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ship between urban morphology and air quality (wind speed, CO, and PM2.5 ) in residential
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neighborhoods at the meso-microscale was investigated. The changes in the microclimate
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and pollutant diffusion distribution in the neighborhood under diverse weather conditions
were simulated by Computational Fluid Dynamics (CFD). This study identified five key urban
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of Building Height, Mean Building Volume, and Degree of Enclosure) which significantly im-

Urban form index

pacted the diffusion and distribution of pollutants in the neighborhood. The findings of this

CFD

study suggested that three specific strategies (e.g. volume of a single building should be re-

Residential planning

duced, DE should be increased) and one comprehensive strategy (the width and height of

PM2.5

the single building should be reduced while the number of single buildings should be in-

CO

creased) could be illustrated as an optimized approach of urban planning to relief the air
pollution. The result of the combined effects could provide a reference for mitigating air
pollution in sustainable urban environments.
© 2021 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
The issue of air pollution is of significant concern to all sectors of society, and urban air pollution has become an important issue affecting public health. Particulate matter smaller
than 2.5 um (PM2.5 ) has become the seventh-greatest risk factor for death worldwide (Ortiz et al., 2019; Liu et al., 2018).
Long-term exposure to polluted environments can cause respiratory, cardiovascular, and cerebrovascular diseases, as well
∗
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as cancer. Cities are important places of work and living, and
the air pollutant concentrations differ between different types
of cities (Oke, 1988; Pan et al., 2017). According to the 2019
China Ecological and Environmental Bulletin, the air quality of 57% of 337 cities is below the standard in China, and
1.7% of the days in the year were reported to have severe
and above-severe pollution (China MEE, 2020). Air pollutants
in cities mainly originate from four sources: energy, industry,
housing, and transportation. With the acceleration of urbanization, emissions from energy and transportation have increased sharply, and urban air pollution is becoming increasingly severe (Ohara et al., 2007; Surendran et al., 2015). The
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location of air pollutant sources and urban land uses are important factors affecting the generation and emission of urban
air pollutants. The urban microclimate formed by changes in
the underlying surface conditions of the city affects the diffusion and distribution of pollutants (Bechle et al., 2011; Yu et al.,
2017). Increasing numbers of researchers are discussing ways
to improve air quality from the perspective of geography and
urban planning (Hassan et al., 2020; Marquez and Smith, 1999).
Beijing, the capital of China, is being affected by air pollution, especially fog and haze caused by automobiles, industrial
exhausts, and regional transport (Liu et al., 2017; Pang et al.,
2020). Xiao et al. (2020) investigated the air quality of 31 cities
in the Beijing-Tianjin-Hebei region. The population density
of the 6 districts of Beijing (Dongcheng District, Xicheng District, Haidian District, Chaoyang District, Fengtai District, and
Shijingshan District) is 10 times the average, and the PM2.5
exposure is 9.6 times the average of the 31 cities. Neighborhoods are expressed as specific units that carry urban functions, and residential quarters are the main areas where people live. Therefore, exploring the correlation between the morphological characteristics of different neighborhoods and the
distribution of air pollutants at the residential quarter-scale,
and identifying urban morphological parameters that significantly impact the diffusion of air pollutants will play an important role in the assessment of human environments and
health protection.
Urban morphology refers to the use of morphological
methods to analyze and study urban social and material
morphological issues. Broadly, the urban form is a complex
natural, social, and cultural phenomenon and social structure, and includes urban material and non-material forms;
in a more narrow sense, the urban form is limited to the
form of the urban material (Skauge, 1995). With the introduction of topics such as "Healthy City Planning" and "Sustainable Development", a large number of researches and
discussions have focused on urban density, urban structure,
land development patterns, and transportation layout, intending to develop healthy cities that are conducive to environmental quality (Ahmadian et al., 2019; Chokhachian et al.,
2020; Xu et al., 2020). Experience and empirical evidence have
shown that urban sprawl, population density, the proportion
of the secondary industry, and commuting methods are related to air pollutant concentrations. (Bart, 2010; Cervero and
Gorham, 2009; Clark et al., 2011; Lawrence et al., 2006) The
scales and methods of urban morphology research are diverse. The research scale extends from the city as a whole to
a larger regional scale, and a smaller block and building scale.
Research methods have developed from covering a single subject to multiple subjects, and a wide range of fields, including
geography, environmental science, sociology, psychology, and
history (Sharifi, 2019). According to the definition and influence mechanism of different morphological characteristics,
the quantitative indicators of urban morphology were divided
into the following three categories: texture (including the floor
area ratio, texture density, mixed land utilization, and population density), spatial structure (including the road density,
connection degree, street accessibility, number and shape of
plots, and compactness), and urban microclimate (including
the building materials, windward area ratio, ventilation overhead rate, daily average temperature, and precipitation).

