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Abstract  9 

Green infrastructure (GI) can reduce air pollutant concentrations via coupled effects of surface 10 

deposition and aerodynamic dispersion, yet their magnitudes and relative effectiveness in 11 

reducing pollutant concentration are less studied at the urban scale. Here, we develop and apply 12 

an integrated GI assessment approach to simulate the individual effects of GI along with their 13 

combined impact on pollutant concentration reduction under eight GI scenarios. These include 14 

current for year 2015 (2015-Base); business-as-usual for year 2039 (2039-BAU); three 15 

alternative future scenarios with maximum possible coniferous (2039-Max-Con), deciduous 16 

(2039-Max-Dec) trees, and grassland (2039-Max-Grl) over the available land; and another 17 

three alternative future scenarios by considering coniferous (2039-NR-Con), deciduous (2039-18 

NR-Dec) trees, and grassland (2039-NR-Grl) around traffic lanes. A typical UK town, 19 

Guildford, is chosen as study area where we estimated current and future traffic emissions 20 

(NOx, PM10 and PM2.5), annual deposited amount and pollutants concentration reductions and 21 
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percentage shared by dispersion and deposition effect in concentration reduction under above 22 

scenarios. The annual pollutant deposition was found to vary from 0.27-2.77 t.yr–1.km–2 for 23 

NOx, 0.46-1.03 t.yr–1.km–2 for PM10 and 0.08-0.23 t.yr–1.km–2 for PM2.5, depending on the 24 

percentage share of GI type and traffic emissions. The 2039-Max-Dec showed the aerodynamic 25 

effect of GI can reduce the annual pollutant concentration levels up to ~10% in NOx, ~1% in 26 

PM10 and ~0.8% in PM2.5. Furthermore, the total reductions can be achieved, via GI’s coupled 27 

effects of surface deposition and aerodynamic dispersion, up to ~35% in NOx, ~21% in PM10 28 

and ~8% in PM2.5 with ~75% GI cover in modelled domain under 2015-Base scenario. 29 

Coniferous trees (2039-Max-Con) were found to promote enhanced turbulence flow and offer 30 

more surface for deposition. Moreover, planting coniferous trees near traffic lanes (2039-NR-31 

Con) was found to be a more effective solution to reduce annual pollutant concentration. 32 

Keywords: Aerodynamic dispersion; traffic emission; Urban air quality; Deposition velocity; 33 
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1 Introduction 35 

 Exposure to air pollution is linked to increased morbidity and mortality burden (Cohen 36 

et al., 2017; Lelieveld et al., 2018). Air pollution causes 0.4 million premature deaths per year 37 

in Europe alone despite reduced concentrations over the last decades (Guerreiro et al., 2018). 38 

The Lancet commission estimated 9 million premature deaths worldwide in the year 2015 39 

(Landrigan et al., 2018). Infiltration of air pollutants such as nitrogen oxides (NOx), particulate 40 

matter with aerodynamic diameter ≤10 µm (PM10) and ≤2.5 µm (PM2.5) into human body can 41 

cause several health effects including morbidity rates, respiratory symptoms, cardiovascular 42 

diseases and premature mortality (Boningari and Smirniotis, 2016; Kim et al., 2015). In urban 43 

areas, traffic emissions are one of the major sources of air pollution and the dominant source 44 

of air pollutants including PM10, PM2.5 and NOx. For instance, vehicular emissions are 45 



responsible for up to 30% of PM in European cities; 32-85% of NOX in Asian cities; and 55-46 

97% of NOX in Mexico City and São Paulo (UNEP, 2009; WHO, 2016). Despite relying on 47 

synthetic materials to remove air pollutants via adsorption or filtration such as selective 48 

catalytic, nanofiber air filter (Boningari and Smirniotis, 2016; Zhang et al., 2016),  researchers 49 

also studied the nature-based solutions to mitigate the air pollution in urban areas 50 

(Gopalakrishnan et al., 2019). Increasing green infrastructure (GI) such as trees, hedges and 51 

grasslands in urban areas have been suggested as a passive method to reduce air pollutant 52 

concentration and exposure levels (Abhijith et al., 2017; Tallis et al., 2011; Ottosen and Kumar, 53 

2020). However, most of the research is mainly focused on benefits of GI in microenvironment 54 

especially air pollutant exposure reduction. For instance, Abhijith and Kumar (2019) revealed 55 

that road-side hedges can reduce maximum of up to 63% for black carbon in open road 56 

condition. Further, Barwise and Kumar (Barwise and Kumar, 2020) highlighted the lack of 57 

published literature focused on plant species selection for improving air quality near traffic 58 

lanes. For near-road environment, Kumar et al. (2019b) published recommendation for plant 59 

species selection and their management to reduce the pollutant exposure. 60 

In this work, we have focused on urban vegetation, also referred to as GI, in the form of trees 61 

and/or grass. Trees are divided into two categories; (i) coniferous (evergreen) that stays green 62 

all around the year and does not shed its leaves in the winter; and (ii) deciduous (broadleaf) 63 

that drops its leaves in the winter. The term ‘aerodynamic effect’ and ‘aerodynamic dispersion’ 64 

are used interchangeably to represent the process of the air pollutant dilution due to enhanced 65 

atmospheric turbulence cause by increased surface roughness. GI surface such as leaves, stems, 66 

barks, fruits and heads, serve as effective deposition sites for different air pollutants in different 67 

ways. For example, GI typically helps in biological degradation of gaseous air pollutants via 68 

leaf stomata; while deposited PM is either washed by rain or dropped with the leaf to the ground 69 

depending on prevalent environmental conditions and GI characteristic (Gourdji, 2018; Rowe, 70 



2011). Apart from deposition, GI can also alter the air pollutant concentration levels by 71 

affecting the atmospheric turbulence e.g., by decreasing turbulence below tree canopy and high 72 

concentrations in street canyons (Salmond et al., 2013) or by increasing turbulence in open 73 

areas (Klingberg et al., 2017). Barnes et al. (2014) simulated the effect of spatially varying 74 

roughness on air pollutant ground concentration levels in operational dispersion model 75 

(ADMS-Urban; developed by the Cambridge Environmental Research Consultants, UK). They 76 

found that increasing surface roughness can reduce ground-level air pollutant concentrations 77 

via enhanced dilution. In addition to air pollutant reduction, GI also provides other ecosystem 78 

benefits such as reduce urban heat island effect (Loughner et al., 2012) and urban surface water 79 

runoff control (Grey et al., 2018).  80 

Recently, Kumar et al. (2019a) evaluated the nexus between air pollution, GI and human health 81 

via summarising the limited evidence to establish links between pollution mitigation through 82 

GI and quantification of their health benefits. They highlighted the challenges to quantify 83 

health benefits that can be achieved from varying GI design, owing to the limited approaches 84 

to simulate the effect of GI at the macroscale. Table 1 shows a summary of previous studies 85 

that reported the GI benefits to mitigate the air pollution at the urban scale. For example, 86 

