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When Hurricane Sandy roared into New
York on October 29, it drove the waters
around our city right up to, and then over, our
doorstep. Forty-three people died in the deluge
and untold numbers were injured. Along the
shoreline the storm surge smashed buildings
and engulfed entire communities. It flooded
roads, subway stations, and electrical facilities,
paralyzing transportation networks and causing
power outages that plunged hundreds of thou-
sands into darkness. Fires raged. Wind felled C
trees. Heartache and hardship-and at least
$19 billion in damage-are the storm's legacy.

An unpredictable series of meteorological
phenomena combined to create this disaster-
Sandy arrived during a full moon, when the
Atlantic tides were at their highest; the storm C
was enormous and when it collided with other
weather fronts, it turned sharply and made land-
fall in NewJersey, subjecting the city to onshore
winds that drove its devastating storm surge
right into our coastal communities.

When the waters receded, New York was, in many C
ways, a changed city. Certainly the lives of many
New Yorkers had changed. Friends and loved
ones were lost. Homes that families had passed
down for generations were gone. Businesses that
New Yorkers had started from scratch were wiped
out. New Yorkers looked around and saw beloved
parks and beaches in ruins. Even residents of in-
land areas that escaped direct storm damage
were affected when workplaces and schools
could not open because of power outages. The
subway system was shut down. In some places,
the mail could not be delivered. C
New Yorkers across all five boroughs felt more
vulnerable. Sandy was a cruel reminder of how
destructive coastal storms can be in our dense
urban environment-storms that, with climate
change, are expected to increase in intensity.

Under Mayor Bloomberg's leadership, relief and C
recovery efforts kicked in immediately. Teams
from countless City agencies fanned out across
New York, removing debris and beginning the
process of restoring what had been lost. The
Bloomberg Administration created the Mayor's
Office of Housing Recovery Operations to work
with the City's Department of Housing Preserva- C
tion and Development and other agencies to re-
build and repair homes and retum people who
had been displaced to safe, sustainable housing.
It established loan and grant programs to help
businesses clean up and reopen their doors.

New Yorkers themselves also rose to the C
occasion. People from all boroughs streamed to
the Rockaways and Red Hook, to Coney Island
and Staten Island, and to other hard-hit
communities, bringing with them food, fuel for
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generators, and ready hands to help in

•O whatever way they could. Volunteers went
door-to-door in high-rise buildings to assist the
elderly or those with disabilities left stranded
when elevators stopped functioning. They
worked with the National Guard and the Red
Cross to distribute emergency supplies.

But even as the people of the city focused on
Sandy and the destruction it had wrought across
the five boroughs, it became clear that relief and
recovery efforts alone would not be a sufficient
response to this disaster. It was critical for the
City also to turn simultaneously to the future and
to prepare-not just for "the next Sandy," and
not just for hurricanes and storm surge. It was
essential to redouble the broader preparations
for climate change begun with PlaNYC.

In December 2012, Mayor Bloomberg delivered
a speech announcing a major new effort to
ready the city for the future. A Stronger, More
Resilient New York is the response to the
Mayor's call to action. The nearly $20 billion
plan contained in this report (towards which the
City will contribute up to $1 billion in new

funding) includes over 250 initiatives. Together
these initiatives will further protect the
coastline-our first defense against storms and
rising sea levels-as well as strengthen the
buildings in which New Yorkers live and work,
and all the vital systems that support the life of
the city, including our energy grid, transporta-
tion systems, parks, telecommunications net-
works, healthcare system, and water and food
supplies. Meanwhile, for the areas of New York
that Sandy hit especially hard, this plan pro-
poses local rebuilding initiatives that will help
these communities emerge safer, stronger, and
better than ever.

The underlying goal of this report is resiliency.
That is, to adapt our city to the impacts of cli-
mate change and to seek to ensure that, when
nature overwhelms our defenses from time to
time, we are able to recover more quickly.

In short, we have to be tough.

And toughness, as we all know, is one of the
defining traits of New Yorkers.

In just the first few years of this century, we
have been through the September 11,2001 ter-
rorist attacks, financial crises and blackouts,
and now, Sandy. With each challenge, we have
become more united as a city.

We must come together again with an even
stronger commitment to slow the progress of
climate change while simultaneously preparing
for the changes already evident around us-
and those yet to come.

If we embrace this plan today, we will be
positioned to meet the challenges that climate
change may bring tomorrow, and almost
certainly will bring in the years and decades
ahead. If we take action now, we will
make New York City stronger, safer, and more
resilient-not only for our own benefit,
but for the benefit of future generations of
New Yorkers.

The time has come to make our city
even tougher.
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It was October 30, 2012, the immediate after-
math of Sandy. Homes and businesses across
the Rockaways lay in ruins, devastated by the
storm's surge. Yet a new oceanfront housing
development named Arveme by the Sea stood
as a stalwart survivor. While planning the devel-
opment, the City had required the developer to
install a wide, planted dune system on the
beach in front of the site and to elevate homes,
incorporating special drainage features. During
Sandy, the dunes absorbed the storm's.destruc-
tive waves. The site's elevation and drains kept
water out of most homes. All of these measures
protected property and possibly saved lives.

Over in Southern Brooklyn, meanwhile, the
Shorefront Center for Rehabilitation and
Nursing Care was able to remain open, despite
the area's widespread inundation. Constructed
to City standards intended to protect against
storms just like Sandy, the facility not only was
a safe haven for its residents, it also sheltered
members of the wider community whose own
homes were flooded.

And in Lower Manhattan, Battery Park City, too,
stood strong even though it fronts directly on the
Hudson River. When built, its site had been raised,
and its buildings were set back behind parks and
an esplanade. As a result, residents and busi-
nesses emerged from Sandy largely unscathed.

The threats of climate change are significant
and growing. Others have said that the only an-
swer to. these threats-rising sea levels,
powerful storms, and other chronic and
extreme events-is to wall the city in, or to
retreat from the shore. But the success stories
above-and many other examples across .the
five boroughs-make clear that it is possible to
build a more resilient New York.
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A resilient city is.not one that is shielded from
climate change all of the time-because, sadly,
when it comes to nature's powerful forces, that
is simply not possible. But a resilient city is.one
that is: first, protected by effective defenses
and adapted to mitigate most climate impacts;
and second, able to bounce back more quickly
when those defenses are breached from time
to time.

It is based on these convictions that we have
formulatedthe following resiliency principles-
principles that underlie all aspects. of this
report. These are the principles that should also
guide our city inthe years. and decades ahead
aswe all, work together to create a stronger,
more resilient New-York:. : .- -

We can embrace our coastline. A strong
coastline-with vibrant waterfront neighbor-
hoods, critical infrastructure, and cherished
natural and cultural resources-is essential to
New York's present and future. We can fight for
and rebuild what was lost, fortify the shoreline,
and develop waterfront areas for the benefit
of all New Yorkers. The city cannot, and will
not, retreat.

We must plan ambitiously. Even with limited
resources,.we must make investments in smart,
effective protections for our city, modifying and
expanding strategies as we learn more abprut
the threats we face and piloting projects. that
can be scaled up over time.

We will make New York a stronger, more
resilient city. The city must be able to with-
stafidthe forces of climate change ahd bournce
back quickly when extreme weatlier strikes.
Climate change affects all New Yorkers. Not just
those whdse homes or businesses were
flooded.during Sandy, or those in the South
Bronx or East Harlem or a hu,_ndrd otýher neih.•
borhoods that could be struck during -a future
storm, but every man, woman, 6nd child who
may not be able get to work or school because:
the subway is shut due to fl60ding, o.r whose
health is at risklduring a prolonged heat, wave
or power outage .- that is, every man, woran,
• orchid Who Calls Nevv York City home.

O ut of the hIartbrealdng catastfophe that Was

Sandy has come this can-do, must-do, wiI do plan.

The time to act on this plan is now.

I
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43 deaths... 6,500 patients evacuated from hospitals and nursing homes...

Nearly 90,000 buildings in the inundation zone... 1.1 million New York City children

unable to attend school for a week... close to 2 million people without power...
11 million travelers affected daily... $19 billion in damage...

By any measure, Sandy was an unprecedented
event for New York City. Never in its recorded
history had the city experienced a storm of
this size. Never had a storm caused so much
damage. Never had a storm affected so many
lives. As of the writing of this report, individuals,
families, businesses, institutions, and, in some
ways, the city itself are still recovering from
this devastating natural disaster and will
continue to do so for years.

As it turns out, it took an improbable set of
factors coming together in exactly the worst
way to give rise to the catastrophic impacts of
this storm. (See sidebar A Brief History of Sandy)

There was, for example, the storm's timing. Its
arrival on the evening of October 29 coincided
almost exactly with high tide on the Atlantic
Ocean and in New York Harbor (high tide
arrived at the Battery in Lower Manhattan
at 8:54 p.m., and the surge peaked there at
9:24 p.m.). This meant that water levels along
much of the city's southern coastline already
were elevated, with typical high tides about
five feet higher than water levels at low tide.
And, on the night of Sandy's arrival, it was not
just a normal high tide but a "spring" tide, when
the moon was full and the tide was at the very
peak of its monthly cycle-generally up to half
a foot higher than the average high tide.
(See maps: Water Levels Around New York City
on October 29)

Then there was the storm's size. When Sandy
made landfall, its tropical-storm-force winds
extended 1,000 miles from end to end, making
it more than three times the size of Hurricane
Katrina. Storm size-the area over which
strong winds blow-correlates closely with
storm surge, the rise in water level caused by
the storm's low pressure and the force of its
winds pushing against the water. (See graphic:
Sandy Size and Wind Speed; see graphic:
Katrina Size and Wind Speed)

Because Sandy was such a massive storm, it
generated a massive surge. And that surge,
coming on top of the spring high tide, created
a "storm tide" of over 14 feet above Mean
Lower Low Water at the Battery, shattering the
previous record of 10 feet, set when Hurricane
Donna arrived in New York in 1960. (See chart:
High Water Events at Lower Manhattan)

Finally, there was the unusual path Sandy took
to the city's shores. Most hurricanes that
approach the Northeast glance the coastline or
curve east and head out to sea before they ever
reach New York. But as Sandy came spinning
north along the east coast of the United States,
winds spiraling counterclockwise, the storm
encountered weather systems that caused it to
take a different course-one that would spell
disaster for parts of the city. A high-pressure
system to the north blocked the storm's
advance. At the same time, a low-pressure

system that was pushing eastward towards the
Atlantic coast energized the storm and reeled
it in. Steered between these two systems,
Sandy made a westward turn-and headed
straight for land just as it was increasing in
intensity. At 7:30 p.m. on October 29, 2012,
Sandy slammed into New Jersey head-on,
seven miles north of Atlantic City, with
maximum winds of 80 miles per hour.

The storm's angle of approach put New York
City in the path of the storm's onshore winds,
the worst possible place to be. The winds
earlier that day had been blowing in a generally
southward direction in the New York area.
However, as Sandy arrived, its winds shifted,
instead moving in a generally northwesterly
direction. It was this shift that helped push the
storm's massive surge-and its large, battering
waves-directly at the south-facing parts of
the city.

As a result of all of these factors, Sandy hit New
York with punishing force. Its surge and waves
battered the city's coastline along the Atlantic
Ocean and Lower New York Bay, striking with
particular ferocity in neighborhoods across
South Queens, Southem Brooklyn, and the East
and South Shores of Staten Island, destroying
homes and other buildings and damaging
critical infrastructure. Meanwhile, the natural
topography of the city's coastline channeled
the storm surge that was arriving from
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A Brief History of Sandy
Wk Sandy was no ordinary hurricane. It was a

meteorological event of colossal size and
impact. It was a convergence of a number of
weather systems that came together in a way
that was disastrous for the New York area.

