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Introduction

Purpose of This Document

Project Overview

The purpose of this document is to introduce a set
of resiliency indicators that have been developed for
Metro’s transit programs to help address climate
change.

Internationally there is a growing call for building
more ‘resilient cities’ and for improving the
resilience of critical infrastructure. In the context
of transportation infrastructure, operators strive
to ensure that assets and services can function
uninterrupted to provide a defined level of service,
and with an ability to restore service quickly in the
face of a range of existing and emerging hazards. This
has led to a specific focus on the concept of resilience
and how this can be defined, measured, and improved
across the transport system.

The Framework is intended to help prioritize and
evaluate climate adaptation implementation priorities
to ensure infrastructure resilience and maintain a
good state of repair.
While this document focuses on climate stressors
of precipitation and heat, Metro will explore the
convening of an agency-wide and multi-stakeholder
team to evaluate resilience beyond climate change.

Metro definition of resiliency:
Metro defines resiliency as the ability
to provide core functions in the face of
threats, and recover quickly from major
shocks or changing conditions.

Document Overview
>> Chapter 1 Introduction: provides an overview
of resilience and highlights the purpose of the
Resiliency Indicator Framework.
>> Chapter 2 Project Approach: describes the
development of the framework, the methodology
of the scoring and weighting system, and
summarizes six completed case studies.
>> Chapter 3 Resiliency Indicator Framework:
includes a static copy of each type of
assessment: Technical and Organizational.
There are 20 technical indicators and 41
organizational indicators. This section also
provides guidance on completing an assessment
and recommends implementation strategies.
>> Chapter 4 Potential Next Steps: proposes
additional tasks that can be completed in the
future to continue refinement of the framework.

Metro has been developing and implementing climate
adaptation efforts for a number of years. The 2012
Climate Action and Adaptation Plan provided a
high level screening analysis to identify some of the
most important services and assets that are likely
to be affected by climate change. The 2014 Climate
Vulnerability Assessment (CVA) identified Metro’s
critical assets, and vulnerabilities and climate risks to
these assets. The CVA also identified the need for the
agency to measure/evaluate future options through
the use of resiliency indicators.
Metrics are very important to Metro. The indicators
will provide a mechanism through which Metro
can measure and prioritize the necessary actions to
ensure its assets and organization are resilient in the
face of climate change, and the evolving frequency of
extreme weather events (primarily focused on extreme
heat and flooding from precipitation). It is expected
that the indicators could also be utilized in the context
of broader hazard and failure reduction planning by
Metro in the future.
Resiliency indicators also facilitate the process of
continual improvement and help prioritize actions
for Metro’s planning, construction, and operational
activities. These indicators will contribute to the
understanding of the progress of Metro’s climate
management efforts over time and allow the agency
to gauge the effectiveness of specific strategies.
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Project Approach

Literature Review

Developing and identifying
resiliency indicators is an
emerging field and there is not
one accepted standard. Several
organizations and educational
institutions are currently
developing frameworks.

Building on Existing Work
AECOM New Zealand Ltd completed a research
project in 2014 for the New Zealand Transport
Agency called ‘Measuring the Resilience of Transport
Infrastructure’. The report included a global
literature review of over 70 papers (including
extensive U.S. references), and development of a
full set of resilience indicators for both ‘technical
resilience’ (for hard assets) and ‘organizational
resilience’ (governance and operational issues).
This report formed the foundation for adapted work
applicable to Metro.
Metro first issued the Resiliency Indicator Framework
in June 2014. In early 2015, Metro decided to
complete additional case studies, develop a weighting
system for the technical indicators, and modify the
indicator language based on staff input. The overall
Framework has been updated (Rev.1) to include these
changes.

The organization of resiliency indicators is rooted
within existing academic research and is based
on dimensions (technical and organizational) and
principles (robustness, redundancy, safe to fail,
change readiness, networks, and leadership and
culture), both defined in Table 2-1. By categorizing the
dimensions and principles, a broad framework can be
built, from which meaningful and practical resiliency
indicators can be developed.
The first task for this project was to review relevant
literature since the completion of the NZ report to
identify the major trends that could influence the
development of the Resiliency Indicator Framework.
Over 20 recent documents were reviewed that
were issued between August 2013 - April 2014 and
highlighted the following findings:
>> The majority of resiliency frameworks being
developed are at a city-scale.
>> The identified dimensions (technical and
organizational) in the NZ Report continue to be
supported by the literature.
>> The principles vary within different frameworks,
but ultimately have the same meanings as those
identified in the NZ report.
>> The updated literature review provided examples
of indicators for potential incorporation/
adaptation for the Metro framework.
>> Safe-to-fail concept is supported by updated
literature.

Resiliency Indicator Framework

Resiliency Dimensions and Principles
Based on the findings of the literature review, and
discussions with Metro staff from the Environmental
Compliance & Sustainability Department,
Corporate Safety & Risk Management, Planning and
Operations departments, it was agreed that the two
dimensions remain applicable to Metro: technical
and organizational. However, the definitions of the
principles were expanded to include current trends.
For example, principles such as ‘modularity’ and
‘diversity’ were included within the broader technical
principles of ‘redundancy’ and ‘safe to fail’, and

‘flexibility’ and ‘resourcefulness’ were included within
the broader organizational principle of ‘change
readiness’.
The revised definitions for this project are in Table
2-1. These are drawn from the NZ report and have
been modified based on the literature review update
and consultation with Metro. There are two versions
of the principle definitions – a longer description that
references the primary literature source(s) that were
used, and a simplified ‘working’ principle that may be
more appropriate for day to day use.

Table 2-1: Refined Resiliency Principles
Dimension

Principle and Definition

Technical
Ability of the physical Strength, or the ability of elements, systems and other units of analysis, to withstand a given level of
stress or demand without suffering degradation or loss of function (Bruneau et al 2003).
system(s) to perform
to an acceptable/
Summary Version: Strength of system that can withstand stress and not suffer degradation or loss of
desired level when
function.
subject to a hazard
event
Robustness

Redundancy

Extent to which elements, systems, or infrastructure exists that can be substituted to satisfy
functional requirements and provide business continuity. This can be achieved through either: a)
providing multiple (back-up) or reserve capacity within a system, to fill in for the compromised
system until it can be replaced or repaired (i.e. redundancy) (Bruneau et al 2003); or b) providing a
range of types, methods or modes of service provision or operation in order to reduce the potential
negative impact to a whole network (or city) of the failure of any one particular system (i.e. diversity).
For example, Metro, diversity is provided by the combination of a bus and rail system.

Summary Version: Extent to which elements, systems, or infrastructure exist that can be substituted
to satisfy functional requirements and provide business continuity.
Safe-to-fail
Design approach that allows for failure (where relevant) in a controlled and planned manner that
facilitates rapid recovery. Importantly, this recognizes that the possibility of failure can never be
eliminated.
This may be achieved through innovative design methods [to complement traditional, incremental
risk-based design (Park et al 2013)], or through specific ‘modularity’. This modularity can be
characterized by; a) system components having enough independence so that damage or failure of
one part or component of a system has a low probability of inducing failure, or b) system components
being constructed in a ‘modular’ manner that facilitates rapid rebuild / restoration following failure.

Summary Version: Design approach that allows for failure in a safe and controlled manner, and
facilitates rapid recovery.
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Dimension
Organizational
Capacity of an
organization to make
decisions and take
actions to plan,
manage and respond
to a hazard event

Principle and Definition
Change Readiness
Ability of an organization to anticipate hazards and failures. Involves ability to be flexible, to be
able to change, evolve or adopt alternative strategies (either in the short or long term) in response
to changing conditions (Da Silva, et al, 2012), and learn from success and failure (adapted from
Bruneau et al 2003 and Park et al 2013).
The ability to sense and anticipate hazards, identify problems and failures, and to develop a
forewarning of disruption threats and their effects through sourcing a diversity of views, increasing
alertness, and understanding social vulnerability (Resilient Organisations 2012). Also involves the
ability to adapt (either via redesign or planning) and learn from the success or failure of previous
adaptive strategies (Park et al 2013).
This also includes resourcefulness – that can be conceptualized as: a) the capacity to mobilize
resources when conditions exist that threaten to disrupt some asset or system (adapted from Da
Silva et al, 2012); b) the ability to skillfully prepare for, respond to, and manage a crisis or disruption
as it unfolds (NIAC, 2009), and; c) the ability to apply material (i.e. monetary, physical, technological,
and informational) and human resources to meet established priorities and achieve goals (Bruneau
et al 2003).

Summary Version: Ability to anticipate hazards and failures. Involves ability to adapt, be flexible and
resourceful, and learn from success and failure.
Networks
The ability to establish relationships, mutual aid arrangements and partnerships, understand
interconnectedness and vulnerabilities across all aspects of supply chains and distribution networks,
and; promote open communication and mitigation of internal/external silos (Resilient Organisations
2012).

Summary Version: Ability to establish internal/external relationships, mutual aid arrangements, and
regulatory partnerships.
Leadership and Culture
The ability to develop an organizational mind-set/culture of enthusiasm for challenges, agility,
flexibility, adaptive capacity, innovation and taking advantage of opportunity (Resilient Organisations
2012).

Summary Version: Ability as an organization to embrace challenges, agility, flexibility, adaptive
capacity, innovation, and opportunity

Resiliency Indicator Framework

Relating Indicators and Measurement
Scales to Metro

Framework Process
The framework for the resiliency indicators is
graphically illustrated in Figure 2-1 and demonstrates
the thought process on how the organization
of dimensions and principles results in specific
indicators and scores.

