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The Importance of Safety Equity 
in Transportation System Safety 

Public transportation in the U.S. often relies on multi-modal components that represent a 
system of systems as exemplified by transit rail. Currently, transit rail safety is measured for 
individual railroads as the number of events/fatalities/injuries by productivity level (typically, 

revenue miles). Barriers for measuring the safety of the transit transportation system of systems 
include the aggregation of transit properties for a passenger’s trip and the varieties of safety man-
agement systems used by transit agencies. 

An alternative perspective asks how safe 
passengers are, instead of how safe railroads are. 
It posits a fundamental shift to a human-centric 
perspective on transportation system safety 
which is the foundation for determining the 
level of transportation safety equity outcomes. 
The major barrier to ensuring safety equity 
outcomes is a lack of safety data for subgroups 
of the population, based on biodemographic, 
socioeconomic and disability data. These data 
are essential for determining if safety levels are 
equal across subgroups of the population, or if 
transportation safety inequities exist. If safety 
outcomes differ across subgroups of the popula-
tion, then root causes for the disparity need to 
be determined and mitigated. The public service 
duty is to ensure that risk interventions and 
safety outcomes apply equitably to all.

Introduction
The concept of equity has garnered interest in 
the federal government recently, as evidenced by 
the issuance of the President’s Executive Order 
13985 in 2021. During the April 2021 National 
Transportation Safety Board (NTSB) meeting, 
NTSB Chair Jennifer Homendy discussed the 
importance of equity as applied to public trans-
portation systems.

The concept of transportation equity likely 
spans several unique areas. This paper focuses on 
transportation safety equity outcomes that arise 
from work on system safety.

Rail Transportation as a System of Systems
National rail transportation is a system of sys-
tems. However, there are different perspectives 

from which this national system of systems is 
viewed for rail transportation. For example, the 
Federal Transit Agency (FTA) exercises oversight 
of safety for each transit system individually, as 
illustrated in Figure 1, which shows the head-
quarters of rail and bus public transit agencies 
located in every state across the nation [Ref. 1]. 

Transit agencies appear to be independent 
safety systems. However, in most cities, the rail 
transit lines connect with an airport, and transit 
bus lines connect with transit rail lines and air-
ports. The interconnectedness of transportation 
modes — and of transit agencies — establishes 
that the overarching transportation network is a 
system of systems [Ref. 2]. For example, Figure 
2 provides a closer view of the Washington Met-
ropolitan Area Transit Authority (WMATA) rail 
service lines in the Washington, D.C. metropoli-
tan area, which covers parts of Washington D.C., 
Maryland and Virginia [Ref. 3]. Figure 3 shows 
the Northern Virginia WMATA transit rail lines 
in black, and the connecting WMATA transit bus 
lines [Ref. 3].

In addition, there are heavy rail lines in 
Virginia (the Virginia Rail Express, known as-
VRE) and Maryland (Maryland Area Regional 
Commuter train service, known as MARC) that 
provide commuter rail service to metropolitan 
Washington, D.C. from areas outside of WMATA’s 
transit services. Both the VRE and MARC rail 
lines are connected with local transit agencies that 
provide bus services to commuters who live out-
side of WMATA’s transit service area.

A person commuting to and from work 
using public transportation can engage several 
modes of transportation within this system of 
systems. For example, a commuter may leave 
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Figure 1 — National Transit Map.

their home by walking, riding a bi-
cycle or riding in a car for the first 
leg of their commute. They may take 
a bus or train for the second part of 
their journey. Some may transfer to a 
different bus or train. The final leg of 
the commute may include walking to 
their place of work. This aggregation 
of travel modes presents challenges in 
measuring commuters’ safety.

Current Approaches to 
Measuring Safety
Currently, safety is measured by 
metrics such as collision events, 
fatalities and injuries, as reported by 
each rail transit agency to state and 
federal oversight authorities. When 
federal agencies, such as the FTA, 
aggregate railroad safety data in 
their federal databases, the data are 
received and compiled using each 
railroad’s productivity level (some 
measure of miles traveled) and the 
collision events, injuries and fatali-
ties by classification of person (pas-
senger, employee, etc.). For transit 
railroads, the FTA maintains these 
data in the National Transit Data-
base (NTD), where data are aggre-
gated by year in safety and security 
time series data files, shown in Fig-
ure 4. Figure 5 show events, fatali-
ties and injuries per 100 million ve-
hicle (train) revenue miles [Ref. 4]. 

1. Similar safety data spreadsheets are available on the FTA’s NTD website for transit bus agencies, showing both the number
of collision events, fatalities and injuries, and the number per 100 million vehicle revenue miles.

The numbers shown in Figure 5 are 
not an extrapolation if the railroad 
is productive in terms of revenue 
vehicle miles traveled.1 Rail transit 
agencies also report other safety 
metrics, such as collision events/
fatalities/injuries per 100 million 
train car or passenger revenue miles, 
where each vehicle (train) has mul-
tiple cars and each car transports 
multiple passengers. These methods 
of reporting rail safety data may be 
different for each rail transit agency.

