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Presentation Outline

• Recap goals & objectives
• Brief overview of methodology
• Data gathering
• Exposure
• Vulnerability Assessment Results – 2030 and 

2070
• Key Findings
• Adaptation Strategies
• Recommendation & Next Steps
• Q&A

2



Goals and Objectives

Climate Change Vulnerability Assessment

• Advance and document the MBTA’s understanding of its
climate vulnerabilities.

• Evaluate the anticipated near- and long-term vulnerability of
the Orange Line system to the climate hazards of coastal
flooding and sea level rise, extreme precipitation, extreme
heat, wind, and winter weather.

• Develop a standard climate change vulnerability
assessment methodology, which will allow the MBTA to
conduct comparable assessments for all of its assets and
infrastructure

• Integrate resilience considerations into the asset
management and capital planning decisions

• Provide representative climate adaptation strategies and
additional detailed studies for prioritized most vulnerable
Orange Line system assets.
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Key Deliverables

Climate Change Vulnerability Assessment

• Vulnerability Assessment Tool, which can:
• identify major climate vulnerabilities
• produce Vulnerability Scores for project planning & asset management and maintenance
• assess resilience benefits of potential projects
• be customized by adjusting weightings of individual climate stressors or vulnerability scores
• be updated as projects are completed

• Vulnerability Assessment Report, including Summary Recommendations of Priority Projects and 
Adaptation Strategies

• GIS file of Linear References Assets, for identification of vulnerable assets

• Flood Screening Memorandum + 2D Flood Modeling at 3 locations, to identify areas of potential 
additional precipitation flood hazards

• Vulnerability Assessment Presentation, for communicating findings
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EXPOSURE

The Federal Highway Administration’s (FHWA) Vulnerability Assessment Scoring Tool 
(VAST) was used and adapted to align with the MBTA’s goals and operations.

Climate Change Vulnerability Assessment

Process Overview

VULNERABILITY

SENSITIVITY ADAPTIVE CAPACITY+ +

=

Whether an asset is 
located in an area 

experiencing direct 
climate impacts

The system’s ability to 
cope with climate impacts

How the asset fares when 
exposed to a climate event
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Climate Change Vulnerability Assessment

Data Gathering

• MBTA Plans, drawings, and background documents

• Site walks and interviews

• MBTA Asset Management Inventory, Severe Weather
Plan, Snow and Ice Operations Plan, Rail Transit
Manual, and Ventilation Report

• Assets linear-referenced in GIS

• Sorted by category and type

• Evaluated based on criticality

• Elevations and critical details documented

Data Collection

42 Assets Selected for Assessment

Data Analysis
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Climate Change Vulnerability Assessment

Seepage at Chinatown by track

Data Gathering
Interviews with MBTA 

Staff
Station Site Visits

Rust at Back Bay platform level ceiling

Assets Linear Referenced in GIS
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Climate Change Vulnerability Assessment

Data Gathering – Critical Systems Data by Asset Typology
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Historic Vulnerabilities
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Assessment Results – 2030

Climate Change Vulnerability Assessment

Summary 2030 results map and table of Highly Vulnerable Assets 

Highly Vulnerable Assets:  2030 Vulnerability Scores ≥ 2.5
• Vulnerability = Exposure + Sensitivity + Adaptive Capacity
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Asset Description 2030 Vulnerability Scores
No. Name Type Composite
1 Wellington Yard Yard 2.9 2.5 3.0 2.3 3.2 3.2
2 Assembly - Wellington Guideway 2.8 2.5 2.1 3.1 3.0 3.1
3 Assembly Station Station 2.7 2.3 2.1 2.8 3.1 3.1
4 Wellington – Malden Guideway 2.6 2.2 3.0 2.7 2.2 3.0
5 Community College – Sullivan Sq. Guideway 2.6 2.2 2.9 2.9 2.2 2.9
6 Sullivan Sq. – Assembly Guideway 2.6 2.6 2.2 2.6 2.5 3.2
7 North Station – Community College Guideway 2.5 2.2 3.1 3.1 1.9 2.3
8 Back Bay – Tufts Medical Center Guideway 2.5 2.4 3.2 2.2 2.4 2.4
9 Wellington Station Station 2.5 2.1 2.6 2.0 2.8 2.9
10 Sullivan Square Station Station 2.5 2.3 2.1 3.1 2.3 2.4