Figure 2-1: Framework Process

1
• Technical

2
• Robustness
• Redundancy
• Safe to Fail

3
• 20 Technical

4

Dimension
• Organizational

Documents that were reviewed for incorporation
include:
>> Metrics for Tracking Climate Change Adaptation
(2013)
>> Climate Vulnerability Assessment (2014)

Principle
Measurement
Scale
• Change Readiness
• Networks
• Leadership & Culture

>> Rail Design Criteria (May 2012)
>> Emergency Response Plan (index only)(2010)
>> State of Good Repair Asset Database (2013)
>> Long Range Transportation Plan (2009)

Indicators
• 41 Organizational

Measurement Scale
Level of Resilience:
• 4 (Very High)
• 3 (High)
• 2 (Moderate)
• 1 (Low)

5

A key component of this project has been to tailor the
Resiliency Indicator Framework so that each indicator
is specific to Metro. A number of indicators were
removed or consolidated, many were reworded and
their measurement scales revised. Direct links have
been made to other Metro documents that relate
to climate change and emergency planning. One
example includes using the data from the State of
Good Repair Asset Database regarding the condition
of an asset (good, adequate, poor, etc.) and tying it
directly to Metro’s measurement scale.

Score

• Individual scores are aggregated by principle and
dimension.
• Technical: Each indicator is scored and weighted
• Organizational: Each indicator is scored

A list of all the resiliency indicators is provided in
Table 2-2.
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List of Resiliency Indicators
Table 2-2: List of Indicators
Technical

Organizational

ROBUSTNESS

CHANGE READINESS

R-01.
R-02.
R-03.
R-04.
R-05.
R-06.
R-07.
R-08.
R-09.
R-10.
R-11.

C-01.
C-02.
C-03.
C-04.
C-05.
C-06.
C-07.
C-08.
C-09.
C-10.
C-11.
C-12.
C-13.
C-14.
C-15.
C-16.
C-17.
C-18.
C-19.
C-20.
C-21.
C-22.
C-23.
C-24.
C-25.
C-26.
C-27.
C-28.
C-29.

Maintenance - Day to Day
Maintenance - Post Incident
Renewal/Upgrade (Long Range Plans)
Design - Compliance with Current Codes
Design - Condition of Asset
Design - Vulnerability Assessment
Design - Resilience Design Criteria
Design - Overheating Standards
Extreme Weather Repair Costs
Supplier Utility Robustness - Awareness
Supplier Utility Robustness - Improvement

REDUNDANCY
RE-01.
RE-02.
RE-03.
RE-04.
RE-05.
RE-06.
RE-07.

Alternate Route/Mode Availability
Alternate Route/Mode Capacity
Spare Capacity
Back Up Parts and Equipment
Re-routing and Communication Plans
Supplier Utility Redundancy - Awareness
Supplier Utility Redundancy - Improvements

SAFE-TO-FAIL
S-01. Safe-to-Fail - Design Approach
S-02. Safe-to-Fail - Design Guidelines

Warnings - General Public
Communication Systems - Staff
External - Public Awareness
Sensors
Current Weather Data
Backup
Coverage
Information
Roles & Responsibilities - Key People Identified
Roles & Responsibilities - Succession Planning
Internal Coordination - Event Response
Remote Response Ability
Staffing Responder Roles
Sufficient Staffing
Risk Assessment and Scenario Planning
Emergency Management Plans - Existence
Tracking Climate-related Injuries
Joint Planning
Priority Routes/Structures to Manage First
Lessons Learned and Thinking Ahead
Training /Drills - Curriculum
Training /Drills - Offered
Training /Drills - Completed
Training /Drills Practice - Testing & Public Eng.
Capital Availability
Operational Funding for Resilience Initiatives
Integration with Resilience
Contingency Funding
Modelling

NETWORKS
N-01.
N-02.
N-03.
N-04.
N-05.
N-06.

Internal Relationships
Information Sharing - Internal
Inter-agency Compatibility
Business Continuity/Awareness
Information Sharing - External
Inter-agency Compatibility and Cooperation

LEADERSHIP AND CULTURE
L-01.
L-02.
L-03.
L-04.
L-05.
L-06.

Roles and Responsibilities
Staff Engagement
Leveraging Knowledge
Crisis Decision Making
Advance Agreements
Approach to Projects

Resiliency Indicator Framework
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Resiliency Score and Weighting
illustrates the weighting (the bigger the segment, the
greater the weighting) and the color of each segment
illustrates the score (the darker the green, the higher
the score). The assessment scorecard also provides a
score for each principle.

The assessor selects a score for each indicator, based
on a measurement scale from 1 (least resilient) to
4 (most resilient) that has been tailored for each
indicator. In addition, each technical indicator
is automatically weighted on a 4-tier scale (low,
medium, high, highest). See example, Figure 2-3.
The weighting is predetermined and based on Metro’s
core values of safety, service reliability, and fiscal
responsibility and priorities outlined in Metro’s policy
and plans. See appendix A for summary of weighting
methodology. Note: at this time only the technical
indicators have been weighted.

The purpose of the scoring and weighting system is to
ensure Metro prioritizes certain resiliency indicators.
This will help focus limited funding on improving
areas of resilience that are in line with the agency’s
other key priorities. The graphic will also provide a
side-by-side comparison of assessments.
Figure 2-2: Example Technical Resiliency Summary Score

All of the indicator scores are aggregated into one
overall weighted resiliency score on a 10 point scale
(1 least resilient, and 10 most resilient) and is based
on the total percentage of points achieved for that
assessment.
A graphic is also automatically generated to provide
a snap-shot of a technical assessment (see example,
figure 2-2). The number in the center of the graphic
is the overall resiliency score. Each segment
represents an indicator, grouped by principle. Each
principle is noted on the graphic by a color (purple
for robustness, yellow for redundancy, and blue for
safe-to-fail). The size of each segment of the graphic

Principle

Score
4 (Most resilient)

1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy
Safe-to-fail

2

Figure 2-3: Example Indicator

Indicator

Measurement Scale

Lead Department/
Source of Information

Score
1 = Least Resilient
4 = Most Resilient

Weighting
Lowest - Highest

Assessment
Notes/ Score
Justification

ROBUSTNESS
Maintenance-Day to day
Standard Operating
Procedures (SOP’s) exist
to maintain asset(s) and
ensure safe and reliable
operation - as per
operations manual, asset
management plans (e.g.
– stormwater systems are
not blocked).

4 – Audited inspection of Standard
Operating Procedures (SOP’s) and
corrective maintenance completed within a
specified timeframe.
3 – Partially audited inspection of SOP’s
and corrective maintenance completed
when required.
2 – Ad hoc inspections and corrective
maintenance completed, but with possible
delays/backlog.
1 – No inspections or corrective
maintenance completed.

Lead Department(s)
Operations - Maintenance
Equipment Maintenance,
Facility Maintenance,
RFM - Rail Facilities
Maintenance, Rail
Communications, Contract
Management
Source of Information
Maintenance plans and
procedures

Completed by
assessor

High

Completed by
assessor
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Workshops

Case Studies

Several workshops were held as part of the framework
development process and included key Metro staff
from the following departments: Environmental
Compliance & Services Department, Corporate Safety
& Risk Management, and Planning and Operations.

Six case studies were completed with Metro staff to
address a diversity of asset types to ensure that the
Resiliency Indicator Framework is meaningful and
useful across the agency’s operations.
The following case studies were completed:

The purpose of the first workshop (May 2014)
was to introduce the project, receive feedback on
the draft resilience indicators, complete two case
study assessments and to introduce the concept of
developing a Metro resiliency team. Based on the
detailed discussions, several of the indicators and
measurement scales were modified.
Additional workshops were held (April 2015) to
complete four more case studies and further refine
the indicator language.

>> Blue Line - Wardlow Station
>> Gold Line - Overhead Catenary System (OCS)
>> Orange Line - BRT Route between Sepulveda
and Roscoe Stations
>> Bus Line 236 - Route between Victory and
Ventura Boulevards
>> Metro Bus Division 9 - Maintenance Facility

Overall, Metro staff recognized the value of this work
effort and are starting to see/having to respond to
emergencies, some of which are a result of emerging
climate change issues and other potential hazards
(such as the accident on I-210 that took out the
Gold Line OCS) offering a future overview of what
resilience issues may arise. Staff highlighted that
the implementation of the Resilience Indicator
Framework will require resources (time and funding).
They recommended a phased implementation
strategy, such as grouping assets together to evaluate
categories of assets, rather than individual assets.
There was also a strong interest in evaluating how
indicators could be integrated into other Metro
initiatives, such as scoping for the upcoming agencywide risk assessment.

>> Gold Line - Little Tokyo Station Communication
System
A summary is provided in Table 2-3.
Note: based on limited workshop time and further
refinement of the indicators, some of the case study
scores have been slightly adjusted, based on Metro review,
to correlate to the updated streamlined framework.
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Table 2-3: Case Studies
Case Study

Evaluation Summary

Resiliency Score
10 = most resilient,
1 = least resilient

Wardlow Station, Blue Line

Resiliency Score = 5.3

Wardlow Station on the Blue Line received an overall
resiliency score of 5.3.

Robustness = 4.6
Redundancy = 6.9

The asset scored high in the following indicators:
compliance with current codes, defined alternate route/
mode choices and rerouting plans, and availability of
back up parts and equipment.

Safe to fail = 2.5

The asset scored low in the following indicators:
develop overheating standards, understand extreme
weather repair costs, engage utility suppliers to improve
procedures, and provide capacity levels during alternate
route/mode events.
Background:
The tracks that run along
embankments are susceptible
to bank erosion. This indicates
high sensitivity to potential
flood events.

Given that safe to fail is a relatively new approach, this
was not considered for the design and construction of
Wardlow Station

Principle

Heat and wind can expand
wires and cause arcing. Storms
can cause objects to get lodged
in the wires or tree branches,
which could bring the wires
down. Arcing or other damage
of OCS can cause localized
power outages and service
disruptions.