Measuring the system safety 
of individual transit railroads typi-
cally is done by examining the rates 
of collision events/fatalities/injuries 
per vehicle revenue mile for custom-
ers/employees/other persons. These 
rates are viewed as how closely they 
approximate zero safety events and 
compared across railroads. 

Barriers to Measuring Safety 
There is not currently a practice 
of measuring commuters’ safety 
as they travel on multiple transit 
modes and systems. On a broader 
scale, there is not a current prac-
tice to measure the safety of transit 
transportation’s national system of 
systems, which is essential in an-
swering the question: How safe is 
the national transit transportation 
system? The barriers to doing this 

include the aggregation of different 
transit properties for a passenger’s 
trip and the varieties of safety man-
agement systems used by transit 
agencies. 

The aggregation of properties 
for a commuter’s trip was discussed 
earlier. In addition, there may be an 
aggregation of transit properties and 
agencies, with different safety 
responsibilities, for one portionof 
a commuter’s trip. These different 
rail properties may have different 
types of safety management systems 
in place, as there are few federal 
guidelines. The Federal Railroad Ad-
ministration (FRA) recently issued 
Title 49 Code of Federal Regulations 
Part 270, “System Safety Program,” 
after several delays over many years 
[Ref. 5]. A lack of standardized safety 
management systems, particularly 
when multiple rail transit properties 
are involved, creates opportunities 
for overlapping and gaps in system 
safety. An example of this came to 
light during the NTSB’s investigation 
of a rail accident in Dupont, Wash-
ington [Ref. 6].

On Dec. 18, 2017, at 7:34 a.m., 
southbound Amtrak passenger train 
501 derailed at overspeed from a 
bridge near Dupont, Washington on 
its inaugural run of the new Point 
Defiance Bypass. Several passenger 
railcars fell onto Interstate 5 and hit 
multiple highway vehicles (Figure 
6). At the time of the accident, 77 
passengers, five Amtrak employees 
and a Talgo technician were on the 
train. Of these individuals, three 
passengers were killed and 57 pas-
sengers and crew were transported to 
nearby hospitals. Additionally, eight 
individuals in highway vehicles were 
injured. The damage was estimated 
to be more than $25.8 million.

The Point Defiance Bypass rail 
project provides an example of how 
an aggregation of properties and 
agencies form a system of systems 

Journal of System Safety, Spring 2022   27



Figure 2 — WMATA Map of Washington, D.C. Transit Rail Lines

Figure 3 — WMATA Map of Northern Virginia Transit Rail and Bus Lines

within passenger rail transporta-
tion (Figure 7). It was funded by 
the Washington State Department 
of Transportation (WSDOT) and 
federal grants administered by the 
FRA. WSDOT contracted with 
Sound Transit to complete the By-
pass. Sound Transit hired and man-
aged contractors who undertook 
the work. All improvements are 
owned by Sound Transit, which is 
also responsible for track operation 
and maintenance of the Bypass. 
Sound Transit contracted BNSF to 
dispatch trains on the bypass. WS-
DOT contracted Amtrak to provide 
operations that included training 
operating crews on the newly up-
graded Point Defiance Bypass. Talgo 
manufactured and maintained the 
passenger trains through contracts 
with WSDOT. Amtrak is also the 
railroad of record responsible for 
developing operating rules, practices 
and procedures, as well as operating 
the revenue service. 

The NTSB investigated this ac-
cident. Among the 53 findings was:

 “Had the Washington State 
Department of Transportation, 
Central Puget Sound Regional 
Transit Authority, Amtrak, and 
the Federal Railroad Admin-
istration been more engaged 
and assertive and had clearly 
defined roles and responsibili-
ties during the preparation of 
the inaugural service, it would 
have been more likely that 
safety hazards, such as the 
speed reduction for the curve, 
would have been better identi-
fied and addressed.”

Among the 32 new safety rec-
ommendations issued by the NTSB 
were:

To Amtrak:
“Work collaboratively with all 

host railroads and states that own 
infrastructure over which you oper-
ate in an effort to develop a compre-

hensive safety management system 
program that meets or exceeds the 
pending Federal Railroad Adminis-
tration regulation, Title 49 Code of 
Federal Regulations Part 270, “Sys-
tem Safety Program.” (R-19-027)

“Conduct risk assessments on 
all new or upgraded services that 
occur on Amtrak-owned territory, 
host railroads, or in states that own 
infrastructure over which you op-
erate. (R-19-028)”
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Figure 2 — WMATA Map of Washington, D.C. Transit Rail Lines

Figure 3 — WMATA Map of Northern Virginia Transit Rail and Bus Lines
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Figure 4 — Transit Rail Safety Data, Reported to the FTA by Rail Transit Agencies, Aggregated by Year.

Figure 5 — Transit Rail Safety Data, Reported by Rail Transit Agencies and Shown per 100 Million Vehicle Revenue Miles.

