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Introduction

Maryland:

Atlantic Ocean and Chesapeake Bay
7,719 miles of shoreline
Coastal in the East

to Appalachian Mountains

in the West
Ranked 42nd in Area (12,407 sq. mi)
Ranked 19th in Population (6,006,401)
Average annual temperature 55.1°F
— Summer average 80°F
—  Winter average 20°F

Increases in temperature, precipitation intensity/frequency, sea level
change.

Political environment supports resiliency planning
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Climate Change Groups

Maryland:
MD Commission on Climate Change Work Groups
Steering Committee
2015 MD Commission on Climate Change Report Education,
Communication and Outreach
Greenhouse Gas Mitigation
2012 Greenhouse Gas Emissions Reduction Plan & 2015 Update
Adaptation and Response

Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate
Change, Phase I|: Sea-level rise and coastal storms

Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change,
Phase II: building societal, economic, and ecological resilience

Scientific and Technical
Updating MD’s Sea-level Rise Projections Report — 2013

Coast Smart Council — 2014
Silver Jackets - Baltimore
Maryland Resiliency Partnership
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BEYOND THE MAP: A PATH TOWARDS RESILIENCY,
A MULTI-HAZARD APPROACH



Pilot Study Objectives

Assess Vulnerability to SHA's
Assets

Develop Approaches to Address
Current and Future Risk i N
Provide Recommendations for = e
Policy or Process Changes SR e ﬁ

Floating Debris Lodged in a Bridge during Flood

Event at Seneca Creek in Germantown, MD
Photo Source: (FEMA/Skolnik 2006)

“Improve Resiliency of Maryland’s
Transportation System”
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Identify Climate Stressors

Studied in Detail for Maryland

Sea Level
Change

Storm Surge

Precipitation
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2050 & 2100 Sea Level Change

Eastern Shore Regional GIS Cooperative — Salisbury University

County Tidal Station

Allegany None

Anne Arundel | Annapolis

Baltimore Baltimore

Baltimore City | Baltimore

Solomons
Calvert Island

Caroline Cambridge

Carroll None

Chesapeake
Cecil City

Charles Washington DC
Dorchester Cambridge

Frederick None _ | -
Garrett None - - \ b A . Annaosiie, oo
o By o | =] o3
2L PR TN ) Rttt L3S
WASHINGTON |

Harford Baltimore

Howard None

Kent Annapolis

Montgomery | None - - o=t AyExandria ¢
Prince i Jurort -
2 Wiashington

Georges Washington DC

e

Queen Annes Annapolis

Somerset Cambridge

Solomons
St. Mary's Island
Talbot Cambridge

Washington Nane

Wicomico Cambridge

Worcester Ocean City

Methodology — USACE: Sea-Level
Change Considerations for Civil Works
Programs, October 2013
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Permanent Inundation for
Anne Arundel

Legend Legend

Permanent Inundation Permanent Inundation
e At Risk At Risk

Data Sources: ESRI, MDOT, MD DNR, Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,
US Census Bureau, USDA
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Permanent Inundation
Somerset County

Maryland Department
of Transportation




Key Step
Assess Vulnerability

* Two Pilot Counties

* Initial Screening of
Assets

* Tools Used

— Vulnerability Assessment
Scoring Tool

— Hazard Vulnerability
Index
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Initial Screening

Climate Change Impact Zone
Map Created Using GIS

Eliminate assets at low to no
risk prior to use of VAST

Used SLOSH (Cat 3), 2100
MHHW, FEMA 100 year
Floodplain, plus 50 ft buffer
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Results of Screening

m Anne Arundel County Somerset County

Number of
Assets

517

Bridges
including
large culverts

Culverts-
12,024

Small
culverts and
conveyances

Miles of
roadway
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8,601

2,554.28
miles

Conveyances-

Evaluated in
More Detail

150

Culverts-
1,174

Number of
Assets

86

Culverts-
1153

Evaluated in
More Detail

72

Culverts-
739

Conveyances- Conveyances Conveyances

343
114.99 miles

1135
503.92 miles

847
285.2 miles
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VAST - Input and Results

150 bridge assets in Anne Arundel County
72 bridge assets in Somerset County
Input Information
Asset data
Exposure data
Sensitivity data
Adaptive Capacity data
Output
Vulnerability Score for all structures
10 most vulnerable assets to each climate stressor
Maps and tables showing most vulnerable structures
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FHWA Vulnerability Assessment
Scoring Tool Results

Vulnerability to Precipitation

Structure Evacuation
VAST Score
ID Route

3.1 Yes

2.8 No
2.8 No
2.8 No
2.8 No
2.8 No
2.6 No
2.6
2.5
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Hazard Vulnerability Index (HVI)

Risk =

_ (Flood Depth Code + 0.01) 0.7
(Evacuation Code x 0.5 + 1) * * . ——)
4 Functional Classification
Evacuation Code Flood Depth (Feet) Code Value ‘ SHA Functional Class
Principal Arterial — Other Freeways and
Expressways

Principal Arterial — Other

1-2

Minor Collector
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HVI for Anne Arundel County

