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ARTICLE INFO ABSTRACT

Article history: The High Line is an elevated public park in New York City, transformed from an unused

Available online xxxx freight rail line. Pedestrians walking through Manhattan’s West Side can walk either on
the High Line or on a footpath below. Using Manhattan as a laboratory, this paper offers

Keywords: a combined assessment of noise and particulate matter pollution for its pedestrians.

Pedestrian exposure Noise and PM, 5 levels were recorded simultaneously for two cases (i) pedestrians walking

Urban planning and design
Particulate matter
Environmental noise

on a footpath alongside road traffic and (ii) pedestrians walking on the elevated High Line.
Testing took places over three days in autumn 2014. Results were analysed to investigate if
pedestrians using the High Line would have a lower pollution exposure to those using the
footpath below. Results showed statistically significant differences between the upper and
lower levels in exposure to both pollution types. In order to quantify the overall impact,
results are expressed through a combined air-noise pollution index. This index indicates
that the average reduction in PM, s and noise pollution along the High Line compared to
the footpath below is approximately 37%.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Over the last half century the world has experienced rapid urbanisation. For the first time in our history, more than half of
the world’s population (54%) now reside in urban areas (United Nations, 2014). Urban areas are typically characterised by
high levels of exposure to environmental stressors, with noise and air pollution being the two most dominant. With contin-
ued growth and redevelopment within cities, urban planners are now responsible for designing cities that better mitigate
noise and air pollution to promote healthier environments.

Environmental noise, often identified as a forgotten pollutant, is now recognised as an environmental and public health
issue that needs to be addressed in modern society. Clear links between adverse health effects and noise exposure have been
identified, and estimates of their proliferation across the population have been established (Murphy and King, 2014). Exces-
sive exposure to environmental noise can induce annoyance, cause disruption of sleep cycles, lead to cardiovascular disor-
ders and may even impair the cognitive development of children. Noise levels of 65-70 dB(A) outdoors have been considered
as a relevant threshold of adverse health effects of noise (Babisch et al., 2005). In the U.S., a 1981 EPA study estimated that
over 100 million people (nearly half of the U.S. population) were exposed to road traffic noise levels that may be harmful to
health (Hammer et al., 2014). The economic impacts are also significant. The Federal Highways Association reported that, as
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of the end of 2004, more than 2000 miles of noise barriers had been constructed in 45 states and the Commonwealth of
Puerto Rico at a cost of more than $2.6 billion ($3.4 billion in 2004 dollars) (Committee on Technology for a Quieter
America, 2010). More recently, Swinburn et al. (2015) estimated that a 5 dB(A) reduction in exposure levels across the U.
S. would reduce the prevalence of hypertension by 1.4% and coronary heart disease by 1.8%, yielding an annual economic
benefit of $3.9 billion.

In New York City, noise is consistently reported as the number one quality of life issue affecting residents. In 2012 author-
ities there recorded over 35,000 noise complaints (City of New York, 2013). In midtown Manhattan average sound pressure
levels of 70-85 dB(A) are common (NYC Dept. of Environmental Protection, 2014), levels which pose potential health haz-
ards. To address the issue of environmental noise in New York City, a 30 year old noise code was revised in 2005. Then Mayor
Michael Bloomberg commented that the new legislation established “a flexible, yet enforceable noise code that responds to
the need for peace and quiet while maintaining New York’s reputation as the City that never sleeps” (Skylar and Barowitz,
2005). Along with enforceable legislation, traffic management measures have the potential to significantly reduce levels of
noise exposure in an urban environment (King et al., 2011).