The NTSB also reiterated four safety recommen-
dations to the FRA, including:

 “Enact Title 49 Code of Federal Regulations 
Part 270, ‘System Safety Program,’ without further 
delay. (R-17-17)” [Ref. 6]

With no federal standard for rail safety manage-
ment systems and no federal requirements, a passenger 
rail line that includes operations from a system of sys-
tems without overarching safety oversight may have 
multiple versions of safety metrics and risk assessments.

Transportation Safety Equity
The previous sections provided an overview of pas-
senger rail transportation system of systems, the types 
of metrics used to measure the safety of railroads, and 
barriers to measuring the safety of rail transporta-
tion within a system of systems. They also included 
the aggregation of different rail properties responsible 
for safety of passengers’ commutes and the lack of 
standards for safety management systems and risk as-
sessments. However, there are other perspectives for 
viewing the national system of systems for rail trans-
portation. 

                                                                         Journal of System Safety, Spring 2022   29



For example, one perspective asks how safe passen-
gers are instead of how safe the railroads are. This ques-
tion shifts the fundamental focus to a human-centric 
perspective of transportation system safety and is the 
foundation for determining whether transportation 
safety outcomes are equitable.

Current rail safety metrics are designed to de-
termine the safety of railroads based on safety out-
comes such as collision events/injuries and fatalities 
per million revenue miles traveled. A human-centric 
approach is concerned with the safety of the people 
who use the transportation system. For transit sys-
tems, this requires looking at safety metrics and safety 
risks to the person during their commute from home 
to work, and on the return trip, inclusive of all trans-
portation modes used. As such, safety risk assessments 
must be multimodal where applicable. This shifts the 
safety question from how safe individual rail proper-
ties are to how safe the transportation system is for 
the people who use it. 

Transportation safety equity is concerned with 
ensuring that safety outcomes are equitable for 
all groups of people within a population of users. 
Groups may be stratified on socioeconomic and bio-
demographic factors. If safety outcomes are different 
among groups, then root causes for the safety dispar-
ity need to be determined and mitigated. Although 
safety features and risk mitigations are not designed 
to discriminate among any subgroup of a user popula-
tion, safety outcomes may vary across subgroups and 
form safety inequities. 

Figure 6 — Aerial View of the Point Defiance Bypass Rail Accident near Dupont, Washington.

Barriers to Determining 
Transportation Safety Equity
A difficulty in determining safety levels across sub-
groups of the population is lack of data. The FTA does 
not require biodemographic, socioeconomic or disabil-
ity information on people injured or killed on railroad 
property. Therefore, accident reports to federal agencies 
from railroad properties often lack important details 
on demographic and disability information, even when 
that information is available from police investigations 
and medical examiner reports. This information is im-
portant in determining the effects of safety hazards on 
the most vulnerable groups within the population and 
the lack of these accident details in federal databases 
may mask potential safety issues. 

Safety inequities arise for diverse reasons; for ex-
ample, as unintended consequences of transportation 
policies, new technologies, or risk assessment and safety 
management schemes. Regardless, the public service 
duty remains — to ensure that risk interventions ap-
ply equitably to all and to ensure transportation safety 
equity for all, regardless of the modes of transportation 
used. 

Currently, we do not know if any socioeconomic/
biodemographic groups are injured at a higher popula-
tion percentage rate than others, so we do not know if 
existing safety controls are operating equitably. We do 
not know that because we are not collecting the data. 
Solving this problem is compelling and necessary to 
ensure that transportation safety does, demonstrably, 
mean safety for all.
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Executive Order 13985 is geared toward improv-
ing federal databases through disaggregation of data. 
With this, it may be possible to determine if safety lev-
els are equal across all subgroups of the population or 
if there are existing transportation safety inequities and 
disparities. 

If disproportionally high adverse safety outcomes 
are identified, then methods to mitigate or avoid the as-
sociated risks through engineered or administrative risk 
controls can be developed and implemented.

Conclusion
Modern transit transportation systems are a complex 
system of systems, with commuters often engaging in 
multiple modes of transportation during their trav-
els to and from work. Current methods of tracking 
safety metrics for individual rail and bus agencies do 
not capture the safety risks and outcomes of the indi-
vidual commuter throughout multiple, and perhaps 

multi-modal, legs of a journey. Nor do current safety 
databases support safety analyses of the commuting 
population’s subgroups, based on biodemographics, 
socioeconomics or disabilities. 

Ensuring the safety of travelers will require de-
velopments in safety assessments that recognize and 
account for the inherent system of systems nature 
of public transportation and are supported by public 
safety databases with disaggregated safety outcomes of 
collision events/fatalities/injuries for all subgroups of 
the population, stratified by biodemographic, socioeco-
nomic and disability data.

These changes in safety assessments and data-
bases reflect a shift to a human-centric perspective 
on transportation safety, which asks how safe the pas-
sengers are, instead of how safe the railroads or buses 
are. A human-centric perspective is fundamental to 
determining if transportation safety is, indeed, equi-
table for all.
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Figure 7 — Rail Properties and Oversight Agencies for the Point Defiance Bypass in Dupont, Washington.
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