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Ports: Critical, complex, constrained, exposed

Critical - Economic engines at every scale
Complex — Multiple stakeholders across space and time

Constrained - Dependent on specific and environmentally-sensitive
locations

Exposed — Located in coastal areas that face sea level rise and storm
Imapacts
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Coastal hazard challenges for Ports
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Sea levels to rise 0: .9 meters by 2100

1-in-3 year storm event of 2100
Inland flooding
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(Bender et al. 2010; Grinsted et al. 2013; Rahmstorf 2010; Emanuel 2013; IPCC 2012; Tebaldi et al. 2012)



Coastal Hazards - A Wicked Problem

Uncertain rates of change

Feedback loops

Misaligned in.centives silience
Unclear funding streams :
Complex adaptation options NV _ent
Winners & losers strategies
Limited resources to go around
Limited information




Pilot study with USACE on

23 Ports

Is there available data to
indicate climate vulnerability
for the pilot studied ports?

components of climate

What indicators represent three

vulnerability for seaports?

Principal Ports 2014
Total Throughput & Top Commodity by Weight
North Atlantic Division

Albany, NY
gasoline

Searsport
Camden-Gloucester, NJ distallate fuel oil
iron & steel primary forms

Philadelphia, PA
crude petroleum ortland, ME

crude petroleum
Portsmouth, NH

Paulsboro, NJ distallate fuel oil

crude petroleum*
Boston, MA
Penn Manor, DE gasoline
Chester, PA crude petroleum*

crude petroleum*
\. Fall River, MA
coal & lignite

Providence, RI
gasoline

Port Jefferson, NY

New Castle, DE gasoline

crude Petroleum*

Marcus Hook, PA
crude petroleum*
Wilmin%ton, DE New Haven, CT
ananas gasoline

Bridgeport, CT
coal & lignite

Baltimore, MD
coal & lignite
Port Mame
top commaodity by weight

Hopewell, VA g 40 M tons

fertilizer
New York, NY & NJ 5 M tons
crude petroleum 2 M tons

® 1Mtons
- Domestic
Newport NEW g B Foreign Imports

coal & lignite
I Foreign Exports
Norfolk Harbor, VA

coal & lignite *Trenton NJ to the sea
consolidated report

Data provided by the United States Army Corps of Engineers Principal Port File for 2014. November 5, 2016. Bobby Witkop



WHEIRE Seaport Exposure?

Tropical Cyclones 1990-2008
Cat1
Cat 2
— Cat 3
Cata
— Cat 3 46 : Map by Austin Becker, 2010
® World ports gy ma? Storm data from NOAA
o Ports win 100km of a storm ) Ports data from WorldPortSource cony

‘The presence of people, livelihoods, species or ecosystems, environmental functions, services, and resources,

infrastructure, or economic, social, or cultural assets in places and settings that could be adversely affected.’
(IPCC 2014)



What is Seaport Sensitivity?

‘The degree to which a system is affected, either adversely or beneficially, by climate-related stimuli.”’ (IPCC 2011)




What is Seaport Adaptive Capacity (AC)?

Low AC Neutral High AC
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‘The ability of systems, institutions, humans and other organisms to adjust to potential damage, to take

advantage of opportunities, or to respond to consequences.’ (IPCC 2014)



Candidate Vulnerability Indicators By Source

I Adaptive
Exposure Sensitivity Capacity
-~ . <
- ¢ World Port Index (Pub 150) 7 1
%, e U.S. DOT Maritime Administration 8

=wg U.S. DOT Climate Data Processing Tool 2
# ' U.S. DOT Pipeline and Hazardous Materials Safety Administration

U.S. DOT Federal Highway Administration: National Bridge Inventory

—* USACE Navigation Data Center 5
USACE: Waterborne Commerce of the US

NOAA Office for Coastal Management: Economics: National Ocean Watch
NOAA Office for Coastal Management: Coastal County Snapshots

NOAA Extreme Water Levels

NOAA Historical Hurricane Tracks Tool

NOAA National MPA Center: MPA Inventory

4l NOAA Office for Coastal Management: Quick Report Tool for Socioeconomic Data il
NOAA Office of Response and Restoration 1
NOAA Storm Events Database

NOAA Tides and Currents- Sea Level Trends

EPA Air Quality Index Report 1
FEMA Hist. Disaster Housing Assistance 1
FEMA Historical Disaster Declarations

U.S. Fish & Wildlife Service, Critical Habitat Portal

U.S. Fish & Wildlife Service, Endangered Species

US Census Bureau: USA Trade Online

Social Vulnerability Index Data
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Candidate Indicators

[NumberStormEvenE}\ Storm Frequency
[SturmEventsMaxCost}\ Storm Intensity .III

[HundredYearHighWater}\ Storm Surge Hazard \‘;

