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Abstract  29 

There is a lack of clear guidance regarding the optimal configuration and plant composition of 30 

green infrastructure (GI) for improved air quality at local scale. This study aimed to co-develop 31 

(i.e. with feedback from end-users) a public engagement and decision support tool, to facilitate 32 

effective GI design and management for air pollution abatement. The underlying model uses 33 

user-directed input data (e.g. road type) to generate output recommendations (e.g. plant 34 

species) and pollution reduction projections. This model was computerised as a user-friendly 35 

tool named HedgeDATE (Hedge Design for Abatement of Traffic Emissions). A workshop 36 

generated feedback on HedgeDATE, which we also discuss. We found that data from the 37 

literature can be synthesised to predict air pollutant exposure and abatement in open road 38 

environments. However, further research is required to describe pollutant decay profiles under 39 

more diverse roadside scenarios (e.g. split-level terrain) and to strengthen projections. 40 



 

4 
 

Workshop findings validated the HedgeDATE concept and indicated scope for uptake. End-41 

user feedback was generally positive, although potential improvements were identified. For 42 

HedgeDATE to be made relevant for practitioners and decision-makers, future iterations will 43 

require enhanced applicability and functionality. This work sets the foundation for the 44 

development of advanced GI design tools for reduced pollution exposure.  45 

Keywords: Urban forestry and greening; Gardening; Land management; Passive control; Air 46 

quality; Built environment 47 

1. Introduction 48 

Air pollution is the most significant environmental hazard to human health, responsible 49 

for an estimated 6.5 million premature deaths annually worldwide (Landrigan et al., 2018). 50 

Poor air quality is of particular concern in urban areas, where transport emissions constitute an 51 

important source (Heal, Kumar, and Harrison, 2012; Kumar et al., 2013; Heydari et al., 2020). 52 

Traffic-related air pollution is characterised by a number of harmful pollutants, including 53 

particulate matter ≤2.5µm (PM2.5), ultrafine particles (UFPs), nitrogen oxides (NOx), carbon 54 

monoxide (CO), and black carbon (BC) (Patton et al., 2014; Li et al., 2016; Kumar et al., 2014). 55 

These are associated with excessive mortality and morbidity rates at global scale (World Health 56 

Organisation, 2016). In England, nearly 30% of preventable deaths are due to non-57 

communicable diseases that are explicitly attributable to air pollution (NHS, 2019) and, in 58 

December 2020, a coroner has found for the first time that air pollution exposure was a 59 

significant contributory factor in the tragic death of a child in London (Record of Inquest, 60 

2020). With 55% of the global human population residing in urban areas in 2018, projected to 61 

rise to 68% by 2050, the abatement of traffic emission exposure in urban areas is crucial 62 

(United Nations, 2018).  63 
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Targeted green infrastructure (GI; e.g. trees, hedges, green walls, green roofs) can form a cost-64 

effective passive control system for air pollution (Abhijith et al., 2017; Hewitt, Ashworth, and 65 

MacKenzie, 2019; Tomson et al. 2021), particularly during peak times such as ‘rush hours’ or 66 

where concentrations occasionally exceed background levels (Riondato et al., 2020). This is 67 

primarily ascribable to the propensity of GI to remove, redirect and reduce air pollutants 68 

through the processes of dry deposition and atmospheric dispersion (Janhäll, 2015). GI is 69 

considered to be more effective for PM deposition than grey or non-porous infrastructure due 70 

to its comparatively high surface area, and due to biochemical interactions between healthy 71 

vegetation and the ambient air (for the removal of UFPs and gaseous pollutants) (Janhäll, 2015; 72 

Tiwari et al., 2019). For dispersion, GI can act as a physical obstacle affecting air flows 73 

(Abhijith and Kumar, 2019), thereby influencing the concentration and transportation of 74 

ambient pollutants (Tiwari et al., 2019; Tiwari and Kumar, 2020). 75 

At local scale, vegetation barriers (trees, hedges or tree-hedge combinations) between traffic 76 

emissions and pedestrians or properties have been found to be effective (Abhijith and Kumar, 77 

2019; Gallagher et al., 2015; Ottosen and Kumar, 2020). Such barriers effectively extend the 78 

path-length of the pollutant plume between source and receptor, reducing downwind 79 

concentrations and encouraging dilution via turbulence (Baldauf, 2017; Hewitt et al., 2019; 80 

Kumar et al., 2019). Air pollution dispersion often results in exponential reductions in 81 

concentrations as pollutants move away from their source, and thus the impact of extending 82 

this path-length by even 1m can be significant. Moreover, results from a remote sensing 83 

investigation suggest that roadside hedges can be implemented with minimal necessary 84 

alterations to existing UK urban infrastructure (Irfan et al., 2018). This highlights the potential 85 

impact of urban hedges as a passive control system proximate to pollutant sources, to reduce 86 

exposure in near-road environments such as private gardens, public spaces, and school and 87 

hospital grounds. 88 
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Beyond complementary ecosystem services, the use of vegetation, rather than solid or non-89 

porous barriers, facilitates greater deposition, which may be further enhanced by appropriate 90 

plant choice and other elements of barrier design, including barrier porosity (a function of width 91 

and vegetation density) and dimensions (Barwise and Kumar, 2020; Chaudhary and Rathore, 92 

2019). However, effective vegetation barrier design is highly contextual, with the relative 93 

significance of different plant-specific considerations (e.g. biogenic volatile organic compound 94 

(bVOC) emissions, pollen emissions, morphological characteristics) being variable according 95 

to each immediate environment as well as the spatial scale of the intervention (Barwise and 96 

Kumar, 2020; Hewitt et al., 2019). For example, plants with significant bVOC emissions, 97 

which are precursors of ground-level ozone, are primarily unsuitable for large-scale projects or 98 

where NOx concentrations and sunlight levels are typically high; the significance of pollen 99 

emissions depends on site-specific factors, including proximity to vulnerable populations; and 100 

tall vegetation barriers are generally recommended in open road environments but can impede 101 

pollutant dispersion in some urban street canyons (Barwise and Kumar, 2020). 102 

Cities across the world have set ambitious tree planting targets for the enhanced provision of 103 

ecosystem services including air pollution abatement. However, this assumption requires the 104 

right plant in the right place, and GI design is nuanced, with net positive or negative impacts 105 

on air quality depending on plant selection, configuration, and post-planting management 106 

(Barwise and Kumar, 2020; Hewitt et al., 2019; Tomson et al., 2021). Knowledge on 107 

interactions between vegetation and air quality is not sufficiently applied in urban planning 108 

processes (Badach et al., 2020), and there is a need for guidance that delineates context-specific 109 

design principles for effective vegetation barrier implementation (Barwise and Kumar, 2020; 110 

