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Abstract. In the area of residential green belt planning, most planners pay attention to the landscape function

of green belts, while few researchers consider the impact of green belt on the concentration of fine particulate
matter in the air. Based on site investigation, information about plants, buildings and weather in the selected
area were collected, combined with air pollution measurement, four CFD models with different green belt
composition were built and simulated. The results showed that at the residential cluster scale, green belts had
two effects on fine particles: blocking and agglomeration. Under the two effects, the role of green belts in
reducing fine particulate pollution was not always positive, improper green belts could even aggravate air
pollution. This study discussed the impact of different greenbelt composition on PM2.5 concentration in
residential clusters by CFD simulation, providing theoretical and methodological support for green belt

planning and healthy city planning.

1 Introduction

In recent years, the concentration of particulate matter
with aerodynamic equivalent diameters of less than 2.5
microns (PM2.5) caused by industrial development has
become higher and higher in urban areas, posing problem
to urban residents’ health!!l. In 2016, the State Council of
China promulgated the "healthy 2030" planning outline,
which clearly declared health problem had become one of
the most important problems affect social development!?,
In this context, urban green space, which can eliminate air
pollution and maintain residents' health, has attracted
more attention of planners. Previous studies have shown
that plants can reduce the concentration of PM2.5 in the
air, and use urban green space to reduce air pollution is
very economical. Nowak et al.,l*! find that shrubs and trees
in the city can remove 7.11*10° tons of air pollutants each
year in US, creating about $38 billion economic value.
However, most planners focus on landscape design
and functional renovation of large and centralized urban
park green space, few pay attention to small and scattered
residential green belt. Mcdonald et al.,”¥! and Dai Fei et
al., find a negative correlation between green space area
and air pollutant concentration at the urban scale, but this
does not mean that their research results are still valid at
the street or cluster scale. In order to provide reference and
guidance for residential green belt planning, more
research based on residential cluster should be conducted.
Although the scale of residential green belt is very
small, it has confirmed impact on street’s PM2.5
distribution. Guo xiaohua et al.,[® study the effect of
different green belts on PM2.5 concentrations in street by
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using Computational Fluid Dynamics (CFD) simulation
software. They find green belts can significantly reduce
the concentration of PM 2.5 in street sidewalks by
blocking PM2.5 on motorway. Li xiangrong!” finds green
belts composed of different plants have different
resistance to PM2.5. Besides, he also points out green
belts with shrubs reduce the accumulation of PM2.5 in
front of buildings, which could be beneficial to optimize
indoor air quality of buildings in residential area.

Since green belt can affects the distribution of PM2.5
in street canyons, exploring green belt’s effect on fine
particle concentration in residential area will make sense.
In order to achieve this goal, one control group and three
experimental groups with different kinds of green blet will
be set. Based on field measurement equipment and CFD
simulation software ENVI-met, the effect of green belts
on the concentration and distribution of PM2.5 in
residential clusters will be explored.

2 Research objects and methods

2.1 Overview of the study area and subjects

Shanghai (120°52E-122°12E, 30°40N-31°53N), a
coastal city, located in eastern China. In Shanghai, green
belt is widely used in residential areas as green landscape
infrastructure. In most residential clusters, green belts
ware often planted with shrubs, trees or both shrubs and
trees. A representative residential cluster in Fengxian
district with a greening rate of 25% were chosen for the
study. The residential cluster consists of 4 residential
buildings face north and south, each building had six
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floors, each floor about three meters high. The green belts
ware mainly distributed in three areas: the front of the
house, between the two houses and behind the house
(figure 1). The experiment was taken place in November,
the time when the northwest wind became the dominant
wind direction, sending air pollutants from industrial zone
to the experimental area.

2.2 Parameters and meteorological data of CFD
models

Based on ZHU Lingling et al.,® and Guo xiaohua et
al.,l’s research, parameters required to establish
residential cluster CFD model, including grid accuracy,
building size and green belt size of the simulated area,
were determined and listed (table 1). PM2.5 concentration
at the upwind part of the residential cluster required by the
simulation experiment was measured by air quality
transmitter. The measurement equipment’s accuracy is 1u
g/m3, and it was installed 1.5 meters above the ground.
Besides, meteorological data, which could affect PM2.5
concentration in CFD models, were also measured and

listed (table 2).

B builidng 1 green belt

Figl. Distribution of buildings and green belts of the
experimental area

Tablel. CFD model parameters
Parameter Value
Grid accuracy ImxImx2m
Building height 18 m
Percentage of greenbelt 25%
Building size 18 m x 64 m

Table2. Meteorological data and PM2.5 concentration
Data Value
temperature 11.5°C
Relative humidity 80%

Wind speed 2.39m/s

Wind direction 307.5°

PM2.5 R
concentration 3lug/m

2.3 Green belt setting

After a survey of residential areas in Fengxian District,
three widely used forms of green belts were selected. They
were respectively applied to three sets of CFD models

(Table 3,4). In addition, a CFD model with no green belt
was set as control group.

