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Abstract

- Hishiv Shah' - Aleksandra Koj' - Hywel Thomas'

Road vehicles are a significant source of air pollution in cities, with impacts on human health. Previous work has shown
that hedges located between the road carriageway and pavement can help to mitigate the impact of vehicle emissions for
pedestrians and residents. For continuous improvement of air quality around the city centre area, roadside hedges can be of
value. This study has used UK government statistics to map the traffic emissions along major roads in an urban centre. Using
appropriate geoprocessing techniques, suitable locations for planting roadside hedges have been identified along these roads.
It is envisaged that planting suitable urban hedges at these locations can help further improve air quality.

Keywords Roadside hedges - Air quality - Vehicle emissions - Geographical information systems - Urban geography

Introduction

Road vehicles emit harmful pollutants in the form of particu-
late matter, nitrous oxides and carbon monoxide (Abhijith
et al. 2017), all of which have adverse impacts on human
health. Poor air quality is a cause of illness and premature
death worldwide. Only in UK, air quality related health ser-
vices costs around £20 billion per year (Welsh Air Quality
Forum 2016).

Previous studies have shown that vegetation in urban
areas can influence the dispersion of pollutants, and also
help to remove urban pollutants from the atmosphere (Esc-
obedo and Nowak 2009; Fantozzi et al. 2015; Janhill 2015;
Nowak 2006; Yin et al. 2011). Recently study by Abhijith
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et al. (2017) has shown that among, different types of vegeta-
tion, urban hedges are found to be extremely important since
they divert airborne pollutants from reaching the pavement
by generating local air vortices. Hedges with lower perme-
ability and greater height showed more pollutant reduc-
tion. To achieve maximum pollutant reduction at breathing
height, studies suggest an optimum hedge height of 2 m,
though this will vary depending on the street layout (Gromke
et al. 2016; Li et al. 2016). A review of studies by Abhijith
et al. (2017) found that hedges reduced pollutant exposure
on pavements by between 24 and 61%.

Literature on urban green spaces lacks any significant
covering of urban hedges. Mostly the literature covers green
belts, parks, forests, green roofs, streams, and community
gardens (Wolch et al. 2014). Although a lot of research has
been carried out on hedges in Britain, but emphasis has
mostly remained on the rural hedges only (Gosling et al.
2016). This shows a significant gap in literature on the use
or promotion of urban hedges as a mean to control traffic
pollution and improve air quality.

To fill this gap, this study aims to identify and map suit-
able locations for planting roadside hedges in an urban cen-
tre in UK, while taking into account multiple constraints,
e.g., pavement widths and access to bus stops, etc. The study
also aims to estimate and map total road vehicle emissions
along segments of major roads in the same urban centre. By
combining these two phenomenon on map, it is envisaged
the study can serve as a good guideline for further similar
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studies that can assist the policy makers in addressing the
issue of urban pollution through planting urban hedges. For
the purposes of this study, hedges are defined as bushes or
shrubs growing at ground level. Hedges are usually lower in
height than trees, but have a greater leaf density. Hedges are
often pruned to a cuboidal shape, particularly when located
in built-up areas (Abhijith et al. 2017). Figure 1 shows the
study area used for this research, i.e., the city centre area of
Cardiff. The study area has been selected because it is the
centre of a medium-sized city in the United Kingdom.

Cardiff Centre shows a clear decreasing trend in annual
mean nitrogen dioxide concentration from 1992 to around
2000, after which the downward trend appears to level off
(Welsh Air Quality Forum 2017). Therefore, continuous
focus on further improvement is a key for a better quality of
the growing city in future. It is envisaged that urban hedges
can play a key role in this regard. Figure 2 shows the NO,
trend of Cardiff City Centre with respect to the three other
long running air quality measuring sites in Wales, i.e., Cwm-
bran, Newport and Port Talbot (Welsh Air Quality Forum
2017).

Data

This study makes use of UK government statistics on road
traffic, road vehicle licensing, and road transport emis-
sions, as well as GIS datasets from Ordnance survey and
GetMapping.

