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e shaping future design and adaptation standards
e establishing emergency management and security measures

After Amtrak identified their climate change program objectives, data was collected for those assets
potentially exposed and susceptible to climate change. This step is essential to provide the information
needed for the analysis conducted in the later steps. The data was provided by Amtrak through GIS data
exchanges, online surveys, meetings, and one-on-one interviews. Concurrently with the data collection
efforts, the Study Team from Stantec prepared imformation and mapping to show the potential effects of
climate change on sea level rise, storm surge, precipitation, temperature, and wind. Using reputable tools,
methods, and sources as described in this report, this step identified the climate stressors (i.e. sea level
change, storm surge, precipitation, wind, and temperature) specific to the area and asset type under
assessment.

Once asset data collection and climate variable development was completed, the assets were screened for
exposure and sensitivity to the known climate stressors in the Pilot Study area. For this Pilot Study, the
majority of the assets were evaluated due to the relatively small geographic scope of the study area. It
should be noted that the methodology developed such as the screening was developed considering that
Amtrak in the future would be assessing the vulnerability of other sections of its systetn.

For the vulnerability assessment, the analysis used three mam analysis tools: Federal Emergency
Management Agency’s (FEMA) Hazus-MH 2.2 (Hazus-MH) software, Hazard Vulnerability Index (HVI)
and the U.8. DOT Vulnerability Assessment Scoring Tool (VAST). The Hazus-MIT tool was used to
model the predicted sea level rise and storm surge inundation levels over the Pilot Study area as well as
determine the projected damage and potential losses to Amtrak assets caused by hurricane force winds,
changes in sea level, and storm surge. The HVI and VAST tools were used fo assess the vulnerability of
the selected assets for the selected climate variables. The analyses provide vulnerability scores in which
the assets most at risk can be identified. The results ranked the vulnerability of the specific assefs as high,
moderate and low. This ranking then allowed the Study Team to identify vulnerable areas at risk. It is
clear from the sea level rise and storm surge maps that there are several areas that are more vulnerable
than others, see Figure 45 through Figure 48 in Chapter 5. This can be seen in the year 2050 projections
and are more predominant in the projections for year 2100. The section between mile post 24 and mile
post 27 have varying levels of vulnerability based on the projection year bt it is clear that this area is the
most vulnerable and includes all four facilities that were selected for review. There is also another section
between, MP 22 and MP 21 in which the track, signals, catenaries and roads are all vulnerable but there
are no facilities located within this stretch.

Lastly, the results of this Pilot Study cuhminated in recomnended next steps to help Amtrak move
forward in making its infrastructure and operations more resilient to the effects of climate change. The
Study Team recommends that Amtrak develop an orgamizational-wide adaptation strategy, prepare a
climate change impact zone (zone of potential influence), develop and-implement an internal outreach
plan, and lastly continue to implement the next steps for the Pilot Study area by developing an adaptation
plan for those assets determined to have high risk of vulnerability to climate-induced impacts.
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In order to determine the impacts of coastal surge combined with sea level rise, the 1-percent annual
chance coastal surge still water elevations were obtained from the effective FEMA Flood Insurance Study
(FIS) for the Pilot Study area. Stillwater elevations combined with projected sea level rise values were
used with Arc(IS (a geographic information systemn for working with maps and geographic information)
to delineate inundation boundaries and produce depth grids for coastal surge for each interval (years 2020,
2050 and 2100), The maps showing coastal storm surge combined with sea level rise at cach interval are
shown in (Figure 6, Figure 7, and Figure 8).

The sea level rise and coastal storm surge depth grids are the background information that is needed to
assess the vulnerability of the assets for flooding due to sea level rise and storm surge. This information
and the projected hurricane winds for a 100 year storm event were entered into the Hazus-MH 2.2
program, which is able to model potential losses and damage.
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In addition to building and bridge data, the Hazus-MH model was enhanced by using the three sea level
change depth grids and three coastal storm surge depth grids created to reflect vulnerability in years 2020,
2050, and 2100 as input for the flood hazard. The coastal storm surge analysis did not include the velocity
impacts of storn surge. Each of the six depth grids was modeled separately to determine potential flood
losses to buildings and bridges for each interval. Lastly, the Hazus-MH hurricane wind model was run to
reflect a 100-year retumn period (known as a probabilistic scenario), In this approach, the Hazus-MH
model draws upon a storm database of probable Inrricane events (over 100,000 fictitious events) to
represent a 100-year event for the study area. The Hazus-MH model estimates the damage state
probability (minor, moderate, severe, complete destruction) for each Arntralk facility within the Pilot
Study area. The map showing the 100-year event is depicied as Figure 9.
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experts to finalize the list of assets within the Pilot Study area. The analysis identified six major asset
types located within the Pilot Study area:

e Amtrak facilities including substations

» Bridges
e Track
¢ Catenary

o Signal equipment
s Roadways

The Pilot Study focused exclusively on fixed physical assets that are owned or operated by Amtrak, and
did not include consideration of any operations or rolling assets like rail cars. Data pertaining to each
asset, such as general description and location coordinates were established after the complete list of
assets was finalized with stakeholders.