(Most resilient)
resilient)
44 (Most

4 (Most resilient)

1 (Least resilient)

3

NA/Incomplete

Redundancy

33

Safe-to-fail

22

Score

NA/Incomplete
NA/Incomplete
Principle

1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy
Safe-to-fail

Resiliency Score = 4.7

The OCS along the Gold Line received an overall
resiliency score of 4.7.

(Leastresilient)
resilient)
11 (Least

4 (Most resilient)

2

Robustness = 5.1
Redundancy = 4.0

The asset scored high in the following indicators:
maintenance day to day, compliance with current codes,
and the condition of the asset.

Background:

Pr
Pri

Score
Score

Robustness

2

Overhead Catenary System
(OCS), Gold Line

Legend:

Score

Safe to fail = 2.5

The asset scored low in the following indicators:
maintenance post incident, design criteria does not
include resilience or overheating standards, extreme
weather repair costs, and supplier utility improvement
procedures.
The indicators that focus on alternate route/mode choice
and routes have not been included, but should be further
evaluated to understand applicability.
Legend:
Given that safe to fail isScore
a relatively new approach, this
was not considered for the design
and construction
4 (Most resilient)
1 (Leastof
resilient)
the OCS.
NA/Incomplete
3
2

Principle

Score

Pr
Pri

Score
Score

Robustness

(Most resilient)
resilient)
44 (Most

(Leastresilient)
resilient)
11 (Least

Redundancy

33

NA/Incomplete
NA/Incomplete

Safe-to-fail

22

Principle

4 (Most resilient)

1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy

2

Safe-to-fail
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Case Study

Evaluation Summary

Resiliency Score
10 = most resilient,
1 = least resilient

Bus Route Between Sepulveda
and Roscoe Stations, Orange
Line

Resiliency Score = 6.4

The Orange Line – route between Sepulveda and Roscoe
Stations received an overall resiliency score of 6.4.

Robustness = 6.1
Redundancy = 7.3

The network scored high in the following indicators:
maintenance – day to day; compliance with current
codes; availability of alternate route/mode choice; rerouting and communication plans.

Background:
The high speed bus route is
located in an area with a high
number of extreme heat days
and experiences a high number
of engine and air conditioning
failure road calls. This area is
anticipated to experience even
more extreme heat days as a
result of climate change.

The assessment scored low in the following indicators:
implementation of resilience strategies based on
design criteria; existence of vehicle, facility and busway
design criteria to address resilience; awareness of
supplier utility robustness; awareness of supplier utility
redundancy; and supplier backup plan procedures.
Given that safe-to-fail is a relatively new approach, this
was not considered for the design and construction of
the Orange Line.

This local bus line experiences
periodic flooding issues
associated with the Sepulveda
Basin during heavy rainfall
periods, which are projected
to get worse with extreme
weather impacts.
This assessment includes the
buses and street route the
buses operate on.

Principle

Prin
Prin

Score
Score

4 (Most resilient)

1 (Least resilient)

Robustness

(Most resilient)
resilient)
44 (Most

(Leastresilient)
resilient)
11 (Least

3

NA/Incomplete

Redundancy

33

NA/Incomplete
NA/Incomplete

Safe-to-fail

22

2

Score

The Metro Bus Local Line 236 route from Victory to
Ventura Boulevards received an overall resiliency score
of 5.5.

Principle

4 (Most resilient)

1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy
Safe-to-fail

2

Line 236 scored similarly to the Orange Line, primarily
because both are managed by Division 8. However,
the two bus lines have different vehicle fleets and the
Orange Line operates on a fixed busway. Compared to
the Orange Line, Line 236 scored lower in the following
indicators: vulnerability assessment; defined alternate
route/mode choice; and rerouting and communication
plans.

Background:

Legend:

Score

This assessment includes the
buses, busway, and stations
between Sepulveda and Roscoe
Stations.

Local Line 236 Route From
Victory to Ventura Boulevards,
Metro Bus

Safe-to-Fail = 2.5

Resiliency Score = 5.5
Robustness = 5.5
Redundancy = 5.8
Safe-to-Fail = 2.5

The network scored high in the following indicators:
maintenance – day to day; compliance with current
codes; defined alternate route/mode choice; re-routing
and communication plans.
Legend:
Principle
Score
The network scored low
in the following indicators:
Robustness
4 (Most
resilient) based1on
(Least
resilient)
implementation of resilience
strategies
design
Redundancy
criteria; existence of vehicle3 design criteria to NA/Incomplete
address
resilience; awareness of supplier
utility robustness;
Safe-to-fail
2
Score
awareness of supplier utility redundancy; and supplier
4 (Most resilient)
backup plan procedures.
3

Given that safe-to-fail is a relatively new approach, this
was not considered for the design of the buses that serve
route 236.

2

Prin
Prin

Score
Score
(Most resilient)
resilient)
44 (Most

(Leastresilient)
resilient)
11 (Least

33

NA/Incomplete
NA/Incomplete

22

Principle

1 (Least resilient)

Robustness

NA/Incomplete

Redundancy
Safe-to-fail
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Case Study

Evaluation Summary

Resiliency Score
10 = most resilient,
1 = least resilient

Maintenance Yard Division 9
San Gabriel Valley, Metro Bus

Resiliency Score = 6.8

Wardlow Division 9 Maintenance Facility received an
overall resiliency score of 6.8.

Robustness = 6.1
Redundancy = 8.4

This asset scored high in the following indicators:
maintenance post incident; compliance with current
codes; awareness of supplier utility robustness; supplier
utility improvement procedures; defined alternate route/
mode choice, capacity level of alternate mode choice;
availability of back up parts and equipment; awareness
of supplier utility redundancy; supplier back up
procedures; and safe-to-fail (requires follow up).
Background:
This maintenance facility
experiences precipitationbased flooding issues, which
are projected to get worse with
extreme weather impacts.
This asset assessment focused
on the Maintenance Facility, but
also included the surrounding
area: storage yard, vehicle
wash, bays, body shop, paint
booth, CNG fueling facility.

Safe-to-Fail = 3.8

This asset scored low in the following indicators:
overheating standards; tracking extreme weather repair
costs; re-routing and communication plans; resilience in
renewal/upgrade plans; and condition of asset.
Given that safe-to-fail is a relatively new approach, this
was not considered forScore
the design and construction of
4 (Most resilient)
1 (Least resilient)
the maintenance facility.
3

Legend:
Principle

NA/Incomplete

2

Score

Pr
Pri

Score
Score

Robustness

(Most resilient)
resilient)
44 (Most

(Leastresilient)
resilient)
11 (Least

Redundancy

33

NA/Incomplete
NA/Incomplete

Safe-to-fail

22
1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy
Safe-to-fail

2

Communications System Little
Tokyo Station, Gold Line

Resiliency Score = 6.6

The Little Tokyo Station Communication System received
an overall resiliency score of 6.6.

Robustness = 6.9
Redundancy = 6.8

This asset scored high in the following indicators:
compliance with current codes; overheating standards;
tracking extreme weather repair costs; and re-routing
and communication plans.

Background:
This is an example of a
utility asset that experiences
precipitation-based flooding.
A new station and system
upgrade (under construction)
is in a new location to serve the
Regional Connector. The new
location should consider that
extreme weather impacts (both
heat and flooding) are projected
to get worse.
This asset assessment includes
the communication system
underground cabinets: battery
equipment, battery UPS, CCTV,
CTS, telephone, F&EM, fire
management panel, radio, PA.

Principle

4 (Most resilient)

Safe-to-Fail = 2.5

This asset scored low in the following indicators: capacity
level of alternate route/mode; resilience in renewal/
upgrade plans; and vulnerability assessment.
Given that safe-to-fail is a relatively new approach, this
was not considered for the design and construction of
the existing or future station and/or communication
assets.
Legend:
Principle

Score

Prin
Prin

Score
Score

4 (Most resilient)

1 (Least resilient)

Robustness

(Most resilient)
resilient)
44 (Most

(Leastresilient)
resilient)
11 (Least

3

NA/Incomplete

Redundancy

33

NA/Incomplete
NA/Incomplete

Safe-to-fail

22

2

Score

Principle

4 (Most resilient)

1 (Least resilient)

Robustness

3

NA/Incomplete

Redundancy

2

Safe-to-fail
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Resiliency Indicator Framework

Implementation Strategies

This section discusses the implementation strategies,
guidance/instructions, and includes a static copy of
the Resiliency Indicator Framework.

>> The Resiliency Indicator Framework is an internal
tool for Metro staff to evaluate resilience of an
asset, group of assets, or the entire agency, in
order to help prioritize climate change adaptation
implementation priorities.

The hands-on Resiliency Indicator Framework tool
is an interactive Excel spreadsheet that includes
the following templates to evaluate technical and
organizational resilience:
>> Technical: the ability of the physical system(s)
to perform to an acceptable/desired level when
subject to a hazard event. There are 20 technical
indicators, which focus on maintenance, design
criteria/codes, back up parts/equipment,
alternative modes/routes, etc. Technical resilience
can be evaluated either by individual asset
(example: one train station, OCS along one line,
etc), or group of assets that work together to
complete a system (example: operating division
that includes several components, all stations
along one rail line, communication systems, etc).
>> Organizational: the capacity of an organization
to make decisions and take actions to plan,
manage and respond to a hazard event. There
are 41 organizational indicators, which focus
on emergency plans, communication systems,
drills and training, funding measures, etc. An
assessment can be completed for an entire agency,
division, department, etc.
The Resiliency Indicator Framework tool has been
developed so that an assessment can be completed
on several levels, such as evaluating only the technical
resilience, or the overall resilience of the agency (both
technical and organizational).