Jeanjean and co-workers have studied the effectiveness of trees to disperse traffic emissions by 87 

using a wind-tunnel validated CFD model to simulate a 4 km2 area in Leicester city centre in 88 

the UK  (Jeanjean et al., 2015, 2016). They reported that the concentrations of traffic-generated 89 

air pollutants reduced by 7 to 9% at the pedestrian height, owing to enhanced pollutant dilution 90 

due to increased air turbulence levels caused by trees. However, it is extremely challenging to 91 

conduct such studies at larger scales (such as city and regional scales) due to the considerable 92 

amount of resources required to build large-scale wind-tunnel or CFD models. Therefore, only 93 

a handful of such studies exist in the literature. In another study, Tiwary et al. (2009) proposed 94 

an integrated modelling approach to assess the effect of GI on PM10 concentration levels 95 



reduction and health benefits by using ADMS-Urban. Tallis et al. (2011) compared the Tiwary 96 

et al. (2009) approach with the UFORE (currently known as “i-Tree” developed by United 97 

States Forest Service) for estimating PM10 deposited amount and highlighted that deposition 98 

values used by Tiwary et al. (2009) are higher than i-Tree because of many assumptions such 99 

as (i)  particle resuspension rate was not considered in average PM10 concentration; (ii) species-100 

specific deposition velocity (Vd) values were used to estimate deposition; and (iii) constant 101 

surface resistance (Rc) is assumed through the season. However, i-Tree needs a high amount 102 

of data such as the species types, land use criteria, total tree height and crown size which needs 103 

to be collected by experience researchers to improve the model accuracy (Pace et al., 2018). In 104 

addition, i-Tree model does not include the dispersion effect of GI by assuming that air 105 

pollutant concentration is homogeneous over the domain (Cabaraban et al., 2013). These 106 

published literature show a need for modelling approaches that can quantify the aerodynamic 107 

dispersion and deposition effects of GI on pollutant concentration at urban scale based on the 108 

type of GI and its location. 109 

As evident from the above discussion, GI can help to improve air quality via a combination of 110 

the dispersion and deposition effects on air pollutant. The maximum benefits can be achieved 111 

by strategical GI planting near the air pollution sources since air pollutant high concentration 112 

would lead to higher deposition. However, GI potential in air pollutant concentration reduction 113 

is rarely studied in term of strategical GI development at the city-scale. The objective of this 114 

work is to develop and demonstrate an integrated GI assessment approach to quantify the GI’s 115 

individual effects (deposition or aerodynamic dispersion) as well as their combined impact on 116 

pollutant concentration reduction under different GI scenarios for current (2015) and future 117 

(2039) years. We evaluated the potential of GI planning in controlling the concentration of 118 

different traffic-related air pollutants (NOx, PM10, PM2.5), taking a typical UK town Guildford 119 

as a case study to demonstrate the modelling approach for developing GI-influenced air quality 120 



map and estimating the annual averaged reduction in air pollutant concentrations under 8 121 

different GI scenarios (Section 2). We then quantified the aerodynamic and deposition effects 122 

of GI and compare the annual averaged air pollutant concentration reduction under different 123 

GI scenarios.  124 

2   Methodology 125 

 Study region 126 

Guildford (51.23° N, 0.57° W; 56 m above sea level ) is a typical UK town, which is 127 

also one of the six case study cities of the iSCAPE project (https://www.iscapeproject.eu/). It 128 

has large urban green spaces as well as strong traffic sources inside. Guildford is one of the 129 

most populated areas in the Guildford Borough Council (GBC) under Surrey County, which is 130 

located southwest of central London (GBC, 2016). The study area can be categorised as 131 

urbanised region of Surrey County and dominated by heavy traffic. Consequently, four major 132 

roads, known as M25, A3, A31 and A331 (the first letter defines the type of road and numerical 133 

value represent the road number as per Department for Transport, UK; DfT, 2012), pass 134 

through Guildford. Further, the motorway M25 passes via Guildford at Wisley junction at its 135 

junction with the major road A3. The A3 road passes through the centre of town and runs north-136 

south linking with the A31 and A331. The A3 road carries about 43746 to 96135 vehicles day–137 

1 as traffic volume which is dominated by cars. The car consists of ~97% of the total traffic 138 

volume because 72% of residents prefer to commute between home and work using cars (Al-139 

Dabbous and Kumar, 2014). Thus, traffic emission is one of the main sources of NOx, PM10, 140 

and PM2.5 within the study area. The land use in Guildford is predominantly residential, and 141 

about half of the population (population estimated at around 130,000) lives within the urban 142 

area of Guildford town, located in the centre of GBC that has an area of 270.9 km2 (GBC, 143 

2016). We used a 19 km × 26 km domain area of Guildford for our assessment, as shown in 144 

Figure 1.   145 

https://www.iscapeproject.eu/


 Modelling approach 146 

We assessed the effect of change in traffic emission on air quality and benefits of new 147 

vegetation planting on the city-scale model with the help of integrated modelling approach that 148 

combines (i) GI’s aerodynamic effect that reduce the air pollutant concentration levels via 149 

enhanced atmospheric turbulence owing to increased surface roughness in dispersion 150 

modelling by using Gaussian plume model (ADMS-Urban); and (ii) GI’s deposition effect that 151 

reduce the air pollutant concentration levels via pollutant deposition over vegetation through 152 

deposition modelling (Figure 2). Further, the aerodynamic effect of GI was quantified by 153 

subtracting the levels of pollutant concentration simulated with GI surface roughness, 154 

according to GI type (Supplementary Information, SI Table S1), from those simulated by 155 

altering GI surface roughness to zero in ADMS-Urban models. To include deposition effect, 156 

the deposited amount over GI covers were modelled as area sources and its emission rates were 157 

assumed to be equal to deposition flux (F/t, in gm–2s–1; as per Eq. 1) in the ADMS-Urban 158 

model. The resulting pollutant concentrations, as an effect of deposition, at each grid were 159 

subtracted from pollutant concentrations simulated with an aerodynamic effect (Figure 2) to 160 

estimate the deposited amount of pollutants. 161 

This approach can be used with readily available dispersion models. For instance, ADMS-162 

Urban is used here to demonstrate the feasibility of an integrated approach for assessing GI 163 

impact on annual pollutant concentration reduction. The ADMS-Urban has a chemistry module 164 

to treat the chemical reactions into pollutant dispersion and the detailed information about these 165 

chemistry schemes are available in SI (Section S1). However, due to lack of monitoring station 166 

within study domain, it was unfeasible to include chemistry schemes that need concentrations 167 

of other pollutant such as Ozone and Sulphate. Further, the annual average pollutant 168 

concentration map was generated based on estimated hourly pollutant concentrations at 1.5 m 169 

height (human breath level). In addition, the grid resolution was chosen as a combination of 170 



