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Abstract

:

Urbanization can increase artificial coverage rates and emissions by causing increases in traffic, which represents a serious health risk to pedestrians. To create pedestrian-friendly environments in urban canyons, this study examined their microclimates and air quality; methods to improve the pedestrian environment were also explored, based on the current street green space practices in Seoul, Korea. Under these current standards, the physiologically equivalent temperature (PET) of the pedestrian roads was predicted to decrease by 1.29–1.44 °C, but this was insufficient to adjust the thermal stress level. The air temperature of the pedestrian road declined slightly; fine dust concentrations increased, and ozone concentrations decreased. The effects of increasing the planting occupancy on the pedestrian environment were then simulated, which resulted in decreases in PET of 3.04–3.49 °C, depending on the floor area ratio, thereby effectively lowering the thermal stress stage. The particulate matter concentrations increased, however, and the air quality deteriorated. Therefore, street greenery planning alone cannot sufficiently improve both the microclimate and air quality of urban pedestrian roads. Thus, it is necessary to plan street greenery spaces in parallel with measures to improve air quality.
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1. Introduction


1.1. Background and Necessity of Research


More than half of the world’s population lives in urban areas; they are especially concentrated in high-density cities. This proportion is expected to increase to 68% by 2050 [1]. Along with this increase in population, urbanization is also leading to increases in traffic volume and exhaust gas emissions. Air pollutants as a road-mobile pollution source cause the urban pollution island (UPI) phenomenon, in which areas with higher levels of pollution than the surrounding suburbs form in urban areas. UPIs form because the surrounding high-rise buildings restrict the dispersion of pollution. In addition, skyscrapers are concentrated around roads in urban street canyons, limiting the dispersion of vehicle emissions, which leads to the deterioration of roadside air quality. This poses a serious health risk to the public [2]. The change in land cover attributed to the increase in artificial cover resulting from high-density development in the urban space and the anthropogenic heat generated from energy use in buildings and exhaust gas from automobiles are factors that raise the temperature of urban spaces, causing the UHI.



This can significantly increase building energy consumption and aggravate thermal comfort, leading to increased heat-related mortality. UHIs and UPIs, which are both caused by urbanization, are closely related. Therefore, urban planning should aim to improve thermal comfort and air quality at the same time.



City streets are important public spaces for outdoor activities. Thus, air pollution in urban canyons negatively impacts the health of members of the public, including pedestrians, drivers, and residents within buildings. Pedestrians are easily exposed to the effects of air pollutants as a road-mobile pollution source emitted from vehicles that pass by them on roads. Road traffic releases a variety of hazardous pollutants, exposure to which is associated with increased risks of cardiovascular and lung diseases [3]. Green infrastructure improves the sustainability of cities by reducing air and noise pollution and providing better rainwater management [1]. Street trees provide various functions for citizens, such as controlling temperature, purifying air pollution, controlling noise, providing a disaster buffer effect, providing a biological habitat, and creating beautiful urban landscapes [4]. On the other hand, trees can slow airflow in urban canyons and affect the canyon vortex, which can have negative effects on ventilation and can significantly reduce local air quality. Further research is thus required to clearly understand such effects [5].



Herein, therefore, the effects of street greenery planning for urban roadsides on the pedestrian environment were investigated. Furthermore, methods to create a pleasant walking environment by improving the microclimate and air quality were explored.