>> Due to limited resources, Metro may consider
prioritizing assessments to be completed. A
recommended practice is to identify the critical
assets that are most at risk from climate
impacts, and that may already be suffering from
extreme weather events. (Reference the Climate
Vulnerability Assessment (CVA) for guidance).
>> Based on the workshops with Metro staff, it also
became evident that certain assessments could be
grouped together to save time, while some should
be completed separately to account for important
differences that may affect resilience; such as:
1. Complete bus line assessments on a division
level.
2. Complete assets constructed at different times
separately.
3. Complete assessments with different asset
infrastructure designs separately.
>> Prior to starting an assessment, clearly identify
what components are included in the assessment.
For example, the entire division or just certain
elements, such as the maintenance facility or
fueling station, etc. Facilities are often in different
conditions and have different applicable policies
and procedures that could affect their resilience
score.
>> It is understood that some of the indicators will
be challenging to score. The scoring is not meant
to pass a rigorous audit process at this point,
but rather should focus on appropriate staff
completing an assessment to the best of their
ability. Early assessments may not be based on
specific quantitative data while systems are put in
place to collect data or improve current systems.
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Guidance for using the Indicators –
Step-by-Step
The instructions provided below are also included as
a separate worksheet within the Resiliency Indicator
Framework Excel document to provide guidance to
the assessor.
Technical Assessment
Asset(s) project examples include: bridge, bus
station, all bus maintenance facilities, all stations
along one rail line, building, Gold Line overhead
catenary system, a portion of a rail track with similar
characteristics, etc. An example is provided in Figure
3-1.
1. Identify asset(s) for study.
2. Click on ‘Technical Resilience’ worksheet.
3. Insert asset title and description (row 2).
Figure 3-1: Technical Resilience

Project Title: Gold Line OCS

Step 3
Description: Overhead Catenary System

Technical Resilience - Asset

Indicator

4. Note that indicators are organized by resilience
principles: Robustness, Redundancy, and Safe-toFail).
5. Review Indicator (column B) and Measurement
Scale (column C).
6. For guidance, review Lead Department / Source of
Information (column D).
7. Determine and enter score (column F) ranging
from 1 (least resilient) to 4 (most resilient) or ‘NA’
if not applicable. (Weighting is predetermined and
cannot be changed).
8. Add Assessment Notes and/or Score Justification
(column H).
9. Repeat for each indicator.
10. After all indicators are scored, hit the ‘View
Result’ button (row 1) for a summary scorecard of
that assessment. See Appendix B for case study
summary scorecard examples.

Measurement Scale

Lead Department/
Source of Information

Score

Weighting

1 = Least Resilient
4 = Most Resilient

Lowest - Highest

3

High

Assessment
Notes/ Score
Justification

ROBUSTNESS
Maintenance-Day to day
Standard Operating
Procedures (SOP’s) exist
to maintain asset and
ensure safe and reliable
operation - as per
operations manual, asset
management plans (e.g.
– stormwater systems are
not blocked).

4 – Audited inspection of Standard
Operating Procedures (SOP’s) and
corrective maintenance completed within a
specified timeframe.
3 – Partially audited inspection of SOP’s
and corrective maintenance completed
when required.
2 – Ad hoc inspections and corrective
maintenance completed, but with possible
delays/backlog.
1 – No inspections or corrective
maintenance completed.

Step 5

Lead Department(s)
Operations - Maintenance
Equipment Maintenance,
Facility Maintenance,
RFM - Rail Facilities
Maintenance, Rail
Communications, Contract
Management

Completed by
assessor

Source of Information
Maintenance plans and
procedures

Step 6

Step 7

Example: Overhead Catenary System (Gold Line)
Looking at the Overhead Catenary System (OCS) as an example, the indicator shown in Figure 3-1 for this
asset examines whether there are good practices in place for regular maintenance to ensure the integrity and
functionality of the asset. The scale ranges from no inspection or maintenance process in place (scoring 1) to
a fully audited inspection process that is implemented (scoring 4). To score this indicator, there are several
Lead Departments that can be consulted that know about the maintenance plans and procedures for day-to-day
issues for the OCS. This indicator scored a 3, based on the understanding of Metro staff of current maintenance
procedures.

Step 8
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Figure 3-2: Organizational Resilience

Step 2
Project Title: Title

Organizational Resilience

Description: Describe key elements

Indicator
C-15 Risk assessment and
scenario planning
Existence of robust risk
identification and risk
assessment practices for
climate hazards

Measurement Scale
4- Practices exist, are documented,
published, readily available, trained to,
and monitored on a regular basis.
3- Practice exists and published.
2- Ad hoc approach is undertaken.
1- No practices exists.

Step 4

Lead Department/

Source of Information
Corporate Safety &
Risk Management and
Environmental Planning

Score
2

CVA

Step 5

Step 6

Assessment Notes/
Score Justification
Climate Vulnerability
Assessment has been
carried out for the most
critical assets, but has
not yet been published.

Step 7

Organizational
Project examples include: bus operations division,
overview of entire agency, etc. Example is provided in
Figure 3-2.
1. Click on ‘Organizational Resilience’ worksheet.
2. Insert project title and description (row 2).
3. Note that indicators are organized by resilience
principles (Change Readiness, Networks, and
Leadership and Culture).
4. Review Indicator (column B) and Measurement
Scale (column C).
5. For guidance, review Lead Department / Source of
Information (column D).
6. Determine and enter score (column F) between 1
(least resilient) to 4 (most resilient) or ‘NA’ if not
applicable.
7. Add Assessment Notes and/or Score Justification
(column G).

Example: Agency Organizational Planning Strategies
The indicator shown in Figure 3-2 for the agency is
examining whether there are good practices in place
for robust risk identification and assessment for
climate hazards. The scale ranges from no practices
exist (scoring 1) to a process that is documented,
published, readily available, trained to, and monitored
on a regular basis (scoring 4). To score this
indicator, the department that can be consulted is
the Environmental Planning and/or the Corporate
Safety & Risk Management group. Currently Metro
would score a 2 for this indicator because a Climate
Vulnerability Assessment has been carried out for the
most critical assets, but has not yet been published.

Resiliency Indicator Framework

Resiliency Indicators
The indicators can be found in the following pages,
organized by:
>> Technical
>> Organizational
Note: This framework is available as an interactive
Excel spreadsheet.
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R-3

Maintenance - Post Incident
Procedures exist on how to respond after an
incident to repair and maintain asset(s) to
ensure safe and reliable operation - in line with
approved Standard Operating Procedures
(SOP's) (e.g. – OCS down after storm due to
falling trees or bus damaged by flooding).

R-2

4 – Audited inspection of Standard Operating
Procedures (SOP's) and corrective maintenance
completed within a specified timeframe.
3 – Partially audited inspection of SOP's and
corrective maintenance completed when required.
2 – Ad hoc inspections and corrective maintenance
completed, but with possible delays/backlog.
1 – No inspections or corrective maintenance
completed.

Measurement Scale

View Result

4 – Audited procedure in place for repairing
asset(s) after an incident and corrective
maintenance completed within a specified
timeframe.
3 – Non-audited procedures in place for repairing
asset(s) after an incident and corrective
maintenance completed within a specified
timeframe.
2 – Ad hoc repairs carried out post incident within a
specified timeframe
1 – No specific procedures in place for post
incident maintenance
Renewal/Upgrade (Long Range Plans)
4 – Long range plans exist for asset(s), are linked
Long range plans for asset(s) include strategies to resilience, and are reviewed, updated and
to improve resilience.
implemented.
3 – Long range plans exist for asset(s) and are
linked to resilience, however there is no
documentation that they are followed.
2 – Long range plans exist for asset(s), but are not
linked to resilience, and an ad hoc repair approach
occurs.
1 – Long range plans for asset(s) are not linked to
resilience.

Maintenance - Day to Day
Standard Operating Procedures (SOP's) exist
to maintain asset(s) and ensure safe and
reliable operation - as per operations manual,
asset management plans (e.g. – stormwater
systems are not blocked).

R-1

ROBUSTNESS

Indicator

1: Technical Resilience

Project Title:

Source of Information
1. Long Range
Transportation Plan
(LRTP)
2. Divisions' Long Range
Plans
3. Inventories of
technologies/ equipment
used regularly and nonroutinely, and plans for
facility and equipment
upgrades

Lead Department(s)
Planning & Development,
Facilities EngineeringOperations, Department
Managers, Division
Directors

Source of Information
Division Managers /
Supervisors

Lead Department(s)
Operations - Maintenance

Source of Information
Maintenance plans and
procedures

Lead Department(s)
Operations - Maintenance
Equipment Maintenance,
Facility Maintenance,
RFM - Rail Facilities
Maintenance, Rail
Communications,
Contract Management

Lead Department /
Source of Information

Title

Score

1 = Least Resilient
4 = Most resilient

Low

High

High

Weighting

Completed
Date:
First and Last Date
Name
Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)

24
Resiliency Indicator Framework

Design - Vulnerability Assessment
Vulnerability assessment has been conducted
to identify if asset(s) is exposed to climaterelated hazards (e.g. flooding and extreme
heat.)

Design - Resilience Design Criteria
Design criteria that address resilience issues
and risks exist and are implemented (e.g.
extreme heat and precipitation).