Sandy, however, began innocently enough-far
from New York and almost three weeks before
its arrival on the area's shores. it was October
11, late in the Atlantic hurricane season, when
a tropical wave formed off the west coast of
Africa. By October 22, the wave had evolved
into a weather stem in the Caribbean called
Tropical Storm Sandy the l8th named storm of
the 2012 hurricane season. (See mop: Sandy
Storm PUM)
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Hurricane Sandy
22-29 October 2012
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Sandy by the Numbers

Sandy made landfall three times: c
();ý,j C,

The storm's wind speed was 80 niph at landfall

Its wind field extended for 1,000 miles.

in the US, $50 billion in total damages have been attributed to the storm
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the ocean northward into New York Harbor,
elevating water levels in Jamaica, Sheepshead,
Gravesend, and Gowanus Bays, as well as in
Upper New York Harbor and the East and
Hudson Rivers. At the same time, the storm
surge also was pushing water into Long Island
Sound, and from there south.

In short, the ocean fed bays, the bays fed rivers,
the rivers fed inlets and creeks. Water rose up
over beaches, boardwalks, and bulkheads.
It was an onslaught of water.

In total, a staggering 51 square miles of
New York City flooded-1 7 percent of the city's
total land mass. The floodplain boundaries on

C

the flood maps from the Federal Emergency
Management Agency (FEMA) in effect when
Sandy hit had indicated that 33 square miles
of New York City might be inundated during a
so-called "100-year" flood, or the kind of flood
estimated to have only a 1 percent chance of
occurring in any given year. However, Sandy's
storm tide caused flooding that exceeded the
100-year floodplain boundaries by 53 percent
citywide. In Queens, the area Sandy flooded
was almost twice as large as the floodplain
area indicated on the maps. In Brooklyn, the area
that flooded was more than twice as large as the
floodplain. In certain communities, flooded areas
were several times the size of the floodplains on
FEMA maps. (See map: Sandy Inundation)

High-Water Events in Lower Manhattan

The urban character of New York City magnified
the impact of the flooding. More than 443,000
New Yorkers were living in the areas thatSandy
flooded when the storm struck. In all, 88,700
buildings were in this inundation zone-
buildings containing more than 300,000 homes
and approximately 23,400 businesses. Much of
the city's critical infrastructure also was within
flooded areas-including hospitals and nursing
homes, key power facilities, many elements
of the city's transportation networks, and all of
the city's wastewater treatment plants.

In many places, it was not only the extent of
flooding that was significant; it was also the
depth of floodwaters. Water heights of several
feet above ground level were prevalent in many
coastal areas. Near Sea Gate, on the Coney
island peninsula in Brooklyn, the water reached
11 feet above ground level, and at Tottenville
on Staten island, they rose to 14 feet.

Many storms have hit New York with higher
winds than Sandy's 80-mile-per-hour peak
wind gusts. Many storms have brought more
rain than the half inch that Sandy dropped in
parts of New York. However, Sandy's storm
surge-and the devastation it caused-was
unlike anything seen before. The surge, and the
flooding and waves that came with it, had an
enormous impact on the city.

Sandy's Impact on New York
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Any catalogue of the woes that Sandy brought
to New York City must start with the tragic
deaths of 43 people, the vast majority of whom
perished from drowning in areas where waters
rose rapidly as a result of the surge. Of these
deaths, 23 occurred in Staten Island (including
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10 in the neighborhood of Midland Beach

.- alone), with the remainder spread throughoutQueens, Brooklyn, and Manhattan. The storm
took an especially high toll on the young and
old, with victims ranging from a 2-year-old boy
to a man and a woman aged 90.

In other cases, the storm spared lives, but still
turned them upside down. It destroyed homes
that families had tended to over generations (of
the hundreds destroyed or determined to be
structurally unsound by the Department of
Buildings (DOB), with over 60 percent in Queens
and almost 30 percent in Staten Island). It
impacted many businesses that New Yorkers
had started from scratch (not just those in
Sandy's inundation area, but 70,000 in areas

D that lost power during the storm). In some
cases, it severely affected those with the fewest
resources to draw on-residents of public
housing developments, for example, since
many of these developments are located on the
coastline and were thus particularly vulnerable
to extreme weather events. More than 400
New York City Housing Authority buildings
containing approximately 35,000 housing units
lost power, heat, or hot water during Sandy.

Meanwhile, facilities and services that are
crucial to the well-being of all New Yorkers fully

* or partially shut down for the duration of the
storm, and in some cases, for long periods
afterwards. Disruptions to some systems
(such as power) affected the functioning of
others (healthcare, transportation, and
telecommunications, among others). The trials
of some communities (flooding and power
outages in hubs like Southern Manhattan)
created tribulations for others (those living
elsewhere who could not work because their
offices could not open). The storm was a
reminder of how interconnected the city's
systems are.

It also highlighted significant vulnerabilities in
many of these systems and in certain
geographic areas of the city. Below are brief
summaries of some of the major impacts of the
storm on the city's coastline, buildings,
infrastructure, and selected neighborhoods.
Further information, analysis, and initiatives can
be found in the relevant chapters of the report.

Coastline and Waterfront Infrastructure
During Sandy, the coastline of the southern half
of the city felt the full force of the storm.
Ocean-facing areas generally experienced the
destructive impact of waves reported to be
12 feet or more, along with flooding, while

* other coastal areas experienced only flooding,
though the damage from that flooding was still
serious and long-lasting.

AIthough barges and other "floating" infrastructure
played a key role in the city's recovery from
Sandy, damage to "fixed" waterfront infrastructure
was extensive. The storm damaged boardwalks,
landings, and terminals. Waves and retreating
waters caused coastal erosion, with New York's
beaches losing up to 3 million cubic yards of
sand or more citywide, including 1.5 million
cubic yards on the Rockaway Peninsula alone.

Though the storm surge generally devastated
areas that it touched, the city's nourished
beaches, dunes, and bulkheads did help to
mitigate its impact, particularly where
these protections were combined to form
multilayered defenses.

For more on coastal protection, see Chapter3.

Buildings
Building damage from Sandy was widespread
and in many cases severe. In some areas, storm
surge and rising floodwaters pushed houses
right off their foundations or caused walls to
collapse. Elsewhere, floodwaters filled
basements and ruined electrical and other
building systems, as well as personal
possessions. As of December 2012, DOB had
tagged nearly 800 buildings as having been
structurally damaged or destroyed across the
five boroughs, with tens of thousands more

impacted, including buildings containing nearly
70,000 housing units that were registered with
FEMA and determined to have sustained some
level of damage. Over 100 of the lost homes
and businesses were destroyed by
storm-related fires, which were often electrical
in nature, caused largely by the interaction of
electricity and seawater.

Overall, there were several predictors of how the
storm impacted New York's building stock. Some
of these predictors related to the characteristics
of the inundation that buildings faced. Not
surprisingly, shoreline areas that experienced the
strong lateral forces of waves had many more
damaged buildings than areas with still-water
flooding only. Other predictors related to a
building's physical characteristics (such as
building height and construction type) as well as
age, which, in turn, determined the regulations
in force when the building was constructed.
Overall, older, 1-story, light-frame buildings
suffered the most severe structural
damage-representing just 18 percent of the
buildings in the areas inundated by Sandy, but
73 percent of all buildings tagged as
structurally damaged or destroyed by DOB as of
December 2012.

Although high-rise buildings did not generally
experience as much structural damage, they

CHAPTER 1 1 SANDY AND ITS IMPACTS -
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often lost mechanical building equipment
housed in basements, rendering buildings
uninhabitable and leaving residents stranded
on upper floors and businesses closed until
repairs could be made.

For more on buildings, see Chapter 4.

Insurance
For many New Yorkers, insurance issues have
compounded the problem of building damage
from Sandy, with the extensive flood damage
from the storm focusing attention on flood
insurance. Most large commercial properties
obtain insurance, including flood insurance,
through the private market. Although most
homeowners in New York City have homeowners
insurance, these policies typically do not cover
flood damage, and homeowners and small
business owners seeking flood coverage
generally purchase policies through the
National Flood insurance Program (NFIP), which
is administered by FEMA.

When Sandy struck, however, most New York
City property owners affected by the storm did
not have adequate flood insurance-or any flood
insurance at all. This was the case for a
variety of reasons. For example, more than half
of all buildings and about half of the residential
units in the area flooded by Sandy were outside
of FEMA's 1 00-year floodplain-so the owners of
these buildings were probably unaware
of the risks that they faced and, at any rate, were
not required by the terms of their mortgages to
have flood insurance (since Federally backed
mortgages require such coverage only for
buildings in the 100-year floodplain). Even among
those in the floodplain, many were not insured
for flood damage (less than 50 percent of

-A STRONGER, MORE RESILIENT NEW YORK

residential buildings in the pre-Sandy 100-year
floodplain had flood insurance). This was either
because they did not comply with, and their
mortgage lenders did not enforce, the terms of
their mortgages (about one-third of residential
buildings with Federally backed mortgages in
New York when Sandy hit did not have flood
insurance), or because they did not have
mortgages in the first place. Meanwhile, in many
cases, those who were insured discovered, after
Sandy, that they were not covered for certain
losses, such as damages in basements.

Going forward, premiums in the private
insurance market may increase in the near
term, particularly in flood-prone areas, but the
private insurance market overall, despite large
losses from Sandy, is expected to remain
competitive, with signs, as of the writing of
this report, that the market may already be
stabilizing. Because of reforms to the NFIP
enacted before Sandy, however, property
owners insured by the NFIP are likely to
see large and permanent increases in flood
insurance premiums-unless changes to the
NFIP are enacted.

For more on insurance, see Chapter 5.

Utilities
Sandy dealt a serious blow to the city's
utilities-particularly its electric utilities, due
in part to the fact that some of the most
important utility infrastructure is on the
waterfront. Close to 2 million people lost power
at some point during the storm, with almost
a third of these customers in Manhattan. In fact,
parts of Lower Manhattan and Brooklyn even
lost power prior to Sandy, when Con Edison
preemptively disconnected them from the city's

grid to protect equipment and reduce potential
downtime. Almost all areas south of the Empire
State Building followed when floodwaters
inundated several of the city's substations
in Southern Manhattan. On Staten Island and in
the Rockaways, meanwhile, 120,000 customers
lost power due to substation damage, while
all around the city, strong winds took
down overhead lines, affecting another
390,000 customers.

Generally, damaged substations were repaired
quickly, with power restored to most customers
in Manhattan, for example, within four to five
days. Repairing damage to the whole overhead
system, though, took almost two weeks,
even with the help of thousands of utility
workers from other states. Damage to electrical
equipment within buildings took considerably
longer in many cases, leaving some places
in the Rockaways and other hard-hit areas
without power or heat for weeks as crews of
electricians and plumbers, many of them sent
by the City free of charge as part of its Rapid
Repairs program, went door-to-door to check
and repair equipment.

Other utility systems experienced varying
degrees of disruption. Con Edison's steam
system, which services 1,700 large buildings
in Manhattan, including major hospitals, was
unable to supply steam to one-third of its
customers when the storm inundated four of
the system's six plants and flooded utility
tunnels. It took nearly two weeks to restore
service to these customers.

The natural gas system generally performed
better, although 84,000 customers lost service,
mostly in Brooklyn, where National Grid shut
off gas valves close to the coast to isolate
flooded pipes from the rest of its distribution
system. Within hard-hit areas, each affected
customer had to be checked by plumbers
before service was restored, which took
several weeks.

For more on utilities, see Chapter 6.

Liquid Fuels
For many New York City drivers, the post-storm
period might have brought back memories of
the oil crises of the 1970s. For days and weeks,
long lines were the norm at gas stations that
still had fuel. Although initial reports suggested
that stations primarily closed because they
did not have the power to pump gas, in fact
over 90 percent of the city's gas stations were
outside of the areas of the city that experienced
widespread power outages. Instead, the real
problem was that the stations had no gas to
pump. This was due to severe breakdowns in
the supply chain serving New York caused by
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storm damage to fragile infrastructure in New.O Jersey and on the New York City waterfront.
The storm shut down refineries for several
weeks, stopped marine and pipeline deliveries
for three to four days, and damaged storage
terminals. As a result, for four days after
the storm, the system received no new supply,
and for almost a month after that, supply was
limited. As soon as drivers returned to the
roads, long lines at gas stations followed.
Within one week of Sandy's landfall, less than
20 percent of stations were able to sell fuel
at any given time.