1.2. Prior Research


Air pollution and UHIs that occur within urban canyons affect pedestrians, so it is necessary to develop comprehensive measures to improve them. Studies that have focused on creating a comfortable pedestrian space are reviewed in this section. A review has also been conducted into mechanisms to control the dispersion of vehicle emissions in urban canyons, as well as into strategies for managing roadside air pollution [2]. The effects of street trees on aerosol concentrations (PM10 and PM2.5) in a boulevard-type urban canyon with a high traffic volume have also been examined in Helsinki, using the large-eddy simulation model PALM [5]. Numerical experiments have also been performed on urban canyons with various aspect ratios (ARTs), leaf area index (LAI) values, leaf areal density (LAD) values, and wind conditions [6]. Three-dimensional (3D) computational fluid dynamics (CFD) have been used to investigate the possibility of manual controlling trees and cars parked along streets regarding pedestrian exposure to air pollutants in urban canyons [7]. Experiments and CFD-based simulations have also been conducted to understand the local scale flow and pollutant concentrations of an ideal urban canyon, accompanied by the simulation of actual city intersections [8]. The flow of urban canyons and the distribution of traffic exhaust gas have also been studied in relation to tree planting. Through tunnel experiments and CFD-based simulations, a method has also been developed to obtain quantitative information for the evaluation, planning, and implementation of exposure mitigation using trees in urban canyons [9]. A further paper has discussed the combined influences of building morphology and trees on air pollutant concentrations in Marylebone, central London [10]. We reviewed available studies on the effects of urban street canyons, open roads, and building envelope integrated green plants on air quality. Furthermore, factors affecting air quality (e.g., urban morphology, weather conditions, and vegetation characteristics) were analyzed and enumerated, and resulting favorable and critical air pollution scenarios were observed [11]. Laboratory experiments and computational fluid dynamics (CFDs) were used to investigate the aerodynamic effects of trees on local flows and pollutant concentrations in ideal urban street canyon configurations [8]. The aerodynamic effects of tree planting on the flow of urban canyons and the dispersion of traffic-causing pollutants were studied using wind tunnel tests and numerical simulations [12]. Wind-tunnel studies of the dispersion processes of traffic exhaust in urban street canyons with tree planting were performed, and tracer gas concentrations using electron capture detection (ECD) and flow fields using laser Doppler velocimetry (LDV) were measured [13].



Experiments and simulations have also been conducted to improve various problems that occur in urban canyons, suggesting that it is possible to improve their environments using street greenery. However, more research is needed to solve the problems of air pollution and UHIs occurring within urban canyons.



Therefore, this study primarily aimed to examine street greenery planning along urban roadsides, review the types of street greenery spaces that can improve thermal comfort and air quality, and identify the problems of current planning practices. Approaches that can improve both thermal comfort and air quality for pedestrians were also explored.




1.3. Purpose and Methodology of the Research


Unlike the surburbs, roadsides along urban canyons experience high volumes of vehicle traffic, which leads to higher emissions of automobile-related pollutants. In addition, changes in heat balance on the ground surface, increasing anthropogenic heat levels, and increased emissions of pollutants following an increase in impermeable land cover in urban areas have been damaging the health of pedestrians.



This study thus aimed to characterize the microclimates and dust hazes occurring in urban canyons and to explore ways to improve these environments. Based on the current status of street greenery spaces in Seoul, Korea, the impacts of street greenery spaces on pedestrian paths were analyzed, and street greenery planning was investigated as a method to ensure pleasant pedestrian paths. With regard to the research method used, we first selected an urban street canyon case study model based on the current status of the street greenery planning. In the second step, we applied 12% of the street greenery occupancy by type (i.e., planting, green belt, and grass) and then simulated 12%, 23%, and 45% of the street greenery occupancy by each type that affects the improvement of the pedestrian environment. ENVI-met simulations were generated to investigate changes in the air quality, including those of the microclimate and particulate matter in the pedestrian environment in urban street canyons. Furthermore, statistical analysis was carried out to examine the environmental impact of weather factors, as well as street greenery planning on pedestrian paths.