In parallel, particulate air pollution is consistently and independently related to serious health effects (Cohen et al., 2005).
Particulate matter (PM), fine particles that can penetrate deep into the lungs, have proven adverse effects on the respiratory
and cardiovascular systems (Gordon and Reibman, 2000; Dockery, 2011; Pilla, 2014). Particulate matter consists of a com-
bination of organic and inorganic substances including un-combusted fuel, dust and metal fragments and represents a haz-
ardous by-product of the combustion process (Schwela and Zali, 1999). The World Health Organization WHO estimated in
2005 that PM, s caused about 3% of mortality from cardiopulmonary disease, about 5% of mortality from cancer of the tra-
chea, bronchus, and lung, and about 1% of mortality from acute respiratory infections in children under 5 years, worldwide
(Cohen et al., 2005). Short-term exposure at elevated concentrations can significantly contribute to heart disease; Nawrot
et al. (2011) found that traffic exhaust is the single most serious preventable cause of heart attack in the general public,
the cause of 7.4% of all attacks. The National Institute of Environmental Health Sciences conducted a multicity time-series
study regarding the acute effect of PM; s and PM coarse on the increased risk of death for all causes, including cardiovascular
disease, myocardial infarction, stroke, and respiratory mortality for the years 1999-2005. The results showed an increased
risk of mortality for all and specific causes associated with PM s, and the risks are higher than what was previously observed
for PM;o (Zanobetti and Schwartz, 2009).

In New York City, the Department of Health has estimated that fine particle pollution is the cause of more than 2000 deaths
annually, 1500 hospital admissions for lung and heart conditions, and 5000 emergency department admissions for asthma
between 2009 and 2011 (New York City Department of Health and Mental Hygiene, 2013). In 2008 the EPA estimated that
New York City has the most local emissions per square mile of PM; 5 of any large U.S. city - making it an ideal test case for
the current study (New York City Department of Health and Mental Hygiene, 2013). In New York, the Department of Health
established the New York City Community Air Survey (NYCCAS) to monitor air quality across the city. This involves the
measurement of air pollutants on an ongoing basis at 150 locations across the city. The annual average PM, s level across
all NYCCAS sampling sites, adjusting for differences in weather, has been recorded at 11.3 pg/m? at street level, with concen-
trations varying from less than 9 pug/m3 to almost 20 pg/m> across sites throughout the city (New York City Department of
Health and Mental Hygiene, 2011). However, these results should be interpreted with some caution. After a literature synthe-
sis for PM, 5 studies in New York City, Levy and Hanna (2011) emphasise that drawing conclusions about the degree of tem-
poral and spatial variability of PM, s is complicated by a number of factors, including the influence of averaging time, spatial
density of measurements or model outputs, characterisation of background, and statistical criteria employed.

Air pollution may also affect athletes exercising in an urban environment. Air pollution intake during exercise is height-
ened in comparison to intake during rest due to higher ventilator rates in both nasal and oral breathing (Pierson et al., 1986).
Sharman et al. (2004) report that people exercising in environments pervaded by air contaminants are probably at an
increased risk due to an exercise-induced amplification in respiratory uptake, lung deposition and toxicity of inhaled pollu-
tants. Recently, the issue of urban air quality for athletes competing in the Beijing International Marathon received interna-
tional media attention (Stableford, 2014). It was reported that many marathon participants decided not to run the race or
chose to wear facemasks to protect themselves from the smog that consisted of high PM concentration.

In urban areas, pedestrians are simultaneously exposed to both noise and air pollutants. Traditionally, noise and air pol-
lution are assessed separately, however, several combined approaches have been explored in recent years (Boogaard et al.,
2009; Allen et al., 2009; King et al., 2009; Fung and Lee, 2011; Vlachokostas et al., 2012; Ross et al., 2012; Silva and Mendes,
2012). An integrated assessment becomes necessary because air and noise pollution not only often share a common source,
but individuals are exposed to these pollutants simultaneously (Vlachokostas et al., 2014). King et al. (2009) developed a
combined air-noise pollution index to assess the effectiveness of a segregated boardwalk in Dublin’s city centre in Ireland.
This was one of the first assessments to consider noise and air pollution exposure combined at a pedestrian level.