Example

\ Storm Hazard
NumberCyclones Proximity to Historical Tropical/ExtraTropical

|
|
Cyclone Tracks

SealevelTrend b Empirical SLR

(Local_SLR_Projection |, Projected SLR |

Sea Level Rise Hazard |

\ Exposure

'i:yulnerabl'”ty;h_ Component of Vulnerability

Legend

Sub Category Sub Sub Category

Elusive, Unfound Indicator

[«CMIF‘_Da',-'s.-ﬁ.bweBaselineExtremerHotTemp-eraturE}\ Heat hazard  Temperature Hazard j

- - 1|

MumberOfExtremelyHeavyPrecipEvents }\ Heavy Precipitation Hazard  Precipitation Hazard -',.'
(MumberDisastersCounty

( DisasterHousingAssistanceCounty

/
Disasters

Prezidentisl Disaster Declarations

HarborSize  Harbor Capacity

esselCalls

A
/ Seaport Climate Vulnerability:

The degree to which a system is susceptible to,
/

and unable to cope with, adverse effects of
climate change, including climate variability
and extremes. Yulnerability is a function of the
character, magnitude, and rate of climate
change and wvariation to which a system is
\‘-@xposed. its sensitivity , and its adaptive capacity}.—-’f
s
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)\ Water-Side Capacity

£

[AverageVesselTurnaroundTime

1
Sepsith -L..;I
| - e -
| ,_Built Asset Sensitivity

[Ann ualCraneCapacity

Port Operational Efficiency )
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\
IlI
\ Dperational Efficiency|

AbilityToShifto ti A ﬁ
(abilityToshiftOperationshy Flexibility .~ |
GrossAcres |

wadwayCongestionindex_Efficiency of Transport Connections /|

Port Master Plans Consider Climate Resilience?}\ Port Planning ;"I

[PercentChange_Throughput}\ Port Growth |

| . L
Social Sensitivity

NumberHazmatincidents)
Hazmat =
) Ny Hazmatlnmdenijachst]
Environmental Sensitivity
i

A1
{ Y
| 1

MumberEnda ngeredSpeciesCuunt}r]
MumberCriticalHabitat |
MilesToMPA

h, Surrounding Environment

Sensitivity of Transport Connections f‘[ PercentDeficientBridgesCounty

AverageAgeGanterranes]
Averagefge Buildings]
k[A?erageAgeBerthinginfrastruch.lre]

HarborType

Land-5ide Built Asset Sensitivity

/

EntranceRestrictions |
CrverheadLimits

HundredYearLow\Water |

|

| MT JobsCounty

\ Economic Sensitivity - Regional Economic Sensitivity jA MTWagesCounty
a MTGDPCounty

Pupulatiun{:hange(:ountv]
PopulationOwverés |

Surrounding Population's Sensitivity =
- Population F’-:uvertyCuunty]
Savl
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DATA INDICATORS ~ WEIGHTS  PREFERENCES
INDEX

Delphi method

Jterative response type survey of expert elicitation

.Obtains “opinion consensus” of a group of experts

-Questionnaires interspersed with feedback in the form of a statistical representation
of the group response (Dalkey & Helmer 1963)
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Example of expert group representation:

Practitioners

Stromberg
Associates

Government officials
of Enginecorar”

NGOs Q:\j) N k

NARRAGANSETT BAY TheNature

Conservancy
Academics -

UNIVERSITY
of MANITOBA

COASTAL
RESILIENCE
CENTER




Hypothetical projected outcome for Port ‘A’

/ EXPOSURE
Vulnerable Neutral Resilient
0.41
0 0.25 0.5 0.75 1.0

Number of storm events

0.30

Storm events max cost (millions USD)

0.75

Hundred year high water (Meters above mean)

0.50
Hundred year low water (Meters below mean)

0.25

Number of cyclones *

0.25

=/

/ SENSITIVITY

Vulnerable Neutral Resilient
m 0.43

0 0.25 0.5 0.75 1.0

Number of endangered species

0.25

Number of critical habitat

0.50

Miles to marine protected area

0.45

Environmental sensitivity index (ESI)

0.20

Number of Air pollution days

0.75J

ADAPTIVE CAPACITY
Vulnerable Neutral Resilient
0.52
0 0.25 0.5 0.75 1.0

Number of vessel calls

0.50
Number of tanker Calls

0.50

Tanker Capacity ***

]

Exports (Short tons)

0.60

!] 025

0.75

Vessel capacity (Number/DWT) **

e/




Research Gaps

How to prioritize resilience investments?

Engage ALL stakeholders in dialogue to better
understand risk.

Start conversations about transformational
approaches early (now).
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Thank You!

Austin Becker, PhD | e: abecker@uri.edu
R. Duncan Mclntosh, PhDc | e: mcintosh@my.uri.edu

Elizabeth L. Mclean, PhD | e: elmclean@uri.edu

THE
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OF RHODE ISLAND

DEPARTMENT OF
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Timeline

Jul. 2016 - Jan. = Jun. Jul. — Dec. Jul. — Sep. Jul. 2017 - Apr. — Nov.
Dec. 2017 2017 2017 2017 Mar. 2018 2018

Develop i Develop

and test
model
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