250m × 250m (1068 grid points) and 17 specified locations. Later, these pollutant 171 

concentrations were used to calculate the deposition amount and deposition effect of GI on 172 

pollutant concentration reduction. For model validation (Section 2.3) and pollutant 173 

concentration estimation (Section 3.3), the spatial average of pollutant concentration, after 174 

incorporating GI’s deposition and aerodynamic effect, at 1 km2 (267) grid points was compared 175 

with the Defra modelled annual mean hourly background concentration and specified location 176 

were compared with measured NOx (via diffusion tube) by the GBC. The aerodynamic effect 177 

of GI was considered by altering the surface roughness (in metres) based on GI type (such as 178 

trees, grassland). 179 

Road traffic is the major source of some of the air pollutants in Guildford (DEFRA, 2015a) 180 

which has ~1728 km roads (M roads, A roads, B roads, C roads, and U roads; DfT, 2012),  181 

Figure 1. For example, traffic had contributed around 34% in total NOx emission in the year 182 

2015 (GBC, 2016). In the modelled domain, there are 16.6 km of M roads (motorways) and 183 

232.9 km of A roads; henceforth referred to as “major roads”, 99.6 km of B roads and C roads 184 

(classified unnumbered); henceforth referred to as “minor roads”, and 1379.0 km of U roads 185 

(unclassified unnumbered); henceforth referred to as “local roads”. Most of the traffic volume 186 

passes through the major and minor roads; whereas local roads have relatively much lower 187 

traffic volumes.  In order to estimate the pollutant emissions from the roads, the EFT v8.0.1 188 

developed by DEFRA (2016) is used, which requires (i) vehicle counts, fleet composition, and 189 

traffic speed as inputs. We obtained the data for the traffic counts and fleet composition in 190 

Guildford for the year 2015 from the Department for Transport (DfT), the UK which operates 191 

~130 traffic counters for “major roads”, and ~30 traffic counters for “minor roads”. In this 192 

study, the traffic speed on the roads was assumed to be constant, and taken to be the average 193 

traffic speed in the UK (SI Table S2). Furthermore, other local emissions (such as domestic, 194 

industry and rail) and secondary particulate contribution within study domain were modelled 195 



as area sources and were obtained from National Atmospheric Emissions Inventory, UK 196 

(NAEI, 2014). In addition, the effect of outside domain sources was modelled as background 197 

concentration (DEFRA, 2015a). 198 

Meteorological variables such as wind velocity and direction, temperature, relative humidity, 199 

and cloud cover are required to solve the transport equations in the ADMS-Urban model. The 200 

hourly data for those variables were obtained (Meteorological Office, 2018) for the year 2015 201 

from a weather station located in South Farnborough (51.28° N, 0.77° W; 65 m above sea 202 

level), which is a distance of 14.5 km from the centre of the modelled domain. The dominant 203 

wind direction was South-West as per wind rose diagram (SI Figure S1). The land-cover data 204 

for the modelled domain was obtained for the year 2015 as shown in Figure 1, which is 205 

produced by the Centre for Ecology and Hydrology, UK, based on satellite imagery and digital 206 

cartography at a resolution of 25 m (Rowland et al., 2017). The domain was divided into seven 207 

types of land cover including deciduous forest, coniferous forest, grassland, water surface, 208 

agriculture surface, rural surface and urban surface. Further description of land cover is 209 

presented in SI Table S3. The fraction of land cover for the year 2015 in Guildford mention in 210 

SI Table S1. The variable surface roughness value was used based on the type of land cover. It 211 

is assumed that the ground surface has negligible change over the year from 2015 to 2017 and 212 

effect of variation in the ground surface on dispersion was incorporated in the modelled domain 213 

by use terrain data for 2017, which is generated by the Ordnance Survey (OS) and available 214 

under Open Government Licence (https://www.ordnancesurvey.co.uk). 215 

The deposited amount (F; in gm–2) to green infrastructure is estimated based on the deposition 216 

velocity (Vd; in ms–1), time of exposure (t = 3.1×107; sec), pollutant concentration (C; in gm–217 

3), factor (f; assumed 0.5 of leaf-on period for deciduous trees or 1 for coniferous trees and 218 

grassland; Baraldi et al., 2019) and resuspension rate (r; 0.5 for particles only to incorporate 219 



the 50% of resuspension rate of particles back to the atmosphere) as per Eq.1 (Bottalico et al., 220 

2016; Jeanjean et al., 2016; Tiwary et al., 2009). 221 

 𝐹 =  𝑉𝑑. 𝐶. 𝑡. 𝑓. 𝑟                                                                     (1) 222 

The deposition velocity for different gases pollutant is calculated using Eq. (2) as an inverse 223 

sum of aerodynamic resistance (Ra; in sm–1), quasi-laminar boundary layer resistance (Rb; in 224 

sm–1) and surface resistance (Rs; in sm–1) (Janhäll, 2015; Jayasooriya et al., 2017; Tallis et al., 225 

2011; Tiwary et al., 2009; Wesely, 1989). To evaluate particle deposition velocity (Eq. 3), 226 

virtual resistance (Ra.Rb.Vs), aerodynamic resistance and quasi-laminar layer resistance should 227 

be considered in series and the whole term in inverse was calculated in parallel to settling 228 

velocity (Vs) without surface resistance (Seinfeld and Pandis, 2006; Wesely, 2000).   229 

𝑉𝑑 =  
1

𝑅𝑎+𝑅𝑏+𝑅𝑐
   𝑓𝑜𝑟 𝑔𝑎𝑠𝑒𝑜𝑢𝑠 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠                                                 (2) 230 

𝑉𝑑 = 𝑉𝑠 +
1

𝑅𝑎+𝑅𝑏+ 𝑅𝑎𝑅𝑏𝑉𝑠
       𝑓𝑜𝑟 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟    (3) 231 

The hourly meteorological data obtained from South Farnborough meteorological station were 232 

used to estimate Ra and Rb (Tiwary et al., 2009) and; Rc (for gases) was calculated depending 233 

upon the land cover and seasonal category as per Wesely (1989). Vs (only for particles) was 234 

evaluated for particles diameter up to 50 m according to the Stokes law (Eq. 4) 235 

𝑉𝑠 =
𝑑𝑝

2𝑔(𝜌𝑝−𝜌𝑎)𝐶𝑐

18𝜇𝑎
                                          (4) 236 

ρp is the density of the particles (1500 kg m–3), ρa is the density of the ambient air, dp is particle 237 

diameter and g is the gravitational acceleration. LCM2015 map has 21 classes (see Table S2) 238 

based on the UK's terrestrial Broad Habitats (Jackson, 2000) and out of them, only 9 classes 239 

are available in the modelled domain that has been divided into 7 types of land cover. 240 

 Model validation  241 

The levels of annual air pollutant concentration were simulated by a combination of 242 



aerodynamic effects of GI and deposition over GI surface. The model validation was performed 243 

by comparing the model results for the annual mean hourly NO2 concentration with the 244 

corresponding concentrations at 17 different sites in Guildford, as measured (via diffusion tube) 245 

by the GBC (GBC, 2016) and modelled annual mean hourly background concentration for air 246 

pollutants NOx, PM10 and PM2.5 provided by DEFRA (DEFRA, 2015a) at 267 points for the 247 

year 2015 (SI Figure S2). Those measurements by GBC include roadside, urban background, 248 

and rural background concentrations of NO2. However, similar classification for their modelled 249 

points is not readily available by DEFRA. The coefficient of determination (R2) for modelled 250 

annual mean hourly concentration with GBC measured NOx concentration was 0.74 (after 251 

removing red dots because these are near to traffic lanes; pollutant concentration on these 252 

points could be simulated through micro-scale model) and with DEFRA modelled annual mean 253 

hourly concentration for NOx, PM10 and PM2.5 were 0.82, 0.81, and 0.75, respectively (SI 254 