Working with the Federal government and the
State National Guard, the City set up a fueling
program for critical and public service
fleets including emergency responders, utility
vehicles, ambulances, and school buses.
Regular consumers had to wait several weeks
for the system to recover fully, though license
plate-based rationing did reduce lines and a
host of regulatory waivers helped bring supply
back into balance with demand.

For more on liquid fuels, see Chapter 7.

Healthcare
Sandy placed an unprecedented strain on the

* city's healthcare system as a whole, and
disrupted services in affected communities
across New York. Six hospitals closed-four in
Manhattan, one in Brooklyn, and one on Staten
Island-requiring City and State health officials,
co-located at the City's Office of Emergency
Management, to coordinate the evacuation of
nearly 2,000 patients. Hospitals that remained
open-frequently owing to the heroic efforts
of staff, who pumped out or diverted water,
repurposed lobbies to serve as inpatient
rooms, and siphoned gasoline from vehicles to
run generators-struggled to meet the needs
of incoming patients.

Nursing homes and adult-care facilities were
also affected by flooding and power outages.
Twenty-six facilities closed and five partially
closed, resulting in the evacuation of 4,500
patients. At the community level, flooding
caused over 500 buildings with doctors' offices,
clinics, and other outpatient facilities to close.
Many patients who could not reach their
normal providers had to postpone care or
sought help at hospital emergency rooms,
further straining the entire system.

For more on healthcare, see Chapter 8.

Telecommunications
Sandy caused outages across phone, wireless,
cable, and Internet services. Short-term
outages affected the greatest number of
customers and were a direct result of power
loss, which knocked out cable and Internet
service in homes and businesses immediately.

Wireless service was also affected when
backup batteries powering cell sites ran down,
generally four to eight hours after grid power
was lost, reducing or eliminating service to
over a million cell customers in New York City.
Even customers with working cell networks
found that charging mobile devices was a
challenge in areas without power, though many
businesses and cell companies set up charging
stations in affected areas.

Meanwhile, flood damage at critical facilities in
Southern Manhattan, Red Hook, and the Rock-
aways disrupted landline and Internet service
throughout the neighborhoods they served for
up to 11 days. Generally, providers with modern
networks and hardened facilities were able to
restore service faster, while those that had not
adequately protected facilities from flooding
faced longer and more extensive outages.

In coastal areas, flood damage to building
telecommunications equipment and cabling
caused long-term outages, with some
providers using flood damage as an opportu-
nity to swap in new, more resilient equipment
rather than simply fixing in-place infrastruc-
ture-a benefit to customers over the long
term, but frequently at the cost of considerable
short-term inconvenience. For example, in
commercial buildings in part of Southern
Manhattan, Verizon opted to replace corroded
copper cables with fiber. The result was that in
a sample of 172 buildings, nearly 60 percent did
not have service fully restored 60 days after
Sandy, with 12 percent still out after 100 days.

For more on telecommunications, see Chapter 9.
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Transportation
During Sandy, many highways, roads, railroads,
and airports flooded. At the same time, all six
East River subway tunnels connecting Brooklyn
and Manhattan were knocked out of service
by flooding, along with the Steinway Tunnel
that carries the 7 train between Queens and
Manhattan, the G train tunnel under Newtown
Creek, the Long Island Railroad and Amtrak
tunnels under the East River and the PATH and
Amtrak tunnels under the Hudson River. Major
damage occurred to the South Ferry subway
station in Lower Manhattan, as well as to
the subway viaduct connecting Howard
Beach, Broad Channel, and the Rockaways.
Service also was disrupted on the Staten Island
Ferry, the East River Ferry, and private ferries.
The loss of ferry service during and after Sandy
stranded some 80,000 normal weekday riders,
while the loss of subway service stranded
another 5.4 million normal weekday riders.

Exacerbating flooding was the loss of electrical
power, which made it difficult to pump out
tunnels, clean up damaged subway stations,
and begin restoring service. The difficulty in
"dewatering" the tunnels further increased the
damage from Sandy, as sensitive mechanical,
electrical, and electronic equipment soaked
in corrosive salt water. In addition to subway
tunnels, flooding closed three vehicular tunnels
into and out of Manhattan, interrupting the
commutes of 217,000 vehicles.

Although major bridges reopened as soon
as winds dissipated and portions of the
transportation network not directly flooded
experienced little damage, over 500 miles of
roads suffered significant damage and the
subway system remained out of service in the
days after the storm, even as crews worked
around the clock to restore service. This led to

significant gridlock on roads and bridges into
Manhattan as people tried to return to work
by car. The commuting challenges led City
and State officials to implement temporary
measures to manage travel and congestion.
These measures included restrictions on
single-occupant vehicles using bridges and
tunnels across the Hudson and East Rivers,
increased East River ferry service, and the
successful "bus bridges"-an above-ground
replacement for the subways that sent
hundreds of buses back and forth on the
bridges between Brooklyn and Manhattan.
These measures enabled over 226,000
commuters to cross the East River-almost
triple the number able to cross before they
were in place.

One week after Sandy struck, many subway
lines had been fully or partially restored, but
some elements of the system remained closed
much longer, with repairs projected to take
months and even years. However, the opening
of A train service to Broad Channel and
the Rockaways just prior to the release of
this report shows the strong commitment
of the region's transportation agencies to the
restoration of service as quickly as possible.

For more on transportation, see Chapter 10.

Parks
The Department of Parks & Recreation (DPR)
closed all City parks the day before Sandy, and
the parks remained closed after the storm
while DPR worked continuously to complete
park inspections, reopening many facilities
within three days-aided by legions of
volunteers who helped bag debris and gather
fallen branches. However, nearly 400 parks
were damaged significantly and remained
closed for major repairs. Across the city

approximately 20,000 street and park trees
were damaged or downed. Beaches and
waterfront park facilities were hard-hit by
storm surge, erosion, and coastal flooding,
with two miles of scenic boardwalk destroyed
primarily in the Rockaways as well as in Coney
island and on the East Shore of Staten island.

Notwithstanding this loss, many DPR facilities-
including beaches, wetlands, and other natural
areas-played a role in protecting adjacent
communities, serving as a buffer for these
areas. In addition, some newer parks, which
designers had planned with extreme weather
risks in mind, weathered the storm with
comparatively little damage. For example,
Brooklyn Bridge Park generally fared well
because of its elevation and use of resilient
coastal edges and plantings. Meanwhile, the
new park being constructed at the center of
Governors island-on a site elevated with fill-
also largely was protected from Sandy's surge.

For more on parks, see Chapter 11.

Water and Wastewater
High-quality drinking water continued to flow
uninterrupted to New York City during and after
Sandy. However, in areas with power outages,
the pumping systems in high-rise buildings
ceased to function, leaving residents on upper
floors with empty taps and no way to flush
toilets. Meanwhile, a fire in Breezy Point in
Queens caused significant disruption to that
neighborhood's private water distribution system.

By contrast, Sandy's storm surge had a major
impact on the city's wastewater treatment
system. Ten of 14 wastewater treatment plants
operated by the Department of Environmental
Protection (DEP) released partially treated or
untreated sewage into local waterways (though
water quality samples showed impacts to be
minimal due to dilution from the enormous
volume of water flowing through the Harbor
from the surge). In addition, 42 of 96 pumping
stations that keep stormwater, wastewater, or
combined sewage moving through the system
were temporarily out of service because they
were damaged or lost power.

While many facilities in neighboring municipalities
were impaired for several weeks, New York City
was treating 99 percent of its wastewater
within just four days of the storm's end, and
100 percent within 2 weeks.

As for the city's stormwater and combined
sewers, though Sandy was not a major rain
event and the sewers generally performed as
designed during the storm, the unprecedented
volume of the surge was beyond the capacity
of the system to handle. As the surge finally
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receded, the system did help to drain.0 floodwaters, though the sand and debris left bythe surge did slow this process.

For more on water and wastewater, see
Chapter 12.

Other Critical Networks
Thankfully, New York's food supply chain
continued to function reasonably well during
and following the storm. This supply chain is
made up of wholesale distributors, which bring
food to the city and often store it in
warehouses, and retailers, which supply food
directly to New Yorkers. The city's food
distributors depend heavily on transportation
networks to make deliveries and electricity
for their refrigeration systems, so they
experienced a slight strain when the area's
bridges were temporarily closed and power
outages were at their peak. Fortunately,
though, Hunts Point, the city's largest food
distribution center-and a key distribution
point for much of the fresh food that comes into
the city-largely was unaffected.

Location dictated Sandy's impact on food
retailers. For example, when power went out in
Southern Manhattan, many supermarkets and
bodegas lost perishable food. Meanwhile, many'• food retailers in Coney Island and Brighton
Beach (almost 30 supermarkets and 50
bodegas) and nearly all retailers in the
Rockaways and Broad Channel were affected by
storm surge or flooding. Unless they had
generators, these retailers were also without
power and also lost inventory. Many food
pantries-an important source of nourishment
for the city's vulnerable populations often
located in the basements of churches and other
buildings-similarly experienced flooding. This
left some areas without access to food within a
reasonable distance.

The City and FEMA stepped in and over a
three-month period gave out almost 4 million
meals from hot-food distribution sites in areas
such as South Queens and Southern Brooklyn.

New York City's solid waste system, too,
generally functioned well, despite some
damage to its facilities, its vehicle fleet, and
New York City's rail network. Truck-based
collection resumed almost immediately after
the storm, even though many Department of
Sanitation workers themselves had homes
damaged by the storm. In addition to diligently
removing the regular daily volume of solid
waste, these employees managed to cart away

*over 400,000 tons of excess debris from
waterlogged homes and businesses-to
widespread acclaim.

Because some facilities responsible for
receiving New York City's solid waste were
affected by the storm, the City made
contingency plans for disposal-for instance,
diverting over 10 percent of the city's
residential and institutional solid waste from
a waste-to-energy facility in New Jersey to other
facilities. Rail transport of solid waste also
experienced disruptions. Important lines were
down for five days on Staten Island and in
the Bronx, during which time solid waste
was stored in containers or shipped out on
transfer trailers.

For more on food supply and solid waste, see
Chapter 13.

Communities
While Sandy affected neighborhoods all across
New York City, the storm hit five coastal areas
particularly hard-the Brooklyn-Queens
Waterfront, the East and South Shores of Staten
Island, South Queens, Southern Brooklyn, and
Southern Manhattan. Three of the five areas
(the East and South Shores of Staten Island,
South Queens, and Southern Brooklyn) were
directly exposed to storm surge and
destructive waves along the shore, and all
experienced widespread inundation. Across
the five areas-which are home to 685,000
people-physical and economic damage was
extensive and long-lasting.

Building damage in these areas was pervasive
and in many cases devastating. Neighborhoods
in South Queens, Southern Brooklyn, and along
the East and South Shores of Staten Island
accounted for over 90 percent of the buildings in
Sandy-inundated areas citywide and over
70 percent of the buildings tagged by DOB as
having been seriously damaged or destroyed
citywide as of December 2012. Buildings along
the Brooklyn/Queens Waterfront and in
Southern Manhattan, meanwhile, often lost

critical building systems, expensive mechanical
equipment, and personal property and inventory
located on ground floors. Residents of high-rise
buildings-including elderly New Yorkers and
those with physical limitations-found
themselves, in many cases, stranded on upper
floors when their buildings lost elevator service.
Many of these impacts were felt particularly
acutely by residents of public housing
developments located on the waterfront.

Across these communities, there was also
damage done to critical infrastructure, often
affecting not just these communities, but the
city as a whole. For example, many of Southern
Manhattan's vehicular tunnels were inundated
during the storm, resulting in their closure for
up to three weeks following Sandy, eliminating
key connections between New York City and
NewJersey and between New York's boroughs.
Southern Manhattan's subway tunnels flooded
as well, and most subway lines were down
between three and seven days, impairing the
system citywide. Wastewater treatment plants
in several neighborhoods also saw flooding and
damage, and all five communities experienced
power outages.

