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Introduction: This systematic economic review examined the cost−benefit and cost-effectiveness of
park, trail, and greenway infrastructure interventions to increase physical activity or infrastructure use.

Methods: The search period covered the date of inception of publications databases through Feb-
ruary 2022. Inclusion was limited to studies that reported cost−benefit or cost-effectiveness out-
comes and were based in the U.S. and other high-income countries. Analyses were conducted from
March 2022 through December 2022. All monetary values reported are in 2021 U.S. dollars.

Results: The search yielded 1 study based in the U.S. and 7 based in other high-income countries,
with 1 reporting cost-effectiveness and 7 reporting cost−benefit outcomes. The cost-effectiveness
study based in the United Kingdom reported $23,254 per disability-adjusted life year averted. The
median benefit-to-cost ratio was 3.1 (interquartile interval=2.9−3.9) on the basis of 7 studies.

Discussion: The evidence shows that economic benefits exceed the intervention cost of park, trail,
and greenway infrastructure. Given large differences in the size of infrastructure, intervention costs
and economic benefits varied substantially across studies. There was insufficient number of studies
to determine the cost-effectiveness of these interventions.
Am J Prev Med 2024;000(000):1−11. Published by Elsevier Inc. on behalf of American Journal of Preventive Medi-
cine.
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E ngagement in physical activity is known to
improve physical health1,2 and mental health.3,4

However, inadequate physical activity continues
to be a public health issue across the world,5,6 including
the U.S. On the basis of 2015−2021 data from the
Behavioral Risk Factor Surveillance System,7 about a
quarter of U.S. adults did not engage in leisure-time
physical activity. Only about half achieved the recom-
mended minimum amount of physical activity.8 Among
U.S. adolescents, the percentage of students in Grades
9−12 who achieved the recommended amount of physi-
cal activity8 was 19.4% in 2009 and 23.2% in 2019.7

Interventions that establish new or modify existing
park, trail, and greenway infrastructure aim to increase
physical activity and the use of the infrastructure for
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recreation and relaxation by the population that reside
in their proximity. Green space is a common term in the
literature, and this study defines green space as any piece
of vegetated land or body of water that is managed and
maintained for the use of everyone in a community.
Parks, trails, and greenways are types of green space.
The Community Preventive Services Task Force

(CPSTF) recently recommended park, trail, and green-
way infrastructure interventions when combined with
interventions to increase community engagement,
awareness, programming, or access.9 The recommenda-
tion was based on evidence from a systematic review
that these infrastructure interventions increase physical
activity and increase the use of the park, trail, or green-
way. The evidence for increased physical activity was
inconsistent when the interventions were implemented
as infrastructure alone, but there was evidence of
increased use of parks, trails, and greenways.
A separate systematic economic review of park, trail,

and greenway infrastructure intervention was conducted
following the CPSTF recommendation. On the basis of
the results from the systematic economic review, the
CPSTF found that the societal economic benefits exceed
the cost of these infrastructure interventions when
implemented alone.9 There were not enough studies to
assess the cost-effectiveness of the intervention, and
there were no studies to examine the cost-effectiveness
or cost−benefit when infrastructure improvements were
combined with additional interventions. This study
describes the methods, results, and conclusions from the
systematic economic review.
METHODS

This review was conducted using established methods
for systematic economic reviews developed by the Cen-
ters for Disease Control and Prevention and approved
by the CPSTF.10 The review team included subject mat-
ter experts on physical activity and infrastructure from
various agencies, organizations, and academic institu-
tions; members of the CPSTF; and experts in systematic
economic reviews from The Community Guide Program
at the Centers for Disease Control and Prevention. Two
publications from the Organization for Economic Coop-
eration and Development were consulted for guidance
on appropriate methodologies in the conduct of eco-
nomic evaluations of environmental interventions.11,12

Park, trail, and greenway infrastructure interventions
improve the built and natural environments by creating
or enhancing public locations for physical activity, relax-
ation, social interaction, and enjoyment.9 These infra-
structure improvements may be combined with other
interventions to increase community engagement, public
awareness, programming opportunities for physical
activity and social interaction, and community access.
The detailed definition of the intervention is available on
The Community Guide website.9

The review team developed an economic analytic
framework identifying the intervention, population, and
economic outcomes of interest (Figure 1). The frame-
work identified components of each economic outcome
and the drivers, which are the components that contrib-
ute substantially to the magnitude of their estimates.
The following research questions were addressed by the
review:

� What is the intervention cost?
� What are the economic benefits because of the inter-
vention?

� How do economic benefits compare with cost (e.g.,
benefit-to-cost ratio)?

� Is the intervention cost-effective?

As shown in Figure 1, park, trail, and greenway infra-
structure interventions to increase physical activity
include infrastructure (creation of new spaces or enhance-
ments to existing spaces) with or without additional inter-
ventions, such as increased programming, access,
promotion, and community engagement. The framework
postulates that these interventions will increase commu-
nity use of the infrastructure for physical activity, active
transport, relaxation, and social interaction. The frame-
work then proposes that these uses of the infrastructure
would make the population more physically active,
improve their physical and mental health and wellbeing,
improve their quality of life, and improve environmental
outcomes, thereby reducing morbidity and mortality. The
economic review identified the capital cost and mainte-
nance cost to be drivers of intervention cost. The cost of
additional interventions for programming, access, promo-
tion, and engagement would also be drivers of interven-
tion cost when implemented. It is postulated that
economic benefits derive from reduced healthcare costs
due to improved physical and mental health, value of the
infrastructure to users for recreation and relaxation, envi-
ronmental improvements in air and water quality, and cli-
mate adaptability or biodiversity. The health-related
benefits, the use value of the infrastructure, and the envi-
ronmental effects are considered drivers of benefit. Use
value is the subjectively valued monetary benefit that indi-
viduals place on the availability and use of the infrastruc-
ture. The framework also suggests that reduced morbidity
and mortality due to improved physical and mental
health would increase both quantity and quality of life
years lived and avert disability-adjusted life years
(DALYs) lived for the community’s population. The
www.ajpmonline.org