Kumar et al., 2019; Ortolani and Vitale, 2016). Despite the apparent increase in relevant 111 

resources over recent years (see Supplementary Information (SI) Table S1), such resources to 112 

date have provided generic recommendations, which may lead to inappropriate or, in some 113 
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cases, detrimental GI design under specific circumstances (Abhijith et al., 2017; Barwise and 114 

Kumar, 2020; Isakov et al., 2018). This underlines the importance of applications and tools that 115 

can assist people in making data-informed decisions based on real-world scenarios, which are 116 

clearly needed but currently unavailable. The novelty and primary scientific contribution of the 117 

present study lies in its objective to address this problem; i.e. to contribute to the development 118 

of tools that facilitate appropriate decision-making for improved air quality at local scale. 119 

We co-designed and co-developed a decision support tool (HedgeDATE: Hedge Design for the 120 

Abatement of Traffic Emissions) with potential end-users (Section 2.3). This prototype offers 121 

site-specific recommendations regarding GI design for air pollution abatement and comprises 122 

a template upon which future work may build. The tool also serves as a mechanism for public 123 

engagement on air pollution, the advantages of which include the potential for collaborative 124 

innovation, improved public knowledge and trust, and expedited implementation of research 125 

findings in practice (Cohen et al., 2008; Mahajan et al., 2020). 126 

HedgeDATE is initially intended for the general public, as an engagement and educational 127 

resource. However, it may be refined in future iterations to offer more comprehensive guidance 128 

for practitioners and policy-makers. The prototype discussed in this paper focuses on plant 129 

species selection and pollutant exposure reduction in open road and street canyon environments 130 

but does not model individual scenarios in detail (Sections 2 and 2.1). Thus, the aims of this 131 

paper are to: present the development process of the HedgeDATE tool; present and discuss 132 

results from a public demonstration and workshop, which generated feedback from end-users 133 

on the interface, utility and potential uptake of the tool; describe prospects for further 134 

development; and provide recommendations for relevant research. 135 

2. Methodology 136 
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A series of public engagement events were held via the Guildford Living Lab platform 137 

(GLL, 2016; Mahajan et al., 2020). These events highlighted a popular desire among attendees 138 

for straightforward and engaging guidance on plant selection and management for reduced air 139 

pollution exposure. HedgeDATE was conceptualised in 2018 to meet this demand, and a 140 

project to develop it was later formalised by the University of Surrey’s Urban Living Award 141 

(ULA, 2019). Initial decisions regarding the concept included that the prototype would be 142 

presented as a web-based application whose logic and content would be developed from 143 

findings from the existing scientific literature, with a long-term ambition to refine said 144 

prototype via bespoke research. This application would generate projections and 145 

recommendations as outputs according to user-directed input data (Figure 1). For the prototype, 146 

such outputs would be specific to the user’s urban context (street canyon (and type of street 147 

canyon) vs open road) and physical environment (e.g. distance to road), but not to their 148 

individual scenario in terms of meteorology, elevation, soil type and quality, etc. The prototype 149 

would finally be subject to end-user feedback as part of the validation process. This study’s 150 

methodology is therefore categorised below as that which concerns the formulation of the 151 

underlying model (Section 2.1), the formulation of the web-based tool (Section 2.2), and the 152 

feedback on the tool (Section 2.3).  153 

2.1. Model Formulation 154 

From the landing page, the underlying model begins by establishing the urban context 155 

that best describes the user’s area of concern (AoC; e.g. the user’s home), as shown in Figure 156 

2a. If the user selects the ‘Street canyon’ button, they are taken to a page that estimates the 157 

aspect ratio of their street canyon (SI Figure S1), and from there to a relevant page that contains 158 

generic recommendations (Section 2.2.1) regarding GI design according to the indicated street 159 

canyon type (SI Figures S2-S4). Users that select the ‘Open road’ button are instead taken to a 160 

page that contains an expanded image of the open road environment, along with a series of 161 
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input boxes (Figure 2b). This area of the tool requires input data on four parameters: width of 162 

road; distance between road edge (pollutant source) and planting site; width of available 163 

planting space (perpendicular to road direction); and distance between planting site and AoC. 164 

The model then uses this input data to generate a predicted percentage reduction in pollutant 165 

concentration as compared to a GI-free scenario and as a result of the optimal GI intervention 166 

(Figure 2c). Section 3.1 discusses the formulation of this section of the model (i.e. the ‘Model 167 

calculations’ as indicated in Figure 1) in detail, which is intertwined with outcomes of the 168 

model formulation process. 169 

2.2. Tool formulation 170 

2.2.1. User interface, content and recommendations 171 

The model is presented as a web-based application, which utilises user-directed input 172 

data to generate output projections and recommendations (Sections 2.1 and 3.1). For clarity 173 

and ease of use, the tool includes images wherever possible and offers the user choices as 174 

simple buttons beneath the images (Section 2.2.2). Generic recommendations and links to 175 

further information on, for example, plant management (SI Figure S6), are provided at various 176 

end-points of the model. Content regarding street canyon environments was drawn and 177 

summarised from Kumar et al. (2019) and GLA (2019) (street canyon classification by aspect 178 

ratio) and Abhijith et al. (2017) (flow characterisation and GI implementation). 179 

Recommendations for street canyons are minimal (SI Figures S2-S4) for several reasons: (i) 180 

because reliable, specific recommendations regarding GI in street canyons may not be made 181 

without pilot modelling studies due to unpredictable influences of complex canyon geometry 182 

on air flows (Abhijith et al., 2017); (ii) because trees, hedges and vegetation barriers are 183 

generally not recommended in street canyons in any case; (iii) because the majority of viable 184 

planting space exists in open road environments; and (iv) because GI implementation in street 185 

canyons typically requires backing by businesses and/or local authorities, rather than the sole 186 
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permissions of members of the public at which the prototype is aimed. General 187 

recommendations regarding GI for transport-related pollution exposure mitigation in open road 188 

environments are summarised by Table 1. 189 

Although some site-specific factors are noted, Table 1 includes factors and recommendations 190 

explicitly regarding air pollution exposure reduction. Table 1 does not include other 191 

management considerations, such as road safety and additional ecosystem services (e.g. carbon 192 

sequestration, biodiversity) or disservices (e.g. invasiveness, toxicity), although such 193 

considerations are highlighted at relevant points in the HedgeDATE tool. 194 

A minimum height of 2m is recommended because this height offers exposure reduction for 195 

roughly a few metres beyond the barrier, but greater height is necessary with greater distances 196 

from the road as well as with greater distances of the AoC from the barrier (GLL, 2019). 197 

