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Defining Characteristics of Ports

* U.S. Freight System

— Massive, multi-modal system including roads, airports, railroads,
waterways, terminals, ports, and pipelines

— In 2007, freight system moved 51 million tons worth $45 billion per day
(FAF3); Waterborne freight was about 2.6 billion tons in 2007 (BTS, 2012)

U.S. Intermodal Freight Facilities

— Terminal Assets and Operations:
* Facilities to accommodate ships
* Intermodal connections - trucks, '{?,-"’.i":'e. T .' -

and trains fue _ -;
e Handling gear &
LI O
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Climate Changes are Underway in the U.S.

* Temperature rise Observed U.S. Sea-Level Changes
e Sea-levelrise SR '

* Increase in heavy downpours
e Rapidly retreating glaciers
e Thawing permafrost
* Longer growing

season
* Longer ice-free season

in the ocean and on lakes

Total Sea-Level Change 1958-2006 (inches)
and rivers

>-8" 8"to-6" 6"to-4" 4"to-2" -2'to0" 0"to2" 2"tod" 4"to6" 6'to8" ?-I-El"

Source: USGCRP 2009

e Earlier snowmelt
* Changesinriver flows
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Floods and Droughts Have Become More Common

Increases in Very Heavy

Precipitation Days, 1958-2007 Projected Change in
_ Precipitation Intensity — 1990s vs 2090s
Increases in Amounts of Very Heavy 40
Precipitation (1958 to 2007)
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Increases in Extreme Heat will Limit Some Operations [rg-
and Damage RoadsandRail

Number of Days Over 100°F

* Changes in maintenance and
construction practices

e Risein rail buckling

* Increased use of energy for
¢ gY % )

refrigerated storage Higher Emissions Scenario,

2080-2099
.

Number of Days
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“Superstorm” Sandy

E at[p Port of Virginia picking up slack for storm-
39 re8s damaged Port of New York/New Jersey

By Michael Welles Shapiro,
1:17 p.m. EDT, November 1, 2012

Due to inclement weather in the
New York and New Jersey region,
the Port Authority is working to
restore services at all of its
facilities.

More information 3

Cargo containers at Red Hook Container Terminal in Brooklyn are moved on November 5, 2012,
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* Six of the nation’s top 10 U.S. freight gateways I ettt
are at risk from sea level rise

e Dry conditions could lead to low water levels,
requiring additional dredging to keep shipping
channels open

* Extreme weather threatens structures, power BaSUUEIRIIEERSCH
. CLIMATE CHANGE
Supply and Supply chain on U.S. Transportation

e Heat events increase need for refrigerated
storage and transport
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Why this matters: Port Impacts*

CLIMATE EFFECT IMPACTS

More hot days * Asphalt deterioration
* Thermal expansion of bridge joints, paved surfaces
* Pavement & structural design changes

Wind speeds * More frequent sign damage
* Need for stronger materials

More frequent, * Increased flooding
intense precipitation * Increased peak stream flow could affect scour rates
e Standing water could affect structures adversely

Increased coastal * Increased storm surge and wave impacts
storm intensity * Decreased expected lifetime of structures
e Erosion of land supporting coastal infrastructure

Sea level rise * Permanent inundation
* Erosion of road base
* May amplify storm surges in some cases
* Changes in port competitiveness

*Sources: “The Gulf Coast Study, Phase 1,” Climate Change Science Program, 2008 and “Assessing the Need for Adaptation,”
Courtesy of Carter Atkins, 2011.
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Example: Gulf Coast
40% of US marine tonnage, 60% of energy imports
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Gulf Coast Study

Ports Vulnerable to Relative Sea Level Rise

Baseline (Present Day) 2 - 4 Feet of Sea Level Rise

Study (‘08) results based on IPCC4:. 7 -23" SLR
Global Climate Change Impacts in US (‘09): 36 — 48"
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Gulf Coast

Freight Handling Ports Facilities Vulnerable to Storm Surge Surge
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ICF