Figure 1. Analytic framework: park, trail, and greenway infrastructure interventions.
*Cost or benefit driver.
DALY, disability-adjusted life year; QALY, quality-adjusted life year.
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framework conceptualizes summary economic outcomes
as cost-effectiveness and cost−benefit. Cost-effectiveness
is the net cost per additional quality-adjusted life year
saved or DALY averted. Cost−benefit is the ratio of total
intervention benefit to the intervention cost.
Gentrification can result if the improved infrastructure

attracts higher-income individuals to the neighborhood,
and this increased demand leads to rising rents, property
values, and associated property tax. Increased housing
costs can lead to displacement of current residents, that is,
when they are forced to move out of the neighborhood
owing to unaffordability.13 The analytic framework postu-
lates these effects as potential harms of the intervention.
The review team decided to include only economic

studies that reported cost−benefit or cost-effectiveness
estimates. Studies had to include creation or improve-
ments in green space infrastructure and could not be
model simulations. Furthermore, economic benefits
must include benefits from physical activity or other use
value of the green space infrastructure such as for recrea-
tion or relaxation. Evaluations for natural infrastructure
such as large national parks (e.g., Yellowstone) were
excluded because they are unlikely to contribute to regu-
lar physical activity opportunities for a well-defined local
population or community. Also excluded were infra-
structure related to urban agriculture or gardens, green
walls, and green roofs because they are not freely accessi-
ble to everyone in the community or do not contribute
& 2024
to regular physical activity. Furthermore, evaluations of
projects that cleared and maintained vacant lots to
reduce violence and increase safety were not part of this
review. A separate systematic review of this literature
would be necessary to examine the economic merits of
these projects.14,15

A search of the literature for economic evaluations
was conducted with the inclusion and exclusion criteria
described earlier along with the following additional cri-
teria: met the definition of the intervention, conducted
in a high-income country according to World Bank cri-
teria,16 written in English, and included ≥1 economic
outcomes described in the research questions. The
search was conducted in March 2022, and the period
covered the date of inception of publications databases
through February 2022. Peer-reviewed journal articles
and papers presented at conferences were included as
well as reports from government or quasi-government
entities. Reference lists of included studies were
screened, and subject matter experts were consulted for
additional studies. The databases searched were Medline,
CAB Abstracts, PsycINFO, Scopus, Cochrane Library,
GreenFILE, EconLit, Environmental Science Collection,
CRD York-NHS EED, CRD York-DARE, NTIS, CEA
Registry, and Google Scholar. The detailed search strat-
egy is available on The Community Guide website.9

Two reviewers independently screened the search yield
and abstracted information from the included studies.
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Unresolved disagreements between reviewers were taken
to the full review team for majority consensus.
The infrastructures considered in this review have rel-

atively long lives. The implementation requires an
upfront cost of planning and construction followed by
an annual cost for maintenance and repair. The litera-
ture generally assumes a useful life of 20−50 years before
replacement becomes necessary. In this review, the
upfront cost is referred to as the capital cost, and the
annual cost is the maintenance cost. Benefits accrue
owing to the infrastructure over the years of its useful
life. The long time horizon necessitates discounting
future values of both cost and benefit because a dollar
now is valued more than a dollar in the future.12 Values
of 3%−5% have been recommended in the literature,
and values >5% were considered excessive for the pur-
pose of this review.11

Different methods are used in the literature to mone-
tize benefits from greenspace infrastructure, as appropri-
ate for the type of benefit.11,12 Healthcare costs averted
and DALY are estimated by modeling from increase in
physical activity to diseases prevented such as cardiovas-
cular disease, diabetes, and cancer. Healthcare cost is the
cost of treatment for the diseases, and DALY is the sum
of disutility weighted years of life lived with the diseases.
Increased productivity at worksites is estimated from
reduced absences and increased output due to improved
health from physical activity and reduced stress.
Reduced pollution due to the infrastructure leads to
improved health and averted diseases, which in turn also
reduces healthcare costs. Studies may fully model these
economic outcomes or draw from estimates reported in
the existing literature through the method of benefits
transfer, where benefits previously calculated by another
evaluation study are adapted to the current intervention
and population.12

Mainly two methods are used in the literature to
extract use value, which is the subjective monetary value
that individuals place on the infrastructure. The meth-
ods are broadly classified as revealed preference and
stated preference.12 Revealed preference methods ana-
lyze the economic behavior of individuals to indirectly
assess the value of the infrastructure to them. An exam-
ple of revealed preference is the travel cost method,
which computes the cost incurred to reach the infra-
structure destination and the value of time spent in
travel and in activities at the destination (usually at
some wage rate per hour). Contingent valuation is a type
of stated preference method that directly queries individ-
uals through surveys/questionnaires to place a willing-
ness to pay or monetary value on having the
infrastructure versus not having it or versus some appro-
priate alternative. Hence, benefits of the intervention
may be directly observed for or indirectly extracted from
the population served by the infrastructure.
Assessment of the change in property value provides

an indirect measurement of the value that individuals
place on greenspace infrastructure. Properties that are
geographically proximate to the infrastructure may
increase in value owing to greater appeal. Property value
is usually measured as the purchase price found in sales
data maintained by local tax authorities. It is assumed
that the annual property tax increases as the assessed
property value increases. The increase in property value
may be considered a benefit in terms of wealth and a
cost in terms of tax burden for the property owner.
Rental units that are proximate to the infrastructure
may experience increase in rent owing to greater appeal
for renters and owing to increased property tax for own-
ers. Therefore, whether an increase in property value is a
benefit or harm is a question of distribution of costs and
benefits and depends on the context of the individuals
impacted.
The overall economic merit of the intervention is sum-

marized with cost−benefit or cost-effectiveness estimates.
An intervention is cost-beneficial when the benefit-to-
cost ratio >1, that is, where benefits > cost. An interven-
tion is cost-effective if the net cost per DALY averted is
less than the per capita gross domestic product of the
country where the intervention was implemented.17

