SHA Climate Change Adaptation
Plan with Detailed Vulnerability
Assessment

MOITS
December 9, 2014




DIScussion

> Objectives

> Framework
> Data, Tools
> Methodology.
> Results

> Next Steps



Pilot Study Objectives

> Assess Vulnerability to SHA’s e
ASSEets a2 -

> Develop Approaches to Address & ==
Current and Future Risk TS O

> Provide Recommendationsfor — = B
Policy or Process Changes T Event at Seneta Creek In Gesmani, MD

Photo Source: (FEMA/Skolnik 2006)

“Improve Resiliency of Maryland’s
Transportation System”
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Develop Framework

> Modified Framework e
LW 0y {: | " DMINISTRATION'S
L J COﬂdUCted General ‘ é.#l CLIMATE CHANGE &
Assessment of Asset WA b | I,
rey . MUT. SRR M ULNERABILITY
Vulnerabilities and Adaptation | Sl (et

Measures R
> Incorporated Different "
Screening Approaches

o Climate Change Impact Zone
> Process Repeatable




“Draft”
Framework

ﬁDrocess \

repeatable when
new climate data
IS available or
changes to the
environment

\.occur -

Identify Program
Goals and Objectives

Collect and
Maintain Asset Data

Identify Climate Stressors

Identifying Asset Type and
Assessing General
Vulnerability

Develop General
Adaptation Measures

Conduct Initial Screening
of Assets Affected by
Climate Stressors (Tier |)

Conduct Detailed Yulnerability
Assessment for County/State
(Tier 11)

Assess Risk and
Prioritize Assets

Identify Areas at Risk

Conduct Site Specific Analysis
for VVulnerable Locations at
Risk (Tier III)

Plan, Design and Implement
Adaptation Measure(s)

Menitor Success of
Adaptation Measure/Update
Asset Management

Update Climate Data
or Changes to Environment




ldentify Climate Stressors

Studied in Detail for Maryland

» USACE Procedures Established in
Sea Level Circular No. 1165-2-212 (2013)
Ch ange « Newer LiDAR and Assign Nearest Tidal
Station

* HAZUS-MH 2.1 (Category 3 Storm Used)

Storm SU rg e o Stillwater Depth Grids Developed

 Micro-scale Data Obtained from C-MIP

PreCipitatiOn  Riverine Modeling in HAZUS-MH2.1
(future)
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2050 & 2100 Sea Level Change

Eastern Shore Regional GIS Cooperative — Salisbury University
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Works Programs, October 2013
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2050 & 2100 Sea LLevel Chan
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Initial Screening

o Climate Change Impact
Zone Map Created
Using GIS

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

e Used SLOSH (Cat 3), —g
2100 MHHW, FEMA 100 s

year Floodplain, plus 50 ™
ft. buffer Climate Change Impact Zone

Anne Arundel, MD
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Results of Screening

Anne Arundel County Somerset County

Number of Evaluated in Number of Evaluated in
Assets More Detall Assets More Detall

Bridges 517 150 86 72
including
large culverts

Small Culverts- Culverts- Culverts- Culverts-

culverts and 12,024 1,174 1153 739
NSl Conveyances- Conveyances-

8,601 243 Conveyances Conveyances

1135 847

Miles of 2.554.28 miles 114.99 miles 503.92 miles 285.2 miles
roadway




ASSESS
Vulnerability

> Two Pillot Counties

> Initial Screening of
ASSets

> SLC — Permanent
Inundation

> Tools Used

o Hazard Vulnerability

Index

Change Impact Zone
e VAST Somerset County, MD

— Road

s
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Results - Roadways

> Permanent Inundation

o Anne Arundel County 2050 & 2100 Sea Level Change
(USACE)

o Somerset County 2050 & 2100 Sea Level Change (USACE)

> Hazard Vulnerablility Index (HVI)

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

o Storm Surge Considerations (Still \Water)

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

o Storm Surge Considerations (Still \Water)



Legend

Permanent Inundation
= At Risk

Data Sources: ESRI, MDOT, MD DNR,

Salisbury University, SHA, Stantec,
US Census Bureau, USDA

Permanent Inundation for
Anne Arundel

Legend

Permanent Inundation
— At Risk
Data Sources: ESRI, MDOT, MD DNR,

Salisbury University, SHA, Stantec,
US Census Bureau, USDA



Permanent Inundation
At Risk
Data Sources: ESRI, MOOT, MO DNR.