Focus at a pedestrian level is important because, for traffic-related pollutants, a significant fraction of overall exposure
occurs within or close to the transit microenvironment (Hudda et al., 2012). The Aspect Ratio (the ratio between building
height and street width) will affect air and noise pollutant levels. Air quality may vary between the leeward side footpath
and the windward side footpath due to recirculating vortexes under particular meteorological conditions (Berkowicz
et al., 1997). Further, research in London found that the location of an individual along the footpath has a significant impact
on their exposure to traffic air pollutants (Kaur et al., 2007); effectively, the closer one is to a road’s edge, the more exposed
they are to harmful pollutants. This is because pollutants emitted from vehicles will disperse in an exponential fashion with
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increasing distance from the sources (McNabola and Gill, 2006). Similarly, in free field conditions, noise exposure declines
with the square of the distance from the source. King et al. (2009) found that a dividing wall between road traffic and pedes-
trians reduced pedestrian exposure to both noise and air pollution. As such, one might expect that pedestrian exposure to
noise and air pollution would decline as the segregation of human and road traffic increased.

While King et al. (2009) examined the effect of a dividing wall between a footpath and a road this paper examines the case
for an elevated walkway in New York City called the High Line. The High Line allows pedestrians to not only be elevated from
street level but also be positioned at a greater distance from the road, with various barriers, buildings and vegetation, between
source and receiver (Fig. 1). It is thus hypothesized that pedestrian exposure to noise and air pollution on the High Line will be
measurably reduced compared to levels found at street level, due to the greater segregation of road traffic and pedestrians.

Methods
Study area

The High Line, inspired by the Promenade Plantée in France, is an elevated urban greenway that has been open for pedes-
trian use since 2009. At the time of testing it stretched 1.45 miles in the heart of New York City from Gansevoort Street in the
Meatpacking District to West 34th Street between 10th and 11th Avenues (after testing was completed, a new section
opened). Pedestrians using the High Line are elevated at a greater distance away from road traffic and physically shielded
from vehicles due to buildings, fences, barriers and vegetation.

Measurement procedure

Noise and air quality measurements were taken simultaneously by two study participants acting as pedestrians walking
simultaneously along the High Line and along a footpath that runs parallel below. 35 pairs of noise and 61 pairs of air quality
measurements were taken across three separate days of testing which included participants walking a combined 60 miles of
the urban environment. Test Day 1 was a Friday (afternoon/evening), Test Day 2 was a Saturday (afternoon) and Test Day 3
was a Sunday (morning). Measurement periods were selected in an effort to capture the potential variation in exposure due
to different traffic profiles during both peak and quiet hours. Fig. 2 presents typical weekly diurnal variation in traffic profiles
for the major roads in the test area. Average meteorological conditions recorded during each test day are presented in Table 1.
All test days were dry with no precipitation.

Noise measurements were acquired using two Briiel & Kjar Type 2250 sound level meters. All noise levels reported are
A-weighted decibel levels referenced to 20 pPa. Two types of noise measurements were recorded: fixed spot measurements
and mobile measurements. Spot measurements were ten minutes in duration, with microphones positioned on tripods at a
height of 1.5 m relative to the ground surface and were taken in general accordance with ISO 1996-2 (ISO 1996-2, 1987). Spot
measurements were taken at seven pairs of locations in the test area (Fig. 3), and repeated for a total of three samples per
location, yielding 42 spot measurements in total. These positions included sections of the High Line that were directly open
to the road traffic of 10th Avenue and sections that were shielded by either vegetation or buildings.

Mobile noise measurements were taken with sound level meters secured to backpacks in a similar fashion to Bennett
et al. (2010) (Fig. 4). Mobile measurements were also taken in pairs along a number of ‘trips’: noise levels were recorded
while walking from a start point (30th Street) on the High Line and footpath to a designated end point (14th Street). For each
trip Laeq, La1o and Lago values' were logged along with the date and time of each measurement. Each instrument was calibrated
prior to use.

Air quality measurements of PM, 5 were conducted using two TSI SidePak Personal Aerosol AM510 Monitors. This device
is a laser photometer, which records aerosol mass concentration. The built in integrated pump allows for size-selective mea-
surement by installing different inlet conditioners. The 2.5 micrometer inlet was used to acquire PM; 5 data. The monitor was
worn by each study participant and set to log data every 10 s throughout a trip. Mobile measurements typically lasted
twenty minutes in duration as two pedestrians walked at the same pace along the length of the High Line and the footpath
below (along 10th Avenue). Analyses presented in this paper consider the overall average exposure for each trip.