2. Simulation Overview


2.1. D microclimate Model


ENVI-met is a model that can calculate urban climate at spatial and temporal intervals of 0.5–10.0 m and 10 s, respectively, in a typical grid format. ENVI-met was based on the theory of CFD, to build plant–surface–atmosphere interactions concerning the outdoor environment by using different buildings, various pavement materials, and various vegetation in different configurations. It uses the Eulerian approach to study the dispersion of air pollutants, allowing the simulation of pollutant dispersion including aerosol particles, passive gases, and reactive gases. The Reynolds-averaged Navier–Stokes (RANS) standard k − ε model is used, and the dispersion of air pollutants is calculated using the standard advection–diffusion governing equation. In the model, each plant is treated as a one-dimensional, permeable column that is subdivided into layers. Above ground, each plant is described by a leaf area density (LAD) profile and under the soil surface by a root area density (RAD) profile. To account for vegetation’s influence on atmospheric processes, all prognostic equations in the model are extended into the vegetation layers using source/sink terms describing heat, humidity, and momentum exchanges. An integrated vegetation model helps to resolve source/sink terms, which are calculated using the LAD and wind, temperature, and humidity gradients [14]. ENVI-met calculates various meteorological parameters, such as air temperature (Ta), relative humidity, and wind speed (WS), as well as thermal comfort indices, such as mean radiant temperature (MRT) and predicted mean vote (PMV). Studies using ENVI-met can be divided into two categories: those investigating the effects of urban design on outdoor microclimates, namely, thermal environments [15,16,17,18] and air quality [18,19,20,21,22,23] and those comparing field experiences with simulation results, thereby evaluating the performance of ENVI-met by comparing simulation results with field experimental data. These studies have confirmed that ENVI-met can simulate both spatial and temporal temperature and WS variations with acceptable accuracy for assessing microclimates, in both simple and complex urban areas [14,19,23,24,25,26,27,28].




2.2. Simulation Conditions


Table 1 shows the simulation execution conditions. The simulation was conducted under heatwave conditions by selecting a period covering the record-high temperature in 2018 (the maximum temperature [39.4 °C] occurred on 1 August 2018). The meteorological data were obtained from the Automated Synoptic Observing System (ASOS). The total simulation time was set to 24 h.



Table 2 presents the conditions used to establish data related to automobile traffic in the city in this study. The daily traffic volume was set based on the Seoul Traffic Survey Report, assuming that 25.0% of the paved roads in the city and province had four lanes. The Seoul Open Data Plaza was used to set the traffic volume by type and size. These data were applied to the simulation by calculating the emissions by vehicle type and the emissions per hour.



PM elements were modeled for the road, including PM2.5, PM10, O3, NO2, and NOx. Microclimate parameters including the atmospheric temperature of the pedestrian road (Ta), WS of the pedestrian road, and physiologically equivalent temperature (PET) were also modeled to consider human physiological parameters. Thermal comfort was evaluated with reference to EN-ISO 7730 and other studies [29]. The heat stress felt by humans is classified into 4 levels: weak heat stress (23–29 °C), moderate heat stress (29–35 °C), strong heat stress (35–41 °C), and extreme heat stress (>41 °C). The results included thermal comfort (PET) for outdoor spaces, which have been verified by a number of studies [30,31,32,33].





3. Case Study Overview


3.1. Conditions for Case Study


Modeling was carried out to examine changes in air pollution diffusion and ambient temperature, centered on the urban canyons with the largest floating populations and automobile traffic in the city [34,35].



Seoul, which has the highest population density and densest traffic and has high concentrations of artificial covering and artificial heat, was selected as the target. The study area was set as the central commercial area with the longest width ratio in the city (53.2%) [36]. Based on the Seoul Metropolitan City Urban Planning Ordinance (building-to-land ratio < 60%, floor area ratio < 1000%), it was assumed that the building-to-land ratio was <30% and that the floor area ratio was 500–700%.



Figure 1 shows an outline of the case study, which was divided into Stages 1 and 2. In Stage 1, microclimate, particulate matter, and thermal comfort (PET) were assessed over the most frequently used types of street greenery planning, including grass, green belts, and roadside green areas. Based on the current standards of Seoul, the green space types were set at intervals of 7–9 m and with heights of 5–10 m for street trees [37] and 1.0–1.5 m for shrubs [38]. In Stage 2, the effects of changing the urban canyon’s street environment on the pedestrian path were analyzed, and ways to change and improve the environment of the pedestrian passage were explored by increasing the occupancy rate of the most influential type of green space.