Recommended plant species (SI Table S2) were extracted from Hirons and Sjöman (2018) for 198 

two reasons: (i) the source was created by investigating species that are currently used in 199 

temperate urban forestry, as well as species whose ecoregion is similar in constraints to those 200 

of typical urban planting environments; and (ii) it contains internally consistent, species-201 

specific information on several factors that are significant in air pollution mitigation (Barwise 202 

and Kumar, 2020). Species were selected for inclusion if they had demonstrated suitability for 203 

hedging in the UK or some tolerance of air pollution and/or salt. Species known to be high 204 

emitters of bVOCs were excluded in order to avoid recommending such species for hedging at 205 

large scales or at many different sites within a neighbourhood, due to the minimal range of 206 

species included in the prototype. A caveat regarding the importance of site-specific species 207 

selection (e.g. considering environmental conditions) was also added as a pop-up box to the 208 

tool (SI Figure S6). 209 

2.2.2. Technical description 210 
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The HedgeDATE application was developed using NetBeans 8.1 211 

(https://netbeans.org/downloads/old/8.0/), which uses the Apache server 212 

(https://www.apachefriends.org/download.html), and requires JDK 1.8.0 213 

(https://www.java.com/en/download/) or a later version to run the encoded model formulation 214 

(Section 3.1). The model formulation is encoded into the University of Surrey’s server using 215 

PHP and HTML languages. PHP is an open-source scripting language, which was used to 216 

create dynamic contents of the application, such as input values, a counter for number of 217 

visitors, and output results. HTML was used as a markup language that helps users to move 218 

around on the different landing pages by clicking on hyperlinks. The HedgeDATE tool’s web 219 

link (https://hedgedate.eps.surrey.ac.uk/HedgeDATELandingPage.php) directs users to the 220 

main landing page, which presents a brief description of the tool and number of visitors (users) 221 

to date, and allows the user to navigate to other pages as mentioned in Section 2.1. Users whose 222 

AoC embodies an open road environment enter their input values (Figure 2b), and the relevant 223 

calculations are performed on the server-side based on the formulation encoded in PHP. Results 224 

(exposure projections and GI recommendations) are thereby instantaneously provided using 225 

the HTML-encoded markup page on the user browser (Figure 2c). The authors chose the above-226 

mentioned server and encoding languages because they are available as open source and 227 

commonly used in web development and in many successful web tools. 228 

2.3. Feedback on the tool 229 

 Following a series of informal, internal verification procedures (e.g. repeated runs on 230 

different systems to verify consistent input-output results), we sought independent feedback on 231 

the HedgeDATE prototype from prospective end-users. A public workshop was held in July 232 

2019 at the University of Surrey, lasting approximately two hours. A brief presentation on 233 

urban air pollution was followed by an introduction to the HedgeDATE concept. Participants 234 

(Section 2.3.1) were then split into three randomly mixed focus groups of roughly equal 235 

https://netbeans.org/downloads/old/8.0/
https://www.apachefriends.org/download.html
https://www.java.com/en/download/
https://hedgedate.eps.surrey.ac.uk/HedgeDATELandingPage.php
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numbers, including one facilitator per group. A facilitator demonstrated the tool to each group 236 

and supported each participant to use the tool. Each focus group was asked to discuss two 237 

questions: (Q1) ‘What are the limitations or drawbacks of the HedgeDATE tool?’; and (Q2) 238 

‘What additional content or functions would you include?’ 239 

Significant points from the group discussions were noted by each group for later analysis 240 

(Section 3.2). A rapporteur also worked between all groups and noted individual opinions and 241 

statements on an ad hoc basis. After discussions and feedback from each group, a questionnaire 242 

(SI Section S2) was completed by each individual participant. 243 

2.3.1. Participant profile 244 

  The target population for the workshop comprised intended end-users of HedgeDATE 245 

(i.e. the general public, as discussed in Section 1). The workshop was advertised in the local 246 

community (Guildford and surrounding areas, UK) via social media channels, posters, 247 

newsletters from the University of Surrey and partners, and direct correspondence with local 248 

community groups via the Guildford Living Lab (GLL, 2016). Ethical approval was sought, 249 

and consent forms were completed by all workshop participants (n = 14). As the data from the 250 

completed questionnaires (SI Table S3) indicates, this sample included participants of different 251 

age groups, ranging from ‘26-35’ (50%) to ‘Over 65’ (14%). 43% of the participants were 252 

male, and 57% were female. 79% did not have an employment or educational background 253 

involving plants, plant health, plant management, or green space management. The highest 254 

level of completed formal education among participants ranged from ‘Further education (pre-255 

university)’ (one participant) to ‘Undergraduate’ (four participants) and ‘Postgraduate’ (nine 256 

participants, including two participants that had ticked the ‘Other’ box and specified “PhD” in 257 

the adjacent space). The majority of participants were university-educated, which may be seen 258 

as a limitation of the sample used in our study. There were several other commonalities between 259 
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participants, including that all but one participant owned or had access to a garden. However, 260 

motivation for attending was found to vary between participants (Section 3.3.1). 261 

2.3.2. Materials 262 

 The primary aim of the workshop was to collect feedback from potential users on the 263 

utility, functionality, and interface of the prototype. The focus group questions (Section 2.3) 264 

were designed to collect qualitative data on these three factors for thematic analysis. The 265 

questionnaire that followed the group sessions (SI Section S2) was also designed to address 266 

these factors and collect related open-response (qualitative) and rating scale (quantitative) data. 267 

However, an additional aim of the workshop was to refine the questionnaire for future 268 

implementation (Section 5). Therefore, the workshop was also an opportunity to pilot test the 269 

questionnaire.  270 

The questionnaire (SI Section S2) contained 14 questions, which combined to serve the overall 271 

objective; i.e. to indicate participant behaviour and the likelihood of uptake by HedgeDATE 272 

users, as discussed in Section 1. Initial questions requested information on each participant’s 273 

background and motivation, in order to understand the participant profile (Section 2.3.1). This 274 

included participants' age range, gender, employment status, highest level of education, 275 

knowledge of green infrastructure or greening, ownership of or access to relevant garden space, 276 

how they knew of the workshop, and their reason for involvement. 277 

Quantitative data was obtained via several Likert scales embedded in the questionnaire. 278 

Following the Theory of Planned Behaviour (Ajzen, 1991), we examined participants’ 279 

attitudes, social norms (perceived social approval), and perceived behavioural control 280 

regarding gardening or greening and air pollution issues. We asked participants to rate different 281 

statements on a scale of agreement from 1 (strongly disagree) to 5 (strongly agree). Such 282 

statements included: ‘My neighbours enjoy gardening’; ‘I do not enjoy gardening’; ‘My friends 283 
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and family are concerned about air pollution’; and ‘I know how to limit my contribution to air 284 

pollution’. However, as the focus of this paper is the viability of the HedgeDATE prototype 285 