2. Identify applicable climate stressors for each asset type

A multidisciplinary group of Climate Change specialists, rail experts, hydrology and hydraulics engineers
reviewed the different asset categories located within Pilot Study area, and identified a preliminary list of
climate stressors that could impact each asset type. In the context of this vulnerability assessment, a
climate stressor was defined as projected changes in one of the following weather related variables,
precipitation, storm surge, sea level rise, temperature, and wind.

During a group workshop, several Amtrak experts provided their feedback on potential impacts of climate
change on each asset type, and the preliminary list was updated based on historical occurrences and
expert judgment.

3. Identify indicators that describe the vulnerability of assets

To be able to accurately illustrate the vulnerability of the assets within the Pilot Study area, information
that described the vulnerability of the assets was gathered. During a workshop that engaged a
multidisciplinary group from Amtrak facilitated by the Study Team, an indicator exercise was performed
to identify a preliminary list of applicable indicators, and determine the importance, and availability of
data for those indicators. A final list of indicators that describe the vulnerability components was created
after several phone interviews with Amtrak experts familiar with Amtrak’s asset portfolio in the Pilot
Study area, and internal meetings with the study group

4. Collect indicator data

A comprehensive and thorough data collection effort was initiated by the stakeholders involved in the
assessment to obtain any available data that could describe the vulnerability of an asset. The indicator
data used for this vulnerability assessment included both desktop review, as well as data based on expert
input and judgment. Desktop analysis included quantitative data based on modeling results in
conjunction with GIS and other technical modeling. Stakeholder judgment was based on information
extracted from the wealth of knowledge obtained from Amtrak’s staff regarding the Pilot Study area’s
assets and history.
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Light Detection and Ranging (LiDAR) — LIDAR, stands for Light Detection and Ranging and is a
remote sensing method that uses light in the form of a pulsed laser to measure ranges (variable distances)
to the Farth. These light pulses—combined with other data recorded by the airborne system— generate
precise, three-dimensional information about the shape of the Earth and its surface characteristics.

National Tidal Datum Epoch — The specific 19-year period adopted by the National Ocean Service as
the official time seginent over which tide observations are taken and reduced to obtain mean values (e.g.,
mean lower low water, etc.) for tidal datums. It is necessary for standardization because of periodic and
apparent secular trends in sea level. The present NTDE is 1983 through 2001 and is actively considered
for revision every 20-25 years. Tidal datums in certain regions with anomolous sea level changes (Alaska,
Gulf of Mexico) are calculated on a Modified 5-Year Epoch.

Resiliency — A capability to anticipate, prepare for, respond to, and recover from significant multi-hazard
threats with minimum damage to social well-being, the ecconomy, and the environment (FHWA, 2012)

Sea Level Rise or Sea Level Change — The long-term trend in mean sea level (FHWA, 2012)

Sea Level Change Depth Grids — Digital maps which predict the depth of water at certain location under
a specific flooding scenario.

Scour — Removal of underwater material by waves and currents, especially at the base or toe of a
structure.

SLOSH Data — The Sea, Lake and Overland Surges from Hurricanes (SLOSH) model is a computetized
numerical model developed by the National Weather Service (NWS) to estimate storin surge heights
resulting from historical, hypothetical, or predicted hnrricanes by taling into account the atmospheric
pressure, size, forward speed, and track data. These parameters are used to create a model of the wind
field which drives the storm surge.

Special Flood Hazard Area — The tand area covered by the floodwaters of the base flood is the Special
Flood Hazard Area (SFTA). The SFHA includes Zones A, AO, A, Al1-30, AL, A99, AR, AR/A1-30,
AR/AE, AR/AQ, AR/AH, AR/A, VO, V1-30, VE, and V on FEMA Flood Tnsurance Rate Maps (FIRMs).
http://www.fema.gov/floodplain-management/special-flood-hazard-area

Storm Surge — An abnormal rise n sea level accompanying a hurricane or other intense storm, whose
height is the difference between the observed level of the sea surface and the level that would have
occurred in the absence of the cyclone (EPA, 2014).

Vulnerability Assessment Scoring Tool (VAST) — Acrosoft Excel-based analytical tool that uses key
asset information (e.g. bridge age), climate data (e.g. flood elevation), and other yulnerability indicators
(e.g. current frequency of flooding) to develop a composite vulnerability score.

Vulnerability — The degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive
capacity (FHWA, 2012).
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Example HVI calculation for year 2010 Sea Level Rise projections for Tracks:
HVI =

Percent of Linear Feet Inundated 030 Maximum Depth of Inundation
. *
Maximum Percent of Linear Feet Inundated Greatest Maximum Depth of Inundation

Maximum Distance to Coast — Distance to Coast

0.60 *

+ 0.03 *
Maximum Distance to Coast
+0.02 Number of Interlockings Number of Turnouts
02 = 05 *
Maximum Number of Interlockings Maximum Number of Turnouts

Example HVI calculation for year 2010 Sea Level Rise projections for Tracks:

HVI =
0.6 19.6% 403 4.5 +0.03 3,473 — 1,339
b6 * 3k — . * i
66.77% 11.1 3,473

+0.02 ] 0.05 0
02+ =+0.05%—
3+ 48

HVI =0.32
Vulnerability Category = High

The HVI score above demonstrates this particular % mile stretch of track has a HVI = 0.32 which equates
to a vulnerability rating of High.
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