Dataset Format

Department of transport average
annual daily flow

Comma separated values (CSV)

Department of transport vehicle
licensing statistics

Open document spreadsheet (ods)

National atmospheric emissions  Excel workbook (xIsx)

inventory
Ordnance survey MasterMap Geography markup language
topography layer (GML)
Ordnance survey open roads Geography markup language
(GML)
Getmapping aerial imagery JPEG

Average annual daily flow

The average annual daily flow (AADF) dataset, produced
by the Department for transport (DfT), gives the number of
vehicles that drive on a particular stretch of road, on an aver-
age day of a particular year. Figures are produced for major
roads on a yearly basis, with each stretch of road defined
from junction to junction (Department for Transport 2018a).
This study made use of AADF figures for the year 2016.
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Vehicle licensing statistics

The department for transport produces statistics on
licensed road vehicles, derived from data held by the
Driver and Vehicle Licensing Agency (DVLA). This study
made use of statistics on the percentages of licensed cars
and light goods vehicles (LGVs) propelled by petrol or
diesel fuel, for the year 2016 (Department for Transport
2018Db).

National atmospheric emissions inventory

The National atmospheric emissions inventory (NAEI)
provides emissions factors for a range of pollutants rel-
evant to road transport. This study made use of the NAEI’s
fleet-weighted hot exhaust emission factors for nitrogen
oxides (NO,), coarse particles (PM,,), fine particles
(PM, ), and carbon monoxide (CO). Hot exhaust emis-
sions are the tailpipe emissions in g/km from a vehicle
with its engine warmed up to its normal operating tem-
perature. The NAEI provides hot exhaust emissions factors
for a combination of different vehicle types, fuel types and
road types. These data are weighted to reflect the composi-
tion of the UK fleet and journeys made in the year 2014
(National Atmospheric Emissions Inventory 2018).

0S MasterMap topography layer

OS MasterMap topography layer is the most detailed
topographic map produced by Great Britain’s national
mapping agency, the Ordnance Survey (OS) (Ordnance
Survey 2018a). Importantly for this study, OS MasterMap
topography layer maps the locations of roadside features,
such as verges or pavements. This study made use of OS
MasterMap topography layer data for a 9 km? area.

0S open roads

OS open roads is a digital representation of Great Brit-
ain’s road network, produced by the Ordnance Survey. It
forms a topologically connected link and node network,
where links represent the approximate central alignment
of the road carriage way, and nodes represent road junc-
tions (Ordnance Survey 2018b). This study made use of
OS open roads data for a 9 km? area.
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Fig. 1 Location of the study area
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Fig.2 Annual mean nitrogen dioxide (NO,) concentration at long
running sites in Wales (Adopted from Welsh Air Quality Forum
(2017))

Getmapping aerial imagery

Getmapping produces high resolution vertical aerial
imagery (Getmapping 2018). This study made use of
25 cm resolution imagery for a 9 km? area.

Fig.3 Methodology of roadside
emission mapping and site suit-
ability for hedges

OS Open Roads

/

Methodology

Estimates of total road vehicle emissions were calculated
for each major road in the city centre, then joined to OS
Open Roads data and mapped. Suitable locations for pro-
posed hedges were identified after estimating pavement
widths from OS MasterMap data and inspecting GetMap-
ping aerial imagery. Figure 3 shows the overall methodology
and is explained in “Mapping average annual daily flow data
using OS open roads” and “Identifying suitable locations for
proposed hedges” sections.

Mapping average annual daily flow data using OS
open roads

The AADF dataset describes a particular stretch of road
using its DfT road number, the junction at the start of that
stretch of road, and the junction and the end of the stretch
of road. Each stretch of road is also assigned a unique value
for the attribute “CP”. QGIS was used to identify road links
in the OS Open Roads dataset that match the description in
the AADF dataset, and then assign the appropriate “CP”
value to those road links in OS Open Roads. This allowed
the datasets to be joined, and the AADF data to be mapped.