The recovery of these neighborhoods is vital
not only to the people who live and work in
them, but to the city as a whole. This report
would not be complete without plans to
address the vulnerabilities that Sandy exposed
in these areas and that climate change likely will
exacerbate in the future. The initiatives in this
report aim to help these communities stand
strong again.

For the Brooklyn-Queens Waterfront, see
Chapter 14. For the East and South Shores of
Staten Island, see Chapter 15. For South
Queens, see Chapter 16. ForSouthern Brooklyn,
see Chapter 17. For Southern Manhattan,
see Chapter 18.

CHAPTER 1 1 SANDY AND ITS IMPACTS
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Although New York City has been hit by
coastal storms before, Sandy was an
historic event by many measures. Since
1900, 14 hurricanes and countless nor'easters
have struck the area. Sandy, however,
exceeded them all-not only in terms of storm
surge height, but also in the scale and scope of
the devastation it caused. (See sidebar: Storms
Through New York City History)

Of course, Sandy was not just an historic storm.
It was also idiosyncratic. As discussed in
Chapter 1 (Sandy and Its Impacts), a set of
circumstances-timing, size, and path-all
came together to cause unprecedented
impacts, primarily on the southern, coastal-
facing areas of the city.

As devastating as Sandy was, however, not
everything about the storm was unprecedented.
Its 80- mile-per-hour (mph) peak wind gusts fell
well short of other storms that have hit New York
City, including Hurricane Carol in 1954 (up to
125-mph gusts) and Hurricane. Belle in 1976
(up to 95-mph gusts). Previous storms also
brought much more rain with them. Sandy
dropped a scant inch in some parts of New York,
far less than the 5 inches of rain dropped on the
city during Hurricane Donna in 1960 or the
7.5 inches during the April 2007 nor'easter.

With greater winds and more rain, Sandy could
have had an even more serious impact on the
areas of Staten Island, Southern Brooklyn, and
South Queens that experienced the most devas-
tation during the storm. And while Sandy
brought the full force of its impact at high tide for
these southernmost areas of the city, it hit the
area around western Long Island Sound almost
exactly at low tide. As a consequence, parts of
the Bronx, Northern Queens, and East Harlem
were not as affected as they could have been.

-l A STRONGER, MORE RESILIENT NEW YORK

In fact, the same storm, arriving at a slightly
different time, likely would have had significant
effects on New York's northernmost neighbor-
hoods. According to modeling undertaken by the
storm surge research team at the Stevens Insti-
tute of Technology, if Sandy had arrived earlier-
near high tide in western Long Island Sound,
rather than in New York Harbor and along the
Atlantic Ocean-the peak water level in the west-
ern Sound, measured at the King's Point gauge,
which hit more than 14 feet above Mean Lower
Low Water, or MLLW (over 10 feet above datum
NAVD88) during Sandy, instead could have
reached almost 18 feet above MLLW (almost 14
feet above NAVD88). (See maps: Sandy Inunda-
tion, Bronx and Northern Queens and Sandy
Inundation Simulated 9 Hours Earlier, Bronx and
Northern Queens; see sidebor: Defining Datums;
see graph: Illustrative Shift in Tide Cycle)

The result would have been devastating for
infrastructure providing critical services to
the rest of the city. Flooding could have over-
whelmed parts of the Hunts Point Food
Distribution Center in the Bronx, thereby threat-
ening facilities that are responsible for handling
as much as 60 percent of the city's produce.
Meanwhile, the power plants in Astoria,
Queens, which are responsible for almost one-
third of the city's installed generation capacity,
could have been inundated as well. At La-
Guardia Airport, which was flooded to about 14
feet above MLLW (about 10 feet above NAVD88)
during Sandy, this could have resulted in a
water level of about 17 feet above MLLW (13
feet above NAVD88) or up to 12 feet of water
above ground level. Additional, four waste-
water treatments plants and 29 water pumping
stations could also have been affected.

Clearly, while Sandy was historic, it was not, in.
fact, a worst-case scenario for all of New York
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Simulated estimate of flooding by the Stevens Institute of Technology's NYHOPS model.
Note that these results are hypothetical.

Illustrative Shift in Tide Cycle

The peak water level during a storm Is a combination of the tide plus storm surge.
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City. And as the climate changes, raising the
prospect of stronger storms coming more
frequently, the risks that New York City faces
will only intensify.

Of course storms are not the only climate
threats New Yorkers face. The city is also
vulnerable to other "extreme" events, such as
heavy downpours, heat waves, droughts, and
high winds. Chronic conditions, such as rising
sea levels, higher average temperatures, and
increased annual precipitation, also have direct
impacts on the city and can make the effects of
extreme events worse. That is why this report
is not about preparing New York for the next
Sandy or even the next coastal storm, but is
instead about how New York can adapt to the
full spectrum of future challenges posed by
climate change-whatever they may be.

New York's Current Vulnerabilities

floodplain" (the area that has a 0.2 percent or
greater chance of flooding any year). They also
define different zones of vulnerability within the
100-year floodplain, including areas that are at
risk of destructive wave action, and that
generally require flood-protective construction
standards (see Chapter 3, Coastal Protection;
Chapter 4, Buildings; and Chapter5, Insurmance).

These 1983 FIRMs show that a full 33 square
miles of New York City-almost half of
Brooklyn-are within the equivalent of the
100-year floodplain. As of 2010, there were
about 218,000 New Yorkers living in those areas.
All 14 of the city's wastewater treatment plants
and 12 out of 27 power plants, representing
37 percent of the city's generation capacity, are
within the 1 00-year floodplain as reflected in the
1983 FIRMs, many of these critical facilities
placed on the coast out of operational necessity.
There are also vibrant neighborhoods and
commercial districts in this area that contain ap-
proximately 35,500 buildings, 377 million square
feet of floor area, and 214,000 jobs. (See map:
1983 FEMA Flood Insurance Rate Maps, FIRMs)

However, even before Sandy, the City and FEMA
had known that the flood maps did not adequately
reflect New York's risks. Although FEMA converted
the maps to digital form in 2007, their content had
not changed meaningfully since 1983. As such,
this report refers to the maps as 1983 FIRMs. In
the intervening three decades, many changes had
been made to the city's shoreline and significant
development had occurred on the waterfront. In

addition, sea levels had continued to rise as they
had since the beginning of the 20th century (over
a foot since 1900), more accurate coastal
modeling and mapping techniques had been
developed, and 30 years of additional data on
storms were available.

Recognizing the need for updated information on
New York's flood risks, in 2007, the City formally
requested that FEMA update its flood maps for
New York-a multiyear process that FEMA kicked
off in 2009. In 2010, to help inform FEMA's
mapping process, the City acquired the most
detailed elevation data ever gathered for New
York, known as LiDAR (light detection and
ranging) data. To collect these data, the City flew
an airplane equipped with a laser scanner over
the five boroughs to measure land elevations
with tremendous precision. This allowed the City
to create a detailed, three-dimensional picture of
the shape and characteristics of New York's
surface area-which in turn could be used by
FEMA for substantially better flood mapping.

Hurricane Sandy demonstrated the importance
of regular coastal updates to FEMA's maps. The
area that flooded during the storm was more
than one and a half times larger than the
100-year floodplain defined on FEMA's 1983
FIRMs. In certain communities, the areas that
flooded were several times larger than the
floodplains outlined on the maps. In Brooklyn
and Queens, for example, the combined amount
of land flooded was roughly equal to the amount
of land in the entire citywide 100-year floodplain
as mapped in 1983 (both about 33 square miles).
Meanwhile, about 60 percent of all buildings and
more than half of the residential units in areas
that Sandy inundated were outside the 100-year
floodplain, as were approximately 25 percent of
the buildings tagged by the Department of
Buildings (DOB) as having been seriously
damaged or destroyed as of December 2012. In
these areas, not only were residents unaware of
the risks that they faced, but the buildings in
which they lived and worked had not been
subject to the flood-protective construction
standards that generally apply within the
floodplain (see Chapter 4). (See map: 1983 FEMA
FIRMs and Sandy Inundation Area Comparison)

Just three months after Sandy, in January 2013, as
part of an effort to give New Yorkers better
information about their flood risks from coastal
storms, FEMA issued interim maps for New York,
just as it had done for other communities that did
not have up-to-date maps following major storms
(for example, it did so for Louisiana and Mississippi
after Hurricane Katrina In 2005). These interim
maps--called Advisory Base Flood Elevation
maps, or ABFEs-together with a set of emer-
gency measures enacted by Mayor Bloornberg to
suspend certain zoning restrictions and modify
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Since 1983, New York's vulnerability to coastal
storms has been reflected in flood maps pro-
duced by the Federal Emergency Management
Agency (FEMA), which describe the Federal
government's assessment of flood risk. Called
Flood Insurance Rate Maps (FIRMs) because
they are used by the National Flood Insurance
Program (NFIP) and trigger certain flood
insurance requirements, the maps show how
much land lies within the "1 00-year floodplain"
(the area that has a 1 percent or greater chance
of flooding in any given year) and the "500-year-A STRONGER, MORE RESILIENT NEW YORK (I



certain building codes temporarily, allowed
New Yorkers to begin rebuilding after the storm to
standards that better reflected actual flood risks.

In June 2013, FEMA issued Preliminary Work
Maps (PWMs) for New York City that incorporated
even more accurate wave modeling. Though
similar in many cases to the ABFEs released in
January, the revised maps differed significantly in
certain respects-they showed, for example,
substantially smaller areas of the city at risk of
destructive wave action. These PWMs will be

* considered best-available information until FEMA
releases Preliminary FIRMs (by the end of 2013),
the first official product of the FEMA map update
process launched in 2009. After a public review
and appeals period, the Preliminary FIRMs will be

revised and released as new, final Effective FIRMs
(replacing the 1983 maps) likely in 2015. The new
FIRMs will inform a variety of flood-related
requirements, including flood insurance and
flood-protective construction standards. Though

some adjustments may occur, it is currently
believed that the new FIRMs will tell a similar story
about the city's vulnerability to coastal storms as
was told by the PWMs. (See map: 2013 FEMA
Preliminary Work Maps (PWMs)
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Source: NOAA's Spatial Trends In Coastal Socloeconomlcs, Demographic Wrends (1970-2011); 2010 US Census Tiger Files, and population data; floodplain census data gathered from Miami's Chief
of Community Planning, Houston's City Engineer, and Fort Lauderdale's Planning Department; New York population data was obtained from the Department of City Planning Population Division.

Overall, the story told by the PWMs is
unsurprising but nonetheless troubling. The
new 100-year floodplain, roughly corresponding
to the areas flooded during Sandy, is larger than
indicated on the 1983 maps by about 15 square
miles, or 45 percent. The new floodplain
includes larger portions of all five boroughs
with significant expansion in Brooklyn and
Queens. Citywide, there are now 67,700 build-
ings in the floodplain (an increase of 90 percent
over the 1983 FIRMS) encompassing over 534
million square feet of floor area (up 42 percent).
The number of residential units in the floodplain
has Increased to 196,700 (a jump of over
61 percent), with the majority of those
residences in Brooklyn, Manhattan, and
Queens. Almost 400,000 New Yorkers now live
in the floodplain (up 83 percent)-more living
in the floodplain than in any other American city
(though some cities, such as New Orleans, have

A STRONGER, MORE RESILIENT NEW YORK

a much higher share of their populations in the
100-year floodplain). (See timeline: Updating
FEMA FIRMs for New York City; see table: Flood-
plain Comparison of Major American Cities)

While the information contained in the PWMs
has been critical for assessing current risks and
informing rebuilding, the city's experience both
before and after Sandy highlights areas for
improvement in the current FEMA flood-mapping
process. The lack of regular updates, the time
involved in performing such updates, and the
communication to stakeholders regarding
those updates have made it challenging for
governments, infrastructure operators,
residents, and business owners to understand
and address their coastal flood risks.