Figure S3). SI Table S4 shows the statistical analysis for DEFRA annual mean hourly 255 

concentration and modelled annual mean hourly concentration have been conducted using 256 

openair package in R (Carslaw and Ropkins, 2012). 257 

 Modelled scenarios for "what if" analysis 258 

To evaluate the benefits of planting vegetation in Guildford vis-à-vis a combination of 259 

aerodynamic effect and deposition over GI surface (Section 2.2). We investigated different 260 

scenarios with GI for the years 2015 and 2039 as described below. The year 2015 was chosen 261 

to represent the current situation in Guildford since data for the model inputs are freely 262 

available for this year. The year 2039 has been chosen since 2040 is the year when the strategic 263 

road network (SRN) of UK aspires to have zero breaches of road-side air quality (DfT, 2015) 264 

and the UK government will end the sale of new conventional petrol and diesel cars and vans 265 

(DEFRA, 2017). This implied that the end of the year 2039 would mark a radical shift towards 266 

zero-emission vehicles, and therefore year 2039 is an ideal year for evaluating the impact of 267 



planting road-side vegetation as an intervention to comply with air quality standards. 268 

2015-Base: This is the baseline case for the year 2015 with the currently estimated vegetation 269 

cover (sum of coniferous, deciduous tree and grassland land that is around 66% of the total 270 

study area) within Guildford. The pollutants sources from GBC are modelled using ADMS-271 

Urban to estimate the annual average concentrations at 1.5 m height. This process used traffic 272 

emission data, meteorological data, deposition estimation (Section 2.2). The GI-influent air 273 

quality maps are estimated by a combination of the aerodynamic effect of GI and deposition of 274 

air pollutant via integrated approach in ADMS-Urban. It is worth noting that surface roughness 275 

and deposition of land covered by GI were considered as zero to estimate the air pollutant 276 

concentration levels under without GI scenario (SI Section S2).       277 

2039-BAU: This is the business as usual scenario for the year 2039, which assumes that the 278 

traffic and fleet composition have changed based on government policies, while the type of 279 

green infrastructure, meteorological condition, surface roughness and other modelling 280 

parameters remain at the same as a 2015-BASE scenario. These government policies are related 281 

to  the new air quality plan for NO2, a number of initiatives have been taken to bring NO2 level 282 

down, including (i) new real driving emissions standards (NRDS), (ii) adopting retrofit 283 

technology in old vehicles’ engine to reduce NOx emissions, (iii) promoting low emission 284 

vehicles and alternative fuel, (iv) clean air zones for road traffic emissions, and (v) new 285 

measures to tackle NO2 emissions for non-traffic sources. Under the NRDS (DfT, 2016), 286 

vehicle manufacturers will have to comply to ensure that on-road emissions of NOx, PM10 and 287 

PM2.5 for new vehicles will meet the laboratory testing limits. Further, the traffic pollutant 288 

emissions for the year 2039 are estimated based on projected traffic counts and fleet 289 

composition up to the year 2039 (SI Section S3). The comparison of this scenario with the 290 

2015-Base will allow estimating the air quality benefits provided by the existing GI in GBC 291 

for the year 2039 with changed traffic emissions based on the government policies. 292 



2039-Max-Con; 2039-Max-Dec; 2039-Max-Grl: These are three alternative scenarios for the 293 

year 2039 with the aim of maximum possible coniferous (2039-Max-Con) or deciduous (2039-294 

Max-Dec) trees or grassland (2039-Max-Grl) cover on available GI areas. In each scenario, the 295 

total land covered by coniferous, deciduous tree and grassland, which is in total around 66% 296 

of the modelled study area, are assumed to be an either coniferous, deciduous or grassland. 297 

Therefore, the deposition velocities for area around 326 km2 are modified corresponding to the 298 

coniferous tree, deciduous tree and grassland for 2039-Max-Con, 2039-Max-Dec, 2039-Max-299 

Grl, respectively. In addition, the surface roughness is also altered to adjust changes according 300 

to GI types (SI Table S3). Further, the emissions, meteorological condition and other modelling 301 

parameters are assumed to be same as 2039-BAU. Comparison of the air pollutant 302 

concentration levels with 2039-BAU will give maximum air quality benefits achieved by 303 

planting coniferous/deciduous trees or grassland. 304 

2039-NR-Con; 2039-NR-Dec; 2039-NR-Grl: These are three alternative scenarios for the 305 

year 2039 where the coniferous (2039-NR-Con), deciduous (2039-NR-Dec) trees and 306 

grassland (2039-NR-Grl) are assumed to around traffic lanes (total area is 135 km2 in the 307 

modelled domain) that is covered by the leased GI space in the 2039-BAU. To reflect this 308 

assumption, the deposition velocities and surface roughness are altered according to coniferous 309 

tree, deciduous tree and grassland for 2039-NR-Con, 2039-NR-Dec, 2039-NR-Grl, 310 

respectively, around traffic lanes. Further, the GI cover on other areas, emissions, 311 

meteorological condition and other modelling parameters are remained to be same as 2039-312 

BAU. Comparison of the air pollutant concentration levels with 2039-BAU will give maximum 313 

air quality benefits achieved by planting coniferous, deciduous trees and grassland near traffic 314 

lanes. 315 

Through a systematic evaluation of the eight scenarios outlined above, we estimated the 316 

pollutants deposition benefits of planting trees or grassland at maximum potential or along 317 



major roads and estimate the potential for reductions in the NOx, PM10 and PM2.5 concentration 318 

levels in the year 2039. 319 

3 Results and discussion  320 

 Current and future exhaust emissions  321 

The trend in emissions of NOx, PM10 and PM2.5 within Guildford was projected from 322 

2015 to 2039 (Figure 3). These total emissions are estimated, from on-road vehicle activities 323 

over the road length within Guildford, based on on-road vehicle population and future emission 324 

factor projection (SI Section S1). Between the year 2015 and 2039, the falling emission trend 325 

in NOx, PM10 and PM2.5 are projected from 1883 Mg, 122 Mg and 72 Mg to 371 Mg, 95 Mg 326 

and 57 Mg, respectively. A significant reduction in NOx emission has been observed between 327 

2015 and 2039 because of the new air quality plan for NO2 has been adopted by the UK 328 

government (DEFRA, 2015b). Till the year 2039, the major NOx emissions reduction is 329 

expected from cars, light goods vehicles (LGVs) and heavy goods vehicles (HGVs) that will 330 

be 73% (648 Mg), 80% (490 Mg) and 97% (278 Mg), respectively compared with the year 331 

2015. These NOx emission reduction is due to NRDS and new tax treatment for diesel vehicles 332 

which will shift the fleet composition towards petrol and electrical vehicles rather than diesel 333 