Estimating total emissions
For each stretch of road, the AADF dataset provides a

breakdown of number of vehicles by vehicle type. For this
study, the figures for different types of rigid Heavy Goods

Add CP attribute from AADF to OS
Open Roads, using QGIS

Estimate total emisions, and join AADF to
OS Open Roads using CP attribute, using
sql query in PostgreSQL
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Vehicles (HGVs) were combined together, as were those for
articulated HGVs. This resulted in six categories: motorcy-
cles, cars and taxis, buses and coaches, light goods vehicles
(LGVs), rigid HGVs, and articulated HGVs.

DAT vehicle licensing statistics were then used to propor-
tionally split the cars and taxis, and LGV categories accord-
ing to fuel type (either petrol or diesel). This resulted in eight
categories of vehicle, matching those used in the NAFEI road
transport emissions factors: motorcycles, petrol cars, diesel
cars, buses and coaches, petrol LGVs, diesel LGVs, rigid
HGVs, and articulated HGVs.

For each of the eight vehicle types, the number of vehi-
cles on each stretch of road was multiplied by the sum of the
urban hot exhaust emission factors for NO,, PM, 5, PM,,
and CO. This gave an estimate of the total emissions for
each vehicle type on each stretch of road. By summing the
estimates for each vehicle type, the total emissions from all
vehicles were calculated for each stretch of road. The total
emissions data was then joined to the OS Open Roads data-
set to create a map of road vehicle emissions.

Estimating pavement widths

Pavements are represented within OS MasterMap topogra-
phy layer as topographic area features where the “descrip-
tiveGroup” attribute is set to “Roadside” and the make
attribute is set to “Manmade”. QGIS was used to identify
(and where necessary, clip) pavements located alongside
those roads for which emissions data are available. As the
pavements were represented as polygons, the width of each
section of pavement was estimated as:

width = 2 X area + perimeter

A map was created of pavement widths, with three
classes: 0—2 m, 2-5 m, and > 5 m.

Identifying suitable locations for proposed hedges

Pavements categorised as 2-5 m and 5-11 m wide were
considered for the analysis, where those 5-11 m wide are
considered most suitable for planting hedges. In most cases
the pavement wider than 5 m would be wide enough to
accommodate a 1 m wide hedge, without too much impact
on pedestrian traffic. However, pavement width is not the
only constraint that can affect suitability for planting road-
side hedges. For example, hedges cannot be planted where
access from the pavement to the carriageway is required,
such as at bus stops, pedestrian crossings, or parking bays.
There were also some sections of pavement where hedges
had already been planted.

Aerial imagery of sections of pavement wider than 5 m
was examined to identify where hedges already existed, and
where there were other constraints that would prevent the

planting of hedges. Once these were taken into account, suit-
able locations for planting hedges were identified as dis-
cussed in results below.

Results
Total road vehicle emissions

Road vehicle emissions vary in the city centre as shown in
Fig. 4. Central Link, to the south east of the city centre, has
total emissions of 46.5 kg/km. Newport Road in the east,
and Heol Y Castell (Castle Street) just north-west of the city
centre, have total emissions at 35.8 and 39.6 kg/km, respec-
tively. The road with the lowest total emissions is Rhodfa
Lloyd George (Lloyd George Avenue), to the south of the
city centre, where total emissions reach 4.5 kg/km.

Pavement widths

Pavement widths also varied a lot as shown in Fig. 5, with
some as narrow as 0.4 m, whilst other sections of pavement
were up to 10.5 m wide. A map was created of pavement
widths, with three classes: 0-2 m, 2-5 m, and >5 m. This
study identified 23 sections of pavement with a width greater
than 5 m. These are shown in green, whereas the pavements
between 2 and 5 m wide are shown in yellow in Fig. 5.