A tool for quality assessment of economic evidence
was developed for the scope and objective of this study
and is available as Appendix Material (available online).
Two raters used the tool to independently assign and
later reconcile points that indicate limitations in the
quality of the estimates for variables related to interven-
tion cost, healthcare cost, DALY, and net cost per DALY
averted. Each estimate was scored as good, fair, or lim-
ited in quality of capture on the basis of inclusion of
components deemed to be drivers of magnitude for the
estimate. Each estimate also was scored as good, fair, or
limited in quality of measurement on the basis of the
appropriateness of analysis and methods used to derive
the estimate. The final quality score for an estimate is
the lower of the quality assessed for capture and quality
assessed for measurement. The quality score assigned to
an estimate that is a combination of other estimates,
such as net cost, is the lower of the quality scores
assigned to intervention cost and change in healthcare
cost estimates. Estimates that received a limited quality
score were removed from further consideration.
Cost−benefit analysis seeks to be comprehensive in

coverage of what it considers to be costs and benefits of
an intervention, and this comprehensiveness can lead to
overlap across some estimates.11,12 For example, there
can be significant overlap between the value of a
www.ajpmonline.org



Figure 2. Search yield and included studies.
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neighborhood park in terms of increased property values
in its proximity and the result of a survey of area resi-
dents for what monetary value they place on the park.
Although the expectation is that studies will exercise
care in avoiding double counting,11,12 this systematic
review identified studies and estimates for closer exami-
nation that may have a problem of double counting. In
addition, double counting of benefits is one of the crite-
ria by which a limitation point may be assigned during
quality scoring of estimates. A strictly conservative
approach would be to include only 1 source of benefit
when there is a possibility that benefits from different
sources overlap, but this approach may be overly cau-
tious and risk underestimation.
All monetary values are in 2021 U.S. dollars, adjusted

for inflation using the Consumer Price Index from the
Bureau of Labor Statistics18 and converted from foreign
currency denominations using purchasing power pari-
ties from the World Bank.19 Summaries of estimates are
reported as medians for continuous variables (along
with interquartile intervals [IQIs] when there are ≥4
estimates) and as frequencies for categorical variables.
All analyses were conducted using Microsoft EXCEL
from March 2022 through December 2022.
RESULTS

Figure 2 shows the search yield. Screening resulted in the
inclusion of 7 cost−benefit studies20−26 and 1 cost-effec-
tiveness study.27 Table 1 provides intervention and pop-
ulation characteristics from the studies. In terms of
& 2024
geographic location, 1 study was based in the U.S.21; 2
were based in the United Kingdom22,27; 2 were based in
Australia23,25; and 1 each was based in Spain,20 Italy,26

and the Czech Republic.24 The 2 studies from the United
Kingdom evaluated the same intervention for cost-effec-
tiveness27 and for cost−benefit.22 The studies were based
in large (n=3),21,23,25 medium (n=4),20,22,24,27 and small
(n=1)26 urban areas, with 321,22,25,27 placed in economi-
cally disadvantaged communities. Parks were developed
as parks alone (n=1)23 and as parks within larger infra-
structure of wetlands to manage stormwater
(n=3).20,24,26 The 3 infrastructures that included green-
ways or trails were developed from an unused railway
track as a transit corridor (n=1),21 as part of urban rede-
velopment (n=2 studies from 1 intervention),22,27 and as
part of a creek rehabilitation to its natural state (n=1).25

Increased physical activity was estimated and included
as an economic benefit in 4 studies,21,22,25,27 and
increased value from use for the purpose of recreation or
relaxation was included as economic benefit in 5 stud-
ies.20,23−26

Table 2 provides the intervention cost, intervention
benefit, and the summary outcomes of cost−benefit and
cost-effectiveness reported by each study. The types of
benefits monetized in each study are identified as well as
brief descriptions of methods used to derive the esti-
mates. There were 6 good-quality estimates20,21,24−27

and 2 fair-quality estimates22,23 for intervention cost.
The most frequent reason for assignment of limitation
points was the absence of either capital cost or mainte-
nance cost. Of the 7 studies20−26 that monetized
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economic benefits, 4 reported good-quality
estimates21,22,24,25 for benefits, and 3 reported fair-qual-
ity estimates.20,23,26 The driver of economic benefits that
was most frequently missing was averted healthcare
cost.20,23,24,26 The most frequent reasons for limitation
points assigned to benefit estimates included lack of sen-
sitivity analysis20,21,23−25 and the possibility of double
counting benefits.21,22,24,25 There were 321,24,25 good-
quality and 420,22,23,26 fair-quality estimates for cost
−benefit. The single cost-effectiveness estimate was of
good quality.27

Table 2 provides the economic outcomes reported in
the included studies. The median capital cost for the
infrastructure projects was $8.7 million (IQI=$3.3−
$29.6 million) on the basis of 7 estimates from 7 stud-
ies.20−22,24−27 The median annual cost of maintenance
was $34,570 (IQI=$14,377−$116,070) on the basis of 7
estimates from 7 studies.20,21,23−27 None of the studies
reported implementation or cost of additional interven-
tions to increase programming, access, promotion, or
community engagement.
The median annual benefits due to intervention was