R-6

R-7

4 – Resilience design criteria has been developed
and strategies have been implemented for new and
upgrade/repair projects
3 – Resilience design criteria has been developed,
but strategies have not been implemented
2 – Resilience design criteria is in development
1 – No resilience design criteria

4 – Vulnerability assessment carried out for all
climate related hazards and documentation publicly
available
3 – Vulnerability assessment carried out for all
climate related hazards
2 – Vulnerability assessment carried out for some
climate related hazards
1 – No vulnerability assessment carried out for any
climate related hazard

Source of Information
1. Metro Rail Design
Criteria (MRDC)
2. Fire Life & Safety
Design Criteria (FLSDC)

Lead Department(s)
Engineering &
Construction,
Fleet Management &
Support Services,
Projects Engineering,
Corporate Safety

Source of Information
1. Climate Action and
Adaptation Plan
2. Climate Vulnerability
Assessment

Lead Department(s)
Engineering and
Construction

Source of Information
State of Good Repair
Database

Lead Department(s)
Operations - Strategic
Initiatives Group

Design - Condition of Asset
General condition of asset(s)

R-5

4 – Asset(s) is in excellent condition (based on
State of Good Repair Database)
3 – Asset(s) is in good condition
2 – Asset(s) is in adequate condition
1 – Asset(s) is in poor/marginal/substandard
condition
*For network - use average

4 – Asset(s) complies with all current codes (or non- Lead Department(s)
compliance authorized)
Engineering &
3 – More than 50% compliant
Construction,
2 – Some non-compliance
Project Managers
1 – Major non-compliance
Source of Information
Project Submittals

Design - Compliance with Current Codes
Design of asset(s) is compliant with current
codes, regardless of when asset(s) was built.

R-4

Lead Department /
Source of Information

Measurement Scale

View Result

Project Title:

Indicator

1: Technical Resilience
Title

Score

1 = Least Resilient
4 = Most resilient

Highest

High

High

Low

Weighting

Completed
Date:
First and Last Date
Name
Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)
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Lead Department(s)
Engineering &
Construction,
Fleet Management,
Facilities Maintenance,
Division Managers

Lead Department /
Source of Information

Project Title:

4 – Good awareness of all utility types
3 – Some awareness of all utility types
2 – Minor awareness of a subset of utility types
1 – No awareness or unknown

4 – Suppliers have developed and implemented
procedures and there is on-going dialogue with
Metro
3 – Initial dialogue with Metro and plans are being
prepared
2 – Initial dialogue with Metro
1 – No action or evidence of procedures or
unknown

R-11 Supplier Utility Robustness - Improvement
Suppliers (e.g. DWP, SCE) have implemented
procedures to address their vulnerabilities.

Source of Information
NA

Source of Information
NA
Lead Department(s)
Vendor/Contract
Management, Material
Management
Department,
Wayside systems,
Traction Power, Facility
Maintenance

Source of Information
1. M3 Data
2. SCADA Reports
Lead Department(s)
Vendor/Contract
Management, Material
Management
Department,
Wayside systems,
Traction Power, Facility
Maintenance

Source of Information
1. Road Call Log
2. Failure Reports
Extreme Weather Repair Costs
4 – Extreme weather related repairs are tracked
Lead Department(s)
Repair costs resulting from extreme weather
(automation) and reported
Division/Facilities
events are tracked (e.g. equipment damaged by 3 – Extreme weather related repairs are sometimes Maintenance,
Maintenance of Way
extreme heat).
tracked and reported
(MOW). For
2 – Ad hoc tracking approach is undertaken
communication systems:
Extreme weather defined as 'heat days' when
1 – No tracking exists
Rail Facilities
temperatures exceeds 95 degrees and 'heavy
Maintenance, Rail
rain' when precipitation falls at 0.3 inches per
Communications, Transit
hour or above (based on CVA).
Systems Engineering,
Fleet Management

R-10 Supplier Utility Robustness - Awareness
Staff are aware of strengths and vulnerabilities
in supplier utilities (e.g. DWP, SCE).

R-9

4 – Overheating standards in place and fully
implemented.
3 – Overheating standards in place and partially
implemented.
2 – Overheating standards in place, but not
implemented.
1 – No overheating standards in place

R-8

Design - Overheating Standards
The asset(s) has design and operating
standards to prevent overheating in facilities,
buses, and trains that could cause equipment
failure, discomfort of passengers or employees,
or negative health impacts.

Measurement Scale

View Result

Indicator

1: Technical Resilience
Title

Score

1 = Least Resilient
4 = Most resilient

High

Low

Medium

Highest

Weighting

Completed
Date:
First and Last Date
Name
Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)
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4 – Multiple alternate routes/mode exist
3 – Single alternate route/mode exists
2 – Alternate routes/mode may exist, not confirmed
1 – No alternate routes/mode

4 – Alternate, unaffected mode has >75% capacity
of failed mode during peak demand.
3 – Alternate mode has 50-75% capacity of failed
mode during peak demand.
2 – Alternate mode has 25-50% capacity of failed
mode during peak demand.
1 – Alternate mode has <25% capacity of failed
mode during peak demand.

RE-1 Alternate Route/Mode Availability
Alternate routes/modes are available if a
route/track, network, station, or facility is
disrupted.

RE-2 Alternate Route/Mode Capacity
Alternate, unaffected route(s) or facility(ies) has
capacity to accept a demand shift during peak
demand.

RE-4 Back Up Parts and Equipment
Plans / requirements exist for back up
equipment for asset(s). Back up equipment is
available / ready for deployment.

4 – Requirements are well specified. Equipment is
available and ready.
3 – Requirements are well specified, but are not
implemented
2 – Ad hoc approach
1 – No plan/requirements

RE-3 Spare Capacity
4 – Asset(s) has 20%+ spare capacity
The asset(s) has spare capacity (in the event of 3 – Asset(s) has 10-20% spare capacity
partial failure, or surge in demand).
2 – Asset(s) has 5-10% spare capacity
1 – Asset(s) has 0-5% spare capacity

REDUNDANCY

Measurement Scale

View Result

Indicator

1: Technical Resilience

Project Title:

Source of Information
Materiel Management
System (MMS)

Source of Information
Department
Manager/Supervisors
Lead Department(s)
1. Department Managers
2. Material Management
Department

Source of Information
1. Bus Fleet
Management Plan or Rail
Fleet Management Plan
2. Department
Managers/ Supervisors
3. Bus Bridge Manual
Lead Department(s)
Operations / Planning
and Development

Lead Department(s)
BOC, ROC

Source of Information
1. Bus Fleet
Management Plan or Rail
Fleet Management Plan
2. Department
Managers/ Supervisors

Lead Department(s)
Bus Operations Control
Center (BOC), Rail
Operations Control
Center (ROC)

Lead Department /
Source of Information

Title

Score

1 = Least Resilient
4 = Most resilient

Low

Medium

Medium

High

Weighting

Completed
Date:
First and Last Date
Name
Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)
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4 – Plans are well specified for asset(s)/links.
Systems are available, tested and ready.
3 – Plans are well specified, however not tested
2 – Ad hoc approach
1 – No plan/requirements

RE-5 Re-Routing and Communication Plans
Plans exist to establish diversions when failure
of asset(s)/link occurs.

RE-7 Supplier Utility Redundancy - Improvements
Suppliers have implemented procedures to
improve redundancy.

4 – Suppliers have developed and implemented
procedures and there is on-going dialogue with
Metro
3 – Initial dialogue with Metro and procedures are
being prepared
2 – Initial dialogue with Metro
1 – No action or evidence

RE-6 Supplier utility redundancy - Awareness
4 – Good awareness
Metro staff are aware of redundancy issues
3 – Some awareness
within suppliers utilities (power, telecom, other). 2 – Minor awareness
1 – No awareness
[Note: Redundancy refers to the extent to
which elements, systems, or infrastructure exist
that can be substituted to satisfy functional
requirements and provide business continuity.]

Measurement Scale

View Result

Indicator

1: Technical Resilience

Project Title:

Source of Information
tbd

Source of Information
tbd
Lead Department(s)
Vendor/Contract
Management, Material
Management
Department,
Wayside systems,
traction power, Facility
Maintenance

Source of Information
1. Department
Manager/Supervisors
2. Emergency
Preparedness
3. Bus Bridge/Alternate
Route Manual
Lead Department(s)
Vendor/Contract
Management, Material
Management
Department,
Wayside systems,
traction power, Facility
Maintenance

Lead Department(s)
BOC, ROC, Manager
Wayside Systems,
Division Transportation,
Maintenance, Facilities
Maintenance

Lead Department /
Source of Information

Title

Score

1 = Least Resilient
4 = Most resilient

High

Low

Highest

Weighting

Completed
Date:
First and Last Date
Name
Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)
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Safe-to-Fail - Design Approach
There is evidence that emergency conditions
(safe-to-fail) are considered when designing
and planning for asset renewal and upgrades.

Safe-to-Fail - Design Guidelines
Emergency condition (safe-to-fail) approaches
are included within design guidelines and
codes.

S-1

S-2

SAFE - TO - FAIL

Indicator

1: Technical Resilience

Lead Department(s)
Facilities EngineeringOperations, Project
Engineering, Corporate
Safety, Engineering &
Construction

Lead Department /
Source of Information

Project Title:

Score

1 = Least Resilient
4 = Most resilient

Low

Low

Weighting

Completed
Date:
First and Last Date
Name

Source of Information
1. MRDC
2. FLSDC
4 – Safe-to-fail approaches are considered in
Lead Department(s)
asset(s) design guidelines and codes.
Facilities Engineering3 – Safe-to-fail approaches are considered in
Operations, Project
asset(s) design guidelines or codes.
Engineering, Corporate
2 – Safe-to-fail approach not included in guidelines Safety
or codes, but plans to incorporate in future.
1 – Safe-to-fail not considered in any guidelines.
Source of Information
1. MRDC
2. FLSDC
Summary Score
Robustness Score
0.0
20
Redundancy Score
0.0
indicators left unranked
Safe-to-fail Score
0.0
Technical Resiliency
0.0
Score = 10 most resilient, 1 Least

4 – Design documentation shows consideration or
incorporation of safe-to-fail approach.
3 – Safe-to-fail approach is documented, but not
applied at design stage.
2 – Safe-to-fail approach is not documented, but
anecdotal evidence of consideration at design
stage.
1 – Safe-to-fail not considered

Measurement Scale

View Result

Title

Assessment Notes/
Score Justification

Description of Asset(s):
Project description of Asset(s)
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4 – Monitoring systems exist across entire network Information Technology
3 – Monitoring systems exist across part of network
2 - Large gaps in monitoring systems
1 – No monitoring system

C-5. Current Weather Data
Capacity to monitor weather and temperature
conditions in real time at key locations in service
area.