Suitable locations for proposed hedges

After inspecting aerial imagery of the sections of pavement
categorised as 2—-5 m and 5-11 m wide, considerable number
of suitable locations were identified for proposed hedges.
This visual inspection helped removing areas where hedges
already existed or where not suitable for example where
access to bus stop or carriage way is required or at pedes-
trian crossings, etc. Figure 6 shows the proposed location
for roadside hedges, where highly suitable, 5-11 m wide
sections are shown in green and moderately suitable, i.e.,
2-5 m wide sections are shown in yellow.

Discussion

Methodology presented in this paper to map spatial variation
of traffic emissions and locating space to grow urban hedges
along these roads has been applied in the city centre area
of Cardiff city. Pavements wider than 5 m are considered
highly suitable for growing urban hedges. Twelve locations
were identified where the pavement is wider than 5 m and
these places are highly suitable for planting roadside hedges.
Four locations were identified along Bute Terrace and Adam
Street, where the total road vehicle emissions are 24.7 kg/
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Fig.4 Estimated total road vehicle emission (kg/km)

km. Two locations were identified along Plas Dumfries and
Newport Road (west of Fitzalan Place), where the total road
vehicle emissions are 29.7 kg/km. The location identified on
Newport Road also has relatively high volumes of pedes-
trian traffic, so may be a particularly beneficial location in
terms of reducing the impact of road vehicle emissions on
pedestrians.

Pavements between 2 and 5 m are proposed as moder-
ately suitable for growing urban hedges. Several moder-
ately suitable locations where identified for the purpose.
However, none of these locations were alongside the roads
having high vehicle emissions, e.g., Central Link and Heol
Y. Castell. The central link does not have a pavement for
pedestrians; therefore it could not be included in the analy-
sis. Nevertheless, there is an unpaved area on both sides
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of Central Link with some vegetation. This area can be
utilised for roadside hedge.

The method of analysing together the high emission
road segments and the available space to grow urban
hedges provide an effective framework for the decision/
policy makers to take realistic and evidence based deci-
sions to increase urban green space. Along with other
types of urban vegetation, such as parks, gardens and
urban trees, these proposed urban hedges along busy traf-
fic routs can be helpful to reduce air pollution by providing
an air filter at the exhaust pipe level. This will help provide
cleaner air to pedestrians and residents and will improve
the aesthetics of the urban fabric. It will also help reduce
urban heat island effects in summer months.
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Fig.5 Estimated width (m) of pavements

Conclusions

The study is the first of its kind with respect to proposing
a methodology to identify space to grow urban hedges
along major roads in urban centres. The proposed meth-
odology has been successfully applied in the study area
and several segments of pavements have been identified
which are highly or moderately suitable to grow hedges.
Urban hedges planted along these segments can be help-
ful in mitigating the impact of road vehicle emissions on
pedestrians and to improve the overall air quality of the
busy town centres. Study has also provided a methodology
to map spatial variation of road vehicle emissions along
different segments of roads in city centre area. The meth-
odology has been applied in the study area which provides

Pavement Width (m)
; Il oto2

8 2to5

,

S I o1

P
3

a good indication of which roads are the largest source of
traffic pollutants.

The two outcomes, i.e., the spatial variation in traffic
pollution and the most suitable places to grown urban
hedges can complement each other and help the policy/
decision makers for making informed decisions for the bet-
terment of urban air quality. It is worth noting that there is
a variety of transport and building projects either planned
or under construction in and around the city centre. This
will result in changes to the layout of many roads and
pavements (Cardiff Council 2018). It is, therefore, recom-
mend that the decision makers make use of the method-
ology and incorporate it into the design of pavements to
spare more space for growing urban hedges in the city
centre area of Cardiff.
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Fig. 6 Suitable locations for planting roadside hedges

The methodology presented in this study is not specific to
the study area and can be equally applied in any urban cen-
tre. However, the methodology involves some visual inspec-
tion of segments for the identification of barriers, e.g., access
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required for bus stops. It is suggested that methodology can be
improved in a future work by incorporation of an automated or
semi-automated geoprocessing routine for this purpose. This
will significantly improve the time required to implement the
methodology and large urban centres like London can be cov-
ered with ease.
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