






















































































Appendix B. Methodologies Matrix

Methodology name

Source of methodology

Brief summary of methodology

Type of methodology
(qualitative, semi-
guantitative, quantitative)

Level of asset data required
to complete methedology

What type of climate
data does it require?
{GIS modeling, general
projections, etc.)

What is the vulnerability
perspective? (Operator: direct
assat impacts, system impacts,
OR Passenger: trips impacted,

Does the methodology incorporate costs of
impacts (to assets, system, repair, delays and
canceliations)

Additional notes about the
methodologies, including potential
shortfalls

Synthesis and Assessment
Product 4.7: Impacts of
Climate Change and
Variability on Transportation
Systems and Infrastructure:
Gulf Coast Study, Phase |,
2008

U.S. Climate Change
Science Program

This methodology focuses on the Guif Coast
and examines the potential impacts of climate
change on vulnerable transportation systems
and infrastructure. This study finds highways,
ports, and rail infrastructure are particularly
vulnerable to projected sea level rise (SLR) and
future storm surges. In addition, the
maintenance of infrastructure (such as raif and
highways) is projected to be vulnerable to
increasing temperatures while bridges are
projected to be especially vulnerable to
éhanges in precipitation and flooding.

Quantitative

1

{physical characteristics)

» GIS data for lat/log of
assets

* Glohat climate models
{GCM} monthiy values
for temperature,
precipitation, and
potentiaj
evapotranspiration
{temperature,
percipitation, SLR,
siorminess)

s Regional Tide Records
« Regional Sea Level
Trends

* Regjonal Subsidence

Operator: Direct asset impacts on
port, rail, and airport facility
inundation, highway and railway
miles damaped/inundated, miles
of pipeline damagead

This report does not attempt to estimate the
total costs of protecting, maintaining, and
replacing Guif Coast transportation
infrastructure due to damage caused by climate
change. 1t does include a case study on
Hurricane Katrina in section 4.3.1 that provides
examples of the efforts associated with
addressing the impacts of the hurricane.

This assessment does not take into
account the possible dampening of
surge effects due to distance inland
from coastal areas and the buffering
qualities of both ecological systems
{barrier islands, wetlands, marshes}
and the built environment.

Impact of Climate Change on
Road iInfrastructure, 2004

Austroads Inc.

This report uses a vulnerability assessment to
investigate how projected climate effects will
affect road infrastructure. The climate effects
were brojected hased on the IPCC SRES A2
scenario providing temperature, precipitation
and moistura for 2100. This paper focuses on
select road system components including:
pavement performance, road use demand,
and road design and maintenance; additional
modeling tooks were utilized to make the
connection hetween climate projections and
road system component (e.g., Pavement Life
Cycle Costing (PLCC) medel, and the Highway
Development and Management Version 4
(HDM-4) model).

Quantitative

(physical characteristics,
lifecycle phase, currant and
future demand)

» L.ocal and global 5LR
projections

* Local and global
precipitation,
temperature, and
potential
evapotranspiration data

Operator: Direct asset impacts on
road deterioration, pavement
performance, population
displacement

Yes, for pavement deterioration (maintenance
and rehabilitation)

N/A

Adapting to Climate Change:
Canada's First National
Engineering Vulnerability
Assessment of Public
Infrastructure, 2008

Canadian Council of
Professional Engineers

In 2008, Engineers Canada conducted this
engineering vulnerability assessment on four
categories of Canadian public infrastructure:
stormwater and wastewater, water resources,
roads and associated structures, and buildings.
The report provides an assessment of
vulnerability based on case studies. Key
findings of transportatien infrastructure
vulnerahilities to climate change include: {1)
infrastructure systems studied were generally
resilient to discrete, one-time, climate events;
and (2} infrastructure systems were
particularly vuinerable to long-term
cumulative impacts.

Qualitative

(physical characteristics,
lifecycle phase)

General projections cn:
* Temperature

= Precipitation

* SR

Operator: direct asset impacts
and system impacts

No

Does not actually provide a specific
methedology, but discusses the
process of develeping one and the
aspects an entity may want to
include in a vulnerability assessment.