C-6. Backup
Ensure critical information (e.g. on structures,
hazards, contacts) is routinely backed-up

Information Technology,
Records Management,
Document Control

Communications,
Marketing

Metro Resiliency Indicator Framework

4 - Back-ups taking place
3 - Documented procedure, occasional back-up
2 - Documented procedure, no back-ups
1 - No procedure, no back-ups

4 - Documented methodology and established
Information Technology
information platform
3 - Partial documentation and platform development
2 - Not documented but some knowledge of
potential process
1 - No knowledge of or development of
methodology or platform

C-4. Sensors
Use of remote sensors/crowd-sourced
information to provide current information on
asset state, hazards and impacts.

[Referenced in Metrics for Tracking Climate
Change Adaptation]

4 – Systematic, structured campaign exists
3 – Some structure, not systematic
2 - Infrequent ad hoc campaign
1 – No campaign

C-3. External - Public Awareness
Exposure of public to education and awareness
materials/messaging on what to expect during
an extreme weather event.

Labor/Employee
Relations
BOC, ROC, SCADA
Wayside Systems,
Transit Police

4 – Systems exist and have back up and have been
tested with staff annually.
3 – Systems exist and have back up, but are not
tested with staff annually
2 - Some gaps in system, untested
1 – Large gaps in system

C-2. Communication Systems - Staff
Existence and reliability of multiple, independent
communication channels for transportation staff
and managers (under extreme conditions)

Communications,
Bus Operations Control
(BOC), Rail Operations
Control (ROC),Transit
Police

4 – Information is continuously updated live across
all communication channels
3 - Information is updated across all
communication channels within 1-hr. of an event
2 - Information is updated across all communication
channels when feasible
1- Information updated through limited
communication channels

C-1. Warnings - General Public
Ability to reach passengers across multiple
communication channels. Means to warn
travelers of problems and let them know
transportation options.

CHANGE READINESS

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Project Title:

2: Organizational Resilience

Communication and Warning

Information and Technology

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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Emergency Site Plan

Labor/Employee
Relations
Risk Management,
Emergency
Preparedness,
Government Relations

Metro Resiliency Indicator Framework

C-11. Internal Coordination - Event Response 4 - Implemented and operating
Coordination of all relevant event response
3 - Participants reviewing structure and definitions
activities, with clarity of roles and accountability. for sign off
2 - Structure and role definitions being drafted for
participant review
1 - No structure or role definitions available, no
participants identified

4 - Key positions identified and individuals sharing
knowledge and experience with successors
3 - Informal process of identifying positions and
individuals with no formal mechanisms for
knowledge sharing.
2 - Ad hoc process
1 - No formal or informal succession planning or
knowledge sharing

4 - Organizational structure and role definitions
implemented and operating
3 - Participants reviewing structure and definitions
for sign off
2 - Structure and role definitions being drafted for
participant review
1 - No structure or role definitions available, no
participants identified

C-9. Roles & Responsibilities - Key People
Identified
Identification of key people at national, regional
and local levels – including other network
providers and the public and private sectors
relevant to resiliency. Define
roles/responsibilities ahead of events, including
defining the ‘lead’ organization for particular
types of events.
C-10. Roles & Responsibilities - Succession
Planning
Process for identifying and developing internal
people to fill key business leadership and
strategic positions, relevant to resiliency, as they
become available, including mechanisms for
coaching and knowledge transfer.

Labor/Employee
Relations
Risk Management,
Emergency
Preparedness,
Government Relations,
Environmental
Compliance &
Sustainability (ECSD)
Labor/Employee
Relations
Risk Management,
Emergency
Preparedness,
Government Relations,
ECSD

4 - Requirements documented and available
Finance & Budget, Risk
3 - Requirements documented, no process in place Management
for making available
2 - Requirements understood (not documented), no
procedure or responsibility in place
1 - Requirements not understood, no procedure or
responsibility in place

C-8. Information
Understand information requirements of insurers
and ensure appropriate information will be
available when required.

Finance & Budget, Risk
Management

4 - Insurance in place, reviewed annually, risks
suitably dimensioned
3 - Ad hoc review of insurance, draft process for
addressing emerging threats/ hazards
2 - Ad hoc review of insurance, no process for
addressing emerging threats/ hazards
1 - Insurance not in place and risks not
dimensioned appropriately

C-7. Coverage
Ensuring appropriate insurance covers are in
place prior to an event occurring. Make sure the
risks are properly dimensioned.

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Internal Resources

Insurance

2: Organizational Resilience

Project Title:

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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4 – Staffing and responders known to be available
in line with defined needs
3 – Some shortfalls
2 - Major shortfalls
1 – No definition – see above

C-15. Risk Assessment and Scenario Planning 4 – Practices exist, are documented, published,
Existence of robust risk identification and risk
readily available, trained to, and monitored on a
assessment practices for climate hazards
regular basis.
3 – Practices exist and published
2 – Ad hoc approach is undertaken
1– No practices exists

C-14. Sufficient Staffing
Availability of sufficient numbers of staff to
respond in an event, to man planned shifts allowing for inability to get to work, looking after
families etc.

C-13. Staffing Responder Roles
4 – Roles defined, keyed to scenarios
Staffing/responder roles are defined for range of 3 –Some roles defined and keyed to scenarios but
hazard scenarios.
with gaps in definition
2 - Roles are being drafted and scenarios being
determined
1 – No roles defined (or no plan – see above)

C-12. Remote Response Ability
4 - Remote areas considered and response options
Ability to respond to hazards in remote areas, or in place
existence of decentralized response options
3 - Remote areas considered, however no action
taken
2 - Ad-hoc approach
1 - No preparedness

CVA

Disaster Service
Workers Program
Corporate Safety & Risk
Management,
Emergency
Preparedness,
ECSD

Labor/Employee
Relations,
Operations - Manpower,
Risk Management,
Emergency
Preparedness,
EOC, Transit Police

Disaster Service
Workers Program
Labor/Employee
Relations,
Risk Management,
Emergency
Preparedness,
EOC, Transit Police

Labor/Employee
Relations
Risk Management,
Emergency
Preparedness,
Government Relations,
Emergency Operations
Control (EOC),Transit
Police

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Project Title:

2: Organizational Resilience

Internal Resources

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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4 – Complete plan exists, keyed to scenarios, are
documented, published, readily available, trained
to, and monitored on a regular basis.
3 – Plan exists and published
2 - Ad hoc plan being drafted
1 – No plans
4 – Processes in place and well enacted and
embedded in culture
3 – Processes new and non enacted
2 - Ad-hoc
1 – No process

C-19. Priority Routes/Structures to Manage First
Identify ahead of time probable priority
routes/structures for response, rehabilitation and
protection from further disaster. Include
identification of priority lifelines sites, vulnerable
populations (transit-dependent and low-income)
and community facilities.

C-20. Lessons Learned and Thinking Ahead
Existence of processes for encouraging,
recording, reporting, communicating climate
hazard warning signs or climate hazard caused
failures.

CVA
Program Management
Office, Emergency
Preparedness,
ECSD

Corporate Safety & Risk
Management,
Emergency
Preparedness,
ECSD, Government
Relations

Corporate Safety & Risk
Management,
Emergency
Preparedness,
Government Relations

Corporate Safety & Risk
Management,
Emergency
Preparedness,
EOC

Disaster Service
Workers Program

Corporate Safety & Risk
Management,
Emergency
Preparedness,
EOC, Transit Police

Metro Resiliency Indicator Framework

4 - Cross-sector and agency emergency plans
linked and Metro requirements documented, costsharing agreements
3 - Emergency plans linked, gaps in Metro
requirements, no cost-sharing agreements
2 - Cross sector and agency emergency plans
selected for review
1 - Emergency plans not linked, no requirements

4 – Practices exist and are regularly followed,
reviewed and updated
3 – Practices exists, however inconsistent
2 – Ad hoc approach is undertaken
1– No practices exists

4 – Complete plans exist, keyed to scenarios, are
documented, published, readily available, trained
to, and monitored on a regular basis.
3 – Plans exist and published
2 - Ad hoc plans being drafted
1 – No plans

C-18. Joint Planning
Review emergency plans for other agencies and
sectors, identify required actions and
incorporate into plans as required. Cost-sharing
agreements in place for significant requirements
by others.

[Referenced in Metrics for Tracking Climate
Change Adaptation]

C-16. Emergency Management Plans Existence
Existence of plans formulated to address hazard
scenarios, shared and signed off by all relevant
parties (including community organizations):
- command and control - coordination with other
agencies and cities, roles, responsibilities
- evacuations (including hospitals, jails, etc.)
- communication systems
- critical asset management
- first response
- law and order response
- public information
- incorporation of citizen organizations
C-17. Tracking Climate-Related Injuries
Ability to track number of workers and riders
injuries/medical emergencies caused by
temperature and rainfall.

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Planning Strategies

2: Organizational Resilience

Project Title:

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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C-24. Training/Drills Practice - Testing and
Public Engagement
Testing of plans annually, by reference to nonemergency events and through specific
exercises including the public.

C-23. Training/Drills - Completed
% of relevant staff trained in last year.

C-22. Training/Drills - Offered
Training offered and available to all identified
and relevant staff.

C-21. Training/Drills - Curriculum
Training curriculum developed.