(rather than related, broader themes), we will primarily present and discuss results pertinent to 286 

this focus. Another question constituted an individual evaluation of the prototype explicitly, 287 

with four targeted statements for participants to rate their agreement with (on the same 1-5 288 

scale), such as: ‘The layout and images in the prototype are generally clear’. Similarly, to assess 289 

behavioural intention and willingness to pay regarding the prototype and related concepts, 290 

participants were asked to rate their agreement with each statement on a scale of 1 (definitely 291 

will not do this) to 5 (definitely will do this). Statements included, for example: ‘Alter your 292 

garden to improve your local air quality’; ‘Use the HedgeDATE tool’; and ‘Recommend the 293 

HedgeDATE tool to others’. 294 

Finally, participants were asked whether or not they were aware of any similar tools, resources, 295 

or apps, with adjacent space for further information if ‘yes’. This question was intended to 296 

investigate the novelty of the tool and lend an understanding of the scope for uptake. 297 

3.   Results and discussion 298 

3.1. Model formulation and outcomes 299 

As mentioned in Section 2.1, HedgeDATE follows a process of establishing the user’s 300 

AoC and thereby providing targeted recommendations regarding GI. Users whose AoC 301 

comprises a street canyon environment are directed to recommendations categorised by canyon 302 

aspect ratio, for reasons outlined in Section 2.2. For open road environments, users are 303 

additionally provided with a predicted percentage reduction (PPR) in pollutant concentration 304 

at their AoC if GI is implemented and managed as recommended. The model estimates this 305 

PPR using Eq. (1). 306 

𝑃𝑃𝑅 (%) = (
𝐶𝑁𝑜𝐺𝐼−𝐶𝑊𝐺𝐼

𝐶𝑊𝐺𝐼
) × 100     (1) 307 
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Where PPR is predicted percentage reduction (-), CNoGI is pollutant concentration (µg/m3) at 308 

AoC in the absence of GI, and CWGI is pollutant concentration (µg/m3) at AoC in the presence 309 

of GI. However, spatial pollutant concentration gradients near roadways depend on many 310 

factors, such as traffic volume, meteorological conditions, and pollutant type. The presence of 311 

GI near roadways can make estimations of such gradients even more complex (Tiwari et al., 312 

2019). Advanced approaches (Baldwin et al., 2015; Chang et al., 2015; Richmond-Bryant et 313 

al., 2018) for characterising pollutant concentration gradients near roadways require detailed 314 

input inventories and expertise in using dispersion models. Therefore, to minimise user input 315 

(as shown in Figure 2b), we used the exponential function described in Eq. (2) to predict the 316 

pollutant concentration (CNoGI) at specific distances from the roadway (Nayeb Yazdi, 317 

Delavarrafiee, and Arhami, 2015; Richmond-Bryant et al., 2018; Richmond-Bryant et al., 318 

2017).  319 

𝐶𝑁𝑜𝐺𝐼 = 𝐶𝑏 + 𝐶0𝑒(−𝑑×𝑥)      (2) 320 

After mixing, pollutant concentrations reach a constant value that is also known as the 321 

background concentration (Cb). C0 represents pollutant concentration on the traffic lane, d is 322 

rate of decay, and x is distance from the roadway at which CNoGI is estimated. The effect of GI 323 

presence on the pollutant decay profile is included in HedgeDATE by a GI reduction factor 324 

(𝛼e-𝛽✕LAD) as a function of the LAD (leaf area density; m2/m3) of GI. Here, we have assumed 325 

that the concentration decay profile before and after the GI intervention will remain the same 326 

(Figure 3). If the distances from source to GI and GI to AoC are y and z, respectively, then the 327 

pollutant concentration would reduce to (Cb + C0 e
(−d ✕y)) before passing through the hedge, at 328 

which point it would further decrease by a reduction factor (𝛼e-𝛽✕LAD) due to the presence of 329 

GI. This reduced pollutant concentration ((C0 e
(−d ✕ y)) ✕ (𝛼e-𝛽✕LAD)) would then be subject to 330 
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further pollutant decay until it reaches the background concentration. Thus, the pollutant 331 

concentration at AoC with the presence of GI (CWGI) is estimated by Eq. (3). 332 

𝐶𝑊𝐺𝐼 =  ((𝐶0𝑒(−𝑑×𝑦)) × (𝛼𝑒−𝛽×𝐿𝐴𝐷) × 𝑒−𝑑×𝑧) + 𝐶𝑏   (3) 333 

where 𝛼 and 𝛽 are factors that depend on pollutant type and interaction between pollutant and 334 

plant species (-), y is the distance (m) between source and GI location, and z is the distance (m) 335 

between GI location and AoC. After incorporating Eq. (2) and Eq. (3) in Eq. (1), the predicted 336 

percentage reduction (PPR) can be written as follows (Eq. (4)). 337 

𝑃𝑃𝑅 = (1 −  
(((𝐶𝑜𝑒(−𝑑×𝑦))×(𝛼𝑒−𝛽×𝐿𝐴𝐷)×𝑒(−𝑑×𝑧))+𝐶𝑏)

𝐶𝑏+𝐶𝑜𝑒(−𝑑×𝑥) ) × 100   (4) 338 

It is worth noting that the values of C0, Cb, d, 𝛼 and 𝛽 vary from site to site, according to 339 

pollutant type, traffic characteristics, and the immediate physical environment (Table 2). In the 340 

HedgeDATE prototype, we adopted CO as a proxy for the decay profile of other pollutants 341 

because it is inert and can avoid the effect of change in pollutant concentration due to 342 

atmospheric chemical reactions (Kumar et al., 2019). However, by adopting relevant values for 343 

the above parameters for different pollutants from Table 2, or from relevant sources elsewhere, 344 

similar estimates can be made for other pollutants to expand the capability of the tool in future. 345 

Thus, we have used Cb = 0.51 µg/m3, C0 = 4.28 µg/m3, and d = 0.04 /m, based on measurements 346 

and a best-fitting exponential decay curve (R2 = 0.99; here R2 is the Goodness of Fit for an 347 

exponential decay profile, where R2 = 1 indicates a perfect fit of the regression model to the 348 

data) from a study by Nayeb Yazdi et al. (2015). The authors of this study measured CO and 349 

PM near a busy highway in Tehran (Iran), on flat terrain and where the effects of buildings, GI 350 

and other emission sources on pollutant decay were negligible (Nayeb Yazdi et al., 2015). 351 

Nayeb Yazdi et al. (2015) also validated the exponential decay profile results with the 352 

operational CALINE4 dispersion model, which requires traffic volume, meteorological 353 
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parameters, surface roughness, background concentration, and emission factors to predict 354 

pollutant decay profile. The GI-induced reduction factors that we used (𝛼 = 1.29 and 𝛽 = 0.105; 355 

