led and state-led 80X50 programs add up to a
compre milestone-driven approach to reducing emissions from the built
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environment 80X507? Are the city programs and state programs designed in a way to
substantially reduce GHGs across all four classes of property in the city — Class | (most
residentia'prop?ty of up to three units and small condominiums), Class Il (mostly rental,
cooperatives and condominiums), Class Il (utility property) and Class IV all commercial and
industrial By not in Classes I, Il and IIl)? Are the GHG-reduction programs of New York
City and Adl lly robust across all categories of the built environment in the five
boroughs hishicity-led and state-led GHG programs are comprehensive and robust?
Which are&'llots with limited reach and impact? Are the seven goals, next steps and
implementatiomtimelines of One City Built to Last: Transforming New York City Buildings,
Technical WVorking Group Report sufficient? Some of the current patterns and trends inform

some of thes ﬁ‘uestions.

Th"ﬁ NY (2018) report “OneNYC 1.5 Celsius Aligning NYC with the Paris Climate
Agreeme ed emission changes in a number of sectors, two of which were directly
infrastruc ted: transportation and waste (including wastewater treatment).
However,mer sectors for which emissions were tracked (residential, commercial, and
institution
tracked byIN

fugitive natlral®gas, compostable waste, and wastewater treatment measured methane and

nitrouEsions.

Overall, total emissions reported from 2016 (the most recently available data) are
down 15°/§ompared to emissions from 2005: down from 61.08 million tCO,e to 51.91
million tC . ut 67% of these emissions are from stationary sources (residential,

commercistitutional), 30% are from transportation, and 3% are from waste. In
absolute t8ggg issions from stationary sources decreased the most from 2005 to 2016:
down 18. 42.39 million tCO,e to 34.56 million tCO,e. Emissions from waste
decreaseZ;e most in terms of percent change from 2005 to 2016: down 21% from 2.28
million tC@,e to 80 million tCO,e. Transportation had a much more modest decrease:
down 5#roml6.41 million tCOse to 15.55 million tCO5e.

de changes in emissions from electricity use, a key infrastructure sector
missions were all reported as tons of carbon dioxide equivalent, but

Undegff€ transportation sector, subway and commuter rail emissions decreased
“Q 3,856 tCO,e to 554,345 tCO,e and emissions from buses decreased 14.7%

from 687,896 t€@e to 586,830 tCO,e, but emissions from passenger cars and trucks
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remained relatively constant (a 3.6% decrease of 12.88 million tCO,e to 12.42 million tCO,e
for passenger cars and a 3.5% increase of 1.81 million tCO,e tot 1.87 million tCO,e for all
trucks) ani marir navigation emissions increased 82.8% from 49,962 tCO,e to 91,353
tCOze.

T NEWBt Kk City’s Roadmap to 80X50 report, the de Blasio administration framed its
decarboniZati rategy, in part, as a guide “on how to grow a dynamic and inclusive
economy t@spliginnovation, develop globally-recognized industries with the potential for
high—payir@nd to make the city more resilient against climate change and other 21st
~ (NYC Office of Sustainability, September 2016). This section of the 2016
uity as “an explicit guiding principle” of the city’s environmental agenda.
This commitment to equity as a guiding principle will need to be articulated and actualized
in the Cityﬁing DERs strategy, policies and projects. As New York City pursues DERs
projects a its decarbonization strategy for achieving 40X30 and 80X50, city agencies,
communi organizations (CBOs), other nongovernmental organizations (NGOs) and
businessemed to embed equity in DERS and various forms of community energy

century threa

strategies.

d

mmitment to equity will likely require a much greater focus on understanding
and develo e economic benefits and co-benefits of DERs projects in the five boroughs.
The cri
related to the flow of economic benefits and co-benefits. These economic issues include

Vi

essing the viability of a DERS project ought to rigorously evaluate issues

forms of diivnership of DERS, beneficiaries of the sale of excessive power capacity (via

I

energy ar , NY ISO demand response programs, etc.) Roadmaps for building equity

into DERS and projects can be found in variety of places, including:

0

e PAT YS TO RESILIENCE (P2R): Transforming Cities in a Changing Climate | Kresge
Fofindation, Movement Strategy Center, The Praxis Project and the Emerald Cities
ve | 2015 (Movement Strategy Center, 2015);

h

e N 's Reforming the Energy Vision (REV) Working Group I, Subcommittee on
Microgrid8 and Community Grids: Ownership and Control (WG 2, _ Microgrids and
Co y Grids _Fina Report &amp; Appendices.pdf) (NYSERDA) (NYSERDA, 2015);

A
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e Beyond Sharing — How to Take Ownership of Renewable Power, Institute for Local
Self-Reliance, April 2016, https://ilsr.org/report-beyond-sharing/ (Institute for Local

Sei Relia':e, April 2016);

o Prigip¥80f a Pluralist Commonwealth, Gar Alperovitz and the Democracy
Co *4 e, 2017, Ownership: Why Is Ownership a Key Determinant of System
étrm (Alperovitz and the Democracy Collaborative, 2017).

In light offthe new set of challenges, opportunities, economic benefits and co-
benefits th
economy,fCit | could impanel a commission made up of city agencies and stakeholders
in the ind
economic

Cr

accompany New York City and New York State’s transition to a low-carbon

S

t and private sector to: map the emerging challenges, opportunities,
and co-benefits; formulate recommendations about how the flow of

those ben be leveraged to create new sources of economic opportunity in low-

income, lo h communities in the five borough.

U

Hi
benefits and c nefits to include not only green jobs and lower energy bills but also the

list of issues that the commission could examine are: defining economic

cl

opport eople and entities in low-income, low-wealth communities to be owners,

investors an eholders in new green energy enterprise (distributed energy resources,
DERS)

resilience;

rms of climate-friendly projects that lead to mitigation, adaptation and

Id
stymie th

any legal or regulatory obstacles at the city and state scales that would

or

ment of neighborhood-owned co-operatives, B corporations,

traditional tured green businesses, NGO-owned, CBO-owned businesses that can

help people and community institutions build ownership and wealth; and Cataloguing and

e and wealth for individuals and community-based entities that work with

people in gme, low-wealth communities.

ond mitigation issue that deserves greater and sustained focus involves

benchmar hways/modalities in use in the U.S. and overseas for leveraging the

accounting fo dealing in a meaningful way with the share of the New York City’s carbon
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footprint that is generated beyond its political boundaries. New Yorkers, like all residents of
megacities, suburbs, towns and rural areas, are responsible for transboundary emissions.
They consgme cagbon-intensive goods (from cars to clothing to food and appliances) and
servicesﬁmported from other parts of the US and the rest of the world.

Po @ d actions that appear to be sustainable locally (at the city or metropolitan-
region s-calesl ought to account for the total planetary-level environmental and social
consequemces of local consumption patterns (NAS 2016). GHG mitigation policies and
programs% take account of and take actions that recognize the biophysical limits of

the planems need to identify and pursue specific policies that reduce the city’s

metabolis ly composed of material and energy flows (NAS 2016). Accounting for and
working taofte transboundary GHG emissions will require cities across all sectors to play
a majorr naging Earth’s finite resources in a sustainable way (Seitzinger et al. ,2012
in NAS 20

w s, New York included, could agree on a methodology for accounting for

transboumG emissions, estimate those emissions and report them, along with
n

impleme -terms strategies for reducing each city’s transboundary footprint. To
that end — llection of transboundary data and the analysis of it — the National
Science Fwn's Advisory Committee for Environmental Research & Education issued a
2018 report, Ststainable Urban Systems: Articulating a Long-Term Convergence Research
Agend le Urban Systems Subcommittee (National Science Foundation, 2018).
This report b advisory committee’s Sustainable Urban Systems Subcommittee offers a
guide t rs and stakeholders on how to conduct convergent science required to

understand the local and transnational footprints of cities and metropolitan regions.
Accordin the report, the key elements of the next cycle of sustainable urban systems
science o ad to the production of in-depth knowledge of (NSF, 2018: 16):

an/metropolitan regions where multiple sustainability outcomes are
add
an@’communities to regional and global scales.

ed for a multi scale systems perspective that connects homes, businesses

° M'tiple ities and communities, exploring relationships among networks of
communities and identifying city/urban typologies for the study of cohort groups

and comfarison groups.

e Supra- egations of cities and urban areas, e. g., all urban areas in an electrical
ion, nation, world-region, or the world, to study the collective impact of
ur

sformation on people and the planet.”

This article is protected by copyright. All rights reserved.