2.4 CFD simulation

The simulation experiment would calculate the
concentration of PM2.5 after 24 hours’ spread in
residential cluster. The meteorological data and PM2.5
emission rate used in the simulation experiment were set
according to the previous measurement data. Each CFD
model would be simulated separately. after the simulation,
data calculated by the CFD software would be used for
analysis.

Table3.  Three different forms of green belt
Type Description
Shrub Only shrubs in the green

belt

1-meters-wide shrub wall
on the outside with trees
6 meters apart from each
other on the inside
trees 6 meters apart from

Shrub and tree

tree each other
Table4.  Plant parameters in CFD models
Shrub Tree
Species Photinia Camphor tree
Hight 1.5m 6m
0.1(0-2.4m);
0.6(2.4-3m);
Leaf area profile 2.5 1(3-5.4m);
0.6(5.4-6m)

3 Results and discussion

3.1 Results and analysis

The simulation results confirm that green belts do have
impacts on the concentration of PM2.5 in residential
cluster, and clusters with different greenbelts have
different PM2.5 distribution characters (figure 2).
Comparing with the control group, it could be found that
fine particles in the shrub group were more likely to gather
in a strip at the central area of the cluster. Besides, the
shrub group had the highest overall PM2.5 concentration
with the maximum value occurred in the area between
green belt and the south side of the building (building d).
On the contrast, the PM2.5 distribution of the tree group
was much smoother. It had higher PM2.5 concentration in
both inner and downwind areas for about 3.3ug/m® than
control group. As for shrub and tree group, its PM2.5
distribution had characteristics of the above two groups.
In the shrub and tree group, the highest concentration of
PM2.5 had reached 22.6pug/m’, compared with 26.4ug/m?
in the shrub group and 21.6pg/m? in the tree group. In
terms of overall PM2.5 concentration rank in the cluster,
control group was the lowest, tree group was the third,
while the group of shrub and tree came second, and the
shrub group became the highest.
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Fig2. PM2.5 concentration of the four groups.

Through the analysis of PM2.5 concentration on the
north and south sides of the building, the impact of
different green belts on residents' health could be seen
(figure 3 and 4). For buildings in the upwind area (building
a, b and c), all kinds of green belt in this experiment led to
higher PM2.5 concentration in building’s north and south
side; for the building in downwind area (building d), green
belt made the concentration rise in south side and down in
north side.
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Fig3. Average PM2.5 concentration on the north side of the
buildings.
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Figd. Average PM2.5 concentration on the south side of the
buildings.

3.2 discussion

According to Prusty et al.,’) and Tallis et al.,l's research,
plants have two effects on fine particles in the air, one
called the adsorption effect, and the other called retention
effect. Adsorption effect allows plants to remove part of

the fine particles in the air permanently, and is one of the
main reasons why green spaces reduce the PM2.5
concentration in the air. As for the retention effect, the
amount of particulate pollutants retained by retention
effect is related to the concentration of particulate
pollutants in the air. Retention effect is unstable, particles
can easily return to the air due to increased wind speed or
other external forces if there is no rainfall. Combine their
research with Sanchez and Mccollin!''’s study , it can be
concluded that in the absence of rainfall, a higher
concentration of PM2.5 will accumulate near the green
belt then affect downwind areas, Causing PM2.5
concentration rise in residential areas. This conclusion can
help explain the simulation experiment results. For
instance, shrub group’s PM2.5 mainly gathers in the centre
road of the residential cluster where there were three green
belts arranged approximately in parallel. Because of the
CFD model did not set rainfall factor and particles could
not be deposited to the ground, a high concentration of
particles had accumulated. Similar things happened in
shrub and tree group. Meanwhile, the experimental results
also prove that it is feasible to reduce the PM2.5
concentration in the downwind area by setting up multiple
green belts in the upwind area.

As for the tree group, at the height of the canopy, the
distribution of fine particles was just consistent with that
of the shrub groups; at the height of the shrub layer, the
fine particles were evenly distributed. Combined with
previous research, the most believable explanation was
that the canopy reduced air velocity and caused PM2.5
accumulation.

4 Conclusions

This project studied the impact of different green belts on
PM2.5 concentration in residential clusters, so as to
provide new methods and ideas for urban green belt
landscape planning in Shanghai.

Based on the field measurement data collected in
Fengxian district, three different CFD models of green
belts and a control model without green belts were
established. According to the simulation and analysis
results, this study proves that the types of plants in the
green belt and the location of green belt are decisive
factors affecting the concentration of fine particulate
pollutants in residential cluster. Moreover, this experiment
found that green belts did not necessarily reduce PM2.5
concentrations at the cluster scale. On the contrary, under
the condition of high external PM2.5 concentration and
lack of rainfall, improper planned green belts could even
aggravate air pollution.

This research can provide useful data and methods for
the planning and renovation of green belts in residential
areas in Shanghai. In addition, this experiment is based on
CFD simulation. Results calculated by computers
inevitably have some different from actual situation. In the
future, taking more factors into consideration will make
the calculation results more realistic.
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