3.2. Case Study Model Overview


Although an actual location was not selected for the case study, Seoul (latitude 37°33′59″, longitude 126°58′41″) was selected as the study site, as it is the central area of economic activity and was thus suitable for the direction of this study. Figure 2 shows an overview of the simulation case model. The site area of the case study was 172.0 × 88.0 m, and the buildings were arranged in a straight line along the road. The size of each building was taken to be 20.0 × 20.0 m. The width of the sidewalk was set to 4.0 m, which accounted for 26% of the domestic pedestrian road width; the road was assumed to have four lanes (total width = 12.0 m) [37]. The volume of vehicle traffic reflected the traffic data for the respective branch in downtown Seoul. The ground surface of the target site was set as asphalt, and the building material was set as concrete. To analyze the results of street greenery planning for urban roadsides, a simulation was conducted with asphalt as a control group; grass, green belt, and tree were trialed as experimental groups. Table 3 outlines the types of roadside greenery in the experimental group (grass, green belt, and tree). The distances and heights of green spaces were established based on the current standards in Seoul. The heights of tree, the green belt, and grass were set as 10.0, 1.0, and 0.25 m, respectively. The street greenery space occupancy was set to be approximately 12% of the pedestrian area. Among domestic urban street trees, coniferous ginkgo trees accounted for a high proportion (~35%), and evergreen coniferous shrubs were planted in green belts. For this study, we used general values referenced in existing literature and the ENVI-met database for the types of street greenery. Still, trees in microclimate models are only represented by more or less homogeneous clusters of leaf area density (LAD), not accounting for inner canopy diversity or species characteristics nor for local climate stimuli to grow denser leaf clusters in particular directions.



The analysis was targeted to a height of 1.4 m above the ground, which is the breathing position of pedestrians; it was conducted over the pedestrian path space to examine the effects of car traffic on the urban canyon and temperature changes on the pedestrian path (two places based on the road, total area = 8.0 × 172.0 m).





4. Microclimate and Particulate Matter Parameters under Current Status of Street Greenery Areas


To examine the particulate matter and microclimate parameters of the pedestrian path according to the current status of street greenery areas, the measurement time (10:00, 12:00, 14:00, 16:00, 18:00, and 20:00 LST) was averaged to derive the simulation results, as shown in Table 4.



Among the microclimate parameters, the change in Ta of the pedestrian path appeared to be insignificant (~0.03–0.05 ℃). The WS of the pedestrian road decreased according to the street greenery planning (grass > green belt > tree; ~0.06 to 0.08 m·s−1). The degree of reduction in PET was low in grass and green belts but was larger in other roadside green areas (by ~1.29–1.44 ℃). It may be that, among the different types of street greenery, trees best helped to improve thermal comfort. Meanwhile, the PET results fell within the highest level of extreme heat stress, revealing that the current street greenery planning did not ensure a comfortable pedestrian environment.



Among the particulate matter types; PM10 and PM2.5 increased in the order of grass < green belt < tree. The levels of NO2 and NOx also increased, while that of O3 decreased [39,40].



To examine the effects of meteorological parameters and street greenery planning on microclimate and particulate matter, correlation analysis was conducted using the SPSS V23.0 statistical analysis program. Table 5 shows the results of correlation analysis. Among microclimate parameters, the variable that had the highest positive correlation with PET was insolation (r = 0.833, p = 0.000), followed by Ta (r = 0.677, p = 0.000). This suggests that increased insolation and Ta may increase PET, thereby increasing thermal stress for pedestrians. The atmospheric temperature of pedestrian road (Ta) has a very high positive correlation with Ta (r = 0.991, p = 0.000); it also exhibited correlations with WS (r = 0.592, p = 0.000) and solar radiation (r = 0.544, p = 0.000). Therefore, it is important to find a way to reduce the temperature among the meteorological parameters, so as to reduce Ta.