SI Figure S7) were estimated from a CFD study by (Ghasemian et al., 2017) for inert gas, 356 

which is similar to CO in terms of dispersion characteristics. In this study, the normalised 357 

average pollutant concentration reduction with a GI barrier on a flat terrain was simulated under 358 

various LADs (Ghasemian et al., 2017). The reduction factors are therefore only valid where 359 

the GI intervention is taken to be a hedge of at least 2m in height, beginning at ground level, 360 

and consisting of species that exhibit the necessary LAD according to the barrier width (width 361 

of available planting space, which is limited to 2m in HedgeDATE to represent the practical 362 

constraints of a solitary hedge). We have encoded a LAD range of 1.5 to 5 m2/m3 (based on an 363 

exponential function derived from Ghasemian et al. (2017), as illustrated in SI Figure S7), 364 

where values from 1.5 to 2.5 entail a negative result (signalling ‘insufficient width of hedge’ 365 

to the user, and not progressing to plant species options) and from 2.5 to 5 entail a positive 366 

result (with plant species options offered to the user). Figure 4 illustrates that LAD and barrier 367 

width (width of hedge) are the most significant parameters in terms of impacts on PPR, when 368 

compared with the other, site-specific parameters, such as width of road, width of footpath, and 369 

distance between hedge and receptor (AoC). The length of the hedge is assumed to be absolute, 370 

and so scenarios with shorter planting spaces (i.e. where the length of the user’s hedge does 371 

not surround or completely shield their AoC) may be subject to unaccounted impacts of flow 372 

around each end of the hedge or in gaps. This point was highlighted during the workshop (see 373 

Representation under Section 3.2.1).  374 

Changes in pollutant concentrations due to the presence of GI depend on many different GI 375 

characteristics, including physiological traits that influence deposition, such as leaf 376 

micromorphology (Barwise and Kumar, 2020). However, in the present tool, we have primarily 377 

focused on GI-induced aerodynamic effects, whereby spatial pollutant concentration 378 
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distributions are altered due to physical characteristics of GI (e.g. configuration, width, height, 379 

LAD). These parameters influence local turbulence and pollutant dispersion patterns, which 380 

are dominant mechanisms of concentration change when compared to deposition effects 381 

induced by a single hedge near a roadway (Tiwari et al., 2019).  382 

The PPR is therefore valid under the following assumptions: (i) the pollutant concentration 383 

decay profile is applicable from traffic lanes and across level ground or an even terrain; (ii) the 384 

effect of wind speed and direction is not considered in the decay profile; (iii) the modelled 385 

pollutant is a non-reactive tracer; (iv) there is no change in the pollutant concentration decay 386 

profile before and after the GI location; (v) the traffic volume is an average annual daily flow, 387 

with no seasonal and daily variation; and (vi) deposition is independent of leaf characteristics 388 

and type of pollutant. 389 

For practicality, we elected to streamline the production of this rudimentary prototype, which 390 

may be adjusted and refined over time, rather than strive for a holistic model at the outset. This 391 

necessitated a number of acknowledged limitations. For example, the PPR may be 392 

overestimated where available planting space does not extend across the entire boundary length 393 

(parallel to road) of the AoC. Limitations of the prototype are addressed in subsequent 394 

iterations of HedgeDATE, as discussed in Section 3.5. 395 

3.2. Focus group results 396 

     We isolated verbatim responses from the workshop posters according to their relevance 397 

to Q1 or Q2 (Section 2.3). Any additional responses were not included in the following 398 

analysis. The rapporteur’s notes were consulted where there was any ambiguity in meaning. 399 

3.2.1. Q1: What are the limitations or drawbacks of the HedgeDATE tool? 400 

Themes were identified by deductive reasoning, following two well-established 401 

methods of theme identification: (i) repetition, where words or phrases were consistently 402 
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mentioned; and (ii) indigenous categorisation, where we identified words or phrases specific 403 

to the situation (Ryan and Bernard, 2003). Four themes were identified during the analysis of 404 

responses to this question:  education; language; presentation; and representation.  405 

Education: We defined this theme as: Phrases related to mechanisms or content, either existing 406 

or suggested, that convey educational information or guidance regarding plant species, air 407 

pollution, land management, or any other concept-specific topic. Due to technical difficulties, 408 

plant species recommendations were not available on the day of the workshop.  Participants 409 

indicated that the HedgeDATE prototype would have limited utility without this educational 410 

aspect. One group encapsulated their discussion on this point by noting, “What species?” 411 

Language: We defined this theme as: Phrases related to language used by the prototype, 412 

including word choice, phrasing, and grammar. Participants noted that the content of the tool 413 

was too verbose and recommended that we “avoid long paragraphs.” It was suggested that the 414 

language should be more specific, including instructions such as “where in the road the 415 

measurements should be taken from (edge? centre?).” There was also a voiced preference for 416 

the prototype to use British English rather than American English (i.e. ‘metre’ rather than 417 

‘meter’; Figure 2b). 418 

Presentation: We defined this theme as: Phrases related to the clarity, formatting, or style of 419 

the interface, including ease of use. All three groups noted that elements of presentation were 420 

limitations or drawbacks of the prototype. For example, the user instructions, images, and the 421 

links between the two should be clearer, particularly in terms of where to click to progress 422 

through the application. Some participants also suggested that a mobile application for 423 

smartphones would be easier to use and of greater utility. 424 

Representation: We defined this theme as: Phrases related to the verisimilitude of the 425 

prototype’s interface content, including images and scenarios. Participants highlighted that 426 
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image elements (such as a hedge or a car) were not internally consistent in terms of scale. It 427 

was also suggested that the “diagram should accurately depict the numbers entered into the 428 

form”; i.e. that the relative dimensions of the four parameters on the open road input screen 429 

(Figure 2b), for example, should appear to reflect the user’s input data. Furthermore, 430 

participants noted that the length of the hedge, which is treated by the model as absolute 431 

(Section 3.1), should be explicitly discussed with relevant guidance. 432 

3.2.2. Q2: What additional content or functions would you include? 433 

Using the same methods as for Q1 (Section 3.2.1), five themes were identified during 434 

the analysis of responses to this question: education; presentation; input functionality; 435 

visualisation; and context. Education and presentation were recurring themes from Q1.  436 

Education: All groups indicated that additional educational content would be advantageous. 437 

Participants suggested a video introduction at the start of the tool, to welcome users and briefly 438 

explain the concept. It was also suggested that references and links to relevant guidance 439 

documents, reports or publications should be provided at appropriate points. Similarly, 440 

participants asked for “photos of case studies,” to demonstrate the impact of GI 441 

implementation. One group suggested guidance-related additional content or functions 442 

regarding: the impacts of climate change on recommended GI; the “carbon footprint” of 443 

recommended GI; novel plant species; the cost, management, maintenance and other pertinent 444 

aspects of each species; and gardening considerations. 445 

Presentation: Participants suggested several potential improvements to the prototype’s 446 

presentation, including: colour formatting of image elements to distinguish ‘positive’ elements 447 