Assessment Results – 2070

Climate Change Vulnerability Assessment

Summary 2070 results map and table of Highly Vulnerable Assets 

Highly Vulnerable Assets:  2070 Vulnerability Scores ≥ 2.5
• Vulnerability  = Exposure + Sensitivity + Adaptive Capacity
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Asset Description 2070 Vulnerability Scores
No. Name Type Composite
1 Wellington Yard Yard 3.2 2.9 3.4 3.3 3.2 3.2
2 Assembly - Wellington Guideway 3.0 2.8 3.1 3.1 3.0 3.1
3 Sullivan Sq. – Assembly Guideway 3.0 2.9 3.2 3.2 2.5 3.2
4 Roxbury Crossing – Ruggles Guideway 3.0 3.2 3.0 3.0 2.9 3.0
5 Ruggles – Mass Ave Guideway 2.9 2.9 3.3 2.9 2.5 3.2
6 Wellington Station Station 2.8 2.5 3.0 3.0 2.8 2.9
7 Assembly Station Station 2.8 2.6 2.1 3.1 3.1 3.1
8 Wellington – Malden Center Station 2.8 2.6 3.0 3.0 2.2 3.0
9 Sullivan Square Station Station 2.7 2.6 3.1 3.1 2.3 2.4
10 Back Bay – Tufts Medical Center Guideway 2.7 2.7 3.2 2.9 2.4 2.4
11 Community College – Sullivan Sq. Guideway 2.7 2.6 2.9 2.9 2.2 2.9
12 Massachusetts Ave Station Station 2.7 2.6 3.1 2.8 2.4 2.4
13 Haymarket Station Station 2.6 2.6 3.3 3.3 2.0 2.0
14 State Street Station Station 2.6 2.6 3.3 3.3 2.0 2.0
15 North Station – Community College Guideway 2.6 2.6 3.1 3.1 1.9 2.3
16 Ruggles Station Station 2.6 2.7 2.6 2.8 2.4 2.4
17 Chinatown Station Station 2.6 2.6 3.0 3.3 1.9 2.0
18 Jackson Sq. – Roxbury Crossing Guideway 2.5 3.1 3.3 0.0 2.8 3.5
19 Community College Station Station 2.5 2.6 2.0 3.0 2.3 2.4
20 Tufts Medical Center Station Station 2.5 2.6 2.6 3.3 1.9 2.0



13

Assessment 
Results –
Compared



Key Findings – Most Vulnerable Assets by 2030

14



Key Findings – Most Vulnerable Assets by 2070
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Key Findings – Trends
• Sea Level Rise / Storm Surge and Precipitation flooding 

are responsible for the greatest increases in 
vulnerability scores from 2030 to 2070

• Assets with greatest change in Vulnerability from 2030 
to 2070 are:

• Roxbury Crossing – Ruggles guideway to Mass Ave – Back Bay 
guideway, 

• from Tufts – Chinatown guideway to Chinatown Station, 
• the DTX – State Street guideway, 
• and Wellington Yard to Malden Center guideway.
• These changes are generally due to new areas and/or the 

expansion of existing areas being exposed to Sea Level Rise / 
Storm Surge Flooding 

• Vulnerability assessment scoring for heat is based on a 
uniform increase in heat Exposure from 2030 to 2070 
for each asset to reflect overall more significant 
impacts associated with rising temperatures and more 
extreme heat days by 2070.

General Locations of 
Increased and High Vulnerabilities
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Climate Impacts to OL assets –Guideways
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Climate Impacts to OL assets – Maintenance Yards
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MBTA Staff & Passenger Impacts
MBTA Staff and Passenger Impacts

Slippery surfaces. 