Results
Noise results

Analyses are presented separately for the two sampling strategies. Fixed noise measurements are standard for environ-
mental noise assessments and offer a reliable representation of the noise level at each measurement location. Mobile mea-
surements provide high spatial resolution and, in this case, may offer a more appropriate representation of the noise a
pedestrian is exposed to in the urban environment.

1 Laeq is the equivalent continuous A-weighted sound pressure level, La1o is the A-weighted sound pressure level that is exceeded for 10% of the time and Lago
is the A-weighted sound pressure level that is exceeded for 90% of the time.
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Fig. 2. Typical diurnal profiles for major road in test location. Profiles were calculated from average traffic volumes along 10th Avenue obtained from
counters on 45th Street and 27th Street, spanning 17 days (City of New York, 2015).

Table 1
Average meteorological conditions recorded at a permanent weather station in Lincoln Square on Manhattan’s West Side (Weather Underground, 2015).
Test day Average temperature Average humidity Precipitation Average wind speed
9/26/2014 1 Friday 68 F 59 0.0.0in. 4 mph/1.79 m/s (NE)
9/27/2014 2 Saturday 72 F 59 0.00 in. 3 mph/1.34 m/s (NNW)
10/19/2014 3 Sunday 50F 48 0.00 in. 8 mph/3.58 m/s (NW)

Fixed noise measurement results

Fixed measurements were taken three times at 14 different measurement positions (seven pairs, see Fig. 3). Fig. 5
presents a comparison of the Laeq and Lao levels for each measurement pair. Table 2 reports the average difference between
noise levels recorded at the footpath and the equivalent position on the High Line. The line of sight between the High Line
and 10th Avenue (the major road below) is also reported.

Table 3 presents an overall statistical summary of these measurements. The average Laeq level on the High Line was
67.3 dB(A) while the average Laeq level along the footpath was 71.9 dB(A). Laqo levels show a comparable difference between
the High Line and the footpath; 68.1 dB(A) and 74.6 dB(A) respectively.

Results indicate that the average Laeq level along the High Line is 4.6 dB(A) lower than that experienced on the footpath
below. A 95% confidence interval of the difference reports that a minimum of 3.5 dB(A) difference in Laeq levels should be
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Fig. 3. Map of High Line with measurement locations.

expected. A two-sample t-test yielded a p-value of 4.4 x 10~'° providing strong evidence to suggest the data are statistically
significantly different (Sterne and Davey-Smith, 2001).2

Mobile noise measurement results

A total of 28 (14 pairs) mobile measurements were recorded. These measurements captured the complete acoustic nature
of the urban environment i.e. the average noise exposure of a pedestrian walking from the start to the end of the measure-
ment path. Fig. 6 reports the differences in overall Laeq and Laqo levels between the High Line and the Footpath recorded
using this measurement strategy.

Table 4 presents an overall statistical summary of these mobile measurements. Results indicate that the noise level along
High Line is an average 3.9 dB(A) lower than noise levels experienced along the footpath. A p-value of 9.4 x 10~ provides
strong evidence to suggest the data are statistically significantly different.

The variance for measurements recorded along the High Line is higher than the Footpath. This was noted during testing.
The soundscape of the High Line was a mixture of road traffic, construction activity, occasional street entertainers, a small
café and the general hustle and bustle from patrons enjoying the High Line, whereas the sound along the footpath was dom-
inated by road traffic noise.

Fig. 7 examines in more detail, the time-history of the mobile noise measurements. It presents the data logged on the
High Line to the data logged on the footpath from one sample trip. Positive values for the difference between the two levels
indicate consistent increased noise exposure for the pedestrian walking along the footpath compared to the High Line.

2 Sterne and Davey-Smith (2001) offer that is reasonable to take a p-value of less than 0.001 as strong evidence against the null hypothesis.
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Fig. 4. Sound level meter positioned in side pocket of backpack with microphone exposed.

Air quality results

Using the same approach as mobile noise measurements, air quality measurements were recorded while participants
walked from the start to the end of the measurement path. 61 pairs of measurements were recorded. Fig. 8 presents a sum-
mary of the recorded data while Table 5 presents an overall statistical summary of the data. The analysis suggests that the
average PM, 5 concentration is approximately 7.7 ug/m? greater on the footpath than the High Line. However, a large stan-
dard deviation in the data is noted and a 95% confidence interval suggests that this difference may be as low as 2.8 pug/m>.
The calculated a p-value of 0.001 provides evidence to suggest the data are statistically significantly different.