Legend

Hazard Vulnerability Indicator
Critical

—— High
Moderate

— Low

Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,
US Census Bureau, USDA
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Legend

Hazard Vulnerability Indicator
Critical

—— High
Moderate

— LOW

Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,
US Census Bureau, USDA

Inset 1

Inset 2
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HVI for Somerset County

Inset 1 Inset 1

N
Virginia

Inset 2

Legend s o) Legend

Hazard Vulnerability Indicator = Hazard Vulnerability Indicator
Critical . Critical

— High — High
Moderate Moderate

— Low —Low

Data Sources: ESRI, MDOT, MD DNR, Data Sources: ESRI, MDOT, MD DNR.
Salisbury University, SHA, Stantec, Salisbury University, SHA, Stantec,
US Census Bureau, USDA US Census Bureau, USDA
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Vulnerable Areas at Risk

Bay Bridge
Approach

Legend

Vulnerable Areas at Risk
o Most Vulnerable Structure
(from VAST)

Most Vulnerable Road
(from HVI and Inundation Data)

Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,
US Census Bureau, USDA
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Legend

Vulnerable Areas at Risk
o) Most Vulnerable Structure
(from VAST)
Most Vulnerable Road
(from HVI and Inundation Data)

Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,

Maryland

-
Virginia
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HVI for Annapolis 2050

is, Maryland

(10 year flood event)
T L2ddl
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HVI for Annapolis 2100

Inundation
- 33n
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Results
Anne Arundel County and Somerset County

Permanent Inundation

2050 & 2100 Sea Level Change (USACE
method)

2050 & 2100 Sea Level Change with 100 Year Storm
Event (HAZUS-MH)

Storm Surge Considerations (Still Water)
Hazard Vulnerability Index (HVI)
Vulnerability Scores from VAST for bridges

Vulnerable Areas at Risk
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Example Origin/Destination Network

Evaluate the travel times and
access to random locations
both before and after a flood
event

69 Random but evenly
distributed Origin and
Destination points chosen

Route « (Straight
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Percentage of Traversible Trace Paths
in AA County with MSL SLC
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No flooding 10% chance 4% chance 2% chance 1% chance 0.2% chance
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Origin to Destination Analysis

No Flooding - MSL 2050
Increase in Path Length (ft)
O No Increase
@ 1-1.00
@ 1.001-5000
5,001 - 10,000
10,001 - 15,000
Unreachable Origins
Destinations

Inundation Area

No Flooding - MSL 2100
Increase in Path Length (ft)

\ O Noinorease
F @ 1-1.000

@® 1001-5000

@ s001-10000

@ 0.001- 15000

Q@ Unreschadle Origins
@ oOstinstions

Inundation Area
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Highway Needs Inventory

The HNI is planning document based
on atechnical evaluation of highway Seeds Imventon Worlsheet ™50
conditions. o oo

The general scope is based on
reasonable design standards.

Costs are approximate and based on
likely improvement types.

The HNI lists only major capital
construction projects.

Low cost or minor capital
improvements, such as, “System
Preservation Projects” are not
included.
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MOSAIC

1\
The MOSAIC tool will allow )
SHA to: =
O
- To take a data driven 2, =
approach to the Highway % a %
Needs Inventory (HNI) and \\fj? = Data
inform a discussion with \\)/ a5 O {2 Inputs
the Counties. ‘
« Analyze different project
improvement alternatives Process
at the long-term planning
Y, Data Package
« Develop outputs to assist * PDF Report o
in project prioritization, . utputs
asset management and Metadata
funding decisions. e ArcGIS Files
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Integrate Into the Organization

SHA

of Planning and Preliminary Engineering
Proposed Reorganization
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DIRECTOR

Frajaat Da:
and Approval

Project Environmental
Management Planning
Division DC

Management
ADC

Enﬁ:ﬁénng Compliance B

ADC

Cultural
Resgurces
ADC
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Deputy
Director

Flarnimg and
Programming

Regional and
Intermodal
Division DC Planning

+ Major Projects Division DC

Regional
Planning
ADC

Functional
Programs
ADC

Management

Bike/Pedestrian
and Local Public

Agency Programs
ADC

Travel
Forecasting
and Analysis
Division DC

Programs/
Modeling
ADC

Data
Governance
Division DC

Data Standards

N\ GIS

Coordinator

[Performance
sed Planning!
Asset Management
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Takeaways

Lessons Learned:
« NEPA is agood place to document adaptation but too late

to identify the need for it
 Encourage other divisions to conduct climate studies

Tools/Resources:

 VAST and HVI are helpful for vulnerability assessments

 Many different vulnerability data will need to be collected
and updated

Recommendations:
* Involve multidisciplinary teams as much as possible in
studies and scoping tasks
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Questions

Elizabeth Habic
Office of Planning and Preliminary Engineering

ehabic@sha.state.md.us
410-545-8563

Climate Change Adaptation Plan with Detailed Vulnerability
Assessment, October 2014

http://www.fhwa.dot.gov/environment/climate _change/adaptation/ongoing_and_current_res
earch/vulnerability _assessment_pilots/2013-2015 pilots/index.cfm
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