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Executive
Summary

Transportation and land use in-
vestments and policies can have 
broad-reaching implications for 
population health, access to eco-
nomic opportunities, and en-
vironmental impacts including 
greenhouse gas (GHG) emissions. 
Transportation systems link people 
with social and health promoting 
resources, such as employment, ed-
ucation, food, recreation, social ser-
vices, and health care. Compact devel-
opment patterns can also support more 
walking, biking, and walking to transit. 
This can result in increased overall levels of 
physical activity, which may reduce incidence 
of chronic disease.
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Fixed alignment transit such as light rail and bus rapid 
transit are large and important regional investments that 
impact land value and are linked with economic develop-
ment, housing, and social justice strategies. As the City 
of Vancouver, Vancouver Costal Health Authority, Metro 
Vancouver, and TransLink prepare for the Millennium Line 
Broadway Extension (MLBE) investment; this report pro-
vides a review of methodologies of pre/post evaluations, 
strengths, weaknesses, and applicability to the MLBE. It 
also documents the edge of current academic knowledge 
that may be augmented through thoughtful studies im-
plemented around the MLBE.  

Figure 1 shows our theoretical framework, mapping a 
generalized causal pathway from transit investment to 
health.  Investments in transportation infrastructure, 
land use, pedestrian environment, and greenspace are 
believed to impact behaviours and exposures, biological 
response, chronic disease, and cost.

Through a systematic literature review, the authors iden-
tified 52 studies (50 published journal articles and 2 theses 
and dissertations) that clearly reported on rapid transit 
interventions and the longitudinal impacts on health-re-
lated outcomes of interest described in the causal path-
way in Figure 1. The included studies contain pre-post 
evaluation of 33 unique rapid transit systems in 31 cities 
across North America, South America, Europe, and Asia.  
The studies describe 8 Bus Rapid Transit, 22 rail (Light Rail 
Transit, Metro Rail, or Subway), and 3 tram or streetcar 
systems.  Because bodies of literature and methodolog-
ical challenges are often unique to outcomes studied, 
studies were organized by the following five outcome 
categories: 

1. Transportation outcomes such as mode, ownership 
and vehicle kilometers traveled (VKT); 

2. Intermediate behavioral outcomes such as physical 
activity and obesity; 

3. Environmental outcomes associated with emissions; 
4. Social and economic outcomes including income, 

crime, land use, density, employment; and 
5. Health outcomes such as mortality and morbidity.  

There is a wide variation in the methods used to study 
the community-level health impacts of fixed guideway 
transit investment.  This makes it difficult to compare 
studies. Some of the key methodological challenges are 
as follows:  

• Transit intervention studies that explicitly focus on 
health outcomes are very limited: Published litera-
ture links physical activity with decreased body mass 
index, chronic disease and premature death. While 
several studies are underway that make these linkag-
es with data collection nearing completion; published 
evidence showing the linkage between transit invest-
ments and direct health outcomes is limited to only 
one study. This presents opportunities for scientific 
research around the MLBE. 

• The relationship between a transit investment and 
measurable health outcomes is complex and in-
cludes multiple steps. Studies that attempt to mea-
sure most of the steps along the hypothesized causal 
pathway (see figure 1) at the population level are new, 
and very costly to conduct. It is possible and less cost-
ly to use existing population-based administrative 
data in Metro Vancouver that can isolate the inter-
vention and the outcome only without assessment of 
any intermediate factors. This work can assess direct 
impacts of the investment but lacks information on 
the causal mechanisms through which transit invest-
ments impact health outcomes.

• It is possible to select for study pieces of the causal 
pathway shown in figure 1 – such as isolating rela-
tionships between transit investment and travel be-
haviour, between travel behaviour and specific expo-
sures, between exposures and biological responses, 
or between biological responses and health out-
comes, this limits an overall understanding of com-
plexities within the casual pathway. However, this ap-
proach can provide information on mechanisms and 
relationships within the causal pathway.