$994,000 (IQI=$166,837−$4.7 million) on the basis of 7
estimates from 7 studies.20−26 One cost-effectiveness
study reported a $6,525 annual benefit from averted
healthcare cost and 8.8 annual DALYs averted owing to
the infrastructure, modeled from cardiovascular disease
and cancers averted because of increased physical activ-
ity and improved environmental quality.27 Table 2
shows various types of benefits monetized by the studies:
reduction in crime (n=1),22 improved air or water qual-
ity or carbon sequestration or biodiversity (n=5),21,22,24
−26 improved physical or mental health (n=4),21,22,25,27

injuries prevented (n=1),21 increased productivity of
workers (n=1),22 increased property value
(n=4),21,22,24,25 reduced stormwater and runoff or flood-
ing (n=1),22 and increased use value for recreation or
relaxation (n=7).20−26 Studies employed multiple meth-
ods to monetize benefits, including revealed preference
methods such as travel cost,20,23 stated preference meth-
ods such as contingent valuation,22,23,26 benefits transfer
through literature review,22,24,25,27 and methods and
inputs stipulated by a funding agency.21

Suspicion of double counting of benefits arose in
421,22,24,25 studies, particularly where the estimate for
increased property value could have overlapped with
estimates for recreation,21 crime and pollution,22 recrea-
tion and pollution,24 and recreation.25 The benefit esti-
mates from these studies were examined closely.
Appendix Table 1 (available online) shows the percent-
age contribution of each benefit to the reported total
benefit. Double counting of consequences was only pos-
sible in the case of 1 study21 because property value
www.ajpmonline.org



Table 2. Cost−Benefit and Cost-Effectiveness (n=8 Studies)

Study
Country

Intervention capital cost
Intervention annual
maintenance cost
(quality of estimate)

Annual intervention
benefit

(quality of estimate)

Components of
intervention
benefitb Methods of benefit estimation

Cost−benefit or
cost-effectiveness
Time horizon in

years
(quality of estimate)

Alfranca et al.20

Spain
$154,417
$34,570
(good)

$121,252
(fair)

U Travel cost survey Cost−benefit 3.45
20
(fair)

Atlanta BeltLine21

U.S.
$75,320,401
$179,848
(good)

$5,809,095
(good)

E, H, I, Pv,d Ud Valuation of reduced traffic injuries, reduced
automobile use, increased recreational use,
reduced healthcare cost, increased property value
based on U.S. DOT guidelines (NCHRP 552 Report)
and local data

Cost−benefit 2.93
30
(good)

Dallat et al.27a

UK
$8,938,820
$52,291
(good)

$6,525c

DALY 8.8
(good)

DALY, H Reduced healthcare costs due to averted colon
cancer, breast cancer, heart disease, and stroke
based on benefits transferred from a systematic
review of link from physical activity to disease state
(assumed 2% increase). DALY from Global Burden
of Disease.

Cost per DALY averted
$23,254e

41
(good)

Hunter et al.22a

UK
$50,169,617
NR
(fair)

$3,608,629
(good)

C, E, H, Pd, Pv,d

S, Ud
Willingness to pay and cost for visitors, reduced
healthcare cost from physical activity, increased
productivity from major local employers, increased
property value, reduced crime, reduced pollution,
and reduced flooding. Benefits transfer based on a
review of local or European studies and local data.

Cost−benefit 2.88
40
(fair)

Lockwood and Tracy23

Australia
NR
$8,179,219
(fair)

$34,897,999
(fair)

U Travel cost survey, contingent valuation survey Cost−benefit 4.27
1
(fair)

Mach�a�c et al.24

Czech Republic
$5,368,211
$20,863
(good)

$994,000
(good)

E, Pv,d Ud Property value from local data, benefits transfer
from meta-analyses for environmental benefits and
recreational value.

Cost−benefit 8.61
50
(good)

Mekala et al.25

Australia
$8,679,850
$7,891
(good)

$104,184
(good)

E, H, Pv,d Ud Property value from local data, benefits transfer
from national and European studies for healthcare
cost, environmental benefits, and willingness to
pay for use value.

Cost−benefit 0.59
50
(good)

Reynaud et al.26

Italy
$1,281,056
$5,124
(good)

$212,422
(fair)

E, U Contingent valuation that included recreational
and environmental attributes and alternatives.

Cost−benefit 3.12
20
(fair)

(continued on next page)
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contributed 12.7% and use value contributed 70.7% of
the total estimated benefit. In the other 3 studies,22,24,25

either property value or the other benefits where double
counting may be an issue were small percentages of the
total benefit.
Cost−benefit and cost-effectiveness outcomes that

summarize the economic merits of the interventions are
provided in Table 2. The median benefit-to-cost ratio
was 3.1 (IQI=2.9−3.9) on the basis of 7 estimates from
7 studies.20−26 The benefit-to-cost ratios indicate that
the sum of economic benefits exceeded the cost to imple-
ment and maintain the infrastructure interventions. One
cost-effectiveness study based in the United Kingdom
reported $23,254 per DALY averted.27 The estimate
indicates that the infrastructure intervention was cost-
effective because it was less than the per capita gross
domestic product of the United Kingdom in 2021
($49,525).28

The included studies did not report any estimates for
economic harms associated with gentrification and
displacement. Additional details on this topic from
the broader literature are presented in the discussion
section.
DISCUSSION