Port of Mobile, Alabama

* 67.5 million short tons of cargo in 2008

— Container, break/neo/dry bulk, liquid
bulk, seafood, ship building and repair
services

* Intermodal connectivity and access
Issues are a key concern for ports

« Sensitivity differs by service:
— Containers can flood during storms

— Refrigerated goods & equipment require = ages £ "
electricity Wiy oo i) | COMPLEX
— Wind can kick up dust at coal terminal R AT CE R

— High temperatures can trigger workforce
safety restrictions

— Rains can increased dredging costs

Credit: Alabama State Port Authorit:
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Port of Mobile, Alabama

* Major concern is impacts from hurricanes
— May cause damage to cargo, piers, buildings

— Generally, they are used to big storms and
begin operating again quickly

— Biggest fear is a crane or major structure
getting knocked over and damaging other
facilities in its path

ICF

INTERNATIONAL

Credit: Minerals Management Service, via
http://home.versatel.nl/the_sims/rig/h-katrina.htm

Credit: Alabama State Port Authorit:

icfi.com | Passion. Expertise. Results.



Example: Port of Los Angeles*
Rand corporation

Founded in 1907

69 km of waterfront

3,035 hectares of land and
water

26 major cargo terminals

Comparison of
1872 to 1999
San Pedro Bay
Shoreline

*Adapted from “Assessing the Need for Adaptation: The Port of Los Angeles/ RAND Corporation Study,” Courtesy of Carter
Atkins, 2011.
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Example: Felixstowe Dock and Railway
UK Climate Impacts Programme

* Location: Port of Felixstowe, UK
e Facility Type:

— Largest container port in the UK

— Port owns and operates intermodal rail terminals in
addition to port

* Activity:

— Directed by the Climate Change Act of 2008 to report on

the current and future predicted impacts of climate
change

— Conducted a risk assessment in collaboration with UKCIP

e Key Climate Risks Identified:

— Power outages
— Increased frequency of crane and pilot delays

— Port closure
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Felixstowe Dock and Railway

INTERNATIONAL

C =
= 1]
|3 |2
o~
g 18|
| ; Consequence of o
Climate variable mpac impact Currenit
2030°s
Increasad Power supplies 2 5 10
. Al work would stop.
1 frequency of high disrupted owing to Loss of Business " 1 5 5
winds or other off-site disruption to _ '
extreme weather the network Reputation damage. _
Increasad Damage to ship, quay 1 7 7
3 frequency of high Ships break loose and cranes; disruption 1 5 5
winds or other fram moorings Costs; insurance
extrame weather premiums rise. _

Risk = likelihood of an impact occurring x magnitude of the consequences if it occurs

Likelihood Magnitude Consequence ¢ Key Th rEShOIdS:

1 = Negligible 1 = insignificant 20 - 25 = Very High .

2 = Rare 2 = minor 15 - 20 = High — Wind speeds > 45mph
3 = Unlikely 3 = moderate 10 - 15 = Medium _ 1 day WOI‘k Stoppage

4 = Possible 4 = significant 5-10= Low

5 = Prohable 5 = catastrophic 0 -5 = Inconsequential — 3 day CIOSU re

The results of the risk assessment are shown in Table 1.
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UNITED NATIONS CONFERENGEGN TRADE AND DEVELOPMENT

3 e ""::—_.,H_ﬂ_HﬂE .q';I'Mealingﬂn"" |
"~ Climae Chafige Jmpacts and Adaptation:
e for Global Ports”

ﬁr:mfn KXT, Palais des Nations, Geneva
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UN Conference on Trade and Development

* Meetings of “Experts”
— September 2011
— September 2010
— February 2009

* Presentations on portsin:

— Durban, South Africa

— Hamburg, Germany

— Mauritius

— Caribbean

— Tokyo

— San Diego

— Gulf Coast

— Cartagena
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Port Muelles El Bosque: Cartagena, Colombia
International Finance Corporation
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Financial analysis of the impacts

Sea level, Bahia de Cartagena(1951-1993)

Seawater flooding, 2050, ohserved and
accelerated SLR scenarios
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Thank youl!
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