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a b s t r a c t

As public health concerns have increased due to the rising number of studies linking
adverse health effects with exposures to traffic-related air pollution near large roadways,
interest in methods to mitigate these exposures have also increased. Several studies have
investigated the use of roadside features in reducing near-road air pollution concentrations
since this method is often one of the few short-term options available. Since roadside veg-
etation has other potential benefits, the impact of this feature has been of particular inter-
est. The literature has been mixed on whether roadside vegetation reduces nearby
pollutant concentrations or whether this feature has no effect or even potentially increases
downwind air pollutant concentrations. However, these differences in study results high-
light key characteristics of the vegetative barrier that can result in pollutant reductions or
increase local pollutant levels. This paper describes the characteristics of roadside vegeta-
tion that previous research shows can result in improved local air quality, as well as iden-
tify characteristics that should be avoided in order to protect from unintended increases in
nearby concentrations. These design conditions include height, thickness, coverage, poros-
ity/density, and species characteristics that promote improved air quality. These design
considerations can inform highway departments, urban and transportation planners, and
developers in understanding how best to preserve existing roadside vegetation or plant
vegetative barriers in order to reduce air pollution impacts near transportation facilities.
These designs can also be used to mitigate impacts from other air pollution sources where
emissions occur near ground-level.

Published by Elsevier Ltd.

1. Introduction

Numerous health studies have linked adverse health effects with spending significant amounts of time near high-traffic
roads with elevated air pollution levels of particulate matter, gaseous pollutants, and air toxics emitted by nearby motor
vehicle activity (HEI, 2010). The significant impact of traffic emissions on urban populations all over the world has motivated
research on methods to reduce exposure to these pollutants. While vehicle emission control techniques and programs
directly reduce pollutants emitted to the air from transportation sources, these programs often take a long time to fully
implement and may be offset by increases in vehicle activity. Thus, other mitigation options will also be needed to fully
and comprehensively reduce air pollution exposures for these urban populations.

Recent studies have investigated how roadside vegetation may provide an opportunity to reduce near-road pollutant
concentrations in urban areas. This roadside vegetation can include the preservation of existing trees and bushes, as well
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as planting vegetation, which may be some of the few near-term mitigation strategies available for urban developers and
facilities already subject to high pollution levels near roads. These mitigation methods, if successful, can complement exist-
ing pollution control programs and regulations, as well as provide measures to reduce impacts from sources that are difficult
to control such as brake and tire wear and re-entrained road dust (EPA, 2016).

In general, vegetation and green infrastructure has been shown to have overall health benefits including increased phys-
ical activity, lower obesity, improved mental health, overall improved birth outcomes, lower adverse cardiovascular illness,
and decreased mortality (James et al., 2015, 2016). Dadvand et al. (2015) found an improvement in school children’s cogni-
tive development associated with an increase in surrounding greenness, particularly at schools. The authors partly attributed
this association to reductions in nearby air pollution.

In addition to air quality and general health benefits, roadside vegetation can improve aesthetics, increase property val-
ues, reduce heat, control surface water runoff, and reduce noise pollution (with dense, thick and tall stands). However, veg-
etation can also affect driver sight lines, protrude into clear zones along highway right-of-ways, contribute to debris on
roads, present fire hazards, and be pathways for pests and invasive species. Thus, all of the benefits and potential unintended
consequences of roadside vegetation need to be considered for any application.

This paper provides insight into roadside vegetation design characteristics that have been shown to most effectively
reduce near-road air pollutant levels downwind of major highways in order to implement this feature as an air pollution
mitigation strategy. The recommendations focus on general considerations applicable to multiple development types and
scenarios, and do not address site-specific siting or permitting requirements that might be required in certain locations such
as planting along a particular highway right-of-way or within a city park. This paper also focuses on how the vegetation char-
acteristics impact air quality, but does not reviewmodels and other methods used to quantify these impacts, which is still an
area of active research.

2. Vegetation effects on air quality

Trees and other vegetation have been shown to reduce regional air pollution levels through the interception of airborne
particles or through the uptake of gaseous air pollution through leaf surfaces (Janhall, 2015; Gallagher et al., 2015). Pollution
removal (O3, PM2.5, PM10⁄, NO2, SO2, CO) by urban trees has been estimated across the continental United States (US) using
the US Forest Service’s i-Tree model, which suggested that nationwide vegetation can reduce air pollution levels by approx-
imately one percent (equating to over 10 million tons of air pollution removed) (Nowak et al., 2014).

Removal of gaseous pollutants by trees can be permanent, while trees typically serve as a temporary retention site for
particles. The removed particles can be re-suspended to the atmosphere during turbulent winds, washed off by precipitation,
or dropped to the ground with leaf and twig fall (Nowak et al., 2000). These removal mechanisms can impact local air, water
and soil pollution; thus, careful consideration of the land uses that surround roadside vegetation are needed when choosing
species.

At the local level, trees can also act as barriers between sources and populations, although vegetation is inherently more
complex to study than solid structures. For example, the effectiveness of vegetative barriers at reducing ultrafine particle
(UFP) concentrations has been shown to be variable (Janhall, 2015; Tong et al., 2015; Hagler et al., 2012; Pataki et al.,
2011). This variability is due to a number of confounding factors. The complex and porous structure of trees and bushes can
modify near-road concentrations via pollutant capture or through altering air flow, which can result in either lower dispersion
through the reduction of wind speed and boundary layer heights (Nowak et al., 2000;Wania et al., 2012; Vos et al., 2013), or in
enhanced dispersion due to increased air turbulence and mixing as the pollutant plume is lofted up and over the vegetation
(Bowker et al., 2007). Recirculation zones have also been observed immediately downwind of forested areas with a flow struc-
ture consistent with an intermittent recirculation pattern (Frank and Ruck, 2008). Janhall (2015) summarized that vegetation
like hedges, can filter out PM when located close to an emission source such as a road, while higher, canopy vegetation like
trees can reduce mixing and turbulence and result in increased concentration levels near the ground. Thus, vegetation type,
height, and thickness can all influence the extent ofmixing and pollutant deposition experienced at the site. The built environ-
ment also matters greatly – air flow and impacts of trees are substantially different for a street canyon environment than an
open highway environment (Gromke et al., 2008, 2016; Buccolieria et al., 2009, 2011; Pugh et al., 2012; Li et al., 2016).

Several studies have shown significant reductions in air pollution concentrations behind roadside vegetation barriers
(Tong et al., 2016; Al-Dabbous and Kumar, 2014; Brantley et al., 2014; Steffens et al., 2012). Each of these studies compared
air quality concentrations near a large roadway with and without the presence of roadside vegetation. For all of these studies,
the roadside vegetation was dense and a mixture of trees and bushes, with full coverage from the ground to the top of the
canopy, although the heights, thickness and species varied. Two recent modeling studies demonstrated that hedgerows can
improve air quality in street canyons if the bushes provide full coverage with no openings or gaps (Gromke et al., 2016; Li
et al., 2016).

2.1. Roadside vegetation barrier physical design characteristics

The seemingly contradictory results of previous field studies investigating how roadside vegetation affects near-road air
quality actually provide useful insights on the characteristics needed for such a barrier to improve local air quality. The fol-
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