Among the particulate matter types, street greenery planning for the urban roadside was found to affect PM10, PM2.5, NO2, and NOx; it showed low positive correlations with particulate matter (r = 0.332, p = 0.002 for PM10; r = 0.376, p = 0.000 for PM2.5; r = 0.293, p = 0.007 for NO2; and r = 0.277, p = 0.011 for NOx). Among the types of roadside greenery, the levels of PM10, PM2.5, NO2, and NOx were expected to increase in the order of grass, then green belt, then tree. The variables that were predicted to affect O3 were insolation, WS, and street greenery planning for the urban roadside. Insolation showed a relatively high positive correlation with O3 (r = 0.656, p = 0.000), while WS and street greenery planning variables showed low, negative correlations (r = −0.389, p = 0.000 for WS; r = −0.301, p = 0.005 for green space planning).




5. Measures to Improve Pedestrian Environments by Increasing Share of Street Green Areas


This study revealed that it is difficult to ensure a pleasant pedestrian road using current planning practices for street green areas. Therefore, the environmental changes of the pedestrian road were investigated when changing the tree occupancy from 12% (current standard) to 23 or 45%; this variable achieved the best improvement in thermal comfort (PET) among the types of street green areas.



Figure 3 and Figure 4 are graphs showing the results of microclimate and particulate matter factors according to changes in plant occupancy. Figure 5, Figure 6 and Figure 7 show images of microclimate and particulate matter factors corresponding to a floor area ratio of 700% and the time of 12 o’clock in the results. Because thermal comfort changes according to variation in plant occupancy, the PET decreases as the plant occupancy increases on the asphalt of pedestrian roads (~3.50 °C at a floor area ratio of 500% and ~3.04 °C at a floor area ratio of 700%).



The asphalt and plant occupancy rates of 12% and 23% were in the extreme heat stress level (>41 °C). At 45% plant occupancy, the heat stress level changed. At a floor area ratio of 700%, it was 40.20 °C, which is a strong heat stress level. This confirmed that a pleasant walking path environment can be ensured with an increase in the plant occupancy level, whereupon the heat stress level declines.



The atmospheric temperature of the sidewalk decreased by approximately 0.14 °C (floor area ratio of 500%) and 0.10 °C (floor area ratio of 700%) with increasing plant occupancy on the asphalt.



The wind speed along the pedestrian path decreased by approximately 0.10 m/s (floor area ratio of 500%) and 0.15 m/s (floor area ratio of 700%) with increasing plant occupancy on the asphalt.



Among the particulate matter types,



	
PM10 concentrations increased by ~0.54 mg·m−3 (floor area ratio = 500%) and ~0.47 mg·m−3 (floor area ratio = 700%) when tree occupancy was increased from 12 to 45%. Over asphalt, it increased by ~0.78 mg·m−3 (floor area ratio = 500%) and ~0.69 mg·m−3 (floor area ratio = 700%).



	
PM2.5 concentrations increased by ~0.29 mg·m−3 (floor area ratio = 500%) and ~0.25 mg·m−3 (floor area ratio = 700%) when the tree occupancy was increased from 12 to 45%. Over asphalt, it increased by ~0.41 mg·m−3 (floor area ratio = 500%) and ~0.36 mg·m−3 (floor area ratio = 700%). This relationship appears to be associated with the limited atmospheric circulation (as WS decreased with increasing tree occupancy).



	
NO2 concentrations increased by ~0.014 ppm (floor area ratio = 500%) and ~0.012 ppm (floor area ratio = 700%) when the tree share was increased from 12 to 45%. Over asphalt, it increased by ~0.020 ppm (floor area ratio = 500%) and 0.018 ppm (floor area ratio = 700%).