Researchers have used field monitoring, numerical simulations, remote sensing observations, and wind tunnel tests
to study the relationship between urban morphology and air
quality and its mechanism. On a macroscale, the relationship
between land use and air quality has been determined based
on the Land-use Regression Model (LUR). The urban fragmentation and population density are negatively correlated but
land use and urban fragments mix have impacts on air quality. Reducing vehicle distance could lessen PM2.5 concentrations (Rodríguez et al., 2016; Guo et al., 2017; Lee, 2020). On
the meso-micro neighborhood and building scales, a combination of intensive field monitoring and numerical simulation
has been widely used (Yang et al., 2020; Chavez et al., 2011;
Gousseau et al., 2011; Yuan et al., 2014). It is showed that the
transformation, deposition, dilution, and diffusion of pollutants after their emission to the atmosphere are all influenced
by the local climate factors. The spatial form of cities has affected and changed their local microclimates by urban ventilation and surface thermal effect, which then impacts urban
air quality.
However, there is no consensus regarding the relationship between urban morphological parameters and air quality. Different studies have highlighted different morphological parameters and influencing results. Moradpour and Hosseini (2020) used Computational Fluid Dynamics (CFD) to simulate a three-dimensional model of the diffusion of pollutants emitted from road traffic and found that the aerodynamics and deposition effects of vegetation can effectively reduce the concentration of pollutants at the pedestrian level.
Yuan et al. (2019) studied the urban morphological characteristics affecting the PM2.5 concentration in Wuhan and found
that high-rise and high-density building areas had the greatest impact on PM2.5 , while the Building Density (BD) and Floor
Area Ratio (FAR) are the most significant parameters. In contrast, Edussuriya et al. (2011) used field monitoring data to
study 21 urban morphological variables in different neighborhoods of a city and identified five morphological parameters that were correlated (plan area density, occlusive, roughness height, and zero-plane displacement height) without
FAR. She et al. (2017) found that the mean perimeter-area ratio and Euclidean nearest neighbor distance had greater impacts on air quality. Other studies have investigated the correlation between morphological parameters such as the shape
of buildings, height-to-width ratio of the street canyon, and
pollutant diffusion (Mei et al., 2019; Kwak et al., 2015).
There are several limits of past researches. First, a few studies have been conducted at meso-micro neighborhood and
building scales, which mainly used CFD to simulate the concentration distribution of typical pollutants in the neighborhood, and the correlation between meso-microscale urban
morphological parameters and the pollutant concentration
distribution characteristics has not yet been systematically
characterized. Second, the CFD simulation has been largely
limited to the distribution of typical pollutant concentrations
in a single street and indoor environment, and systematic
analysis of the correlation between urban morphological parameters and the concentration distribution characteristics
of urban residential areas on the meso-microscale has not
been conducted. Third, the data of most studies at the mesomicro scale were obtained from air quality monitoring sta-
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Fig. 1. – Research framework.

tions which could not reflect the distribution features of pollutant concentrations in neighborhoods or residential quarters. Furthermore, multi-point field monitoring and wind tunnel tests are limited by the location and number of monitoring points, which could not proceed to the guarantee of the
validity and reliability of the results. Therefore, in this study,
we focused on the impact of the urban morphological characteristics on the diffusion and distribution of air pollutants
at a neighborhood-scale. The CFD simulation combined with
field monitoring was utilized to numerically simulate pollutant concentration distribution and the continuous wind environment in the whole neighborhood area. The quantitative relationship between neighborhood morphological parameters
and the distribution of pollutants concentration was screened
and established. A better approach to neighborhood planning
and air pollution prevention and control was suggested. The
results are valuable for providing reference and guidance for
safeguarding the health of urban residents and residential
planning. The technical framework is shown in Fig. 1.

1.

Study area and data

1.1.

Study area

Two residential neighborhoods with different densities and
Floor Area Ratios (FAR) located in the central city of Beijing
are taken as the research object ( Fig. 2a). Residential neighborhood A, with low to moderate building densities and floor area

ratios, is dominated by middle and low-rise enclosed and slab
residential buildings, and residential neighborhood B, with a
higher building density and floor area ratio, is dominated by
high-rise slab residential buildings.

1.2.