Labor/Employee
Relations,
Corporate Safety and
Risk Management,
ECSD,
Operations
4 – Training “curriculum” derived from known or
Corporate Safety and
anticipated needs available to all
Risk Management
3 – Ad hoc training classes address some issues
delivers training drills for some area of the city
classes by
2 - Ad hoc training classes with little relevance
Labor/Employee
1 – No training
Relations,
Emergency
Preparedness
4 – 80% or more trained in all emergency response Emergency
3 – 40% or more
Preparedness
2 - 10% or more
1 – No training
Records would be
managed by Corporate
Safety and Risk
Management
4 – Annual suite of exercises with significant public Corporate Safety and
engagement
Risk Management,
3 – Less than annual exercises, some public
Emergency
engagement
Preparedness
2 - Plans in place, exercises yet to be implemented
1 – No exercises (or no plans – see above)

4 – Complete curriculum developed, keyed to
scenarios
3 – Curriculum exists but with some significant gaps
2 - Ad hoc curriculum being drafted
1 – No curriculum

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Project Title:

2: Organizational Resilience

Drills and Response Exercises

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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4 – Budget exists and is 100% adequate
3 – Budget exists but covers 50% of known tasks
2 – Budget exists but covers 25% of known tasks
1– No budget.

4 – Systematic review
3 – Ad hoc – often quoted
2 – Ad hoc – seldom quoted
1 – Not really mentioned.
4 – Contingency from “most probable” scenario is
estimated and 100% funded.
3 – Fund exists but only at 50% of estimated need
(may be commitments from other agencies to
supply the rest)
2 – Fund exists but only at 25% of estimated need
(may be commitments from other agencies to
supply the rest)
1– No fund.
4 – Modelling undertaken and published
3 – Modelling undertaken
2 – Modelling scoped, not undertaken
1– No modelling

C-26. Operational Funding for Resilience
Initiatives
Revenue funds (from multiple sources as
applicable) are available to meet all operating
expenses and incentive payments required to
build resilience.

C-27. Integration with Resilience
Capital spending initiative is systematically
reviewed for its potential to improve resilience.

C-28. Contingency Funding
Contingency fund for post disaster recovery
available, sufficient and able to be released
quickly.

C-29. Modelling
Model financial effects of events using different
scenarios to ensure a broad range of options are
considered and where relevant, prepared for
(including considering the financial impact of
multiple events occurring at the same time or
close together; and the possibility of exhausting
emergency funds).

OMB / Operations

Combination of
Operations, Corporate
Safety and Risk
Management

Finance & Budget

Finance & Budget

Finance & Budget
Operations: Strategic
Planning includes Asset
Management and Station
of Good Repair & OMB

Metro Resiliency Indicator Framework

4 – Plan exists and is 100% funded
3 – Plan exists but only 50% funded
3 – Ad hoc plan exists and partially funded
1 – No plan.

C-25. Capital Availability
Capital plan funds (from multiple sources as
applicable) are available for long run
engineering and other works required to build
resilience

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Funding

2: Organizational Resilience

Project Title:

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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N-6. Inter-agency Compatibility and
Cooperation
Signed partnership agreements in place
outlining aid arrangements and responsibilities.

4 - Working group established and meets regularly, Corporate Safety & Risk
outcomes achieved.
Management
3 - Working group established, but no progress
2 - Working group members identified, not met
1 - No working group

N-4. Business Continuity/Awareness
Cross-sector and cross-agency working group
meets regularly to:
- understand interdependencies and incorporate
into their respective business continuity
planning.
- to analyze major incident impacts on ageing
infrastructure and resulting cascade effects
- undertake complex hazard planning with crosssector partners and develop joint plans
N-5. Information Sharing - External
Agree on information sharing protocols with
external partners

Program Management
Office

Metro Resiliency Indicator Framework

4 - Signed agreement
Corporate Safety & Risk
3 - Agreement drafted, relationships established
Management
2 - Negotiations and relationship building underway
1 - No contact established

4 - Protocol documented and published
3 - Protocol documented, not published
2 - Partial protocol development, not published
1 - No protocol, not published

4 – Ops center exists and was designed to deal with Corporate Safety & Risk
“most severe”; all agencies participate.
Management
3 – Ops center exists but may have shortcomings or
may not have SOPs
2 - Ops center exists, lack of participation, no SOPs
1 – No ops center.

N-3. Inter-agency Compatibility
Existence of emergency operations center with
participation from all agencies, automating std
operating procedures (SOPs) specifically
designed to deal with hazard/event scenarios

Program Management
Office

4 - Protocol documented and published
3 - Protocol documented, not published
2 - Partial protocol development, not published
1 - No protocol, not published

N-2. Information Sharing - Internal
Agree on information sharing protocols with
other departments

Corporate Safety and
Risk Management

4 - People know department roles and key
individuals
3 - Networking program established, no
interdepartmental working groups
2 - Networking program drafted, no
interdepartmental working groups
1 - No opportunity for face to face networking nor
interdepartmental working groups

N-1. Internal Relationships
Establishing face to face relationships during
normal times to facilitate interactions during
times of crisis.

NETWORKS

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Project Title:

2: Organizational Resilience

Breaking Silos

Effective Partnerships (external)

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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4 - Clear leadership at senior level, and company
attribute visible, recognized, and understood by
over 80% of staff
3 - Clear leadership and company attribute
recognized by over 50% of staff
2 - Are attributes recognized by between 20 and
50% of staff
1 - Not part of company culture
4 – Process in place, documented, published,
readily available, trained to, and monitored on a
regular basis.
3 – Process exists and published
2 – Ad hoc approach is undertaken
1– No process exists

L-2. Staff Engagement
Leadership, innovation, personal development
around resiliency is encouraged and actively
promoted. Clear leadership from senior staff,
and attributes and visible and understood.

L-3. Leveraging Knowledge
Process for ensuring that incoming workforce
understands and is knowledgeable regarding
Metro climate change efforts and applicability on
projects.

Labor/Employee
Relations

Program Management
Office

Program Management
Office

L-5. Advance Agreements
Required personnel, services and resources
identified and agreements in place for post event
response

Corporate Safety & Risk
Management

Metro Resiliency Indicator Framework

4 - Agreements in place, are documented,
published, readily available, trained to, and
monitored on a regular basis.
3 - Some agreements, not for all services or
resources
2 - Very few agreements
1 - No agreements

L-4. Crisis Decision Making
4 - Procedures and roles agreed and in place for all Corporate Safety & Risk
Procedures and roles established to reduce red elements, are documented, published, readily
Management
tape and allow quick decision making
available, trained to, and monitored on a regular
Operations
basis.
3 - Some procedures and roles agreed, not for all
elements
2 - Ad hoc
1 - No procedures agreed

4 - Resilience planning resourced and
improvements implemented
3 - Partial resourcing of resilience planning,
improvements not implemented
2 - Resilience planning being defined and
responsibilities assigned
1 - No resourcing to resilience planning

L-1. Roles and Responsibilities
Defined responsibilities and roles for resilience
planning (including KPIs) with regular meetings
and documented process for implementing
improvements

LEADERSHIP AND CULTURE

Lead Department /
Source of Information

Indicator

Leadership

Decision Making Authority

Measurement Scale

Title

2: Organizational Resilience

Project Title:

Score

1 = Least Resilient
4 = Most resilient

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date
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L-6. Approach to Projects
Extent to which any proposal/project in Metro is
evaluated for resilience benefits

41
indicators not ranked

Score

1 = Least Resilient
4 = Most resilient

0.0
0.0
0.0
0.0

Assessment Notes/
Score Justification

Completed
Description:
by and Date:
First and Last Project description
Name, Date

Summary Score
Change Readiness
Networks
Leadership and Culture
Organizational Resiliency
Scoring = 10 most resilient, 1 Least

4 - Documented and demonstrated review of
Program Management
resilience benefits in project development phase
Office
3 - Documented review with inconsistent application
2 - Process not defined and may or may not be
included in review
1 - No review of resilience benefits

Lead Department /
Source of Information

Indicator

Measurement Scale

Title

Project Title:

2: Organizational Resilience

Innovation and Creativity

38
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Potential Next Steps
This project has highlighted several opportunities to
further refine the Resiliency Indicator Framework and
support its implementation. Potential future tasks
to be considered to further strengthen the framework
and its utility for Metro include:
>> Refine Organizational Framework: The
organizational indicators were not reviewed
individually as part of the workshop (a very useful
but more high level discussion was held instead).
It would be constructive to further evaluate the
organizational indicators with appropriate Metro
staff knowledgeable about how the agency is
organized in relation to emergency management,
training, HR and other organizational issues to
ensure that indicators and measurement scale
are appropriate for the agency. The indicatorby-indicator review carried out on the technical
indicators during the workshop was very
informative, and a number of the measurement
scales for the asset level indicators were revised
based on staff feedback. Specific efforts would
include:
>> Review and refine indicator and measurement
scale language.
>> Develop weighting system. Currently the
Organizational indicators are all counted
equally and the scoring is not weighted.
>> Complete case studies.

>> Evaluate Metro’s Technical Resilience: Given that
it would be an extensive effort to evaluate every
Metro asset, it is recommended that a scope
of work be developed to evaluate Metro’s most
critical and at risk assets (a prioritized list of
assets). This work should include establishing
an appropriate frequency of the resilience
assessment, who should be responsible for
carrying out the assessment, and the level of detail
(for example, should individual assets be assessed,
or groups of assets? Should quantitative data be
required, or is informed staff opinion sufficient?)
Methods would include reviewing applicable
documents, such as the CVA, and interviewing
internal stakeholders such as Operations and
Maintenance staff.
>> Identify Potential Cost Impacts: It has been
noted that to improve many of the resiliency
indicator scores could have significant cost
impacts. For example, annual emergency drills
or additional training (organizational indicators)
can be costly due to the number of staff hours
required. Similarly, it can be expensive to provide
additional back up equipment for a train station
or to provide generator power to ensure that
buses can be fuelled during a black out (technical
indicators). Based on assessment efforts to
date, a cost evaluation could be completed to
identify the financial impact of key indicators. The
recommendation is to complete a cost-benefit
analysis, as it is likely to be dependent on the
hazards that the asset is exposed to, the likelihood
of an impact occurring, as well as Metro’s current
level of resilience.