In previous studies, scholars have performed a regression analysis on air quality data recorded at a pedestrian level
(McNabola et al., 2008; King et al., 2009). In keeping with this analysis approach, a regression analysis of this data was also
performed (Fig. 9). A simple linear regression with a R? value of 0.67 is shown to fit the data. The relationship, with intercept
at zero, suggests that pedestrian exposure on the footpath is approximately 1.37 times that on the High Line. The R? value of
0.67 indicates that approximately 33% of the variation is unexplained by the relative position of the High Line to the footpath.
However, if a non-zero intercept is applied (Fig. 10) the exposure on the footpath is reduced from 1.37 times to 1.15 times
that of the High Line with an R? value of 0.70.

Fig. 11 examines in more detail, the time-history of the air quality measurements. It presents the PM, 5 concentration
data logged on the High and the footpath for one sample test. Consistent positive values when plotting the difference indi-
cates increased concentrations of PM; s when the pedestrian walks along the footpath compared to the High Line.

Air-noise pollution reduction index

Several studies have combined air and noise pollution data into some form of a single number index (Fung and Lee, 2011;
Silva and Mendes, 2012). For the current study, the air-noise pollution reduction index (ANP;) can be used to quantify the
level of reduction in environmental pollutants at a pedestrian level (King et al., 2009). The ANP; is a simple index that may be
used for urban planning and informative purposes. The ANP; is calculated by finding the average percentage reduction of
both pollutants and calculating the mean of the two. The overall results for noise and air pollution along with percentage
reductions are presented in Table 6. The results indicate that the High Line induces an ANP; of 36.5% i.e. the average reduc-
tion in air and noise pollution along the High Line compared to the footpath below is 36.5%.

Discussion

This study offers an evaluation of pedestrian exposure to noise and particulate matter in Manhattan along an elevated
walkway compared to a street level footpath. Results suggest that this elevated walkway has had a positive environmental
impact for its users in terms of reduced pedestrian exposure to both noise and air pollution. However, these pollutants can be
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Fig. 5. Lacq and La;o measurement results for fixed spot measurements.
Table 2
Average Laeq and Lajo difference for fixed spot measurements.
Approximate measurement View Average difference Lacq Average difference Laio
location dB(A) dB(A)
Location 1 - 29th St No line of sight to 10th Avenue 6.2 7.2
Location 2 - 26th St Partial line of sight to 10th Avenue 6.7 8.7
Location 3 - 25th St Partial line of sight to 10th Avenue (blocked only by 2.0 4.1
vegetation)
Location 4 - 23th St No line of sight to 10th Avenue 7.3 9.3
Location 5 - 19th St Clear line of sight to 10th Avenue 33 6.4
Location 6 - 18th St Clear line of sight to 10th Avenue 2.2 2.6

influenced by various local factors such as meteorological effects and street geometry. Further investigation would be
required to confirm if these results may be extrapolated to elevated walkways at different sites, or indeed for varying mete-
orological conditions.
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Table 3
Statistical analysis of difference for fixed spot measurements.
Descriptive statistics t-test for Difference of Means
Average Standard Max. Min. Count Mean difference t p-value 95% confidence
Lpeq deviation interval of the
difference
Lower Upper
Spot tests High Line 67.3 2.0 70.5 62.5 21 4.6 8.08 4.4e-10 3.5 5.7
Summary Footpath 71.9 1.6 75.5 68.9 21
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Fig. 6. Laeq and Lo measurement results for mobile noise measurements.

Table 4
Statistical analysis of difference for mobile noise measurements.
Descriptive statistics t-test for Difference of Means
Average Standard Max. Min. Count Mean difference T p-value 95% confidence
Laeq deviation interval of the
difference
Lower Upper
Mobile tests High Line 70.1 2.35 75.6 65.9 14 3.9 6.5 9.4e-6 2.50 5.30
Summary Footpath 74.0 0.99 75.46 72.26 14
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Fig. 8. Air quality measurement results for measurement pairs.