This systematic economic review found that total socie-
tal benefits exceed the cost of establishing parks, trails,
and greenways. The evidence came from studies that
reported cost−benefit estimates comparing the mone-
tized values for benefits from improved health, environ-
ment, or wealth of the communities due to green space
infrastructure interventions with the cost to implement
the changes to the infrastructure.
None of the included studies reported the cost and

benefit of additional interventions to increase engage-
ment, awareness, programming, or access. This contrasts
with the review of effectiveness, which found 21 studies
of infrastructure plus additional interventions and
17 studies of infrastructure alone.29 It is unclear whether
additional interventions were absent or the economic
studies did not evaluate the additions whose costs were
likely to be minimal compared with capital cost such as
for programming or whether larger costs such as for
access enhancements were incorporated into capital cost
but not reported separately.
Postindustrial economies such as the U.S.30−33 present

opportunities to embed parks and green spaces in tracts
previously used for other purposes that are no longer in
demand.34 Such opportunities also exist when public
investments are made to redevelop tracts that are in a
state of decline owing to secular economic trends and
transitions. Furthermore, environmental infrastructure
www.ajpmonline.org
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improvements can incorporate green spaces to promote
physical activity and recreational use and thereby take
advantage of health-related cobenefits along with tradi-
tional environmental benefits.35 The studies in this
review included these scenarios, ranging across smaller
environmental projects to manage streams and storm-
water,20,24−26 rail-to-trail conversion for transit
improvement,21 and urban redevelopment.22,27

All community members deserve equitable; accessible;
and well-maintained parks, trails, and greenways and safe
opportunities to be physically active.36 These investments
have the potential to improve health equity when planners
and decision makers engage the community, incorporate
access considerations, provide programs, increase commu-
nity awareness, and guard against unintended harms such
as displacement due to gentrification.
Recent literature has raised concerns about gentrifica-

tion that may result from green space projects,37,38

where gentrification is defined as the transformation of
the financial and cultural profile of a low-income com-
munity after the influx of higher-income individuals and
families.39 Studies have found an association between
some large park and greenway infrastructure projects
and increases in property values in the proximate area of
the projects.40,41 This review developed a framework to
identify plausible economic harms due to gentrification
and displacement as a consequence of parks, trails, and
greenway infrastructure. The framework and detailed
description are available in Appendix Figure 1 (available
online). The framework identified current low-income
residents within the community where the project is
implemented as the population of interest in determin-
ing whether economic harms occurred. These economic
harms can occur for individuals such as homeowners,
renters, consumers, business owners, employees, or
retirees. Displacement may result when the cumulation
of harms forces long-time residents to move elsewhere.
Because none of the studies included in this systematic
review assessed or reported economic harms due to the
interventions, informal searches in Google Scholar and
PubMed were conducted to identify relevant studies
from the broader literature. The search produced no
additional studies of green space projects beyond those
previously mentioned that reported increases in prop-
erty value.40,41 Property value increases can be a harm if
the annual property tax becomes prohibitive for owners.
Rent can increase owing to higher property tax, which is
directly related to property value. Rent can also increase
owing to improved attractiveness of the neighborhood.
Other studies found in the search either did not report
monetized harms or were research on gentrification
from all causes and not triggered by purely green space
projects.13,39 This paucity of research on the economic
& 2024
harms of green space projects does not imply the
absence of harms, and strategies to ameliorate possible
harms from green space infrastructure projects have
been compiled in recent research.42,43

Limitations
Cost-effectiveness assessments are appropriate for evalu-
ations focused on the public health aspects of parks,
trails, and greenways. There was only 1 study that
reported cost-effectiveness on the basis of net cost per
DALY averted, and more such research is warranted.
One study based in Australia did not provide the capi-

tal cost for the infrastructure and computed cost−benefit
as the ratio of an annual willingness to pay to the annual
maintenance cost of the infrastructure. The reported
cost−benefit ratio may be an overestimate.
The overestimation of benefits due to double counting

may be possible in the case of 1 study: the Atlanta Belt-
Line.21 However, even if property value’s contribution to
the benefit of 12.7% were entirely excluded in this study,
the cost−benefit ratio of 2.56 would still be far above the
cost−beneficial threshold of 1.
There is a small body of literature that draws a quanti-

fied link between the introduction of green spaces and
gentrification. Gentrification resulting in displacement
of residents may constitute costs or harms of the inter-
vention, but none of the reviewed studies provided
quantitative estimates for displacement costs and associ-
ated harms.
CONCLUSIONS

The systematic economic review found that economic
benefits exceed the cost for park, trail, and greenway
infrastructure interventions. The research presented in
this paper can help inform communities and decision
makers about the economic merits of these infrastruc-
ture projects to improve public health.
ACKNOWLEDGMENTS
The authors acknowledge Yolanda Strayhorn, MLIS, from the
Office of Library Science at the Centers for Disease Control and
Prevention for her assistance in library research. Names and
affiliations of Community Preventive Services Task Force mem-
bers are available at thecommunityguide.org.

The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention, the National
Recreation and Park Association, or the National Cancer Insti-
tute.

No financial disclosures were reported by the authors of this
paper.

https://www.thecommunityguide.org/pages/community-preventive-services-task-force-members.html


ARTICLE IN PRESS

10 Jacob et al / Am J Prev Med 2024;000(000):1−11
CREDIT AUTHOR STATEMENT
Verughese Jacob: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Project administration,
Supervision, Validation, Visualization, Writing − original draft,
Writing − review & editing. Jeffrey A. Reynolds: Conceptualiza-
tion, Data curation, Formal analysis, Investigation, Methodol-
ogy, Project administration, Validation, Visualization, Writing −
original draft, Writing − review & editing. Sajal K. Chattopad-
hyay: Conceptualization, Formal analysis, Methodology, Writing
− original draft, Writing − review & editing. David P. Hopkins:
Conceptualization, Formal analysis, Methodology, Writing −
original draft, Writing − review & editing. David R. Brown: Con-
ceptualization, Methodology, Writing − original draft, Writing −
review & editing. Heather M. Devlin: Conceptualization, Meth-
odology, Writing − original draft, Writing − review & editing.
David Berrigan: Conceptualization, Methodology, Writing − orig-
inal draft, Writing − review & editing. Carlos J. Crespo: Concep-
tualization, Methodology, Writing − review & editing. Gregory
W. Heath: Conceptualization, Methodology, Writing − review &
editing. Ross C. Brownson: Conceptualization, Methodology,
Writing − review & editing. Alison E. Cuellar: Conceptualization,
Methodology, Supervision, Writing − review & editing. John M.
Clymer: Conceptualization, Methodology, Writing − review &
editing. Jamie F. Chriqui: Conceptualization, Methodology, Writ-
ing − review & editing.

SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/j.
amepre.2024.01.021.

REFERENCES
1. Kraus WE, Powell KE, Haskell WL, et al. Physical activity, all-cause

and cardiovascular mortality, and cardiovascular disease. Med Sci
Sports Exerc. 2019;51(6):1270–1281. https://doi.org/10.1249/MSS.
0000000000001939.

2. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical
activity: the evidence. CMAJ. 2006;174(6):801–809. https://doi.org/
10.1503/cmaj.051351.

3. Mammen G, Faulkner G. Physical activity and the prevention of
depression: a systematic review of prospective studies. Am J Prev Med.
2013;45(5):649–657. https://doi.org/10.1016/j.amepre.2013.08.001.

4. Pearce M, Garcia L, Abbas A, et al. Association between physical
activity and risk of depression: a systematic review and meta-analysis.
JAMA Psychiatry. 2022;79(6):550–559. https://doi.org/10.1001/jamap-
sychiatry.2022.0609.

5. OECD/WHO. Step up! Tackling the burden of insufficient physical
activity in Europe. Paris, France: WHO/OECD; 2023. https://apps.
who.int/iris/bitstream/handle/10665/366327/9789289058216-eng.pdf?
sequence=1&isAllowed=y. Accessed July 15, 2023.

6. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in
insufficient physical activity from 2001 to 2016: a pooled analysis of
358 population-based surveys with 1¢9 million participants. Lancet
Glob Health. 2018;6(10):e1077–e1086. https://doi.org/10.1016/S2214-
109X(18)30357-7.

7. Data, trend and maps. Centers for Disease Control and Prevention.
https://www.cdc.gov/nccdphp/dnpao/data-trends-maps/index.html.
Updated May 3, 2023. Accessed July 15, 2023.
8. HHS. Physical activity guidelines for Americans. Washington DC:
HHS; 2018. https://health.gov/sites/default/files/2019-09/Physical_Ac-
tivity_Guidelines_2nd_edition.pdf. Accessed July 22, 2023.

9. Supporting materials: physical activity: park, trail, and greenway infra-
structure interventions when implemented alone. The Guide to Com-
munity Preventive Services. https://www.thecommunityguide.org/
findings/physical-activity-park-trail-greenway-infrastructure-inter-
ventions-implemented-alone.html. Updated April 11, 2023. Accessed
March 15, 2023.

10. Chattopadhyay SK, Jacob V, Hopkins DP, et al. Community Guide
methods for systematic reviews of economic evidence. Am J Prev Med.
2023;64(4):569–578. https://doi.org/10.1016/j.amepre.2022.10.015.

11. OECD. Cost-Benefit Analysis and the Environment: Further Develop-
ments and Policy Use. Paris, France: OECD Publishing; 2018. https://
doi.org/10.1787/9789264085169-en. Accessed January 12, 2022.

12. OECD. Cost-Benefit Analysis and the Environment: Recent Develop-
ments. Paris, France: OECD Publishing; 2006. https://doi.org/10.1787/
9789264010055-en. Accessed January 12, 2022.

13. Department of Housing and Urban Development. Displacement of
lower-income families in urban areas report. Washington, DC:
Department of Housing and Urban Development; 2018. https://www.
huduser.gov/portal/sites/default/files/pdf/DisplacementReport.pdfT a g g e d A P T A R A E n d.
Accessed January 20, 2023.

14. Branas CC, Cheney RA, MacDonald JM, Tam VW, Jackson TD, Ten
Have TR. A difference-in-differences analysis of health, safety, and
greening vacant urban space. Am J Epidemiol. 2011;174(11):1296–
1306. https://doi.org/10.1093/aje/kwr273.

15. Sadatsafavi H, Sachs NA, Shepley MM, Kondo MC, Barankevich RA.
Vacant lot remediation and firearm violence − a meta-analysis and
benefit-to-cost evaluation. Landsc Urban Plan. 2022;218:104281.
https://doi.org/10.1016/j.landurbplan.2021.104281.

16. World Bank country and lending groups. The World Bank. https://
data.worldbank.org/about/country-and-lending-groups. Accessed July
16, 2022.

17. WHO. Macroeconomics and health: investing in health for economic
development: report of the Commission on Macroeconomics and
Health. Geneva, Switzerland: WHO; 2001. https://apps.who.int/iris/
handle/10665/42463. Accessed Febrary 21, 2023.

18. Databases, tables & calculators by subject: CPI for all urban consum-
ers (CPI-U). Bureau of Labor Statistics. https://data.bls.gov/times-
eries/CUUR0000SA0?output_view=pct_1mth. Accessed July 22, 2022.

19. Purchasing power parities. PPP conversion factor, private consump-
tion. The World Bank. https://data.worldbank.org/indicator/PA.NUS.
PRVT.PP. Accessed July 22, 2022.

20. Alfranca O, García J, Varela H. Economic valuation of a created wet-
land fed with treated wastewater located in a peri-urban park in Cata-
lonia, Spain. Water Sci Technol. 2011;63(5):891–898. https://doi.org/
10.2166/wst.2011.267.