Resiliency Indicator Framework

>> Identify Co-benefits: Evaluate if any of the resiliency
indicators support other Metro initiatives, such
as reducing GHG emissions. Indicators with cobenefits could be weighted higher.
>> Incorporate Climate Change Into Procedures
And Frameworks. The Resiliency Indicator
Framework references several procedures and
frameworks.Metro is already engaging in an effort
to incorporate climate resilience into Design
Criteria, but other procedures and frameworks
could be strengthened by incorporating climate
change considerations. For example, guidance
could be developed on incorporating climate
change into O&M Standard Operating Procedures
and asset management systems. Guidance could
also be developed for tracking extreme weather
repair costs and how those results could influence
O&M budget development. The Federal Highway
Administration (FHWA) has provided guidance
on key knowledge gaps regarding transportation
engineering approaches to climate resilience.
>> Strengthen Implementation Strategies: While
initial implementation steps are provided as part
of this document, a more fully developed plan
including immediate actions and long-term actions
(with an associated time-line) should be developed
on implementing the Resiliency Indicator
Framework and embedding its use into the agency.
The resulting plan would have a number of parts:
>> Connections with Environmental Management
System (EMS): consider incorporating the
Resiliency Indicator Framework into the EMS
framework. The recommendation is to start
with Division 8 or 9 as they are already familiar
with the Framework and have identified areas
for improvement through initial workshops.

>> Connections with Asset Management
Integration: Metro currently has several efforts
underway that address climate change, all
of which have the potential to be related or
integrated within the Resiliency Indicator
Framework. The most important of these
is the integration of indicators into the
existing asset management ‘state of good
repair database’ and related transition into
potential procurement of a more robust asset
management system.
>> Connections with Other Metro Efforts:
Other efforts underway that address climate
change, which have the potential to be
related or integrated into the Resiliency
Indicator Framework, include the Long
Range Transportation Plan, Short Range
Transportation Plan, update to the Metro
Rail Design Criteria, and the upcoming
RFP for an agency-wide risk assessment.
Metro’s current planning process would be
reviewed to identify points of intervention
where some of the indicators could be
incorporated. A review of the updating cycles
for a number of documents (including Long
Range Transportation Plan, Facility Plans,
design criteria, design standards) should be
undertaken to ensure that appropriate actions
to improve resilience are incorporated into
day-to-day business, through future planning
and design efforts.

Note: This Framework is an evolving document.
Please reach out to ECSD staff regarding questions, stakeholder engagement, and updates.
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SUMMARY OF TECHNICAL RESILIENCE WEIGHTING METHODOLOGY
The proposed weighting system was developed through a review of established sustainable weighting
systems and an evaluation of Metro plans and policies.
Weighting for sustainability rating tools are often based on the core values of an organization (e.g. LEED
v.4 and the AECOM Triple Bottom Line Tool). Therefore, Metro agency plans and policies were reviewed
to identify whether any of the resiliency indicators would help Metro achieve its vision, mission, values,
and core business goals. Indicators that do not relate as closely to Metro’s core goals and values could
potentially be weighted less, while those that are more directly related could be weighted more. After
reviewing Metro documents, it was determined that Metro’s core values most relevant to resiliency
include: safety, service reliability, and fiscal responsibility. Each resiliency indicator was analyzed against
these three core values and given additional weight if the intent of the indicator directly aligned with the
core value. The more core values that the indicator related to, the higher the weighting received. The
weighting system can be updated as Metro priorities change over time.
Table 1 is a summary of the total weight given to each indicator and includes the breakdown of the weight
(Metro’s core values and supporting Metro plans and policies). Figure 1 is a graphic representation of the
weighting system. The wider the segment within the chart, the higher the weighting of that indicator. So
indicators that are weighted the highest (4) are the widest, and those weighted the least (1) are the most
narrow.
Based on the proposed weighting of the indicators, the hierarchy of principles remains the same as the
existing structure with robustness weighted the highest; followed by redundancy, and then safe-to-fail
(reference Table 3). However the weighting percentages have slightly shifted with additional emphasis
placed on robustness (61% instead of 55%), same importance on redundancy (35%) and less on safe-tofail (4% instead of 10%).
The weighting system was applied to the six completed case studies and all of the technical resiliency
scores increased, except for Division 9 Maintenance Yard. The increases in technical resiliency scores is
likely due to the higher weighting of robustness indicators in the overall score and the reduced influence
of safe-to-fail in the overall score as all cases scored low in safe-to-fail indicators. The decrease in score
for Division 9 is likely attributable to the network receiving low scores in indicators that were given high
weights in the proposed weighting system (overheating and re-routing and communication plans). In
general, indicators that were given high weights now have greater influence in the scores and both
principle scores and overall technical resiliency scores have changed as a result.
The benefit of developing a weighting system is that it provides an opportunity to highlight which
indicators are most important to Metro. Recognizing that it may not be feasible to achieve high scores in
all areas of resilience, the weighting can help Metro focus its constrained funding on areas of resilience
that are in line with the agency’s other key priorities.

(Least resilient)

complete

NA
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Table 1: Proposed Weighting System

Weighting Applied To Each Indicator

Service
Reliability

R-1. Maintenance - Day to Day

1

1

1

3 - High

R-2. Maintenance - Post Incident

1

1

1

3 - High

Indicators

R-3. Renewal/Upgrade (Long Range Plans)

1

R-4. Design - Compliance w/ Current Codes

1

R-5. Design - Condition of Asset(s)

1

1

R-6. Design - Vulnerability Assessment

1

1

R-7. Design – Resilience Design Criteria

1

1

R-8. Design - Overheating Standards

1

1

1 - Low

R-10. Supplier Utility Robustness - Awareness

1

1

3 - High
1

3 - High

1

4 - Highest

1

1

4 - Highest

1

1

2 - Medium

1

1 - Low

R-11. Supplier Utility Robustness - Improvement

1

1

1

3 - High

RE-1. Alternate Route/Mode Availability

1

1

1

3 - High

RE-2. Alternate Route/Mode Capacity

1

1

2- Medium

RE-3. Spare Capacity

1

1

2- Medium

RE-4. Back Up Parts and Equipment

1

RE-5. Re-routing and Communication Plans

1

1 - Low

1

RE-6. Supplier Utility Redundancy - Awareness

Safe-to-Fail

4 = Highest
3= High
2= Medium
1= Low

1 - Low

R-9. Extreme Weather Repair Costs

Redundancy

Total
Weight

Safety

Principle

Robustness

Indicator
supported
by Policy/
Plans

Fiscal
Respon
sibility

1

1

1

4 - Highest
1 - Low

RE-7. Supplier Utility Redundancy Improvement

1

S-1. Safe-to-Fail – Design Approach

1

1 - Low

S-2. Safe-to-Fail – Design Guidelines

1

1 - Low

1

1

Figure 1: Graphic representation of weighting system
Principle

S-1 S-2

Robustness (R)

R-1

RE-7

Redundancy (RE)

R-2

RE-6

R-3
R-4

Safe-to-fail (S)
RE-5

R-5
RE-4
RE-3

R-6

RE-2
R-7

RE-1
R-11
R-10

R-9

R-8

3 - High
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Case Study Scorecards

Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

5.3

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff Workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

4/1/2014

Blue Line and includes all components of the station.

Wardlow Station

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:

Resiliency Indicator Assessment Scorecard
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Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

4.7

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

4/1/2014

Overhead Catenary System (OCS) along Gold Line

Gold Line OCS

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:
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Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

6.4

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff Workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

5/1/2015

Route between Sepulveda and Roscoe Stations (focus:
bus service and extreme heat)

Orange Line

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:
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Appendix B

Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

5.5

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff Workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

5/1/2015

Route between Victory and Ventura Blvd’s

Bus 236

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:
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Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

6.8

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff Workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

5/1/2015

Maintenance Facility – San Gabriel Valley, Metro Bus

Division 9

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:

Resiliency Indicator Assessment Scorecard

52
Appendix B

Maintenance - Post Incident

Renewal/Upgrade (Long Range Plans)

Design - Compliance with Current Codes

Design - Condition of Asset

Design - Vulnerability Assessment

Design - Resilience Design Criteria

Design - Overheating Standards

Extreme Weather Repair Costs

Supplier Utility Robustness - Awareness

Supplier Utility Robustness - Improvement

R-2

R-3

R-4

R-5

R-6

R-7

R-8

R-9

R-10

R-11

Alternate Route/Mode Capacity

Spare Capacity

Back Up Parts and Equipment

Re-routing and Communication Plans

Supplier Utility Redundancy - Awareness

Supplier Utility Redundancy - Improvements

RE-2

RE-3

RE-4

RE-5

RE-6

RE-7

Safe-to-Fail - Design Approach

Safe-to-Fail - Design Guidelines

S-1

S-2

SAFE-TO-FAIL

Alternate Route/Mode Availability

RE-1

REDUNDANCY

Maintenance - Day to Day

R-1

ROBUSTNESS

LA Metro

Score

2

3

6.6

R-1

R-8

R-2

Date:

NA / Incomplete

1 (Least resilient)

R-10 R-9

4 (Most resilient)

R-11

RE-7

R-3
S-1 S-2

Metro Staff workshop

R-1

R-6

R-5

Safe-to-Fail

Redundancy

Robustness

Principle

R-7

R-3
R-4

5/1/2015

All components of the communication system

Little Tokyo Gold Line Station – Communication

RE-6

RE-1

RE-2

RE-3

R-2
RE-4

RE-5

Complete by:

Description:

Project Title:

Resiliency Indicator Assessment Scorecard

Resiliency Indicator Framework
53

Los Angeles County
Metropolitan Transportation Authority

One Gateway Plaza
Los Angeles, CA 90012-2952

213.922.9200 Tel
213.922.5259 Fax
metro.net