Table 5
Statistical analysis of difference for air quality measurements.
Descriptive statistics t-test for Difference of Means
Average Standard Max. Min. Count Mean Difference ¢ p-value  95% confidence
PM, 5 concentration  deviation interval of the
difference
Lower  Upper
Air quality tests  High Line  16.2 114 374 1.0 61 7.7 3.12  0.001 2.80 12.6
Summary Footpath 239 15.6 61.3 1.1 61

Uncertainties and influence of external factors

Levy and Hanna (2011) note that as New York City is a densely populated urban area with numerous street canyons and
complex terrain, it would have significant local contributions and near-roadway effects in particulate matter concentrations,
some of which would be short in duration while others would influence long-term average concentrations. These local
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Fig. 10. Regression analysis of air quality data with non-zero intercept.
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Fig. 11. Air quality measurement data for sample trip.

Table 6
Summary of overall average decrease in pollutant levels. Note: noise levels have been converted to Paschal to allow the computation of a percentage reduction.
High Line Footpath Decrease % Decrease
Noise (Pa) 0.04635 0.07871 0.03236 41
PMS, 5 concentration (pg/m?>) 16.2 239 7.7 32
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effects may have influenced the current study and have led to some uncertainty in results. For example, background levels of
PM, 5 may have influenced results but it is not possible to fully quantify the effect background levels may have had. The con-
cept of background concentrations of particulate matter can be elusive, given that PM, s may have contributions from non-
anthropogenic background, intercontinental transport, regional transport, and the urban and neighbourhood scale as well as
background concentrations varying over time as a function of gross wind direction and speed, mixing depth, sunlight, and
other factors (Levy and Hanna, 2011).

Other uncertainties arise when atmospheric conditions are considered. Atmospheric conditions such as temperature,
wind patterns and other local meteorological effects can have an effect on noise propagation, but effects may be more
significant in considerations of PM, 5 concentrations. Street geometry, wind speed and wind direction may lead to the devel-
opment of a street canyon vortex. Formation of a vortex within a street canyon may occur at an ambient wind velocity above
1.5-2.0 m/s (Berkowicz et al., 1997), the formation of a stable vortex is much less likely at lower wind speeds, i.e. winds
speed below 2 m/s (Vardoulakis et al., 2005). In the presence of a vortex the local airflow at street level is in the opposite
direction to that at roof level, resulting in higher concentrations of pollutants on the leeward side of the street compared
with the windward side (Manning et al., 2000). In the case of the High Line the street geometry changes from start to
end, so it is possible that, under certain scenarios, there may be pollutant hotspots along the walkway due to varying local
effects. This study did not attempt to quantify the effect different local conditions might have and further testing, including
detailed CFD modelling, would be required to assess these effects in detail.

Results may also have been impacted by construction activity in the test area. There were a number of active construction
sites in operation during testing. Hudson Yards, a large scale construction site nearby, is proposed to be completed around
the end of 2018 and will include a park of its own in its centre. Previous scholars have reported PM, 5 levels as high as
101.91 pg/m?> within the surrounding construction perimeter (Araujo et al., 2014). Such construction activity is likely to have
impacted the measured pollutant levels. In the future, when construction is complete, further testing may yield a more com-
prehensive comparison of air quality and noise levels between the High Line and the footpath. It may be that the actual ben-
efit of the High Line may be greater than reported in this study.

Considerations for urban planners

Creating quiet places and enhancing possibilities for quiet recreation in urban environments can also have a positive
effect on the quality of life in a city (Booi and van den Berg, 2012). The concept of quiet urban areas has been extended
to the development of appropriate urban soundscapes. Soundscapes have been identified as a means of approaching the
preservation and maintenance of locations that have, or may require, acoustical consideration to enhance the quality of life
(Memoli and Licitra, 2013). For the current case, the mean difference in noise exposure between the High Line and the foot-
path was 4.6 dB(A). This is a perceptible difference, but the actual soundscape was also quite different in both cases. The
dominant source of noise experienced on the footpath was road traffic, whereas along the High Line it varied between park
activities and the general hum of the city. So, while we can point to a measured difference of 4.6 dB(A), the actual improve-
ment in terms of sound quality is likely to be greater.