Storms are not the only weather challenges to
New York City. Another is heavy downpours-

which have increased over the last half-century
across the Northeast. These heavy rains
threaten the city's critical infrastructure,
especially the water and transit systems. For
example, in 2011, back-to-back Tropical Storms,
Irene and Lee, produced elevated turbidity
(murkiness resulting from stirred sediment) and
high bacteria counts in several of the City's
Upstate reservoirs that supply drinking water.
During and immediately following the storms,
turbidity levels remained high in the Catskill Sys-
tem and In the Catskill Aqueduct, which carries
drinking water from the Ashokan Reservoir to
the Kensico Reservoir before delivering it to the
city. As a result, special treatment continued for
almost nine months, the longest such treatment
period ever recorded. With treatment and
operational measures, the City ensured that the
drinking water delivered to the public remained
in compliance and safe for consumption.
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Heavy downpours also present risks to the transit
system. A single rainstorm in 2007 severely
disrupted 19 major segments of New York City's
subway system during morning rush hour,
forcing much of the system to shut down and
affecting as many as 2.3 million subway riders.
Impacts to the subway system created further
congestion and delays on flooded roadways and
on the bus system, as subway riders tried to find
a ways to get to work.

' Meanwhile, heat waves-defined here as three
or more consecutive days of temperatures at or
above 90 degrees-are another extreme weather
threat to New York. These events can be even
more severe in New York due to the Urban Heat
Island (UHI) effect that can cause the city's air
temperature to be more than seven degrees
warmer than in neighboring counties, particularly
at night, disproportionately impacting certain
neighborhoods. The UHI effect is caused in part
by a greater concentration of buildings and paved
areas, and affects energy use, comfort and quality
of life, and exposure to heat stress. Heat waves
strain the city's power grid and cause deaths from

D heat stroke and exacerbate chronic health
conditions, particularly for vulnerable populations
such as the elderly. In fact, heat waves kill more
Americans each year than all other natural
disasters combined. For example, a heat wave in
New York in July 2006 resulted in 140 deaths.
Going forward, a more severe and persistent heat

D wave, or one coupled with a major power outage,
could cause even more deaths.

Another extreme event that impacts New York
is drought. Droughts can lower reservoir levels
and thus have an obvious and significant impact

D on the city's drinking water supply. Several
droughts have occurred over the last 50 years,
with the most intense lasting from 1963 to 1965,
during which time residents and businesses
significantly reduced water use through
voluntary and mandatory restrictions. Since that
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time, water demand has dropped, reducing the
risk to New York from drought. However,
the City continues to take steps to reduce water
demand, such as identifying and repairing
leaks, encouraging the use of more efficient
"low flow" plumbing fixtures, and installing
more than 830,000 automatic meter reading
devices across the city to allow customers to
manage their water use better. While these
efforts have significantly increased drought
resilience, the City continues to monitor and

* manage water demand.

Finally, New York also faces the threat of high
winds-especially in connection with coastal
storms. High winds can down trees and
overhead utility lines, damaging property and
causing power outages. At high enough
speeds, winds can even damage buildings.
Category 1 hurricanes come with sustained
wind speeds of at least 74 mph, and Category
2 hurricanes bring sustained winds of 96 to
110 mph-far greater than Sandy's 80-mph
wind speeds at landfall in New Jersey. In fact,
in 1954, Hurricane Carol brought sustained
wind speeds of up to 100 mph to the New York
area, causing extensive damage.

New York's Vulnerabilities
in the Future

Although New York clearly is at risk today,
long-term changes in climate will make many
extreme events and chronic conditions worse.
These changes have, in fact, been underway for
some time. As noted earlier, over the last
century, sea levels around New York City have
risen by more than a foot. Temperatures, too,
are climbing. In fact, the National Weather
Service and National Oceanic and Atmospheric
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Administration (NOAA) labeled 2012 the
warmest year on record in New York City and in
the contiguous United States, with average
temperatures in the US 3.2 degrees Fahrenheit
above normal and a full degree higher than the
previous warmest year ever recorded.

Globally, all signs indicate that these changes
will accelerate. Atmospheric concentrations of
heat-trapping carbon dioxide have reached
levels that have not been seen on earth for
millions of years. Since the onset of the
industrial revolution, combustion of fossil fuels
and land use changes have led to a roughly
40 percent increase in carbon dioxide levels.
Because the key greenhouse gas, carbon

dioxide, stays in the atmosphere for 100 years
or longer, the climate is essentially "locked in"
to some additional warming. Meanwhile, since
the late 1970s, global average temperatures
have increased by approximately 1 degree
Fahrenheit and the volume of sea ice in
the Arctic during the month of September has
declined by almost 80 percent. Ocean
temperatures have also warmed and the vast
majority of glaciers have retreated.

Long-term changes in climate mean that when
extreme weather events strike, they are likely
to be increasingly severe and damaging. As sea
levels rise, coastal storms are likely to cause
flooding over a larger area and to cause areas
already at-risk to flood more frequently than
today. As temperatures get warmer, heat waves
are expected to become more frequent, last
longer, and intensify-posing a serious
threat to the city's power grid and New
Yorkers' health.

Through PlaNYC, the City has been making a
concerted effort to understand the effects that
climate change will have on New York. A critical

part of this effort began as far back as 2008,
when Mayor Bloomberg convened the New York
City Panel on Climate Change (NPCC)-one of
the first American cities to create a body of
leading climate and social scientists charged with
developing local climate projections. With
representatives from leading scientific institutions,
such as the NASA Goddard Institute for Space
Studies and Columbia University's Earth Institute,
the NPCC brought to bear state-of-the-art global
climate models and local observations to analyze
future local vulnerabilities.

In 2009, the NPCC released its findings in a
groundbreaking report that made predictions for
a set of chronic hazards and extreme events
likely to confront the city in the future. The
report-entitled Climate Risk Information
2009-described a New York that would be far
more exposed to climate-related impacts going
forward than it is today. For example, the NPCC
projected that by mid-century New York could
experience sea levels (under a "middle range"
scenario) that are up to a foot higher, causing
flooding from what is today a 100-year storm to
occur two to three times as often. The NPCC also
projected that by the 2050s New York was likely
to experience more frequent heavy downpours
and many more days at or above 90 degrees.

To begin addressing these risks, in 2008.the
Mayor convened more than 40 public and private
infrastructure operators as part of the Climate
Change Adaptation Task Force, another PlaNYC
initiative. Task Force members used the NPCC
projections to evaluate the risks to their
infrastructure and identify strategies to address
them. For instance, Con Edison assessed how
changes in extreme heat would impact future
peak electrical load demand, to determine when
additional capacity might be required.

The City also took action to strengthen its built
environment. For example, the City required new
waterfront development to design for the future
risk of sea level rise and coastal storms, and
passed regulations allowing buildings to elevate
electrical equipment to their roofs without
special permits. The City also launched the
NYC°Cool Roofs Program to paint rooftops white,
thereby minimizing heat gain.

The work of the Climate Change Adaptation Task
Force and City agencies demonstrates the power
of accurate information to drive thoughtful
planning and decision-making. That is why the
City has continued to advocate for better and
more current information on the risks New York
faces. As mentioned earlier, the City pushed for
an update to FEMA's flood maps for New York so
the City and its residents and businesses could
better understand the existing risks from flooding
during coastal storms. However, the City also
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Source: NPCC; for more details, see Climote Risk Information 2013.

Baseline period for sea level rise projections Is 2000-2004.

Like all projections, the NPCC climate projections have uncertainty embedded within them. Sources of uncertainty Include data and modeling constraints, the random nature of some partsI) of the climate system, and limited understanding of some physical processes. The NPCC characterizes levels of uncertainty using state-of-the-art climate models, multiple scenarios of future
greenhouse gas concentrations, and recent peer-reviewed literature. Even so, the projections are not true probabilities, and the potential for error should be acknowledged.

recognized that even updated FEMA flood maps,
because they are based on historic data, will not
provide information about the changes that are
likely to threaten New York in the future.

To ensure that the City would always have
access to the latest information about future
climate risks, in September 2012 New York City
formally codified the NPCC and the Climate
Change Adaptation Task Force when it wrote
those two entities into law-the first bill passed
by any local government in the country to

* institutionalize a process for updating
local climate projections and identifying and
implementing strategies to address climate
risks. The new law requires that the NPCC meet

twice a year, advise the City and the Climate
Change Adaptation Task Force on the latest
scientific developments, and update climate
projections at least every three years, starting
from March 2013.

Of course, in the wake of Sandy, waiting
another three years would have been too long.
That is why, in January 2013, the City
reconvened the NPCC on an emergency basis
to update its projections to inform planning for
rebuilding and resiliency post-Sandy NPCC
members agreed to participate on an
accelerated timetable, setting aside other
important research to focus on updating the
projections to help New York plan for the future.

Drawing on the latest climate models, recent
observations about climate trends, and new
information about greenhouse gas emissions,
the NPCC updated its 2009 projections-in a
document called Climate Risk Information
2013, which it has released concurrent with this
report. These projections tell a dire story about
New York's future. (See table: NPCC 2013
Climate Projections; see sidebar: How New
York's Climate Projections are Developed)

The NPCC now projects that, by mid-century,
sea levels could rise by more than 2.5 feet,
especially if the polar ice sheets melt at a more
rapid rate than previously anticipated. That
magnitude of sea level rise would threaten

CHAPTER 2 1 CLIMATE ANALYSIS -
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The New York City Panel on Climate Change (NPCC)
develops climate projections using global climate
models. These models are mathematical representa-
tions of the earth's dcate system (e.g., the interactions
between the ocean, atmosphere, land, and ice). They
use estimates of future greenhouse gas and pollutant
concentrations to project changes in climate variables
such as temperature and precipitation. Because
future emissions are uncertain, scientists use a range
of scenarios that can be linked to assumptions
about future population and economic growth and
technological change.

To develop the most recent set of climate projectins,
the NPCC used the latest climate models developed
for the upcomn g Inegvrmental PneI on Climate
ChangeFifthAssessment Report The NPCC also used
estimates of future atmospheric concentrations of
greenhouse gasescaledepresentative Concentration
Pathways (RCPs), selecting two RCPs (4.5 and 8.5) for

which the greatest number of climate model
simulations were available and which span a range of
potential future concentrations. To produce local
temperature and precipitation projections, the NPCC
used these two RCPs and 35 global climate models for
the land-based grid box covering New York City. To
generate sea level rise projections, the NPCC used
24 global climate models and the same two RCPs. For
sea level rise, the NPCC also included additional global
factors and local factors.

The results provide a range, or distribution, of
outcomes. Local projections are presented for the
.middle range (the middle 50 percent of that
distribution) and the "high end"(the 90th percentile
of that distribution). The high end is presented as a
more extreme outcome and would be appropriate for
those with lower risk tolerances-such as critical
infrastructure operators.

Source NKC; for morm details, e mat.Rik h~foriUon 20•DE.
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low-lying communities in New York with regular
* and highly disruptive tidal flooding, and make Fr

flooding as severe as today's 1 00-year storm at 2013 PWMs 100-Year Floodplain
the Battery up to five times more likely. The Projected 2020s 100-Year Floodplain
NPCC also predicts it is more likely than not
(more than 50 percent probability) that there = Projected 2050s 100-Year Floodplain

will be an increase in the most intense
hurricanes in the North Atlantic Basin.

Meanwhile, the NPCC also predicts that, by the
2050s, the city could have as many days at or
above 90 degrees annually as Birmingham,
Alabama has today-a threefold increase over
what New York currently experiences. Heat
waves could more than triple in frequency,
lasting on average one and a half times longer
than they do today. Similarly, It is also very likely

3) (more than 90 percent probability) that the New
York City area will see an increase in heavy
downpours over this time period.