(“hedges/trees – bright green in colour”) from ‘negative’ elements (“cars in red”); the use of 448 

photographs, either to supplement or replace existing figures, to demonstrate differences 449 
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between street canyons with divergent aspect ratios; and the use of pop-up images where 450 

relevant, such as to show a bird’s eye perspective of air flows (see Visualisation, below). 451 

Input functionality: We defined this theme as: Phrases related to the functionality of selectable 452 

or editable items, either existing or suggested, including icons, buttons, and text entry boxes or 453 

fields. Participants suggested that HedgeDATE should include “adjustable bars” rather than 454 

text entry boxes (see Figure 2b) and that it should offer a “comment box” or boxes where 455 

appropriate. 456 

Visualisation: We defined this theme as: Phrases related to mechanisms or content, either 457 

existing or suggested, that support the user’s visualisation of a process, scenario, GI 458 

intervention or impact. One group suggested that the user should be able to “see the results 459 

instantly;” i.e. that the potential impact of an intervention (or lack thereof) should be evident 460 

as the user makes changes to input data, rather than the results of all combined input data be 461 

presented on a separate ‘output screen’ (Figure 2c). This group also suggested: the use of three-462 

dimensional figures; a more explicit indication of wind direction in figures; and an indication 463 

of the personal “Exposure height” of any pedestrians, which may offer an opportunity to 464 

highlight that children are typically exposed to higher concentrations near roadsides due to 465 

lower breathing heights. Another group suggested that “photos of case studies” (see Education, 466 

above), if included, should illustrate scenarios “before & after” GI implementation. 467 

Context: We defined this theme as: Phrases related to mechanisms or content, either existing 468 

or suggested, that are intended to reflect the regional or local spatial context of different users. 469 

Participants suggested that HedgeDATE should include a broader range of scenarios, to reflect 470 

instances where the building, GI and adjacent road are not on level terrain, and that citizen 471 

science may be utilised to inform future iterations of the model in this respect. One group 472 

suggested that the focus of HedgeDATE “should be city & town centre urban environments 473 
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(not leafy suburban or open park areas).” This group also suggested that HedgeDATE should 474 

take local traffic hotspots or road layouts into consideration. 475 

3.3. Questionnaire results 476 

3.3.1. Participants’ individual backgrounds, interests and qualitative feedback 477 

  As mentioned, initial questions were intended to gather information on the participant 478 

profile (Section 2.3.1). Most participants had learned of the workshop via social media or email 479 

. A variety of reasons were given for attending, although an interest in GI and/or air pollution 480 

was a dominant factor. Several participants also indicated that concern for their family’s health 481 

influenced their participation: “I live in the town centre and my children attend [redacted] 482 

Primary School. I would love to improve the air quality & increase the level of greenery at 483 

school & locally.” Only one participant indicated that their motivation for attending was to 484 

“find out more about the HedgeDATE project.” All 13 participants indicated that they were not 485 

aware of any similar tools, resources or applications. 486 

When offered to provide any additional comments, seven participants spontaneously provided 487 

positive feedback. Comments were unanimously positive about the event and about the 488 

HedgeDATE prototype or concept: “An extremely informative workshop. Thank you for 489 

taking the time to inform us, and creating a tool that will make a huge difference to many lives. 490 

I would happily have a sensor in my garden to help, and definitely plan to use the app.” One 491 

participant used this ‘further comments’ space to provide an additional recommendation 492 

regarding the tool’s functionality, which had not been noted in response to Q2 of the group 493 

session (Section 3.2.2): “I think running this as a plug in tool for 3D software would be really 494 

useful for urban designers/architects/landscape designers.” 495 

3.3.2. Individual ratings of HedgeDATE and behavioural intention  496 
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Not all participants answered every question, but the overall consensus was very 497 

positive. For example, one participant responded only to the final item, simply indicating that 498 

they definitely will recommend the HedgeDATE tool to others. Participants agreed (or strongly 499 

agreed) that HedgeDATE was relevant to them, and that the recommendations, language and 500 

layout were generally clear. Some participants also left additional handwritten comments. 501 

Several participants reiterated points made during the group discussions (Section 3.2), such as 502 

that the language “could be more specific about the placement of measurements” and that 503 

images “could be to scale.” One participant defended their ‘Disagree’ response by noting that 504 

“More parameters are required” for the input options and output recommendations to be 505 

generally relevant or applicable to them.  506 

When asked about the likelihood of HedgeDATE having had an impact on their behaviour, 507 

participants’ responses were more varied. Participants stated they were likely (or definitely 508 

will) recommend the tool, use it themselves, and would buy a plant or build a hedgerow to 509 

improve air quality. One participant qualified their ‘Unlikely’ response by writing that they 510 

were “not able to” to alter their garden. Another participant indicated that they were likely to 511 

plant a hedgerow to improve air quality but added: “not at my property though.” One participant 512 

also left a qualificatory remark below their ‘Not sure’ response: “I would like to [use the tool] 513 

but I think it's limited to mainly suburban areas where it's easy to plant a hedge. Where I live 514 

I'd love to plant hedges along the road, but will need the council on board for this.” 515 

3.4. The functionality and utility of the prototype 516 

  The backgrounds of most of the questionnaire participants did not involve plants, plant 517 

health, plant management, or green space management, and yet all but one participant owned 518 

or had access to a garden (Section 2.3.1). Given the variation in motivation for attending, this 519 

commonality may indicate that there is scope for local uptake and application of the 520 
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HedgeDATE tool. This is further supported by agreement across all participants that, to the 521 

best of their knowledge, no similar tools or resources currently exist. 522 

Feedback on the tool itself was generally positive, with a consensus on the relevance, utility, 523 

and clarity of the HedgeDATE prototype (Figure 6a). Furthermore, excluding the participant 524 

that indicated that they could not use the tool where they live, all participants indicated either 525 

that they likely will or definitely will use the HedgeDATE tool and recommend it to others 526 

(Figure 6b). However, several areas for improvement were identified.  527 

Some recommendations from the focus group discussions would, if implemented, cover a 528 

number of themes (Section 3.2). For example, Group 2’s request for “photos of case studies” 529 

to show “Before & after” GI implementation would satisfy a general desire for Education 530 

(3.2.1) and Visualisation (3.2.2). Ideas between different groups also overlapped or recurred. 531 

For example, Group 2’s suggestion that the “diagram should accurately depict the numbers 532 

entered into the form” is similar to Group 1’s suggestion to “use adjustable bars and see results 533 

instantly.” We may therefore infer that such suggested changes or additions to the tool would 534 

satisfy the requirements of prospective end-users rather than the inclinations of an individual. 535 