Areas of reduced particulate matter concentration would have clear benefits for urban pedestrians and the benefit would
be even greater for residents who wish to exercise in the city. While it would be more efficient to tackle the problems at
source, urban planners can use innovative strategies to better protect city residents through the dispersion of harmful pol-
lutants. McNabola et al. (2008) identified that a boundary wall between roadways and pedestrians will reduce health effects
from air pollutants. The current study suggests that an elevated walkway could offer similar benefits. This is important as
planning authorities consider various urban renewal projects, including ‘parks in the sky’. For example, developments similar
to the High Line have been considered in Philadelphia, Chicago, Rotterdam and Hong Kong (Taylor, 2010). If urban planners
could provide pedestrians with alternative routes providing greater segregation of pollution sources, pedestrians could then
actively reduce their personal exposure to particulate matter and noise by choosing to incorporate such a path in their route
selection.

A combined air and noise pollution index

It is noted that the underlying mechanisms behind air and noise pollution reductions are different. The primary mecha-
nisms behind the reduction in noise levels were due to pedestrians being situated at an increased distance from source and
the impact of barriers (in the form of buildings, walls or vegetation). Reductions in the air pollution exposure concentrations
are likely due to increased distance from the source (resulting in increased dispersion/dilution of pollution concentrations)
but also reflect the influence of buildings diverting the natural flow of air away from pedestrians using the High Line i.e.
urban street canyons. These attenuation effects have been modelled for both pollutants separately in an urban environment
(Pilla and Broderick, 2015; King and Rice, 2009). It is possible that future studies may combine such models using a
combined air-noise pollution index. This would have considerable potential for use in aiding the decision making of urban
planners in a variety of urban contexts.

In the current case we use the simple air-noise pollution index to quantify the level of combined pollutant reduction at
the pedestrian level. Using this index, our results suggest an average reduction of 36.5% in pollutants along the High Line
compared to the footpath below. In their introduction of this index, King et al. (2009) note that the index may be regarded
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as a preliminary tool for informative purposes and undoubtedly needs to be subjected to more rigorous empirical investiga-
tion. A single number index such as this is useful to quantify the impact a planning measure might have on multiple
pollutants and may be used to engage a non-expert public on important planning issues. Instead of a simple arithmetic
mean, future studies may include weighting factors to reflect situations where one pollutant type might be considered more
important than another based on, for example, public perception or proliferation of associated health effects.

Mobile noise measurements

This study also demonstrates the potential for mobile measurements in environmental noise assessments. This is impor-
tant in the context of combined air and noise assessments as air quality assessments often include both mobile and fixed
stations, whereas mobile noise measurements are rarely used in environmental noise assessments. In this case the average
noise levels on the footpath recorded using the fixed and mobile measurements were within 2.1 dB(A). There was a slightly
higher variation in measurements recorded on the High Line; mobile measurements yielded an average Laeq 0f 70.1 dB(A)
compared to 67.3 dB(A) using fixed measurements. This is due to the sound level meter being in the vicinity of extraneous
noise sources (occasional street entertainers, patrons at a small café, etc.) at various points along the route during mobile
measurements and is reflected in the degree of variance reported. While undertaking fixed measurements an effort was
made to follow general good practice, i.e. we tried to position the meter to minimise the impact of these local sources. How-
ever, overall the relative difference in fixed measurements compared to mobile measurements was within 1 dB(A).

Conclusion

Our results show that the High Line has had a positive environmental impact for its users in terms of reduced pedestrian
exposure to both noise and air pollution. In order to quantify the overall impact, results expressed through the air-noise
pollution reduction index indicate that the average reduction in pollution along the High Line is approximately 37% less
when compared to the footpath below. This supports the previous work of McNabola et al. (2008) and King et al. (2009)
who suggest that greater segregation of pedestrian and road traffic has the potential to considerably reduce pedestrian expo-
sure to harmful pollutants. The High Line has served not only to improve the aesthetics of the city as a public park but also to
promote the health of its inhabitants.
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