	
NOx concentrations increased by ~0.023 ppm (floor area ratio = 500%) and ~0.020 ppm (floor area ratio = 700%) when the tree occupancy was increased from 12 to 45%; over asphalt, it increased by ~0.033 ppm (floor area ratio = 500%) and ~0.029 ppm (floor area ratio = 700%).



	
O3 concentrations decreased by ~0.003 ppm (for floor area ratios of 500 and 700%) when the tree share was increased from 12 to 45%; they decreased by ~0.005 ppm (floor area ratio = 500%) and ~0.004 ppm (floor area ratio = 700%) over asphalt.






Thus, increasing the tree occupancy may prolong human interaction with polluted air by reducing the wind speed in urban canyons, thereby impeding dispersion and increasing ground-level pollutant concentrations.



Increasing the tree occupancy was also found here to change the pedestrian environment by decreasing heat stress (i.e., PET levels) and atmospheric temperature. However, the simulation validated that air pollution increased due to the resulting decrease in WS. To ensure a pleasant pedestrian environment with improved microclimate and air pollution levels, it is therefore necessary to develop a plan with eco-friendly materials such as street greenery.




6. Conclusions


Increases in population due to urbanization are leading to increases in artificial coverage rates and exhaust gas emissions, due to the enlarged traffic volume. In urban canyons, high-rise buildings limit the dispersion of vehicle emissions, thereby deteriorating roadside air quality and posing a serious health risk to pedestrians. Dense buildings also worsen thermal comfort. This study was carried out to analyze changes in the microclimate and air quality by setting up a case study of urban street canyons based on the current management status of street trees. Additionally, we determined the present problems with the pedestrian environment and explored ways to improve them.



Stage 1 of the case study evaluated the effects of grass, green belts, and tree materials, which account for high proportions of domestic street green spaces, on microclimate, particulate matter concentrations, and thermal comfort. The spacing and height of street green areas were set based on the current standards of Seoul; the tree occupancy was set to 12% of the pedestrian area, also based on said standards. Stage 2 then simulated the effects of increasing the share of the most influential street greenery type (tree), while examining changes in the pedestrian environment and exploring potential measures for improvement.



The changes in atmospheric temperature of the pedestrian road were found to be insignificant over grass, green belt, and tree, Meanwhile, the WS was found to decrease in the order of grass, green belt, and then tree. Thermal comfort (PET) was found to reduce by 1.29–1.44 °C over tree (compared to asphalt). However, the current standards for street greenery planning were found to be insufficient to lower the heat stress level and secure a comfortable pedestrian environment. Among the particulate matter types, PM10 and PM2.5 were shown to increase over different green space types, in the order of grass, green belt, and tree. In addition, NO2 and NOx levels increased, while O3 concentrations decreased.



Correlation analysis was conducted to examine the effects of meteorological parameters and street greenery types on the microclimate and particulate matter concentrations. Solar radiation was found to be the primary influence on thermal comfort, with a high positive correlation; Ta was also positively correlated. To improve the thermal comfort of pedestrian roads, urban designers should first therefore consider insolation and temperature. Temperature, wind speed, and solar radiation were found to be the biggest influences on the atmospheric temperature of the pedestrian road. Thus, urban designers should consider the Ta as a priority. Street greenery planning for the urban roadside was shown to affect particulate matter concentrations, including PM10, PM2.5, NO2, and NOx. Solar radiation had the strongest effect on O3; wind speed and street greenery planning also had effects.



Stage 2 of the case study was conducted by increasing the tree occupancy on the roadside by 23 and 45%. At 45% occupancy, thermal comfort (PET) decreased by 3.04–3.49 °C dependent on the floor area ratio, confirming that the thermal stress levels were lowered. The atmospheric temperature and wind speed of the pedestrian road also decreased by 0.10–0.14 °C and 0.10–0.15 m·s−1, respectively, dependent on the floor area ratio. Regarding the particulate matter, PM10, PM2.5, NO2, and NOx concentrations all increased with increasing tree occupancy, while O3 decreased as the tree occupancy increased.