These projections have been subjected to
rigorous peer review, and represent the
best-available climate science for New York City.
However, they are not yet officially recognized
by the State or Federal governments because
there is no formal mechanism for them to do so.
As planning for resiliency moves forward in New
York, it will be necessary to make sure that all Like all environment-related projections and associated map products, the NPCC future flood maps have uncertainty embedded within them.
stakeholders addressing climate change in New in this case, uncertainty is derived from a set of data and modeling constraints. Application of state-of-the-art climate modeling, best mapping
York City are using common projections based practices and techniques, and scientific peer review was used to minimlze the level of uncertainty. Even so, the map product should be regardedas indicative of the general extent of future flood risks based on high end sea level rise projections and not of the actual spatial extent of
on the work of the NPCC to avoid confusion or futureflooding.

conflicting standards.

The City also has worked with the NPCC to
develop a series of "future flood maps" for New
York that will help guide the city's rebuilding and
resiliency efforts. These forward-looking maps
are created by using a simplified approach that
combines the NPCC's "high end" sea level rise
projections with FEMAs PWMs. The maps illustrate
how the 100-year floodplain could increase over
the next several decades with these high end
projections. Because these maps were not

D developed using advanced coastal modeling, the
accuracy of the flood projections is limited and
they are not suitable for evaluating risks to indi-
vidual properties. However, they are extremely
useful for understanding the general extent of
future flood risks. (See map: Future Flood Maps
for the 2020s and 2050s; see sidebor: Possible

3 Links Between Sandy and Climate Change)

The new maps show that the area that might be
flooded in a 100-yearstorm in the 2020s could
expand to 59 square miles (up 23 percent from
the PWMs) and encompass approximately
88,800 buildings (up 31 percent). With more
than 2.5 feet of sea level rise, New York City's
100-year floodplain in the 2050s could be
72 square miles-a staggering 24 percent or
nearly a quarter of the city-an area that today
contains approximately 114,000 buildings
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(almost twice as many as indicated by the
PWMs). This area currently accounts for
97 percent of the city's power generation
capacity, 20 percent of its hospital beds, and a
large share of its public housing. Over 800,000
New Yorkers, or 10 percent of the city's current
population, now live in the 100-year floodplain
projected for the 2050s-a number of flood-
vulnerable residents that is greater than the
total number of people living in the entire city
of Boston.

Building on the information contained in these
future flood maps, the City also commissioned
an analysis of the economic impacts of
projected changes in the city's vulnerability to
coastal storms. This work was completed by
Swiss Re, one of the world's largest reinsurers
(a company that, because it provides its clients
with reinsurance and insurance protection
against natural catastrophe risks, has devel-
oped expertise in projecting the probability of
extreme weather and the resulting damage).
Unlike the risk represented in FEMA's maps,
Swiss Re took into account the potential
damage caused by both flooding and high

A STRONGER, MORE RESILIENT NEW YORK

winds. Their analysis shows that the combination
of rising sea levels and more intense storms is
expected to come with significant costs--costs
that will be measured in many billions of dollars.
(See sidebar: Expected Loss Modeling and
Cost-Benefit Analysis)

With analytical tools such as the Swiss Re model,
the City has yet another way of assessing the
likelihood and impact of coastal storms on
New York. Still the model does not assess the
impact of extreme events beyond coastal
storms (which include both storm surge and
wind), nor does it assess potential public health
impacts of coastal storms and other extreme
weather events such as heat waves.

The City, however, has been working to fill this
gap in understanding the public health risks
posed to New York by climate change. As part
of the Climate-Ready Cities and States Initiative,
the City's Department of Health and Mental
Hygiene (DOHMH) has been estimating health
risks, identifying vulnerable populations, and
developing public health adaptation strategies
for extreme heat and other climate hazards. For

example, without mitigation, hotter summers
predicted for the 2020s (based on the NPCC
2009 projections), could cause an estimated
30 to 70 percent increase in heat-related
deaths, or about 110 to 260 additional heat-
related deaths per year on average in New York
City compared to the baseline period for the
analysis (1998-2002). Additional work will be
necessary to refine these projections and
identify strategies with which to respond, but
this analysis is an important starting point that
illustrates, in yet another way, the stakes
associated with climate change.

The remainder of this report outlines specific
initiatives to address the current and future
climate change-related vulnerabilities faced by
New York as outlined above. But these
initiatives will be most effective only if they
continue to be informed by the best-available
science. And while New York has been a global
leader in this area, there is still more that the
City can do-on its own and with the Federal
government-to improve the quality of the
data and tools available to it.
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INTITIESFO IMPROING. THE~ QAIT OF CLMTAAYI

This chapter contains a series of initiatives that

are designed to strengthen the City's ability to

understand and prepare for the impacts of

climate change. In many cases, these initiatives

are both ready to proceed and have identified

funding sources assigned to cover their costs.

With respect to these initiatives, the City intends

to proceed with them as quickly as practicable,

upon the receipt of identified funding.

Meanwhile, in the case of certain other initiatives

described in this chapter, though these
initiatives may be ready to proceed, they still

do not have specific sources of funding

assigned to them. In Chapter 19 (Funding), the

City describes additional funding sources,

which, if secured, would be sufficient to fund

the full first phase of projects and programs

described in this document over a 10-year

period. The City will work aggressively on

securing this funding and any necessary

third-party approvals required in connection

therewith (i.e., from the Federal or State

governmentsf. However, until such time as

these sources are secured, the City will

proceed only with those initiatives for which

it has adequate funding.

Initiative 1
Work with FEMA to improve the
flood-mapping process

The nearly three-decade gap between the
introduction of FIRMs for New York in 1983 and
the launch of a map update process in 2009
meant that the City and other stakeholders

had to rely upon outdated and inaccurate
information to assess coastal flood risksý The
City will work with FEMA to improve the flood
map update process-seeking to require
coastal analysis updates every 10 years. To
ensure that FEMA's maps are not just more
current but also more accurate and informa-
tive, the City will continue to work with FEMA to
review the analysis leading to the production of
Preliminary FIRMs by the end of 2013. The City
also will call on FEMA to implement a series
of technical and process improvements-

D including more appropriate application of wave
modeling, thorough documentation of all work,
and the use of an external quality assurance
contractor to review completed work. This

work is technically complicated and checks
should be built into the process at every step.
With participation from FEMA and the Office of
Long-Term Planning and Sustainability (OLTPS),

Sthis joint work can begin immediately.

Initiative 2
Work with FEMA to improve the
communication of current flood risks

Despite FEMA's best efforts, many residents
and business owners in vulnerable areas have
found both the flood-mappingprocess and the
maps themselves to be confusing. In fact, even
today, many New Yorkers in the floodplain are
not aware of the existence of FEMA's maps.
The City, through OLTPS, will call on FEMA to
increase the transparency of its mapping
process, to improve the user experience in
accessing online flood maps, and to expand
efforts to make all affected property owners
aware of the maps. Subject to available funding,
this may include joint development of a new
interactive platform for communicating flood-
related risk information, insurance availability,
and steps New Yorkers can take to protect
themselves from flood risks.

Initiative 3
Call on the State and Federal
governments to coordinate with the
City on local climate change projections

Using multiple sets of climate change
projections for New York City across different
levels of government would cause confusion
among stakeholders and would potentially lead
to conflicting standards for protecting against
future risks. To address this concem, the City will
work with State and Federal partners to agree on
a uniform set of projections for New York City
and a consistent approach for presenting those
projections, based on the Work of the NPCC; The
City, through OLTPS, also will call on the Federal
government to establish a policy that would
recognize local climate projections if they meet
rigorous scientific standards.

Initiative 4
Continue to refine local climate change
projections to .inform decision-making

Although the NPCC's 20 13 work represents the
most current view of the risks that New York
faces, there remains more work to be done, .as
is always the case with such efforts. The City
will work with the NPCC and key stakeholders
in 2013 and beyond to develop additional
climate change projections and to make these
projections even more useful. For example,
OLTPS will work with the NPCC to include.
additional extreme climate events and chronic
hazards, such as high winds and humidity, in
the scope of the NPCC's work. OLTPS and the
NPCC also will Work to identify a set of metrics
that can help the City and others measure.
actual climate changes against, predicted
climate change, in order to adjust policies arid
investment decisions in the future.

Initiative 5
Explore improved approaches
for mapping future flood risks,
incorporating sea level rise

Although the City and the NPCC have
developed futureflood maps-to show how sea
level rise could change flood zones going
forward, the methodologies for developing
these maps can be improved with better
science and intergovernmental coordination.
To plan for future coastal risks more effectively,
the City will work with the NPCC and Federal
partners to evaluate alternative approaches to
mapping future risks. OLTPS will continue to
develop improved future flood maps and will
work with FEMA to develop recommendations
for how FEMA can incorporate the future
impacts of sea level rise into its ongoing
non-regulatory mapping efforts.

Initiative 6
Launch a pilot program to identify and
test strategies for protecting vulnerable
neighborhoods from extreme heat
health impacts

On average, heat waves cause more deaths
than any other type of extreme weather event.
Going forward, more intense, longer, and more
frequent heat waves will increase this risk,
especially to seniors, those with chronic disease,
and those without access to air conditioning.
Subject to available funding, the City will:
1) develop updated UHI models and maps to
measure air temperature and evaluate landscape-
based strategies to mitigate UHI effects; 2) work
in two high-risk neighborhoods to identify
vulnerable populations, residential facilities,
walking and transit routes, existing and
potentia! locations of UHI mitigation measures,
and air conditionedspaces that could be made
accessible as cooling shelters; and 3) engage
with community stakeholders and City agencies
to develop and implement enhanced Heat-
Health Warning Systems, targeted UHI mitigation
measures, and expanded access to air condi-
tioried spaces during heat waves. The project
will produce a replicable model for heat illness
prevention strategies to roll out to other
high-risk neighborhoods, and to. inform citywide
cooling messages and strategies. The project
will be led by. DOHMH, building upon studies
and communications strategies developed as
part ofa Centers for Disease. Control-funded
Climate-Ready Cities project. DOHMH Will work
in coordination with OLTPS and.the Department
of Parks & Recreatioh on the dev elopment of
UHI'rnodels and maps. The goal is to launch the
project.in late 2013 and complete it by2015.
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Approach

The City applied Swiss Re's natural catastrophe models to New York City to help understand the
potential impacts of wind and storm surge on the city (FEMA's FIRMs do not model the impacts of
wind), assuming a world of rising sea levels and more intense storms. In order to do so, the City
and Swiss Re combined three sets of inputs:

1. Hurricane models: As a seller of large-scale natural catastrophe reinsurance products, Swiss
Re has built simulations of hurricanes based on robust historical data. Swiss Re uses data from
the National Hurricane Center that includes nearly 1,200 observed tropical storms and
hurricanes in the Atlantic Basin between 1851 and 2008. The Swiss Re model then "tweaks"
each of these historical storms hundreds of times to create over 200,000 storms that could
form in the area, and then uses established models for atmospheric pressure, speed, size, and
angle of landfall to assess the resulting storm surge and wind fields.

2. Climate change scenarios: The City provided Swiss Re with guidance on projected sea level
rise in the 2020s and 2050s, based on work of the New York Panel on Climate Change (NPCC).
Specifically, the City instructed Swiss Re to assume of sea level rise by the 2020s, and the 2050s,
based on the NPCC's climate projections. In addition, Swiss Re adjusted the future frequency of
different categories of hurricanes (tropical storm through category 5) based on academic research.

3. City-level asset and economic activity: The consultants worked closely with City agencies to
develop a working model of asset value divided into several categories, including, among other
things, buildings, transportation, telecommunications, and utilities. These asset values Were further
broken down by zip code as was the city's economic activity (gross city product).