Salisbury University, SHA. Stantec,
US Gensus Bureau, USDA

Permanent Inundation
Anne Arundel 21.00

Permanent Inundation
At Risk
Dsta Sources: ESRI, MDOT, MO DNR

Salisbury University, SHA. Stantec,
US Gensus Bureau, USDA

COLUMBIA
BEACHIRD.

MASONS.
BEACH RD.

Legend

Permanent Inundation
At Risk
Dsta Sources: ESRI, MDOT, MO DNR

Salisbury University, SHA. Stantec,
US Gensus Bureau, USDA




Permanent Inundation
Somerset County

aryland
_Manian,
Virginia

Legend
Hazard Vulnerability Index
Legend Critical
—— High
Moderate
At Risk — Low

Permanent Inundation

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

10
Miles




Permanent Inundation
Somerset County - 2100

Legend

Permanent Inundation Inset l WENTEHAVEN, : . Z Inset 2

FERRY.RD,
At Risk

Data Sources: ESRI, MDOT, MD DNR,
Salisbury University, SHA, Stantec,
US Census Bureau, USDA
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Hazard Vulnerability Index (HVI)

Risk =

4

, (Flood Depth Code + 0.01) 0.7
(Evacuation Code * 0.5 + 1) * *

Functional Classification

Code Value ‘ SHA Functional Class

Interstate

Principal Arterial — Other Freeways and
Expressways

Evacuation Code Flood Depth (Feet)

No No Flood

M 0-0.5
Principal Arterial — Other

Major Collector
1-2

Minor Collector



Hazard Vulnerability Index (HVI)

Risk

Value ‘ Category

Critical:

— Lower Bound of Flood Depth
Code of 4 and Evacuation
Route for Any Roadway

— Lower Bound of Any Flooding
to Functional Classification 1
Roadways (Interstates)

High:
— Lower Bound is Flood Depth
Code of 4 for Any Roadway

Moderate:

— Flood Depth Code 1-3 for
Functional Classifications 2-7

Low:
— No Flooding



HVI for Anne Arundel County
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Hazard Vulnerability Indicator
— Critical
—— High

Moderate

Hazard Vulnerability Indicator
= Critical

—— High

RI, MDOT, MD DNR,
ty, SHA, Stantec,
u, USDA



HVI for Anne Arundel County

OLDMAGOTHY.
BRIDGE RO

Hazard Vulnerability Indicator
Critical

— High
Moderate

— Low

Data Sources: ESRI, MDOT, MD DNR

Salisbury University, SHA, Stantec,
US Census Bureau, USDA

Legend

Hazard Vulnerability Indicator
Critical

——— High
Moderate

— Low

Data Sources: ESRI, MDOT, MD DNR

Salisbury University, SHA, Stante,
US Census Bureau, USDA

IDLEWILDE RD,

REG;
%, 2o
CEDARHURST RD

COLUMBIA
BEACHIRD

HILLSMERE DR

SHOREHAM
BEACH RD!
Legend
Hazard Vulnerability Indicator
Critical
——— High
Moderate
— Low
Data Sources: ESRI, MDOT, MD DNR

Salisbury University, SHA, Stante,
US Census Bureau, USDA

A Chesapeaks Ave
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HVI for Annapolls 2100

‘ 'Annapolls Maryland .