Living with a Rising Bay: San Francisco Bay This report assesses the vulnerability of San  {Quantitative 1 General climate Operator and Community: direct [No, but discusses other reports that have made [none
Vulnerahility and Adaptation |Censervation and Francisco Bay and its shoreiine to the impacis projections for SLR only |asset impacts to shoreline, local cost prediciions for levees and building
In San Francisco Bay and on  |Development of climate change, identifies information {physical characteristics} development, and infrastructure fstock costs frem climate related impacts.
its Shorefine, 2011 Commission neads for future vulnerability assessments,
' and suggests near-term and long-term
strategies to address climate change impacts.
Costing Asset Protection: An |Transportation Research [The National Cooperative Highway Research’  |Quantitative 2 * Outcome-based data  |Operator: Direct impact to road  [Yes, this method inciudas a tool that requires This CAPTA methodology employs a
Ali Hazards Guide for Board of the National Program (NCHRP) produced the Costing Asset (not traditional cliamte  |bridges, road tunnels, transit/rail |inputs on assets of interest, asset attributes or  [consequence-driven approach.
Transportation Agencies, Academies Protection: An All Hazards Guide for (asset location, system  [data): bridges, transit/rail tunnels, characterisctics, and the climate hazard of
2009 Transportation Agencies (CAPTA) report in criticality) + Data on outcomes or  |transit/rail stations, concern. The output is a generic ist of possible
order to provide transportation owners and impacts of climate administrative and support countermeasures for reducing risk, including a
operators with resource allocation guidelines hazards on assets, such [facilities, ferries, and fleets. rough order of magnitude of the costs associated
for safety and security investments. The as impacts typical from with implementing thouse countermeasures.
CAPTA methodclogy is available to the pubiic extreme flooding,
as a computer-based spreadsheet model temperature, etc.
providing a means to analyze assets, relevant
threats and hazards, and consequence levels
of interest in a common framework.
Climate Change Adaptation {The U.K. Highways The United Kingdom has developed a seven-  |Qualitative 3 General global Operator and Passenger: System |Does include highways Agency resource costs;  |Is very high level and imprecise.
Strategy and Framework Agency within the phase process for assisting transportation predictions: impacts and direct asset impacts |professional costs; works costs; and, other Focus is more on prioritization and
Revision B, 2009 Department for Transport|decision-makers in addressing climate change {asset location, physical 1= Temperature {flooding impact traffic patterns, |indirect costs, fess on vuln. assessment.
impacts an highways. This approach provides characteristics, system  |e Seasonat rainfall and weather accelerating wear
methodologies for vulnerability assessment, criticality} * Wind speed and tear of on roads)
risk assessment, and adaptation. *5SLR
Assassing Vulnarability and  |US DOT, Federal Highway {DOT's FHWA developed a conceptual Qualitative 5 Historical and projected |Operator: Direct asset impacts Not in a quantitative manner, only states one Very broad, functions as a general
Risk of Climate Change Administration, Office of [Vulnerability and Risk Assessment madel that climate data, should think about costs. method for going about vulnerability
Effects on Transportation Planning, Environment,  [consists of three primary components: 1) {physical characteristics, |[nonspecific, assessments.
Infrastructure: Pilot of the  |and Realty develop inventory of assets, 2) gather climate historical performance,
Conceptual, 2014 information, and 3) assess the risk to assets lifecycle phase, system
and the transpiration system as a whole from criticality, current and
nrojected climate change. future demand)
Climate Change Vulnerability [Cambridge Systematics, |The Conceptual Risk Assessment Model was  [Quantitative 2 * GCM projection data  |Operator: Direct asset impacts,  |No, but suggests as a next step, Many rail lines are situated on low-
and Risk Assessment of New |cn behalf of NITPA developed to assist transportation agencies in (SER, temperature, specifically digital elevation mode! lying lands proximate to the
lersey's Transportation identifying infrastructure at risk for exposure (physical characteristics, |precipitation) (DEM) analysis for inundation of Delaware River. Several small
Infrastruciure, 2011 to climate change stressors and determining system criticality) * GIS modeling for SLR, [assets segments of the River Line would be
which threats carry the most significant storm surge, drought, potentially vulnerable in 2100, along
consequences, it incorporates the following infand flooding. with significant portions of freight
summary steps: track. With the exception of Amtrak
1. Build an inventory of relevant assets and {for which no impact is shown), there
determine which are critical; is a significant increase in vulnerable
2. Gather information on potential future track miles for all rail types between
climate scenarios; 2050 and 2100.
3. Assess the potential vulnerability and
resilience of critical assets.
Adaptation Assessment New York City Panel on  {This Appendix to the overall report [ays cut a  |Semi-quantitative 2 Uniform climate Operator: Direct asset impacts  [Does not say how to, but states that when you  |N/A
Guidebook, 2010 Climate Change (NCPP)  |muiti-step process to help stakehalders create projections developed characterize risk of climate change on
an inventory of their at-risk infrastructure and (physical characteristics, |by the NPCC infrastructure you should develop a "magnitude
develop adaptation strategies to address those historical performance} of consequence” variable that should include the
identifiad risks. change in capital and operating costs and the
impact to the local economy.




Adapting to Rising Tides -
transportation vulnerability
and risk assessment pitot

project {Briefing Book), 2011

San Francisco Bay
Conservation and
Development
Commission {BCDC)

and resilience of Bay Area communities to
climate change related impacts. It involves
evaluating potential shoreline impacts,
vutnerabilities, and risks; identifying effective
adaptation strategies; and developing and
refining adaptation planning toals and
resources that will be useful to communities
throughout the Bay Area.

This report seeks to increase the preparedness

Quantitative and
Qualitative

(physical characteristics,
lifecycle phase, system
criticality, current and

future demandy}

= General climate
projections for SLR only

Opereator: Direct asset impact
(quantitative),

» GIS based scenarios for[Operator and Passenger: System

inundation mapping

impacts (qualitative)

To some extent, they incorporate O&M costs

to inundation by SLR. They also incorporate

impact scenarios.