The thermal comfort of the pedestrian road improved with increasing tree occupancy due to the accompanying decreases in heat stress and atmospheric temperature. However, the resulting decrease in wind speed led to increased particulate matter concentrations. Although increasing the number of trees in the street greenery planning can improve thermal comfort, it cannot sufficiently improve air quality. To improve the microclimate and air quality, a street greenery plan that takes into account factors that can reduce air pollution is necessary. In future studies, we will adopt various approaches to determine the effects of vegetation on the pedestrian environment and examine changes in the pedestrian path environment according to changes in pavement materials.
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Figure 1. Outline of the case study. 
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Figure 2. Overview of the case study model. 
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Figure 3. Changes in microclimate according to increases in tree share. (a) Air temperature at pedestrian path; (b) Wind speed at pedestrian path; (c) PET. 
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Figure 4. Changes in particulate matter levels according to increases in tree share. (a) PM10 at pedestrian path; (b) PM2.5 at pedestrian path; (c) NO2 at pedestrian path; (d) NOx at pedestrian path; (e) Ozone at pedestrian path. 
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Figure 5. Analysis result of the micro-climate by increasing share of street green areas. 
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Figure 6. Analysis result of the particulate matter conditions by increasing share of street green areas (PM10, PM2.5). 
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Figure 7. Analysis result of the particulate matter conditions by increasing share of street green areas (NOX, NO2, Ozone). 
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Table 1. Simulation execution conditions.






Table 1. Simulation execution conditions.





	

	
Timing of Analysis

	
Heat Wave




	
Variable

	






	
Start simulation at day (DD.MM.YYYY)

	
1 August 2018




	
Start simulation at time (HH:MM:SS)

	
00:00:00




	
Total simulation time (h)

	
24




	
WS measured at 10 m height (m·s−1)

	
1.7




	
Wind direction (deg)

(0 = from North…180 = from South)

	
214.0




	
Roughness length at measurement site

	
0.1




	
Initial temperature of atmosphere (°C)

	
30.5




	
Relative humidity at 2 m (%)

	
55.8
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Table 2. Distribution of traffic flow.






Table 2. Distribution of traffic flow.





	
Variable




	
Type of Street Segment

	
Inner-Urban Road






	
Daily traffic value (vehicles per 24 h)

	
48,884




	
Number of lanes in street segment

	
4




	
Contribution of

vehicle category to overall traffic (%)

	
Light duty vehicles

	
59.0




	
Heavy duty vehicles

	
24.5




	
Motorcycles

	
12.2




	
Public transport

	
0.2




	
Coaches

	
0.1




	
Passenger cars

	
3.1
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Table 3. Types of roadside greenery.






Table 3. Types of roadside greenery.





	

	
Type of Greenery

	
Tree

	
Green Belt

	
Grass




	
Variable

	

	
Deciduous

	
Deciduous

	
Grass






	
Albedo

	
0.2

	
0.2

	
0.2




	
Transmittance

	
0.3

	
0.3

	
0.3




	
Plant height [m]

	
10.0

	
1.0

	
0.25




	
LAD

	
1/10

	
0.0

	
2.5

	
0.3




	
2/10

	
0.0

	
2.5

	
0.3




	
3/10

	
0.7

	
2.5

	
0.3




	
4/10

	
0.7

	
2.5

	
0.3




	
5/10

	
0.7

	
2.5

	
0.3




	
6/10

	
0.7

	
2.5

	
0.3




	
7/10

	
0.7

	
2.5

	
0.3




	
8/10

	
0.7

	
2.3

	
0.3




	
910

	
0.7

	
2.2

	
0.3




	
10/10

	
0.7

	
1.5

	
0.3
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Table 4. Simulated results of the changes of the pedestrian environment in the current status of street green.
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Composition of Pedestrian Road

	
Asphalt

	
Street Greenery Planning

(Greenery Occupancy: 12%)

	
Variation




	
Pedestrian Environment

	