Reduced visibility.

Hypothermia or cold temperature exposure.

Heat exhaustion or extreme heat temperature exposure.

Reduced ridership.

Difficulty with access/walking. 

Dangerous and potentially harmful conditions, particularly for 
elderly or vulnerable populations.
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Climate Hazard
Recommendations

MBTA Staff Passengers

General • Review historic impacts to MBTA staff and passengers to improve mitigation and response.
• Develop Extreme Weather Preparedness, Response, and Recovery Plan.

• Review and update health and safety 
policies for heat stress in field work.

• Assess the need for improved shading, 
ventilation, cooling systems, and hydration 
facilities.

• Assess the need for improved shading, ventilation, 
cooling systems, and hydration facilities

• Identify evacuation areas.
• Develop a flood forecasting and 

monitoring system.
• Assess adequacy of staff training for 

extreme weather events.

• Assess emergency communication systems, 
egress systems, and shelter-in-place locations.

• Assess emergency communication systems, egress systems, and shelter-in-place locations.
• Develop a program for verifying assets are secured ahead of storm events.
• Identify wind thresholds resulting in unsafe conditions for operating doors & develop safety plan

• Regularly update MBTA’s Snow and Ice Operations Plan and maintenance schedules.

Staff & Passenger Recommendations
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Near Term Recommended Adaptation Strategies
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Longer Term Recommended Adaptation Strategies
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GuidewaysStations
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Use the Assessment Findings for Longer Term Planning
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Use the Assessment Findings for Longer Term Planning

Incorporate Findings
A. Integrate 2030 Composite Vulnerability

Scores into MBTA’s Asset Management
decision making tools, (e.g. Trapeze)

B. Develop instructions for MBTA Staff to
review and incorporate findings and
recommendations of this assessment into
MBTA’s new potential projects, as well as
to assess benefits associated with reduced
extreme weather impacts on operating
costs and revenues.

C. Revisit vulnerability assessments as new
climate change projections and climate
modeling data becomes available.

Refine Plans
A. Evaluate MBTA’s Flood Resiliency Design Directive and

Design Guidelines with the Climate Resilience Design
Standards Tool and guidelines that have been developed by
the State’s Resilient Massachusetts Action Team (RMAT)
project to compare how climate change projections can be
integrated into design standards and practices.

B. Revisit existing MBTA plans with a resiliency lens to
understand how and when to best integrate resiliency.

C. Expand on the ongoing vulnerability assessments by
identifying potential cascading failure events

D. Develop a change management process for tracking
improvements to physical assets, and triggering updates to
these vulnerability assessment results.

E. Develop a checklist for use during State of Good Repair
(SOGR) assessments to obtain asset-specific information for
use in future updates to the vulnerability assessment scores.
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Use the Assessment Findings for Longer Term Planning
Coordinate
A. Continue to coordinate with regional partners on

climate resiliency strategies with neighboring
stakeholders and communities.

 Examples of partners include: Resilient
Mystic Collaborative, Charles River
Climate Compact, Metro Mayors
Climate Preparedness Task Force

B. Share and compare lessons learned with other
transit agencies to identify and share successful
climate resiliency strategies implemented and
lessons learned.

Improve Capabilities
A. Add to existing extreme weather planning by using

techniques, such as:
 Incorporate real time data gathering (e.g. storm

monitoring, groundwater and flood sensors, wet
well and moisture sensors, weather forecasting,
etc.) into preparedness and response actions,
including communications alert systems across the
MBTA system, including Orange Line.

 Collect and monitor feedback from MBTA staff
following climate resilience preparedness training
and following extreme weather event response
activities.

B. Address MBTA staff and passenger impacts by
assessing the needs for improved shading, ventilation,
cooling systems, and hydration facilities in areas used
by staff and passengers.

C. Review adequacy of MBTA’s insurance policies against
potential vulnerabilities in the future.



THANK YOU

Questions?
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