• Few studies of health related outcomes have iso-
lated the impact of transit from other factors. Lon-
gitudinal studies with treatment and control groups 
also employ statistical approaches to assess the 
“causal” impact of an intervention on a defined popu-
lation. Such studies emulate a randomized controlled 
trial with a “control” population that is comparable to 
the “treatment” or intervention population except for 

Methodological
Challenges



not being exposed to a rail investment.  Repeated one 
time cross-sectional surveys on different samples and 
even longitudinal designs on the same population 
without a control are subject to bias and/or confound-
ing effects of other factors. 

• Studies that capture potential benefits from phys-
ical activity could also include potential risks from 
exposure to air pollution, noise, and traffic inju-
ries.  Capturing both behavioral and exposure-based 
impacts can help understand the separate and com-
bined effect of these factors on several health out-
comes, such as cardiovascular disease and diabetes.  
Failure to consider both behaviours and exposures 
may result in the underestimation of potential health 
benefits which are offset from related impacts of air 
pollution, noise, and injury risk stemming from densi-
fication around transit stations. 

• Mixing several types of study designs is possible 
and can leverage existing data on larger samples 
while conducting targeted primary data collection.  
This has been done in a few locations (e.g. Salt Lake, 
Utah; Los Angeles, California; and Cambridge, UK) to 
study health impacts of rail investment and can be a 
cost effective and informative approach. 

• Study design, sample size, control groups, and oth-
er methodological choices differ depending on out-
comes, study population, and geographic scale from 
neighbourhood, corridor, to regional impacts.  Con-
siderations include:
• Isolating and/or assessing synergistic impacts 

of rail and related land use changes, pedestrian 
infrastructure investments, transportation pro-
grams (e.g. car and bike sharing) requires explicit 
methodological consideration. 

• Existing data may not address attitudinal consid-
erations, methodological concerns, and provide 
the ability to control for other factors.

• Objective data on physical activity and travel pat-
terns are key features in most state of the art rail 
interventions studies underway.

• Objective real time “on-person” spatial assess-
ment of exposure to air quality has not yet been 
conducted in any rail intervention study.

• Capturing vulnerable underserved populations po-
tentially displaced by transit is critical and requires 
targeted geographic sampling.  This population is 
hard to reach and to retain over time, which is a re-
quirement of a longitudinal study design.

• There are opportunities for analysis of potential 
health care cost savings benefits in relation to 
transit investment.  This topic is the focus of several 
on-going studies in the U.S. One example includes a 
study in Portland, Oregon being co-led by Kaiser Per-
manente and the Principal Investigator of this review. 
Other related studies are underway in Seattle, Wash-
ington, and Austin, Texas, but no such study of this 
nature is underway in Canada.  Employing some sim-
ilar research methods would allow comparative work 
to be done between these similarly sized regions with 
contrasting political structures and health care sys-
tems.

As anticipated, findings vary considerably between stud-
ies largely due to: 

• Differences in types of transit investments and 
stages of system development 
• Some studies reviewed were of BRT and others of 

rail and some were of a region’s initial rail invest-
ment versus others connecting a corridor to an 
already developed rail network offering consid-
erable travel time savings to major destinations.  

• Some studies were in lower income areas while 
others in higher income areas capturing different 
types of riders.

• Differences in methodological approaches to study 
designs

• Some studies have control groups and retain the 
same participants over time while others do not.

• Variation in spatial scale and approaches to geo-
graphic buffering of a sample population around 
transit corridor. Ranges from buffering around 
rail stations to buffering of entire lines and feeder 
routes.  

• Considerable variation in statistical methods em-
ployed, and outcome measurements (e.g. self-re-
ported versus objective measurement).

• Different impacts for dependent versus choice rid-
ers were most often not directly assessed. 

• Impact of new transit investment may differ be-
tween people relying on public transit (dependent 
riders) versus people that own a car and thus not 
fully dependent on public transit (choice riders). 

• A few studies examined the impact of car owner-
ship on travel behavior while the majority did not, 
making it difficult to compare the results.

Limited
Comparability
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Results of Health Impacts 
of Fixed-Guideway Transit 
Investments

Transit invest-
ments lead to 
mode shift.