Group 1’s suggestion that we use adjustable bars rather than numerical input boxes may support 536 

functionality, such as by indirectly guiding users towards appropriate responses. Adjustable 537 

bars may also make the tool easier to use if it is developed as a mobile application, as suggested 538 

by Group 3. Many ideas from the workshop participants were similarly complementary, with 539 

the potential implementation of one idea often supporting another. Comment boxes, as 540 

suggested by Group 3, may provide a valuable mechanism to collect user feedback over time, 541 

potentially regarding several iterations of HedgeDATE. 542 

Each group indicated that education should be a central aspect of HedgeDATE and that 543 

enhanced educational content may increase the tool’s relevance and/or utility. Groups 1 and 3 544 
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both highlighted the importance of plant species recommendations. The range of species 545 

included in the prototype (SI Table S2) will therefore be extended and refined to ensure that: a 546 

number of suitable options are offered for any given context; they do not contain any significant 547 

drawbacks (Table 1); and a greater number of evergreen and coniferous species are included. 548 

Additional information and links to relevant guidance (e.g. regarding viability under projected 549 

climate change) will also be provided with each species recommendation, where possible, as 550 

suggested by Groups 1 and 3. 551 

Suggestions under the ‘Presentation’ theme (Section 3.2.1) were made by all groups and in 552 

answer to both questions from the focus group session. We will therefore review the design of 553 

the interface for subsequent iterations of HedgeDATE. Indeed, a majority of suggestions made 554 

during the group discussions will, if feasible, be implemented (Section 3.5).  555 

As mentioned in Section 2.3.2, the focus of this paper (i.e. the viability of the HedgeDATE 556 

prototype) means that a discussion on broader, related themes, such as attitudes towards air 557 

pollution and urban greening, would be superfluous. Moreover, significant conclusions on 558 

social norms, attitudes and behaviours regarding such themes, based on data from such a small 559 

sample size, would have been unfeasible. However, average responses (including standard 560 

deviations) to relevant constructs regarding greening and air pollution issues, are provided in 561 

SI Table S9. Ongoing implementation of the questionnaire alongside the online tool (Section 562 

5) will support future research in this area. 563 

It is interesting to note that two individuals did not respond to all items of question 13 (Section 564 

3.3.2). Given the short length of the questionnaire (i.e. excluding boredom or time constraints 565 

as potential factors), and that this is the only Likert scale that was not completed by every 566 

participant, we may infer that the structure and/or language of question 13 should be revised. 567 

Similarly, the mean response (‘Not sure’) to the fourth item of question 13 (‘Avoid buying 568 
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plants that are not aesthetically pleasing[...]’) may indicate some confusion on behalf of the 569 

participants and that this item should be reworded for clarity or replaced. However, 11 of the 570 

13 participants to the third item of question 13 confirmed that they likely will or definitely will 571 

buy a plant thought to improve air quality, even if it is more expensive than other available 572 

plants. This suggests a willingness to pay amongst end-users, which matches the 573 

aforementioned intentions to use or recommend HedgeDATE. 574 

3.5. Refining the prototype 575 

  The current prototype is a basic, flowchart-based tool to identify GI recommendations 576 

(plant species, organised by crown density) and provide projections (pollutant concentration 577 

reductions if the recommended GI is implemented), based on user-orientated input data (road 578 

type, distance from road to home, available planting space, distance from planting area to road). 579 

This prototype tool was targeted at private garden owners, and feedback from the workshop 580 

will be implemented in HedgeDATE. Indeed, some of this feedback has already been 581 

implemented, such as amendments to language used and input functionality. Although the 582 

current version of HedgeDATE is primarily a vehicle for public engagement on GI for air 583 

pollution exposure abatement, refining and expanding the tool with future iterations will also 584 

improve its relevance for and potential uptake by GI practitioners (e.g. urban planners, 585 

landscape architects, garden designers, urban foresters). Development of a version of 586 

HedgeDATE for use by professionals will include expanding the tool’s applicability (e.g. 587 

include a broader range of urban scenarios), capabilities (e.g. include a broader range of species 588 

and a more complex underlying model), functionality (e.g. create an app version for mobile 589 

use) and interface (e.g. improve the style and quality of content, including figures). We would 590 

also like to make the tool map-based (i.e. georeference each user’s planting site), so that it may 591 

offer more bespoke projections and recommendations (e.g. according to the user’s climate, soil 592 



 

27 
 

type, elevation), as well as to automate some of the input data (e.g. road type) and offer unique 593 

visualisations. 594 

Enhancing the complexity of the underlying model (Section 3.1) may include developing 595 

procedures to: ‘orientate’ the model to account for variation in barrier length; incorporate 596 

barrier height recommendations (e.g. a (3xheight) – 3 rule to describe adequate barrier height 597 

(in metres) according to distance of AoC from road (GLA, 2019)); utilise map-based input data 598 

to offer nuanced plant species recommendations (e.g. to avoid recommending high pollen-599 

emitting species where primary schools or hospitals are present within a certain radius of the 600 

AoC); and indicate acceptable plant species substitutions (e.g. where contractors can’t or won’t 601 

plant a particular species). Bespoke field research, including investigations into plant species, 602 

will allow us to address assumptions in the model (Section 3.1) and improve the validity of 603 

output projections and recommendations.  604 

4. Summary, conclusions and future work 605 

This study explored the development of a decision support tool for improved vegetation 606 

barrier design and management in the UK, with a focus on plant species selection and air 607 

pollutant exposure reduction in open road and street canyon environments. The developed 608 

prototype was aimed at the general public, and private garden owners in particular, as an 609 

engagement tool and educational resource. We collected feedback on this prototype in order to 610 

establish the viability of the concept and the functionality of the tool. The following 611 

conclusions were drawn: 612 

 Freely available scientific and technological resources enable the development of tools 613 

for enhanced public engagement in science and improved decision-making. 614 

 There is a wealth of valuable data and findings from previous studies that can be 615 

successfully synthesised to predict air pollutant exposure and abatement in open road 616 
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environments. However, further research is required in order to describe pollutant decay 617 

profiles under more diverse urban roadside scenarios (e.g. split-level terrain) and, 618 

crucially, to validate projections made by models that utilise such decay profiles. 619 

 The adoption of relevant values for parameters used in our model, from previous work 620 

or from targeted research, will enable estimations of concentration reductions for 621 

different air pollutants by vegetation barriers in open road environments. 622 

 Findings from the workshop validated the HedgeDATE concept and suggested that 623 

there is scope, at least in the UK, for uptake of a decision support tool for vegetation 624 

barrier design. 625 

 End-user feedback on the tool was generally positive, with a consensus among 626 

workshop participants on the relevance, utility and clarity of the HedgeDATE 627 

prototype. However, potential improvements were identified, including opportunities 628 

for additional educational content, enhanced graphics, and improved input formulation. 629 

Where feasible, these improvements will be implemented in future iterations of 630 

HedgeDATE and the web-based application (Section 5) will be periodically updated. 631 