(DfT, 2019). In addition, other government incentives (DEFRA, 2017), such as retrofitting on 334 

old buses, green bus fund and clean bus technology fund, further reduced NOx emission from 335 

buses by 98% (90 Mg) in the year 2039 with compared to the year 2015. Overall NOx emission 336 

reductions from all traffic sources are targeted to be 80% (1512 Mg) between the years 2015 337 

to 2039 for improving the air quality in the UK.  338 

Reduction in PM10 and PM2.5 emissions from traffic, including an exhaust and non-exhaust 339 

emissions, are also noted over the same period (during 2015-2039). These reductions are 340 

anticipated mainly due to the use of diesel particulate filters and implementation of NRDS in 341 

the UK (DfT, 2018). As a result of these policies, the PM10 emissions will be reduced by 53% 342 



(14 Mg) and 12% (10 Mg) from LGVs and cars, respectively, whereas PM2.5 emission reduce 343 

by 50% (8 Mg) and 5% (3 Mg) from LGVs and cars, respectively, between the years 2015 to 344 

2039. Similarly, total PM10 and PM2.5 emissions, from buses and HGVs, will also decline by 345 

20% (4 Mg) and 37% (3 Mg), respectively, because of retrofitting of old buses and other 346 

government policies towards zero traffic emissions. PM10 and PM2.5 emissions will have less 347 

reduction than NOx emission because most of the government strategies are towards traffic 348 

emission control from exhaust pipe but many researchers (Lawrence et al., 2016; Timmers and 349 

Achten, 2016) showed that non-exhaust PM emissions are nearly 60-80% of the total emission 350 

from road traffic. Although the UK government has promised to reduce the non-exhaust 351 

emissions of PM by launching a call for evidence on these emissions (DfT, 2018). The overall 352 

PM10 and PM2.5 emissions are expected to reduce by 23% (28 Mg) and 21% (15 Mg), 353 

respectively, between the years 2015 and 2039 because these PM reductions are a combined 354 

effect of an increase in traffic count and reduction in traffic exhaust PM emissions. In summary, 355 

the UK government’s Clean Air Strategy (DfT, 2018) will have a much higher positive impact 356 

on the reduction of NOx emissions compared with PM emissions, mainly because these actions 357 

are to control exhaust emissions such as NOx and non-exhaust emissions of PM will require 358 

specific attention of policies.  359 

 Deposition amount over GI under current and future scenarios 360 

The spatial distribution of NOx, PM10 and PM2.5 depositions are shown in Figures 4, 5 and 361 

S6, respectively, and spatial statistical analysis results are shown in SI Table S5. The vegetation 362 

was found to remove 0.028 t ha–1 yr–1 NOx, 0.010 t ha–1 yr–1 PM10 and 0.002 t ha–1 yr–1 PM2.5 363 

from the atmosphere under the 2015-Base scenario. Cavanagh and Clemons (2006) simulated 364 

the NOx deposition rate equal to 0.06 t ha–1 yr–1 over tree cover which is 8% of the study area 365 

(431 km2) in Auckland, New Zealand. They had reported the annual average NOx concentration 366 

20 μg m–3 which reveal the reason for a higher removal rate than our 2015-Base scenario where 367 



annual average NOx concentration is 11.04 μg m–3 (Section 3.3). Conversely, the removal rate 368 

of PM10 is higher than those reported by Nowak (1994) for Chicago in which they estimated 369 

that trees cover could remove PM10 at a rate of 0.004 t ha–1 yr–1. Nowak (1994) simulated 370 

removal rate based on the trees cover at 11% in 3350 km2 which support the lower removal 371 

rate as compared to 2015-Base scenario where the tree covers 66%. Similarly, Yang et al. 372 

(2004) estimated PM10 removal rate 0.026 t ha–1 yr–1 via 16.4% of trees cover over 300 km2 373 

area, using the UFORE model, in Beijing. This higher PM10 removal rate is expected due to 374 

higher PM10 concentration range between 40 and 120 μg m–3
 compared to 10.19 μg m–3

 under 375 

2015-Base scenario. Furthermore, the removal rate of PM2.5 is lesser than PM10 due to lower 376 

settling velocity for small particles. However, the net PM2.5 removal rate is 0.002 t ha–1 yr–1 377 

which is in the same range to Nyelele et al. (2019) assessment for Bronx, USA. Nyelele et al. 378 

(2019) estimated, using i-Tree model, the PM2.5 removal rate of 0.002 t ha–1 yr–1 equivalent to 379 

human health benefits valued at $6.9 million yr–1. Most of the studies used the i-Tree model 380 

that has a number of assumptions to address the more complex deposition process. The i-Tree 381 

model only estimates dry deposition over GI and does not consider the effect of surface 382 

roughness that reduces the air pollutant concentration over GI due to the increase in 383 

atmospheric turbulence. Moreover, the results indicate that maximum air pollutants 384 

concentration reduction is near the traffic source because the deposition amount is proportional 385 

to pollutant concentration. In conclusion, the net deposition amount offered by vegetation is 386 

dependent on the pollutant concentration level, percentage GI percentage cover and their 387 

location. 388 

The comparison between 2039-BAU and 2015-Base scenario shows the total pollutant 389 

deposition projected to decline in future especially NOx deposition that is expected to decrease 390 

from 2957 tonnes to 581 tonnes (~80% less than 2015-Base scenario) because of a significant 391 

reduction in NOx emissions in the year 2039 (Section 3.1). Furthermore, in the year 2039, PM10 392 



and PM2.5 will also reduce by ~3% and ~2%, respectively, compared to 2015-Base scenario 393 

due to a minor change in PM emission. Under the 2039-MAX-Con, about ~16%, ~17% and 394 

~24% of the increase in NOx, PM10 and PM2.5 depositions, respectively, are simulated as 395 

compared to 2039-BAU scenario. This may be associated with the availability of leaves 396 

throughout a year in case of coniferous trees for deposition. The opposite trends have been 397 

observed under the 2039-MAX-Dec where NOx, PM10 and PM2.5 depositions are decreased by 398 

~13%, ~10% and ~31%, respectively, due to half vegetation period for deciduous trees 399 

compared to coniferous trees (Baraldi et al., 2019). The trend of lower pollutant deposition 400 

amount in 2039-Max-Dec scenario compared to 2039-Max-Con scenario are similar to those 401 

found by Tallis et al. (2011) for Greater London Authority who estimated that 100% coniferous 402 

trees (tree cover ~30%) within the study area (~47 Kha) has 1.6 times higher PM10 deposition 403 

amount than 100% deciduous trees. Under the 2039-Max-Grl scenario, significant reductions 404 

in deposition amount of all the pollutant are estimated as compared to 2039-BAU scenario, 405 

such as ~50% in NOx, ~58% in PM10 and ~57% in PM2.5. Such reductions are foreseen due to 406 

pollutants’ lower deposition velocities over grassland because of high Ra value, which 407 

increases with a decrease in surface roughness (Tiwari et al., 2019), compared to trees.  408 