It is important to note several key limitations to this approach. First, while the Swiss Re models
assess the potential impact of surge and wind resulting from coastal storms, they do not reflect
the risk from other climate impacts-heat waves, drought, heavy downpours, and more. As a
result, the analysis does not provide a holistic assessment of risk. Second, the analysis assumes
the city as it exists today, not as it may change in the future. Thus, impacts to major new buildings
or infrastructure that may exist in the 2020s or 2050s.are not reflected in projected losses. Finally,
and most importantly, the Swiss Re models only seek to estimate losses that can be readily measured
in dollars-namely, physical damage to assets, such as buildings and tunnels, and reductions in
income and loss of use due to physical damage (for example, if people in unimpacted areas could
not travel to work due to transportation outages). Using this approach total losses caused by Sandy,
an estimated $19 billion (according to the City's analysis provided to the Federal government), could
be broken down intoover $13 billion of physical damage and almost $6 billion of lost economic
activity. But of course, not every potential impact can or should be quantified by such a simple
metric. For example, the Swiss Re models do not predict loss of life or injury. Nor do they highlight
potentially disproportionate impacts on disadvantaged populations such as the elderly or
medically vulnerable. These and other non-financial impacts should be and have been critical inputs
in the development of the initiatives in this report.
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Based on these inputs, Swiss Re models produce
a "loss frequency curve" for each of three
scenarios: 2012, the 2020s, and the 2050s. Each
curve indicates the probability that a given level
of loss in terms of both asset damage and
lost economic activity, expressed in billions of
current dollars-will be met or exceeded in any
given year (known also as the *probability of
exceedance"). As sea levels rise and hurricane
patterns change, the loss curves move up,
demonstrating both that the chance of
experiencing a given level of loss grows over time
and the amount of loss increases if the probability
of occurrence is kept constant.

For example, according to the Swiss Re analysis,
a storm today that causes the same magnitude

of infrastructure and property damage and
economic loss as Sandy ($19 billion) is
considered a once-in-70-year 'loss event" (or has
a 1.4 percent chance of happening in any given
year). This reflects a range of storms including
those that, unlike Sandy, could result in very little
damage due to flooding but major damage due
to wind. With the impact of climate change (and
assuming no additional development in the
floodplain), the models suggest that this
probability will grow-causing a $19 billion loss
event (in current dollars) to become a once-in-
60-year loss event by the 2020s (or an event with
a 1.7 percent chance of happening in any given
year), and a once-in-50-year loss event by the
2050s (or an event with a 2 percent chance of
occurring in any given year).

In addition, by keeping the probability of
occurrence constant, the Swiss Re analysis
further shows that a once-in-70-year loss event
today is expected to cause in the future
significantly more damage than Sandy caused.
The models suggest that a storm of this
frequency would cause $35 billion (in current
dollars) of damage by the 2020s, an increase of
1.8 times the actual damage caused by Sandy.
Meanwhile, by the 2050s, with rising sea levels
and more intense storms, a once-in-70-year loss
event would cause an estimated $90 billion (in
current dollars) of damage, or almost five times
the asset damage and economic loss caused by
Sandy, even if it is assumed that no additional
development happens in the floodplain.
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4.4 While the loss frequency curves map different
levels of loss to their exceedance probabilities,
another way to understand the risks to New York
is to consider expected annual losses. This is gen-
erated by multiplying the different exceedance
probabilities by the amounts of loss associated
with them and adding up the results (or put
differently, by calculating the area under the loss

curve). The resulting number indicates the
expected annual average impact to assets and
economic activity, recognizing that in some years
the actual losses may be zero (if no coastal
storms strike New York) while in other years the
losses may be significant (if, for example, a Sandy-
level loss event were to strike). The Swiss Re
models project that expected annual losses in
New York City of $1.7 billion today will grow to
$4.4 billion in current dollars by the 2050s. As the
chart indicates, this growth in expected losses is
attributable in roughly equal proportions to rising

2050s Total sea levels (which make flooding from coastal
storms more damaging) and to the increased
frequency of intense hurricanes.

C

C
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2050s Additional
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Yet another way to understand the projected
economic loss to the city due to sea level riseand
the increased frequency of intense hurricanes is
by conducting a geographical analysis, taking
into account the physical locations of assets and
economic activity. For example, the Swiss Re
models break these losses down by zip code

over time. Today, expected losses are concen-
trated in many of the same areas of the city that
were impacted during Sandy (such as the East
and South Shores of Staten Island, Southern
Brooklyn, South Queens, the Brooklyn-Queens
Waterfront, and Southern Manhattan), but also
in other, less-impacted areas such as Northern

Queens and the Bronx. In the future, the
expected losses cover a significantly wider swath
of the city. It is also important to note that whle
the maps divide the city by zip code ýwhch may
cover reasonably large areas, including inland
areas), actual losses generally will be concen-
trated in the waterfront areas of those zip codes.
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Illustrative
Cost/Benefit

Ratio
2.5

Each column represents a different resiliency measure Measures above 2 are
likely not justified by
cost-benefit analysis
(but may be justified
by other criteria)

2.0 ý - - - - - - - -- - - - - - - - - - - - - - - -

1.5

1.0

0.5

0.0

Measures between
0.5 and 2.0 require
more detailed
analysis to determine
cost-benefit viability

Measures below 0.5 are
likely attractive from a
cost-benefit perspective

Illustrative
Column width represents the total 2050s Loss Averted ($ in Billions)
impact of that measure In the 2050s

In addition to calculating expected losses, the
Swiss Re models also enable cost-benefit
estimates of proposed interventions. Through
analysis of the costs (including capital costs
and ongoing operating costs) of specific
interventions, the models estimate the benefit of
these actions in terms of avoided (or mitigated)
damage to assets and losses to economic
activity. Although this model is not designed
specifically to measure the costs and benefits of
resiliency measures, it can provide helpful
guidance. For example, in evaluating proposals,

I

the City generally concluded that an intervention
with a cost-benefit ratio of greater than two
(projected costs twice as large as projected
benefits) was unlikely to be attractive on a cost-
benefit basis, even with refined assumptions.

By contrast, a measure with a cost-benefit ratio
of less than 0.5 (projected benefits twice as
large as projected costs) was considered
highly likely to be an attractive investment. The
chart above is an illustration of how general
interventions were evaluated.

Of course, as noted earlier, certain interventions
that perform well or poorly on a cost-benefit
analysis might nonetheless be worthwhile
public investments as a result of other, less easily
quantifiable attributes (such as the protection
or lack of protection provided to vulnerable
populations). For this reason, cost-benefit
analyses were an important tool, but not the
only tool employed by the City in selecting
among resiliency strategies for this report.
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When Henry Hudson sailed into what is.now known as New York Harbor in 1609,
the coastline he encountered was a won-
drous place. Archipelagos of small islands dot-
ted near-shore waters. Wetlands and oyster
beds stretched for miles. Sloping beaches lay
dazzling under the sun. The harbor coastline
provided abundant food sources and natural
protection from storms. It would prove essen-
tial to the survival and growth of the early set-
tlement of New Amsterdam. (See map: New
York City's Coastline: Then and Now)

This coastline is just as essential to New York
City's survival and growth today.

Not surprisingly, New York City's coastline-
which stretches a total of 520 miles and is
longer than the coastlines of Miami, Boston, Los
Angeles, and San Francisco combined-has
changed dramatically since the 17th century.
The inhabitants of New York City have altered its
very topography in many ways, dredging water-
ways to ease the way for shipping, constructing
piers and bulkheads, and even using fill to re-
shape the shoreline's contours. While some of
the historic natural features that once protected
what is today New York City have been lost in
the process, the changes that were made have
enabled commerce and industry to flourish,

* neighborhoods to thrive, and infrastructure to
perform critical functions.

Notwithstanding the important role played by
the city's waterfront through most of its history,
during the last decades of the 20th century,
large sections of the coastline fell into disuse
and disrepair. In recent years, however, the city
has begun to reconnect with this critical
asset. These new connections have taken
many forms, from investments in the working
waterfront to new housing, parks, and ferry
landings. As much as this renewed embrace of
what Mayor Bloomberg has referred to as the
"sixth borough" has benefitted its citizenry,
New York's reengagement with its coastline
has also occurred out of necessity-as the city
has sought to meet the needs of a growing
population and expanding economy.

However, even as the city has reconnected with
its waterfront, New Yorkers have known that
proximity to the water brings with it certain
challenges, especially as global climate change
advances-a threat discussed in detail in
PlaNYC, the City's sustainability plan, in 2007.
Thus, in 2011, building on PlaNYC, the City
released Vision 2020: The New York City

D Comprehensive Waterfront Plan, the center-
* piece of an effort known as the Waterfront

Vision and Enhancement Strategy, or WAVES.
This effort set forth broad goals for the shore-
line of New York City, including, of course,
increased climate resiliency. To this end, the

report's .accompanying WAVES Action Agenda
put forth specific initiatives that already have
helped to create a waterfront that is more
productive and better prepared for the future.

In October 2012, with the arrival of Sandy, the
case for increased climate resiliency-even
beyond the initiatives set forth in the WAVES
Action Agenda-was forcefully made to all New
Yorkers. The storm scoured beaches along New
York City's ocean-facing coastline, damaging
buildings and infrastructure, flooding neighbor-
hoods, causing dangerous erosion, and most
seriously, killing 43 New Yorkers. Areas along
the Hudson and East Rivers and the other wa-
terways in the Upper Bay, meanwhile, experi-
enced record-setting flooding, along with
damage and destruction to building systems,
business inventory, and personal property.

As the impacts of climate change accelerate over
time, more damage, more flooding, and more
erosion are likely in New York, with sea levels
continuing to rise and more of the most intense
storms expected. In response to these
challenges, the City believes that it must bulk up
its defenses, improving the coastline with protec-
tive measures. This will not eliminate all flooding
from all conceivable storms-an impossible
goal-but mitigate the effects of sea level rise
where the risk is greatest and reduce the effects
of storm waves and storm flooding significantly.

Reaching these resiliency goals-and protecting
all of the waterfront assets along the coastline
more effectively-requires a deliberate and
coordinated approach. This chapter seeks to
achieve this goal, presenting the City's new,
comprehensive coastal protection plan.

The plan articulates a full menu of proposed
coastal protection measures tailored to the
specific geomorphology of (described below) and
risks facing neighborhoods that are most exposed.
These measures, though complementary, also can
be implemented independently overtime, based
on available funding and relative priority. Though
ultimately the city will be best served by imple-
menting the entire suite of options, this report sets
forth an initial set of projects that targets areas that
have particularly large concentrations of busi-
nesses or residents (or both), areas that house crit-
ical infrastructure, and areas that shelter especially
vulnerable populations. Though these projects still
come at significant cost, they have been scaled in
such a way that the City believes that they not only
can but should get under way immediately.

Of course, the City cannot implement these
new coastal protection measures alone. Imple-
menting them will require partnerships with the
Federal government, likely through the US
Army Corps of Engineers (USACE), and other
regional stakeholders and governmental

entities. To make these new coastal measures
as effective as possible, the City itself also will
have to improve the way that it administers the
shoreline that it controls, ensuring better man-
agement, design, and operation of its coastal
assets-something that this chapter also ad-
dresses. Finally, this chapter also will call on the
various regulatory bodies with responsibility for
permitting along the waterfront in New York
City-from the City, to the State, to the Federal
government-to work together to clarify, sim-
plify, and simultaneously make more effective
the process of permitting, both in general and
for critical flood-protection projects.

Over the centuries, the coastline of New York
City has been a sparkling natural resource, a
setting for commerce and industry, and a place
for housing and recreation. Going forward, it
also can reprise a role that it played ably in the
early days of New Amsterdam and before.
Namely, to provide protection to the people
living along and behind this coastline.

The New York City Coastline

The city's 520-mile coastline-bordering the
ocean, as well as rivers, bays, and inlets-is
both diverse and complex. To understand this
coastline, it is critical to understand its geomor-
phology-or the combination of its natural
landforms, underlying geological conditions,
and built condition. The geomorphology of
today's city is largely the result of a colossal gla-
cier that moved over what is now New York City
over 20,000 years ago, combined with the
coastal modifications that inhabitants have
made in more recent times. This complexity is,
in turn, amplified not just in the diverse uses
and multiple property owners found today all
along the water's edge across the city, but also
by the many regulators with responsibility for
the coastline's protection.

