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New York City Subway

with bus and railroad connections
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Climate Change

Temperature Slow warming
Extreme

Precipitation Events

A few more events per year

Sea level rise

Projected rise of 2 feet

Coastal storms

Variable

Temperature

Similar to current intensity

Rapid increase in heat

Extreme precipitation
events

Double the number of

extreme events per year.

Sea level rise

Projected rise of 4 feet

Coastal storms

Sandy-like storms a more

likely occurrence
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Length (miles)
10,000
10.6%

8,000

6,000

4,000

6,450
2,000

7,714

2,181

100 year storm 2-foot SLR 4-foot SLR
M Flooded street Dry street

Total length (miles) of NYC streets that fall inside the
respective flood zones as a function of sea level rise.

Combined Physical
Scenario Economic Damage
(S billion) ($ billion)

S1 (current sea level) 48 10 $58
S2 (2-foot rise in sea level) 57 13 $70
S3 (4-foot rise in sea level) 68 16 $84

Total Loss
($ billion)

Combined economic and physical damage losses for the
NYC metro region for a 100-year storm surge under
current conditions and two sea level rise scenarios.

I FEMA 100 year flood zone
[_]2 feet of sea level rise
[ 4 feet of sea level rise

[ Streets

4 9 Note: The red zones are the current FEMA FIRM 100-year flood zones (no sea level rise). The orange and green zones are the
approximate 100-year flood zones that would be flooded in addition to the red flood zones if there were 2 feet of sea level rise
(orange) and 4 feet of sea level rise (green). For detalils regarding the sea level rise assumptions and timing, see text
Source: Hunter College, prepared for NYC NPCC (2010)

Figure 9.7 100-year flood zones in New York City (i.e., with a probability of being flooded of 1 percent per year) for current
and two different ClimAID sea level rise scenarios




Flood Mitigation Technology

Variable Reactive Adaptive

Example Sea wall Sand Engine
Natural Fight the force of nature Accommodate nature
cycles

Hard engineering through a protective

Approach Armor

Soft engineering through a barrier sponge

Novel; more efficient in long term or for

Efficacy Well tested; effective for design storms
unprecedented events

Soil health Depleting Nourishing
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exceedance of estimated T90

The time it takes to restore the
system’s functionality is a
common transportation metric to
evaluate risk.

T90 is a measure of the number
of days it takes to restore the
system to 90% function. For
example, after Sandy, T90 = 8
days

A 100 year coastal storm surge
with a 2 foot rise is modeled to
result in a T90 of 1-25 days
(orange).

A 4’ rise may increase T90 max to
30 days (red).

Higher coastal storm surge
intensities are expected to result
in greater T90 values.
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Observed Climate Change Trends in the US 1900-2018
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* Annual average temperatures have increased
by 1.8°F across the contiguous United States
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Observed Climate Change Trends in the US 1900-2018

Large declines in

snowpack in the western

United States occurred
from 1955 to 2016

 Thereis currently no
detectable change in
long-term U.S
droughts, rather it
varies across regions.

Oceans are absorbing
more than a quarter
of the CO2 increasing
their acidity
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Change in Sea Level (inches)

Observed Climate Change Trends in the US 1900-2018

U.S. Sea Level
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Annual median sea
level has increased by
about 9 inches since
the early 20th century
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along the Northeast
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@) s Heating and Cooling Observed Climate Change Trends (US)
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 The average length of the growing season has
increased across the contiguous United States
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Wildfires—Changes in Area Burned and Cost
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Land Area and Extreme Precipitation
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Potential Impacts from Extreme Weather
and Climate Change on the Energy Systems

Electric Grid

+ Winds, ice storms, and wildfires damage
transmission and distribution towers/lines

+ Extreme heat reduces power line/trans-
former capacity

* Flooding can damage substations/trans-
formers/underground lines

Energy Demand

+ Higher summer temperatures drive
increasing demand for cooling energy
(primarily electricity)

+ Higher winter temperatures drive reduced
demand for heating energy (including
natural gas, oil, and electricity)

QOil/Gas/Coal

+ Extreme weather, sea level rise, and
flooding disrupt/damage offshore and
onshore energy operations and facilities

+ Reduced water availability constrains
drilling, fracking, and mining operations

+ Thawing permafrost and subsidence
reduce access and impact production

Pipelines

* Flooding damages pumping stations,
undermine/scour river crossings

+ Loss of electricity impacts pumping
operations

Wind, Solar, and Biofuels

+ Changes in wind patterns and solar
resources impact generation

« Extreme winds damage wind and solar
infrastructure

+ Increasing temperatures reduce generat-

ing capacity
+ Extreme heat/drought reduces biofuels
production

Refineries

+ Extreme weather/flooding damage
refineries

+ Reduced water availability can constrain
fuel refining and processing

+ Loss of electricity impacts refining
operations

Hydro Power

+ Drought and reduced runoff reduce
power production

+ Earlier snowmelt shifts peak production
earlier in the year

* Flooding increases risk of damage
and disruption

Thermoelectric Power

+ Higher air and water temperatures
can reduce power plant efficiency
and capacity

+ Reduced water availability can reduce
capacity and lead to shutdowns

* Inland and coastal flooding can disrupt
operation and damages equipment

* Increasing scarcity of freshwater can
limit siting of new generation

Fuel Transport

+ Inland and coastal flooding inundate low-lying
roads and rails, and can damage bridges,
river and coastal ports, and storage facilities

* Reduced river runoff can impede barge traffic

« Extreme weather, flooding, and blackouts can
disrupt distribution outlets and gas stations




Critical Infrastructure Interdependencies

Banking &

Finance

Petroleum

Transportation
Systems

A
Power for

Control
Systems

Fuel for Generators and
Maintenance, Lubricants

Financial Transactions,
Insurance

Power for
Switches

\4
Communications
& Information

Technology

Monitoring, Control,
and Communications

Power for
Compressors, Storage,
Control Systems

v

A power for Pumping
Stations, Storage,
Control Systems
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Power for
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Switches
Fuel Transport,

Shipping
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Multiple Climate Stressors Affect Vulnerable

Infrastructure
Warmer Changes in Reduced
Sea level rise  temperatures, extreme Increasing risk snowpack and  Higher peak Lower
and storm  more frequent weather Increasing risk  of landslides  changes in streamflows summer
surge heat waves patterns of wildfires and erosion  runoff timing  and flood risk ~ streamflows

Shoreline Electricity Transmission Hydroelectric Fish Habitat
Infrastructure Demand and Distribution Project Operations Restoration




Climate Change and Notable Vulnerabilities of Transportation Assets

HEAT COASTAL FLOODING HEAVY
AND SEA LEVEL RISE PRECIPITATION
Bridges Roadways Bridges Roadways Bridges Roadways
e 27 (e f | | 2T
Rail Airports Rail Airports Rail Airports
-lnn et -I-. -I-.
=525; — =335 =535 ﬂ
Ports  Public Transit Ports Tunnels Ports Tunnels
[ e ] c—
Public Transit Public Transit

National Performance Goals at Risk

Va

Reduced Project Safety Environmental Freight Infrastructure  Congestion System
Delivery Delays Sustainabilit Movement & Condition Reduction Reliabilit
yoesy Y Y USGCRP, 2018

Economic Vitality