When the more realistic scenarios were simulated to study the potential use of GI near to traffic 409 

lanes with the motive to confine the concentration near the sources. The pollutant depositions 410 

are increased by ~2% in NOx, ~6% in PM10 and ~5% in PM2.5, respectively, under the 2039-411 

NR-Con scenario compared to 2039-BAU scenario. This increase in pollutant deposition 412 

amount has been observed under 2039-NR-Con scenario as a result of more deposition surface 413 

available near to source throughout a year and increase in coniferous tree cover from ~8% to 414 

~50% compared to 2039-BAU scenario. However, under the 2039-NR-Dec scenario, about ~ 415 

21%, ~16% and ~38% of the decrease in overall NOx, PM10 and PM2.5 deposition amounts, 416 

respectively, are simulated as compared to 2039-BAU scenario. This is so because of half 417 



vegetation period in a year for deciduous trees whose area is assumed to increase from ~20% 418 

to ~45% compared to 2039-BAU scenario. Lastly, under the 2039-NR-Grl scenario, there is a 419 

further reduction in overall deposition amount from ~24% in NOx, ~22% in PM10 and ~44% in 420 

PM2.5 as compared to 2039-BAU. A relatively high decrease in deposition amounts has been 421 

simulated under this scenario owing to pollutants’ lower deposition velocities over grassland 422 

and an increase in grassland cover from ~37% to ~63% compared to 2039-BAU. Similar 423 

outcomes have also been reported by Tiwary et al (2009), who simulated the PM10 deposition 424 

amounts under the GI scenarios within East London Green Grid area in London using ADMS-425 

Urban. They reported the 100% grassland cover has minimum PM10 annual deposited amount 426 

17.99 ton compared to deciduous species (A. pseudoplatanus; 60.49 ton) and coniferous species 427 

(P. menziesii; 1277.13 ton). In conclusion, the above findings reinforce the fact that planting 428 

coniferous trees near the traffic lanes has the highest pollutants deposition amount compared 429 

to deciduous trees or grassland. 430 

 Pollutant concentration levels under current and future scenarios 431 

Figures 6, 7 and S7 show the spatial distribution of NOx, PM10 and PM2.5 concentration 432 

levels at 1.5 m height, respectively, within study domain under different GI scenarios (Section 433 

2.4) and the corresponding statistical analyses are provided in SI Table S6. In addition, the 434 

hourly average pollutant concentration levels and percentage concentration change under 435 

different GI scenarios are shown in SI Figure S8. Under the 2015-Base scenario, the average 436 

hourly pollutants concentration levels over a year (hereafter pollutants concentration levels) 437 

are 11.04 µg m–3, 10.19 µg m–3 and 7.95 µg m–3 for NOx, PM10 and PM2.5, respectively, for the 438 

year 2015. These average hourly concentrations are agreed with DEFRA modelled NOx, PM10 439 

and PM2.5 concentration and GBC measured NOx concentration for the year 2015 (Section 2.3). 440 

The comparison between 2015–Base and 2039-BAU scenarios reveals that pollutant 441 

concentration levels are decreased by 11.77% in NOx, 1.47% in PM10 and 0.13% in PM2.5 as a 442 



result of UK government’s plan project “Clean Air Strategy” to reduce the vehicle emissions 443 

over next decades (DEFRA, 2019). This is because of the new air quality plan adopted by the 444 

Department of Transport in the UK (Section 3.1). The pollutants concentration levels are 445 

expected to reduce further by 0.24 µg m–3, 0.28 µg m–3 and 0.05 µg m–3 in NOx, PM10 and 446 

PM2.5 levels under the 2039-Max-Con scenario compare to 2039-BAU scenario. The main 447 

reasons for these decreases are higher pollutants deposition over GI surfaces that are offered 448 

throughout a year by coniferous trees (Section 3.2) and increased atmospheric turbulence 449 

owing to the higher surface roughness of trees compared to grassland (Section 3.4). Although 450 

surface roughness of deciduous and coniferous trees is assumed same while simulating 100% 451 

deciduous trees within the study area, the pollutants concentration levels are increased by 0.1 452 

µg m–3 in NOx, 0.36 µg m–3 in PM10 and 0.18 µg m–3 in PM2.5 under the 2039-Max-Dec 453 

compared to 2039-BAU. The reason for these concentration increases is the unavailability of 454 

deciduous leaves during the leaf-off season for pollutant deposition. Under the 2039-Max-Grl 455 

scenario, the NOx, PM10 and PM2.5 concentration levels are increased by 0.78 µg m–3, 1.41 µg 456 

m–3 and 0.3 µg m–3, respectively, compared to 2039-BAU scenario. These increases are results 457 

of pollutants’ low deposition velocity and laminar flow (low atmospheric turbulence) over 458 

grassland (Jeanjean et al., 2016). The above comparisons of different scenarios are showing 459 

that the pollutant concentration reductions are the combination of the aerodynamic effect of GI 460 

and deposition over GI (Section 3.4). Therefore, the lower pollutant concentration levels have 461 

been observed in 100% trees scenarios than 100% grassland scenario, similar results are found 462 

in the literature. For instance, Jeanjean et al (2016) studied the impact of tree aerodynamics on 463 

concentration reduction and comparison of depositions on trees, grass and building using the 464 

CFD model. They observed depositions were higher for trees than for grassland and the 465 

aerodynamic dispersive effect of trees can further reduce pollutant concentration levels in the 466 

downwind side. 467 



The further scenarios have been developed to identify the locations, to harvest their maximum 468 

potential, for new GI which is an important aspect for urban planners and cities’ authorities. 469 

Under the 2039-NR-Con scenario, 0.08 µg m–3, 0.11 µg m–3 and 0.02 µg m–3 reductions in the 470 

NOx, PM10 and PM2.5 concentration levels, respectively, were observed as compared to 2039-471 

BAU scenario. This may be linked to the confinement of the pollutants near traffic lanes which 472 

could increase the local pollutant concentration but reduce the downwind concentration. 473 

However, the NOx, PM10 and PM2.5 concentration levels are increased by 0.24 µg m–3, 0.45 µg 474 

m–3 and 0.20 µg m–3, respectively, under the 2039-NR-Dec scenario compared to 2039-BAU. 475 

Such concentration increase was anticipated by planting deciduous trees near traffic lanes as a 476 

result of pollutants’ low deposition amount (Section 3.2). Finally, under the 2039-NR-Grl 477 

scenario, there is a further increase in pollutant concentration levels, such as 0.33 µg m–3 in 478 

NOx, 0.61 µg m–3 in PM10 and 0.23 µg m–3 in PM2.5, as compared to 2039-BAU. A significantly 479 

high increase in pollutant concentration levels has been observed under this scenario as a result 480 

of lower reduction from the deposition over grass. These results are comparable to those 481 

reported by Chen et al. (2016), where owing to greater elevation from land, trees promote air 482 

turbulence that increases the probability of pollutant deposition considerably higher than low-483 

height GI such as shrubs or grass. Overall results have good agreement with the previous 484 

studies such as Tiwary et al. (2009), Tallis et al. (2011) and Jeanjean et al. (2016), where trees 485 

have been reported as a more efficient GI to remove pollutant and reduce pollutant 486 

concentration compare to others GI such as grass, shrubs and lianas.   487 

  Deposition and aerodynamic effect of GI on reduced pollutant concentrations 488 

 The aerodynamic effect induced by GI also reduces pollutant concentration levels, apart 489 

from pollutant deposition over GI surface. The ratios of deposition and aerodynamic effect 490 