The Geomorphology of the
New York City Coastline
New York City's southernmost waterfront
areas-the Rockaway Peninsula, the Coney Is-
land peninsula, and the East and South Shores
of Staten Island-generally are characterized
by gently sloping sandy beaches with some nat-
ural and built dunes, as well as discrete areas
containing elevated bluffs. In places, groins
(rock and timber structures perpendicular to
beaches) and other reinforced structures have
been installed to protect these beaches.
Communities in these areas typically are less
densely populated than other parts of New York
City, though they also tend to be much more
densely populated than other coastal areas
along the eastern seaboard.
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Within Jamaica Bay, one of the region's most
important and largest natural features, there
are many natural edges and marsh islands,
some newly reconstituted. Here, portions of
the shoreline have been filled in and hardened
with bulkheads (vertical retaining walls) and
revetments (shoreline protection constructed
with armor stone). Many of the areas surround-
ing Jamaica Bay are particularly low-lying, a re-
sult of the glacial outwash plains that were
formed at the end of the last Ice Age. Along and
within Jamaica Bay and its tributaries, there are
a wide array of neighborhoods, as well as
several elements of critical city infrastructure,
including transportation assets such as John F.
Kennedy (JFK) Airport, marine terminals, and
wastewater treatment plants.

Further north and within the Upper Bay-the
areas along the Hudson and East River
shorelines of Manhattan, Brooklyn, and Queens,
as well as on the North Shore of Staten Island-
the topography historically rose quickly to
greater elevations along the coast. However,
significant use of landfill to extend the coastline
and the filling and development of former marsh-
land have altered the waterfront significantly
over the past three centuries, with large areas
along these coasts now lying at or near the water
level. Examples of these low-lying areas include
the southern parts of Manhattan, East Harlem,
Red Hook, and the areas adjacent to the
Gowanus Canal and Newtown Creek in Brooklyn
and Queens. Generally, in these areas, coastal
edges have been hardened extensively overtime
with bulkheads, revetments, and piers supporting
maritime, industrial, commercial, residential, and
transportation uses.

In the northernmost waterfront areas of the
city, the shorelines are quite varied. Some parts
are naturally rocky, such as along City Island
and Eastchester Bay. Other areas, by contrast,
including Orchard Beach, have more gently
sloping, sandy edges, some of which are man-
made. Along the northern Queens waterfront
as well as along large sections of the Harlem
and Hudson Rivers in northern Manhattan and
the Bronx, the topography is generally quite
steep with high bluffs in some neighborhoods.
Along parts of the east and south Bronx water-
front, meanwhile, land tends to slope more
gently up from the water's edge. A variety of
filled land and hardened edges, such as bulk-
heads and revetments, have been put in place
throughout the area over time, with some
natural areas reintroduced and restored, such
as at Alley Creek in Queens. The land uses in the
city's northern waterfront areas are quite
diverse, ranging from key infrastructure such as
LaGuardia Airport and the multiple power
plants in Astoria, Queens, to the Hunts Point
Food Distribution Center in the Bronx, to single-
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family homes on City Island and large, multi-
family developments such as Co-Op City in the
northeast Bronx.

Generally, New York City's coastline does not
have purpose-built coastal defenses; many of
the features that serve this function do so coin-
cidentally, rather than by design. For example,
recreational beaches-nourished (i.e., pro-
vided with additional sand to supplement and
replace sand lost to erosion) and expanded
overtime in a partnership between the Depart-
ment of Parks & Recreation (DPR) and the
USACE-generally have been engineered with
recreational goals in mind, though they also
provide important protection for adjacent
neighborhoods. The city's remaining wetlands
and natural areas, which, until recently, often
were viewed as underutilized property that
could be filled and developed, also play an im-
portant protective role, serving to buffer
inland areas. Meanwhile, though the coastline
is dotted with many of the city's most beloved
parks, it is only in recent years that the designs
of these recreational areas, such as at Brooklyn
Bridge Park and Governors Island, have
deliberately incorporated discrete resiliency
measures that could provide a model for other
parks. Finally, the city's ubiquitous bulkheads
also play a role in defending the city from harm,
not only holding the land behind them in
place-their intended purpose-but also
breaking waves during storms.

Because of the uncoordinated fashion in which
they were constructed over time, however,
these various features, even where they do
serve a defensive purpose, lack the robustness,
comprehensiveness, and adaptability that the
new era of climate change demands.

Regulatory Framework for the Coastline
Over a dozen City, State, and Federal agencies
play a role in regulating New York City's
waterfront and many waterways. In some
cases, efforts by these agencies are not
completely aligned. This lack of unified and
coordinated regulatory oversight can lead to
delayed and unpredictable waterfront activity,
complicating the achievement of important
public goals, including coastal resiliency.

On the City level, one organization with an im-
portant regulatory role is the City Planning
Commission, which enacts zoning, reviews land
use, and is the local administrator of the Water-
front Revitalization Program, a State program
required under the Coastal Zone Management
Act. The Department of Small Business Services
(SBS), meanwhile, oversees waterfront construc-
tion activity through its dockmaster and
waterfront permit units.

Atthe State level, a key role is played by the New
York State Department of State, which monitors
consistency of Federal actions against the State
and City Coastal Management Program policies.
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At the same time, the State Department of 1_

. Environmental Conservation regulates in-wateractivities, wetlands, and other coastal uses by Flood Heights Above Ground

issuing permits, including water quality certifi- Undr3f.
cations, and enforces the Coastal Erosion Haz- 3-6..
ard Area, pursuant to which the State regulates, 6 1o ft._

and generally seeks to discourage, the con- over I aft.
struction of hardened structures in areas of high D irect., of Water

erosion risk like beaches. ,Ill•straete) 1 A• ;' .

Finally, the Federal government's regulatory F
reach is distributed among many agencies, with ,
the USACE, which has broad authority over the
waters of the United States, typically serving as
the coordinating body for many Federal agencies,
including the US Fish and Wildlife Service and the
Environmental Protection Agency. Among the
USACE's responsibilities in New York Harbor are
regulating its navigable waterways, implementing
local public works projects, and protecting against
flood risks, all as authorized by Congress. The US
Coast Guard also plays a vital role in New York
Harbor, regulating vessel traffic and coordinating
other waterway activities.

Prior to Sandy, the City had partnered with the
USACE and the State on several studies to eval-
uate protections for vulnerable communities in
New York City. These studies typically were
initiated following major storms, and some led
to important projects that have been completed
orare underway In other cases, though, studies
languished due to a lack of consensus on solu-
tions. Moreover, despite the existence of many
vulnerable and densely populated coastal areas R

in New York City, no comprehensive flood I
protection studies have ever been undertaken
for the Manhattan, Brooklyn, Queens, and Bronx
riverfronts, or for other areas of the Upper Bay
(See sidebar: Previous Coastal Protection
Studies of New York City)

Until recently, the types of storms that have M
prompted studies on coastal protections have

D) occurred infrequently. As a result, following
these storms, interest in protection tended to
wane, with impacted coastal communities •'
often unable to secure the requisite funding
needed to move forward with more effective
protection measures. Sandy, however, has
focused renewed attention on the need for

D such measures in New York City and brought
into better focus the risks that extreme weather
poses for the coast.

What Happened During Sandy Equivalentto 14 ftet above Mean Lower Low Water (aw Source: usas,
Note: This chart calculates all elevations using the national reference standard known as NAVD88, which establishes a consistent base
measurement point from which elevations are determined, unlike other local references to sea level. Press accounts or other sourcesThe Effects of the Storm Surge are known to be reported using many reference standards and require conversion (see Chapter 2, ClimoteoAnaysis).

*on the Coastline
Storm surge is the increase in water levels into contact with a shoreline, it pushes addi- further amplified when entering water bodies
brought about by the low pressure and wind tional water onto that shoreline, often inundat- that serve as funnels, such as New York Harbor.
field of a coastal storm. When the surge comes ing large inland areas. The impacts of surge are Overall, Sandy's surge had an incredibly
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destructive impact on the coastline of New
York City, though different sections of the
coastline experienced the storm differently
and with different consequences. (See map:
Sandy Inundation)

Generally, Sandy's coastal inundation took one
of three forms. First, floodwaters came directly
from the ocean, as water surged over beaches
and bulkheads, flooding neighborhoods and
critical infrastructure such as tunnels. Extreme
water levels were seen citywide as the storm
peaked in the evening of October 29, 2012.
(See chart: Peak Storm Surge Elevations
During Sandy)

In many cases, in ocean-facing areas such as
Southern Brooklyn, South Queens, and the East
and South Shores of Staten Island, from South
Beach to Tottenville, the surge brought with it
not just large volumes of water but also
powerful waves that wreaked havoc on buildings
and infrastructure alike. Record ocean waves
of over 30 feet were measured in the ocean
southeast of the Rockaway Peninsula.

Another impact of the wave action along the
city's ocean-facing coastline was massive
beach erosion. In fact, estimates indicate that

up to 3 million cubic yards of sand, and maybe
more, were lost citywide, with the Rockaway
Peninsula alone losing about 1.5 million cubic
yards of sand (a volume larger than the Empire
State Building) and additional losses occurring
in Coney Island, Orchard Beach, and the East
and South Shores of Staten Island.

The second way Sandy's surge impacted the
city was via less direct routes. In these cases,
the city's many bays, inlets, and creeks func-
tioned as "backdoor" channels, funneling ocean
waters inland. For example, much of the flood-
ing in Southern Brooklyn came not only overthe
area's beaches, but also via Coney Island Creek
and Sheepshead Bay. Likewise, floodwaters
from Jamaica Bay contributed to the inundation
of the Rockaway Peninsula, where, as area resi-
dents explained, "the ocean met the bay." New-
town Creek, meanwhile, overflowed its banks,
flooding Maspeth, Greenpoint, East Williams-
burg, and Bushwick. Similarly, the Gowanus
Canal overflowed its banks, flooding Red Hook
and other adjacent neighborhoods.

The third way Sandy's surge impacted New
York City was by overtopping the city's exten-
sive shoreline drainage infrastructure, and in
some cases infiltrating the roadway drainage

and sewer system through catch basins, man-
holes, and storm drains in the streets, especially
in low-lying areas such as in Midland Beach,
Staten Island. This network of pipes and other
features is designed to drain rainwater away
from land and into the area's waterways and is
not designed to protect against storm surge.
Additionally, several tide gates and floodgates
(devices that prevent water from flowing back-
wards through the drainage system)-including
at Oakwood Beach, Staten Island-were
damaged during the storm, while others,
including at Flushing Meadows Corona Park, lost
power and had to be operated manually during
Sandy, amid the overwhelming volume of water
that they were being asked to handle.

Performance of Existing Coastal Defenses
Though Sandy's surge generally devastated
areas that it touched, some coastal features and
strategies-such as beaches nourished with
sand, dunes, wetlands, new and elevated
drainage systems, site elevation, and bulk-
heads-did offer some protection. For example,
many nourished beaches and dunes absorbed
the destructive energy of waves and floodwa-
ters, in many cases buffering adjacent neighbor-
hoods. This was the case on the Coney Island
peninsula, where the neighborhoods behind the
nourished beaches of Coney Island and Brighton
Beach suffered far less-destructive wave impact
than did Sea Gate, where the beaches had not
been nourished. In addition, areas of the
Rockaway Peninsula with established dunes,
such as Beach 56th Street, suffered substantially
less damage and less sand migration into
neighborhoods than areas without them, such
as Beach 94th Street. (See photos: Dune
Protection on the Rockaway Peninsula)

Site elevation, too, often proved effective in pro-
tecting buildings from destructive waves and
flooding. Much of the city's development along
the waterfront has occurred on land created by
filling in historic wetlands and marshes at-grade,
leaving them at risk of flooding. However,
elevated developments--such as Battery Park
City in Lower Manhattan and Arveme By The Sea
on the Rockaway Peninsula-survived Sandy
with minimal damage, particularly compared to
other nearby locations that were not elevated.

Drainage systems that took advantage of local
landscape and site characteristics also worked
well. Though the volume of water that came
with Sandy's surge was so massive that, in
many cases, these systems were overwhelmed
by peak water levels, areas with newer,
elevated systems such as Arveme By The Sea
were able to drain more quickly as floodwaters
receded-sometimes immediately-allowing
quicker recovery.
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