21. Atlanta Beltline Inc. Build grant program 2020 repurposing transpor-
tation infrastructure for Atlanta’s future. Atlanta, GA: Atlanta Beltline
Inc; 2020. https://beltlineorg.wpenginepowered.com/wp-content/
uploads/2020/06/BUILD-Grant-2020-Benefit-Cost-Analysis.pdf Tagged APTARAEnd. Pub-
lished May 19, 2020. Accessed July 15, 2022.

22. Hunter RF, Dallat MA, Tully MA, Heron L, O’Neill C, Kee F. Social
return on investment analysis of an urban greenway. Cities Health.
2022;6(4):693–710. https://doi.org/10.1080/23748834.2020.1766783.

23. Lockwood M, Tracy K. Nonmarket economic valuation of an urban
recreation park. J Leis Res. 1995;27(2):155–167. https://doi.org/
10.1080/00222216.1995.11949740.

24. Mach�a�c J, Rybov�a K, Louda J, Dubov�a L. How to support planning
and implementation of climate adaptation measures in urban areas?
Case study of Brno-Nov�y Lískovec. In: Paper presented at: 2018 Smart
City Symposium Prague (SCSP); 2018. p. Prague, Czech Republic1–6.
https://doi.org/10.1109/SCSP.2018.8402649.
www.ajpmonline.org

https://doi.org/10.1016/j.amepre.2024.01.021
https://doi.org/10.1016/j.amepre.2024.01.021
https://doi.org/10.1249/MSS.<?A3B2 re 3j?>0000000000001939
https://doi.org/10.1249/MSS.<?A3B2 re 3j?>0000000000001939
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1016/j.amepre.2013.08.001
https://doi.org/10.1001/jamapsychiatry.2022.0609
https://doi.org/10.1001/jamapsychiatry.2022.0609
https://apps.who.int/iris/bitstream/handle/10665/366327/9789289058216-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/366327/9789289058216-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/366327/9789289058216-eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2214-109X(18)30357-7
https://www.cdc.gov/nccdphp/dnpao/data-trends-maps/index.html
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://www.thecommunityguide.org/findings/physical-activity-park-trail-greenway-infrastructure-interventions-implemented-alone.html
https://www.thecommunityguide.org/findings/physical-activity-park-trail-greenway-infrastructure-interventions-implemented-alone.html
https://www.thecommunityguide.org/findings/physical-activity-park-trail-greenway-infrastructure-interventions-implemented-alone.html
https://doi.org/10.1016/j.amepre.2022.10.015
https://doi.org/10.1787/9789264085169-en
https://doi.org/10.1787/9789264085169-en
https://doi.org/10.1787/9789264010055-en
https://doi.org/10.1787/9789264010055-en
https://www.huduser.gov/portal/sites/default/files/pdf/DisplacementReport.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/DisplacementReport.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/DisplacementReport.pdf
https://doi.org/10.1093/aje/kwr273
https://doi.org/10.1016/j.landurbplan.2021.104281
https://data.worldbank.org/about/country-and-lending-groups
https://data.worldbank.org/about/country-and-lending-groups
https://apps.who.int/iris/handle/10665/42463
https://apps.who.int/iris/handle/10665/42463
https://data.bls.gov/timeseries/CUUR0000SA0?output_view=pct_1mth
https://data.bls.gov/timeseries/CUUR0000SA0?output_view=pct_1mth
https://data.worldbank.org/indicator/PA.NUS.PRVT.PP
https://data.worldbank.org/indicator/PA.NUS.PRVT.PP
https://doi.org/10.2166/wst.2011.267
https://doi.org/10.2166/wst.2011.267
https://beltlineorg.wpenginepowered.com/wp-content/uploads/2020/06/BUILD-Grant-2020-Benefit-Cost-Analysis.pdf
https://beltlineorg.wpenginepowered.com/wp-content/uploads/2020/06/BUILD-Grant-2020-Benefit-Cost-Analysis.pdf
https://doi.org/10.1080/23748834.2020.1766783
https://doi.org/10.1080/00222216.1995.11949740
https://doi.org/10.1080/00222216.1995.11949740
https://doi.org/10.1109/SCSP.2018.8402649


ARTICLE IN PRESS

Jacob et al / Am J Prev Med 2024;000(000):1−11 11
25. Mekala GD, Jones RN, MacDonald DH. Valuing the benefits of creek
rehabilitation: building a business case for public investments in urban
green infrastructure. Environ Manage. 2015;55(6):1354–1365. https://
doi.org/10.1007/s00267-015-0471-7.

26. Reynaud A, Lanzanova D, Liquete C, Grizzetti B. Going green? Ex-
post valuation of a multipurpose water infrastructure in Northern
Italy. Ecosyst Serv. 2017;27(A):70–81. https://doi.org/10.1016/j.eco-
ser.2017.07.015.

27. Dallat MAT, Soerjomataram I, Hunter RF, Tully MA, Cairns KJ, Kee
F. Urban greenways have the potential to increase physical activity
levels cost-effectively. Eur J Public Health. 2014;24(2):190–195.
https://doi.org/10.1093/eurpub/ckt035.

28. Country statistical profile, United Kingdom; 2022/3. OECD. https://
www.oecd-ilibrary.org/sites/39538c41-en/index.html?itemId=/con-
tent/component/39538c41-en. Updated August 26, 2022. Accessed
April 24, 2023.

29. Physical activity: park, trail, and greenway infrastructure interventions
to increase physical activity. The Guide to Community Preventive
Services. https://www.thecommunityguide.org/media/pdf/PA-Parks-
and-Greenways-508.pdf. Updated April 11, 2023. Accessed May 25,
2023.

30. Kehoe TJ, Ruhl KJ, Steinberg JB. Global imbalances and structural
change in the United States. J Pol Econ. 2018;126(2):761–796. https://
doi.org/10.1086/696279.