(hereafter ratios) in the reduction of pollutant concentration levels are shown in Figure 8. The 491 

percentage of deposition in overall pollutant concentration reductions is higher in particles than 492 



gases because gravitational force on particles (settling velocity), which is a function of particle 493 

size and density, compared to gases dry deposition velocity (Tiwari et al., 2019). The pollutant 494 

concentrations reductions are lower in 2039-BAU as compared to the 2015-Base scenario, but 495 

the ratios are similar in both scenarios. This is a result of reductions in pollutant emission owing 496 

to the new air quality plan which has been adopted by the government (Section 3.1). Hence, 497 

pollutant concentration levels are lower in 2039-BAU scenario compared to 2015-Base 498 

(Section 3.3). However, the main reason for similar ratios is the percentage of GI cover and 499 

meteorological conditions that were assumed to be same in both scenarios. Under the 2039-500 

Max-Con scenario, pollutant concentration reductions are increased by 0.24 (aerodynamic 501 

effect; deposition = 0.12; 0.12) µg m–3 in NOx, 0.28 (0.03; 0.25) µg m–3 in PM10 and 0.09 (0.01; 502 

0.08) µg m–3 in PM2.5, as compared to 2039-BAU. The predominant reason for such reductions 503 

is pollutant deposition offered along with aerodynamic dispersion induced by coniferous trees. 504 

In contrast, pollutant concentration reductions are decreased by 0.11 (–0.12; 0.23) µg m–3 in 505 

NOx, 0.36 (–0.03; 0.39) µg m–3 in PM10 and 0.18 (–0.01; 0.15) µg m–3 in PM2.5 under the 2039–506 

Max-Dec compared to 2039-BAU. It can be noted that the aerodynamic effects are similar 507 

under maximum trees scenarios but owing to the longer vegetation period over a year offers 508 

more deposition over coniferous trees compared to deciduous trees. Under the 2039-Max-Grl 509 

scenario, there is a further decrease in the pollutant concentration reduction offered by GI for 510 

NOx, PM10 and PM2.5 concentrations by 0.78 (0.24;0.54) µg m–3, 1.41 (0.07; 1.34) µg m–3 and 511 

0.26 (0.04; 0.22) µg m–3, respectively, compared to 2039-BAU scenario. The substantially 512 

lower efficiency of pollutant concentration removal is observed via grassland under this 513 

scenario. This is owing to negligible surface roughness, which leads to no turbulent dispersion 514 

under laminar flow and lowers pollutant removal via deposition over grass.  515 

Under the 2039-NR-Con scenario, the pollutant concentration reductions are slightly higher 516 

than 2039-BAU scenario, i.e., 0.08 (0.05; 0.03) µg m–3, 0.11 (0.01; 0.1) µg m–3 and 0.02 (0; 517 



0.02) µg m–3 in the NOx, PM10 and PM2.5 concentration levels, respectively. Such an increase 518 

in pollutant concentration reductions is anticipated by planting coniferous trees along the traffic 519 

lanes through more deposition surfaces as well as the increased turbulent near the source. Under 520 

the 2039-NR-Dec scenario, the overall pollutant concentration reduction efficiency is 521 

decreased by 0.24 (–0.05; 0.29) µg m–3, 0.45 (–0.01; 0.46) µg m–3 and 0.20 (0; 0.20) µg m–3 in 522 

the NOx, PM10 and PM2.5 concentration levels, respectively, compared to 2039-BAU scenario. 523 

Although the aerodynamic dispersive effect of deciduous trees has a positive impact on 524 

pollutant concentration reduction due to lower deposition compared to 2039-BAU (Section 525 

3.2), the overall pollutant concentration levels are higher than 2039-BAU scenarios (Section 526 

3.3). Finally, under the 2039-NR-Grl scenario, the NOx, PM10 and PM2.5 concentration 527 

reduction offered by new GI configuration are further decreased by 0.34 (0.01; 0.33) µg m–3, 528 

0.62 (0.01; 0.60) µg m–3 and 0.23 (0; 0.23) µg m–3, respectively. These decreases are owing to 529 

negligible surface roughness and lower deposition amount over grass near to traffic lanes. 530 

These results are similar to the conclusion drawn by Jeanjean et al. (2016), where they reported 531 

that trees are more efficient to reduce PM2.5 concentration by aerodynamic dispersion induced 532 

by trees and higher depositions for trees compared to grass over the same area. Tiwary et al. 533 

(2009) have also found coniferous trees are more efficient to reduce PM10 concentration levels 534 

than deciduous and grass.  535 

  Consideration of GI in an operational dispersion model 536 

To demonstrate an integrated approach that can be applied to currently available 537 

operational models, we simulated pollutant concentration levels within Guildford (Section 3.3) 538 

using this approach in ADMS-Urban model. The approach combines the aerodynamic 539 

dispersion as well as deposition capabilities of different GI’s to evaluate their impact in terms 540 

of pollutant concentration reduction (Section 3.4). Tiwari et al. (2019) highlighted the 541 

modelling limitations in terms of consideration of GI in currently available operational models, 542 



which are originally not developed to study the impact of GI in air quality simulations. 543 

Therefore, this approach has been developed to simulate the aerodynamic dispersion 544 

component in addition to the deposition process induced by different GI in simulations that can 545 

help the urban planner to assess their impacts on pollutant concentration reduction. In addition, 546 

the engineered GI should be designed to cover several objectives such as improvement of air 547 

quality by pollutant removal, pollutant concentration reduction by dilution and pollutant 548 

exposure reduction by aerodynamic dispersion. In order to determine the additional feature 549 

offered by this approach, we compared it with two of previously applied approaches – (i) i-550 

Tree (Nowak et al., 2018), and (ii) Tiwary et al. (2009) – to evaluate the impact of GI on 551 

pollutant concentration reduction. The i-Tree (www.itreetools.org) has been used in most 552 

studies to estimate the pollutants removal over various GI surfaces via deposition i.e. PM10 553 

(Nowak et al., 2006; Tallis et al., 2011), PM2.5 (Nowak et al., 2013; Nyelele et al., 2019) and 554 

gaseous pollutants (Nowak et al., 2014, 2006). In the i-Tree model, nearest air quality 555 

measurement stations are located to obtain the pollutant concentration data which are assumed 556 

to be uniform over the studied area (Nowak et al., 2014). Hence i-Tree do not consider the 557 

evaluation of the aerodynamic dispersion effect of GI on air pollutant concentration reduction 558 

(Tiwari et al., 2019). Apart from GI capabilities to reduce pollutant concentrations, there are 559 

many benefits such as carbon sequestration, stormwater runoff reduction and air temperature 560 

reduction that can be estimated by i-Tree model but have not been considered in our approach. 561 