 The HedgeDATE questionnaire retrieved useful data on the novelty, quality and utility 632 

of the tool, as well as participant awareness, attitudes, social norms and perceived 633 

behavioural control regarding gardening or greening and air pollution. However, a 634 

number of problems with the questionnaire and/or its delivery have been noted and will 635 

be addressed before posting the questionnaire alongside the web-based application 636 

(Section 5). 637 

 A greater sample size (to confer statistical power) would have enabled us to draw 638 

stronger conclusions regarding public awareness of air pollution issues, impacts of 639 

green infrastructure, and other relevant themes. However, this will be achieved via 640 

ongoing research. 641 
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For the HedgeDATE tool to be relevant for GI practitioners and decision-makers, future 642 

iterations will require broader applicability, enhanced capabilities and functionality, and a 643 

much-improved user interface. The model and associated predictions will also require 644 

validation via targeted field research. However, the co-development of the prototype discussed 645 

in this paper illustrates a gap between research findings on the relationship between GI and air 646 

pollution and public awareness or application of such findings. This work sets the foundation 647 

for future research into the development of advanced GI design tools for reduced exposure to 648 

air pollution, towards the implementation of research outcomes in practice. 649 

5. Availability and further information 650 

The HedgeDATE prototype is accessible at: 651 

https://hedgedate.eps.surrey.ac.uk/HedgeDATELandingPage.php. Future iterations in the 652 

near- to medium-term will also be maintained at this address. Visitors of this address will be 653 

prompted to complete an updated version of the questionnaire (SI Section S2) on the utility, 654 

functionality and interface of HedgeDATE, as discussed in Section 2.3.2, in order to collect 655 

ongoing feedback on different iterations of the tool and support continued development 656 

(Section 3.5). Relevant information and progress regarding the HedgeDATE project and any 657 

future events are maintained at: https://www.surrey.ac.uk/global-centre-clean-air-658 

research/projects/hedge-design-abatement-traffic-emissions. The main developers of 659 

HedgeDATE can be contacted at: gcare@surrey.ac.uk.  660 
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List of Tables 815 

Table 1. General principles regarding effective vegetation barrier design for air pollution 816 

abatement in open road environments, extracted from Barwise and Kumar (2020).  817 

Factors Recommendations 

Configuration Vegetation barrier (hedge, stand of trees, or hedge-tree 

combination) should be aligned parallel and proximate to the road 

Height Minimum height of 2m, although height should increase with 

distance of barrier from road and/or distance of area of concern 

from barrier 

Thickness/width Thickness/width should maximise available planting space 

Length Length should extend beyond the area of concern, with no gaps 

Canopy 

characteristics 

High barrier density (low porosity); minimum LAD of ~4 m2/m3, 

particularly for narrow barriers (e.g. solitary hedges); continuous 

leaf cover from ground level 

Leaf properties Evergreen > deciduous; coniferous > broadleaf; small/complex 

leaves (high specific leaf area) > larger/simpler leaves; rough, 

hairy, waxy leaves 

Site-specific Air pollution tolerance (all immediate roadsides); salt tolerance 

(some immediate roadsides); tolerance for other site-specific 

stressors (e.g. drought, compaction, waterlogging, shade); low 

pollen emissions (particularly near vulnerable populations) 

Large-scale projects Low bVOC emissions; high species diversity 

LAD: leaf area density; bVOC: biogenic volatile organic compound  818 
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Table 2. Estimated best-fit exponential functions from different field studies for different 819 

pollutant concentration decay profiles near traffic lanes with no obstructions to air flow. PNC 820 

refers to particle number concentrations in the ultrafine particle size range, which are measured 821 

as number of particles per cm3. 822 

Pollutant 

type 

Background 

concentration 

(Cb; μg/m3)  

Decay rate 

(d; /m) 

Pollutant 

concentration 

at source (C0; 

μg/m3) 

Goodness of 

fit (R2) 

Author (year) 

CO 0.19-0.33 0.033-0.055 4.26-4.54 0.99 Zhu et al. 

(2002) 

CO 0.51-0.64 0.04–0.08 3.75-4.28 0.99 Nayeb Yazdi 

et al. (2015) 

PM10 32 - 34 0.013–0.02 62-67 0.96 Nayeb Yazdi 

et al. (2015) 

NO2 5.75 0.0281 38.1 0.74 Clements et 

al. (2009) 

NO2 0.5-0.6 0.004-0.008 23-36 0.91 Richmond-

Bryant et al. 

(2017) 

NO 2.30 0.0337 32.0 0.76 Clements et 

al. (2009) 

NO 3-5 0.012-0.022 13-15 0.52 Baldwin et 

al. (2015) 

PNC (6-100 

nm) 

1952-5952 0.001-

0.0016 

7910-16564 0.43 Baldwin et 

al. (2015) 

PNC (6-300 

nm) 

207-13000 0.16-0.17 1.4-25 x 104 0.86 Zhu et al. 

(2009) 

BC 0.45-1.61 0.005-0.011 0.38-2.48 0.3 Baldwin et 

al. (2015) 

  823 
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List of Figures 824 

 825 

 826 

Figure 1. A schematic diagram of the HedgeDATE model. Blue rectangles represent different 827 

screens of the user interface; orange rectangles represent pop-up boxes. Street canyons are 828 

classified as deep (height/width (H/W) ≥2), mid-depth (0.5< H/W <2), or shallow (H/W ≤0.5). 829 
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 830 

Figure 2. (a) the ‘street canyon vs open road’ screen of the HedgeDATE prototype, (b) the 831 

‘open road (input)’ screen of the HedgeDATE prototype, and (c) the ‘open road (output)’ 832 

screen of the HedgeDATE prototype.  833 
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 834 

Figure 3. A schematic diagram of the ambient pollutant concentration profile and associated 835 

impact of a hedge in open road environments, as estimated by the HedgeDATE model (the 836 

reduction in pollutant concentration inside the hedge is assumed to be linear for purposes of 837 

representation).  838 
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 839 

Figure 4. Impacts on the predicted percentage reduction (PPR) in CO concentrations for three 840 

leaf area densities (LAD; low (3), medium (4.5), and high (6)), as estimated by the 841 

HedgeDATE model, with changes in: (a) distance between hedge and receptor; (b) width of 842 

footpath; (c) width of hedge; and (d) width of road. 843 
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 844 

Figure 5. A summary of findings from content analysis of responses to the focus group 845 

questions, showing: (a) the occurrence frequency of each identified theme, across all groups, 846 

in response to Q1 (‘What are the limitations or drawbacks of the HedgeDATE tool?’); (b) the 847 

occurrence frequency of each identified theme, across all groups, in response to Q2 (‘What 848 

additional content or functions would you include?’); and (c) the total occurrence frequency of 849 

all identified themes, across all groups and in response to both questions. 850 
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 851 

 852 

Figure 6. (a) Levels of agreement among participants regarding statements about the 853 

HedgeDATE tool, and (b) their likelihood of changing their behaviour as a result of the tool. 854 

 855 