Sea Level 2100 (10 year flood eve




HVI for Somerset County

fM_a ry_Jan_z.i
Virginia

Legend

Hazard Vulnerability Indicator
Critical

—— High
Moderate
Low

Data Sources: ESRI, MDOT, MD DNR,
Salisbury Universty, SHA, Stantee,
US Census Bureau, USDA

Legend

Hazard Vulnerability Indicator
Critical

—— High
Moderate

— Low

Data Sources: ESRI, MDOT, MD DNR

Salisbury University, SHA, Stantec,
US Census Bureau, USDA




V| for Somerset County 2100

Legend
Hazard Vulnerability Indicator I nset 1 TN
FERRY RD.

Critical
— High

Moderate
—— Low

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

Inset 1




HV/1 for Crisfield 2014

VR %

Crisfield, Maryland
Mean Sea evel [114 (10 year :Jod




HV/1 for Crisfield 2050

Crisfield, Maryland

Mean Sea Level 2050 (10 year flood event)

Inundation
34m

Water on Roadway




HV/I for Crisfield 2100

Crisfield, Maryland

Mean Sea Level 2100 (10 year flood event)

Inundation
-— an
-afn
Water on Roadway




VVAST - Input and Results

> 150 assets in Anne Arundel County (bridges and
culverts)

> (2 assets In Somerset County (bridges and culverts)

> Input Information
o Asset data
o EXposure data
o Sensitivity data
o Adaptive Capacity data

> Output
o \Vulnerablility Score for all structures
o 10 most vulnerable assets to each climate stressor
o Maps and tables showing most vulnerable structures



VAST Input — Asset Information
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Asset Data
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Results

08152014 Somerset Vulnerability Assessment.xlsm - Microsoft Excel
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Vulnerability Assessment Summary.

2014 Somerset Vulnerability Assessmentaxdsm T
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View results for...
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Bridges Vulnerab

Mot Exposed

Low (= 1)
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N |

2050 2100 2050 2100

Precipitation Changes Sea Level Rise Storm Surge

10 Most Vulnerable Assets to Each Stressor
(highlighted assets appear in multiple lists)

@ Scenario 1 (_» Scenario 2

Precipitation Changes Sea Level Rise Storm Surge
1D Name 1D Name 1D Name
23 US 13 NB 3.3 23 US 13 NB . 23 US 13 NB
21 Us 13 5B 3.2 21 U513 SB ! 21 Us 13 5B
A0 OLD PRINCESS ANNE 3.2 3 MARSH ROAD . 48 MD 363
3 MARSH ROAD 3.1 A0 OLD PRINCESS ANNE - 49 MD 363
4 SMITH ISLAND ROAD 3.0 11 BRYAN HALL ROAD . APE HOLE ROAD

5b_Sensitivity ATypeLSéressc’»rB ' JSC_Adaptive Capacity ATypel 6 _Vulnerability ATypel _ Dashboard ‘ﬂﬂ 4

IEETET




VVAST vs. Historical Flooding - SLR

d d
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= “Virginia

Legend Legend
Historical Flooding

VAST Structure Vulnerability
O Sea Level Rise

O SeaLevel Rise

Data Sources: EERI, MDOT, MD DNR, Data Sources: EERI, MDOT, MD DNR,
Salisbury University SHA Stantae, Salishury University, SHA, Stantec,
US Census Bureau, USDA US Census Bureau, USDA




VVAST vs. Historical Flooding —
Storm Surge

Legend
Historical Flooding Legend N

® Storm Surge - Always VAST Structure Vulnerability
© Storm Surge - Sometimes

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

@ Storm Surge




Vulnerable Areas

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

Legend

Vulnerable Areas at Risk
) 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

Mar}iﬂ’f

= Tirginia




Next Steps for SHA
Climate Change Program

> Continue statewide county vulnerability
assessments

> Brainstorm adaptation options for HVI categories

> Conduct Site Specific Analysis using a Holistic
Approach in coordination with Local Stakeholders
for “Vulnerable Locations at Risk™ — Tier Il Studies

> Conduct detailed Alternatives Evaluation with Cost-
Benefit Analysis

> Coordination with Anne Arundel and Somerset
Counties when origin to destination: studles are

complete (( kd/,
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