Another approach used by Tiwary et al. (2009), where pollutant emissions reduction in each 562 

grid were used to estimate GI associated health benefits under different GI scenarios. The East 563 

London Green Grid within GLA was selected to demonstrate the approach and found that the 564 

PM10 removal rate could be achieved between 0.03-2.33 t ha yr–1 depending upon different GI 565 

species scenarios. In Tiwary et al. (2009), the model estimates PM10 removal in each cell based 566 

on emission within a cell and species-specific deposition velocities without resuspension of 567 

http://www.itreetools.org/


particles. In our approach, the pollutant removal in each cell depends upon pollutant emission 568 

within the study model and assumes 50% resuspension rate as suggested by Selmi et al. (2016). 569 

Hence, Tiwary et al. (2009) approach may overestimate the pollutant reduction. In summary, 570 

the estimated pollutant concentration levels based on the demonstrated approach has shown 571 

acceptable confidence, following model validation (Section 2.3) and results from the previous 572 

studies (Section 3.3).  573 

4 Summary, Conclusions and Future Work  574 

This research demonstrates the modelling approach that could be used to evaluate the 575 

impact of different GI on air pollutant concentration reductions at the city scale. Furthermore, 576 

we evaluated eight different GI scenarios (Section 2.4) to assess their effectiveness in terms of 577 

pollutant deposition and pollutant concentration reduction. In addition, the exhaust emissions 578 

for future years were estimated based on the new air quality plan adopted by the Department 579 

of Transport in the UK. This study also presents the percentage shared by aerodynamic 580 

dispersion and deposition capabilities of GI under different planting schemes in urban areas to 581 

harvest their maximum potential in air pollution mitigation.  582 

The key conclusions drawn from this study are as follows: 583 

• The future emission estimations show that Clean Air Strategy adopted by the 584 

government will have a significant reduction on exhaust emissions such as NOx and 585 

PM by promoting electrical vehicles, but non-exhaust PM emissions will also be 586 

required to control by introducing new emission standards for electrical vehicles. 587 

• The deposition estimations under different GI scenarios reveals that the amount of 588 

pollutant deposited over GI surface changes with pollutant emissions, the distance 589 

between source and GI, and percentage of area covered by GI and their type. Overall, 590 

the depositions are greater for trees (among trees, coniferous trees > deciduous trees) 591 

compared with than for grass owing to enhanced air turbulence promoted by trees that 592 



increase the probability of pollutant interaction with trees than grass. According to 593 

planting scenarios, coniferous trees could be planted near traffic lanes (or around 594 

pollutant sources) to harvest their maximum potential in terms of pollutant removal.  595 

• When comparing the pollutant concentration levels among GI types, it is found that 596 

depositions were higher for trees than for grassland and the aerodynamic dispersive 597 

effect of trees can further reduce pollutant concentration levels in the downwind side. 598 

Further, among GI scenarios, the results show coniferous trees around the highway 599 

appears to be an optimum and realistic solution to reduce pollutant concentration levels. 600 

Although 100% coniferous trees over existing GI land shows a higher reduction in 601 

pollutant concentration levels, this solution may have an adverse effect on the urban 602 

ecosystem.  603 

• The aerodynamic dispersion is also an important factor that needs to be considered in 604 

simulating air pollutant concentration levels and it depends upon the GI’s geometry and 605 

their density (Leaf area density). Moreover, the high leaf area dense GI species not only 606 

promote high aerodynamic dispersion but also offers more area for pollutant deposition. 607 

Therefore, opting coniferous trees will help to create turbulent flow for pollutant 608 

dilution and higher pollutant removal via deposition over their surface. 609 

• The demonstrated approach shows how GI planting schemes in urban areas can best be 610 

used for pollutant concentration levels reduction via combining both their deposition 611 

and aerodynamic effects.    612 

Furthermore, urban GI planning has attracted attention from the researcher, urban planner and 613 

governmental authorities as a passive method for air pollution abatement in recent years. The 614 

GI cover in the urban area could result in a reduction in pollutant concentration from a few 615 

percentages to ~35%, depending on the GI types. On the contrary, they may increase local 616 

pollutant concentration levels by confining pollutant under GI canopy. Apart from their 617 



capability to reduce pollutant concentration levels, there are other benefits such as carbon 618 

sequestration, stormwater runoff reduction and air temperature reduction that have not been 619 

incorporated in this approach. In addition, future research could consider the secondary 620 

pollutants (such as ozone) and their detailed atmospheric chemistry including the impact of GI 621 

emitted biogenic volatile organic compounds on pollutant transformation and secondary 622 

aerosol formation (Barwise and Kumar, 2020) to simulate pollutants’ concentrations change in 623 

an urban area. These concentrations changes may be integrated with air pollution health risk 624 

assessment model to estimate the GI-related health benefits such as a reduction in mortality 625 

and morbidity and their associated monetary value.      626 
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List of Tables 827 

Table 1. Summary of past relevant studies reported air pollutant deposition over GI. 828 

City/ 

Country 

Domain (% 

GI Cover)  

Model 

type 

Type of 

pollutant 

Removal rate  

(t ha–1 yr–1) 

Modelling 

approach 

Author (year)  

London, UK  10K ha 

(5.47) 

ADMS-

Urban 

PM10 0.03 – 2.33 Dis. + 

Depo. 

Tiwary et al. 

(2009) 

London, UK 157K ha 

(20) 

i-Tree PM10 0.06 Depo. Tallis et al. 

(2011) 

New York, 

US 

12000K ha 

(65) 

i-Tree Mixa 0.034b Depo. Nowak et al. 

(2014) 

Beijing, 

China 

30K ha 

(16.4) 

UFORE PM10 

SO2 

NOx 

0.02 

0.03 

0.01 

Dis.+ 

Depo. 

Yang et al. 

(2004) 

Glasgow, 

UK 

21k ha 

(29.1) 

FRAME PM10 0.004 Depo McDonald et 

al., (2007) 

Bronx, US 14.7K ha 

(22.7) 

i-Tree PM2.5 0.002 Depo. Nyelele et al. 

(2019) 

Leicester, 

UK 

0.4K ha 

(100) 

CFD PM2.5 0.03 (trees) 

0.006 (grass) 

Dis. + 

Depo. 

Jeanjean et al. 

(2016) 

Strasbourg, 

France 

7.83K ha 

(27.8) 

i-Tree CO 

NO2 

O3 

PM10 

PM2.5 

0.0001 

0.002 

0.007 

0.002 

0.001 

Depo Selmi et al. 

(2016) 

Auckland, 

New Zealand 

43.1K ha 

(8.1) 

Flux 

method 

O3 

NOx 

PM10 

0.046 

0.064 

0.031 

Depo Cavanagh and 

Clemons 

(2006) 

West 

Midlands, 

UK 

90K ha 

(29.2) 

FRAME PM10 0.008 Dis. + 

Depo 

McDonald et 

al., (2007) 

a = NO2, O3, PM2.5, SO2; 
b= Average removal rate; Dis. = Dispersion; Depo. = Deposition 829 