• Studies generally found that new rail transit systems 
tend to replace existing bus ridership, reduce vehicle 
kilometers traveled, and reduce emissions. 

• Walking (and to some extent biking) increased along 
with the ability to attract higher income choice riders 
from increased level of service over surface bus.

Transit investments 
can increase physi-
cal activity but overall 
results vary depending 
on the study design.
 
• Depends if “choice” and “dependent” 

riders were studied separately, scale 
and type of the transit intervention 
studied, and if physical activity 
was measured objectively or 
self-reported.

Evidence on impacts for 
vulnerable “transit de-
pendent” populations 
is limited.  

• Studies generally show 
that land value increas-
es around station areas 
from fixed guideway 
transit investment. No 
studies have directly as-
sessed the likely impact 
of transit investment on 
disadvantaged population 
being displaced into more car 
dependent outlying areas.

• One study in Bogota showed that 
vehicle ownership amongst relatively 
lower income populations actually went 
up after a rail line opened. Whether this is due 
to the displacement effect is an open question. 



Evidence that physical activity from travel 
substitutes for other forms of physical activity 
is limited.  Some studies suggest partial 
substitution likely occurs. 

• Requires studying all domains and locations in which 
physical activity occurs and ideally the usage of 
objective physical activity measurementactually went 
up after a rail line opened - likely due to displacement. 

Considerable information is contained within 
the real estate and economic development 
literature documenting economic impacts 
of rail investment and transit-oriented-
development.  

• While economic impact of a new transit 
investment was outside the scope of this review, 
it may be useful to examine the combined effect 
of economic development and displacement due 
to transit intervention on several key health-related 
outcomes, such as healthcare spending. 

Several studies found a decrease 
in the generation of air pollution 
levels and GHG emissions.

Rail lines typically do increase 
land value.  

• Several decades of research exists 
on the economic impacts of rail 
investment.  

Several studies found increases in jobs and in 
income.

• However, no studies have examined the alternative 
explanation of the increase in jobs and income due to 
the displacement effect. 

• We note that the effect of displacement on jobs and 
income is the area that needs further investigation.

Transit investments may influence perceptions 
of safety and well-being.  

• Researchers in Salt Lake City found an increase in the 
perception of child and pedestrian safety after the 
opening of their light rail.

• These researchers also reported an increase in 
residents’ sense of community.

• The USA has a long history of justifying new rail starts 
based on the predicted increases in land value and 
economic development in emerging station areas.  

• Focus has been at the sub-regional or 
corridor level after rail improvements 
were made.  

• These reductions are contrasted by anticipated 
increases in exposure to air pollution within more 
concentrated areas around transit stations due to 
densification – which has yet to be directly assessed.  

• No studies effectively addressed changes in person 
level changes in exposure to air pollution.



Significant opportunities exist for future research on the 
health effects of transit investment.  Few studies have 
been conducted to date and those that have been done 
use a wide array of study designs with varying degrees 
of rigor.  The few studies that have used a control group 
and retained the same participants before and after the 
transit improvement happened have found significant 
impacts on physical activity, GHG emissions, and pollut-
ant concentrations.  Economic impacts of transit on land 
value and wages are somewhat clearer, but the question 
for whom these benefits accrue remains unclear.  The 
potential for gentrification is a critical issue in Vancouver 
and the potential of displacement and increased hardship 
for vulnerable populations is considerable.  

Gaps in the research are numerous.  Some potential op-
portunities for consideration in future studies along the 
MLBE corridor are many and include: 

1. Assessment of both behavioural and exposure based 
impacts on health outcomes resulting from transit in-
vestment.

2. The intentional recruitment and assessment of health 
impacts on both dependent and choice riders.

3. Assessing the health impacts of both transit and re-
lated non-motorized infrastructure investments.

4. Leveraging and integrating existing data including 
administrative and other newly collected health sur-
vey data with newly collected data into study designs.

5. Direct assessment of any displacement that is ob-
served and further evaluation of the relative health 
impacts of changes in residential environments.

6. Evaluation of the health related economic impacts 
and potential benefits of transit investment.

Summary