	
Grass

	
Street Green Belt

	
Tree






	
Microclimate

	
Atmospheric temperature of the pedestrian road (Ta) [°C]

	
FTFR 500%

	
36.95

	
36.94

	
36.92

	
36.90

	
−0.05




	
FTFR 700%

	
36.39

	
36.39

	
36.39

	
36.37

	
−0.03




	
WS of the pedestrian road

[m·s−1]

	
FTFR 500%

	
0.90

	
0.89

	
0.83

	
0.84

	
−0.06




	
FTFR 700%

	
1.26

	
1.25

	
1.16

	
1.18

	
−0.08




	
PET [°C]

	
FTFR 500%

	
45.52

	
45.49

	
45.28

	
44.08

	
−1.44




	
FTFR 700%

	
43.24

	
43.21

	
43.07

	
41.95

	
−1.29




	
Particulate matter

	
PM10 [mg·m−3]

	
FTFR 500%

	
37.77

	
37.76

	
37.78

	
38.02

	
+0.24




	
FTFR 700%

	
36.66

	
36.66

	
36.72

	
36.87

	
+0.22




	
PM2.5 [mg·m−3]

	
FTFR 500%

	
22.88

	
22.88

	
22.89

	
23.01

	
+0.13




	
FTFR 700%

	
22.32

	
22.33

	
22.36

	
22.44

	
+0.11




	
NO2 [ppm]

	
FTFR 500%

	
0.107

	
0.107

	
0.107

	
0.113

	
+0.006




	
FTFR 700%

	
0.081

	
0.081

	
0.083

	
0.087

	
+0.006




	
NOx [ppm]

	
FTFR 500%

	
0.171

	
0.170

	
0.171

	
0.181

	
+0.010




	
FTFR 700%

	
0.127

	
0.127

	
0.130

	
0.136

	
+0.009




	
O3 [ppm]

	
FTFR 500%

	
0.040

	
0.040

	
0.040

	
0.039

	
−0.002




	
FTFR 700%

	
0.045

	
0.045

	
0.045

	
0.044

	
−0.001
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Table 5. Effects of meteorological parameters and green space plan for the urban street roadside on microclimate and particulate matter of pedestrian road.
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Environment of Pedestrian Path

	
Microclimate Parameters

	
PM Parameters




	
Meteorological

Parameters

	

	
PET

	
Atmospheric Temperature of the Pedestrian Road (Ta)

	
WINDSPEED of the Pedestrian Road (WS)

	
PM10

	
PM2.5

	
NO2

	
NOx

	
O3






	
Insolation

	
0.833 ***

	
0.544 ***

	
−0.039

	
−0.023

	
−0.012

	
−0.104

	
−0.020

	
0.656 ***




	
0.000

	
0.000

	
0.725

	
0.836

	
0.914

	
0.344

	
0.856

	
0.000




	
Temperature

	
0.677 ***

	
0.991 ***

	
−0.030

	
−0.143

	
−0.170

	
−0.142

	
−0.132

	
0.176




	
0.000

	
0.000

	
0.786

	
0.195

	
0.122

	
0.198

	
0.232

	
0.108




	
Wind speed

	
0.042

	
0.592 ***

	
0.001

	
−0.095

	
−0.129

	
−0.029

	
−0.090

	
−0.389 ***




	
0.707

	
0.000

	
0.992

	
0.389

	
0.240

	
0.796

	
0.418

	
0.000




	
Green space plan

	
−0.086

	
−0.004

	
−0.084

	
0.332 **

	
0.376 ***

	
0.293 **

	
0.277 *

	
−0.301 **




	
0.437

	
0.971

	
0.446

	
0.002

	
0.000

	
0.007

	
0.011

	
0.005








 [image: Sustainability 14 07887 i001] Coefficient  [image: Sustainability 14 07887 i002] Level of significance. p * < 0.05, p ** < 0.01, p *** < 0.001 p: level of significance.
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