_|capital improvement cost into their risk analysis
consequence criteria as a way to guantify risk for |of one asset over ancther was not

This is a good report, not too rail

into their calculation of the sensitivity of an asset|centric but it is a thorough

meathodology. An interesting
comment; Determining the criticality

naliticatly acceptahle, given that the
assessment would have been largely
based on professional judgment and
limited data.

Tomaorrow's Railway and
Climate Change Adaptation:
Phase 1 Report, 2010

Research Programme,
Rail Safety and Standards
Board {R55B)

the research project T925 "Tomorrow's
Railway and Climate Change Adaptation
{TRaCCA)"

This report covers the outputs from Phase 1 of {Qualitaiive

{physical characteristics,
historical performance,
lifecycle phase, system

criticality, current and

Historical and projected
climate data,
nonspecific.

Operator: Direct asset impacts

No

N/A

QOperations and
Management, Adapting to
Extreme Climate Change:
Phase 3 Report, 2011

Research Programme,
Rail Safety and Standards
Board (RSSB)

This report presents the findings from the
RSSB and Network Rail sponsored T925
"Tomorrow's Railway and Climate Change
Adaptation {TRaCCA)". This report includes
findings from Phase 2 of TRaCCA, which

Netwaork Rails owned assets along the West
Coast Main Line (WCML). This report also
includes findings from Phase 3, an expanded,
semi-guantitative analysis of selected priority
topics covering the whole of Brittain's railway
network.

included a quantitative analysis of a portion of

Semi-quantitative
Quantitative

5

(physical characteristics,
historical performance,
fifecycle phase, system
criticality, current and
future demand)

Histarical and projected
climate data,
nonspecific.

Operator: Direct asset impacts

No

N/A
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Amtrak's Northeast Corridor (NEC) Climate Change Vulnerability Assessment, and are listed
in no particular order. They are provided as additional reference fo Section 3.4.3 of the Phase
| Report, ond are included fto offer summary information of the methodologies researched.
For a more complete understanding of each methodology, it is recommended that the
original document be reviewed. These documents and their internet source are listed in

xplanation

Methddqlogy name

Includes name of the methodology as identified through the title of the methodology document or case study document.

Source of methodology

"“[Includes name of the organization that developed the methodology, or executed the case study.

Brief _summ_ary of methodology

- |the key findings typical of the methodology: and the priorities addressed under the methodology.

Provides a high-level summary of the approach of the methodology or case study, in some instances highlighting the purpose of developing or using the methodology;

Tv_pe of methodology

" [Each methodology identified in the matrix can be categorized by a methodology 'type'. This column identifies the named methodology as one of three possible

vulnerability assessment types: qualitative, semi-quantitative, or quantitative.

Level of asset data required to complete methodology

| Asset Location (coordinates of asset location)

: | This column includes a value that reflects the total number of data categories needed to conduct the named methodology {with a range of 1 - 6). For example, if a

--|€an be determined. In general, those methodclogies that have a lower numerical value require less data, while those with a higher numerical value require more data.

Each named methodology requires different types of rail asset information in order to conduct the assessment. These different data types can be grouped into the
following categories:

s Physical characteristics {e.g. engineering specifications, physical condition)

= Historical performance during extreme weather {e.g. documented damage or resilience)
¢ Lifecycle phase {e.g. age of the asset, repair history, schedule for repair or replacement)
= System criticality (e.g. criticality of the asset in maintaining a functioning network)

s Current and future demand (e.g. current and predicted future passenger load)

methodology requires both location data and system criticality data, the numerical value in this column would be 2, reflecting the requirement for these two different
types of asset data. Based on these numerical values, a general understanding of level of effort (LOE) to conduct these methodologies from a data-gathering perspective

What type of climate data is required? =~

hazards {e.g. temperature, sea-level rise {SLR), precipitation); percentage prohability of those climate hazards increasing in intensity or frequency in the future; historical

Includes information on the types of climate change data or tools required to run the methodology, including global or focal projections of increases/decreases in climate

climate or weather data; and the need to use geographic information system (GIS) or other mapping tools.

What is the vulnerability perspective? =~

"|Indicates the different ways in which an asset or system can be considered vulnerable depending on the viewpoint of different entities involved in the system under
-+ |study (e.g. transit operator ; passenger of the transit system; partner of the operator or co-user of the system).

Does the methodology incorporate costs of impacts?

" jIndicates whether or not the methodolgy includes tools or calcutations for evaluating the costs associated with climate change impacts to assets or the system as a
= whole.

Additional notes about the methodologies, including potential shortfalls

: ~.“{Includes any additional, high-level information about the methodology captured duing Booz Allen's review of the document, and considered relevant for inclusion in the
“|summary matrix. Potential shortfalls of the methodologies are also are outlined where relevant. In some intances, shortfalls were identified within the document text, or

from Booz Allen's general analysis of the methodology.
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