31. Feldman SJ, McClain D, Palmer K. Sources of structural change in the
United States, 1963−78: an input-output perspective. Rev Econ Stat.
1987;69(3):503–510. https://doi.org/10.2307/1925539.

32. Jorgenson D, Gollop FM, Fraumeni B. Productivity and U.S. Economic
Growth. Amsterdam, The Netherlands: Elsevier, 2016.

33. Kim S. Urban development in the United States, 1690−1990. South
Econ J. 2000;66(4):855–880. https://doi.org/10.1002/j.2325-8012.2000.
tb00300.x.

34. Mell I, Allin S, Reimer M, Wilker J. Strategic green infrastructure
planning in Germany and the UK: a transnational evaluation of the
& 2024
evolution of urban greening policy and practice. Int Plan Stud.
2017;22(4):333–349. https://doi.org/10.1080/13563475.2017.1291334.

35. Mell I. Global Green Infrastructure: Lessons for Successful Policy-Mak-
ing, Investment and Management. Abingdon, United Kingdom: Rout-
ledge, 2016.

36. Active people, healthy nation: equitable and inclusive access. Centers
for Disease Control and Prevention; https://www.cdc.gov/physicalac-
tivity/community-strategies/equitable-and-inclusive-access.html.
Updated October 12, 2022. Accessed August 15, 2023.

37. Anguelovski I, Connolly JJT, Cole H, et al. Green gentrification in
European and North American cities. Nat Commun. 2022;13(1):3816.
https://doi.org/10.1038/s41467-022-31572-1.

38. Rigolon A, N�emeth J. Green gentrification or ‘just green enough’: do park
location, size and function affect whether a place gentrifies or not? Urban
Stud. 2020;57(2):402–420. https://doi.org/10.1177/0042098019849380.

39. Ng E. Research symposium on gentrification and neighborhood
change. SSRN Journal. 2016. http://doi.org/10.2139/ssrn.3055247.
Published October 19, 2017, Accessed January 10, 2022.

40. Crompton JL, Nicholls S. The impact of greenways and trails on prox-
imate property values: an updated review. J Park Recreat Admin.
2019;37(3):89–109. https://doi.org/10.18666/JPRA-2019-9906.

41. Crompton JL, Nicholls S. Impact on property values of distance
to parks and open spaces: an update of U.S. studies in the new
millennium. J Leis Res. 2020;51(2):127–146. https://doi.org/10.1080/
00222216.2019.1637704.

42. Rigolon A, Christensen J. Greening without gentrification: learning
from parks-related anti-displacement strategies nationwide. Los
Angeles, CA: University of California Los Angeles; 2019. https://www.
ioes.ucla.edu/wp-content/uploads/Greening-without-Gentrification-
report-2019.pdf. Accessed November 18, 2022.

43. Serrano N, Realmuto L, Graff KA, et al. Healthy community design,
anti-displacement, and equity strategies in the USA: a scoping review.
J Urban Health. 2023;100(1):151–180. https://doi.org/10.1007/s11524-
022-00698-4.

https://doi.org/10.1007/s00267-015-0471-7
https://doi.org/10.1007/s00267-015-0471-7
https://doi.org/10.1016/j.ecoser.2017.07.015
https://doi.org/10.1016/j.ecoser.2017.07.015
https://doi.org/10.1093/eurpub/ckt035
https://www.oecd-ilibrary.org/sites/39538c41-en/index.html?itemId=/content/component/39538c41-en
https://www.oecd-ilibrary.org/sites/39538c41-en/index.html?itemId=/content/component/39538c41-en
https://www.oecd-ilibrary.org/sites/39538c41-en/index.html?itemId=/content/component/39538c41-en
https://www.thecommunityguide.org/media/pdf/PA-Parks-and-Greenways-508.pdf
https://www.thecommunityguide.org/media/pdf/PA-Parks-and-Greenways-508.pdf
https://doi.org/10.1086/696279
https://doi.org/10.1086/696279
https://doi.org/10.2307/1925539
http://refhub.elsevier.com/S0749-3797(24)00040-0/sbref0032
http://refhub.elsevier.com/S0749-3797(24)00040-0/sbref0032
https://doi.org/10.1002/j.2325-8012.2000.tb00300.x
https://doi.org/10.1002/j.2325-8012.2000.tb00300.x
https://doi.org/10.1080/13563475.2017.1291334
http://refhub.elsevier.com/S0749-3797(24)00040-0/sbref0035
http://refhub.elsevier.com/S0749-3797(24)00040-0/sbref0035
http://refhub.elsevier.com/S0749-3797(24)00040-0/sbref0035
https://www.cdc.gov/physicalactivity/community-strategies/equitable-and-inclusive-access.html
https://www.cdc.gov/physicalactivity/community-strategies/equitable-and-inclusive-access.html
https://doi.org/10.1038/s41467-022-31572-1
https://doi.org/10.1177/0042098019849380
http://doi.org/10.2139/ssrn.3055247
https://doi.org/10.18666/JPRA-2019-9906
https://doi.org/10.1080/00222216.2019.1637704
https://doi.org/10.1080/00222216.2019.1637704
https://www.ioes.ucla.edu/wp-content/uploads/Greening-without-Gentrification-report-2019.pdf
https://www.ioes.ucla.edu/wp-content/uploads/Greening-without-Gentrification-report-2019.pdf
https://www.ioes.ucla.edu/wp-content/uploads/Greening-without-Gentrification-report-2019.pdf
https://doi.org/10.1007/s11524-022-00698-4
https://doi.org/10.1007/s11524-022-00698-4

	Parks, Trails, and Greenways for Physical Activity: A Community Guide Systematic Economic Review
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	CRediT authorship contribution statement
	SUPPLEMENTAL MATERIAL
	REFERENCES