Environmental monitoring data from typical periods

In this study, Intelligent Environmental Monitoring Equipment (XL68, Shenzhen XinLi Technology Co., Ltd., China) was
used to monitor the temperature (precision 0.1°C, range: -40–
120°C), wind speed (precision: 0.1 m/sec, range: 0–60 m/sec),
wind direction (accuracy: 0.1°, range: 0–360°), CO concentration (accuracy: 0.1 ppm, range: 0–1000 ppm), and PM2.5 concentration (accuracy: 1 μg/m³, range: 0–1000 μg/m³). Monitoring points P1 and P2 are shown in Fig. 2a (heights of 3 and 2
m, respectively). Considering the seasonal characteristics of
pollutant distributions (Ma et al., 2019), a total of 32 day of
monitoring were conducted in summer, autumn, and winter,
the results are shown in Figs. 3 and 4. The data of the statecontrolled monitoring station in TIANTAN were recorded synchronously (From Beijing Municipal Ecological and Environmental Monitoring Center, http://www.bjmemc.com.cn), the
station is an urban environmental assessment point for assessing the overall status of pollutants in the urban environment, which is about 4km away from the study area.
The monitoring data from neighborhoods A and B are
compared with the daily average concentrations measured
at state-controlled in Fig. 3, and there were significant differences between the results, indicating that, although the

166

journal of environmental sciences 105 (2021) 163–172

Fig. 2. – (a) Schematic diagram of the study area, (b) Geometric model of two neighborhoods.

Fig. 3. – Average daily CO (a) and PM2.5 (b) measurements.

Fig. 4. – Average daily wind velocity and direction at P1 (a) and P2 (b).

neighborhood locations are close, the differences in the internal morphological characteristics and spatial structure of
the neighborhoods significantly impacted the concentration
distribution of pollutants. The daily average concentration
recorded at the national control points agrees well with the internal monitoring data of the neighborhood (R2 = 0.61-0.9 overall factors of the city), indicating that the internal microclimate and pollutant change trend of the neighborhood is limited by the overall urban factors.

2.

Methodology

Based on the atmospheric PM2.5 and CO concentration monitoring in typical residential neighborhoods of Beijing with different morphological characteristics, CFD software is used to
numerically simulate the continuous wind environment and
pollutant concentration distribution in the neighborhood. The
urban morphological feature values and pollutant indicators
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are evaluated and analyzed by 200 m × 200 m grids (Ng et al.,
2011). The quantitative relationship between morphological
parameters and the distribution of pollutants concentration
in two neighborhoods is established.

lines, and mesh independence was tested. The calculation results are shown in Appendix A. The final mesh scheme was
3.9 × 108 in total, and the minimum size was 5.9 × 10−4 m.

2.1.

2.2.2.

Indexes of Urban Forms

This study classifies the urban morphological characteristics
closely related to the microclimate into one category, because,
unlike the other parameters, they directly affect the wind,
temperature stratification, and near-surface turbulence in the
urban microclimate, and ultimately affect the air quality.
Based on the literature review and the morphological characteristics of the research area, the urban morphological parameters included indicators reflecting the formation of urban texture, such as Building Density (BD), Floor Area Ratio
(FAR), and Average Building Height (AH), and indicators relating to the urban microclimate, such as Space Openness (SO),
Standard Deviation of Building Height (SDH), Mean Building
Volume (MBV), and Degree of Enclosure (DE). The equations
and details can be found in Appendix A. AutoCAD and ArcGIS
were used to calculate the relevant parameters, and the results were analyzed by grids.

2.2.

Simulation and validation of CFD model

Microscale CFD simulations have been widely used in studies on wind environment and pollutant diffusion in urban areas. Compared with field monitoring and wind tunnel tests,
CFD can provide information regarding the flow and concentration variables in the entire calculation area, with reliable results and high sensitivity (Toja-Silva et al., 2018; Thordal et al.,
2019). There are currently a variety of best practice guidelines
that can be used to improve the quality of simulation and accurately predict the diffusion and transmission of pollutants
in neighborhoods under different conditions (Li et al., 2006).
COST action 732 (Best Practice Guideline for the CFD simulation of flows in the urban environment) has been set up to
improve and assure the quality of micro-scale meteorological
models, it is intended to give recommendations for the improvement of presented models and methods to verify CFD
simulation results, and also provides examples of common
practice (Franke et al., 2011). Many studies have benefited from
this guideline, and the results were very consistent with wind
tunnel data and real conditions (An et al., 2020; Rong et al.,
2016).

2.2.1.

Computational domain and meshing

Based on the results of surveying, mapping, and field investigation, the buildings in the studied neighborhood were simplified into geometric models and drawn using AutoCAD (Fig. 2b).
According to the COST best practice guidelines, some preliminary simulations were conducted to determine the influence
of different calculation domain sizes on the results. The final
calculation domain size was determined to be 2000 m × 2500
m × 500 m.
The discrete computational domain of an unstructured
mesh system based on hexahedrons was adopted to reduce
the computational cost. Coarse, medium, and fine mesh systems were established according to the best practice guide-

Boundary condition

The Reynolds average method (RANS) based on the Navier–
Stokes equation has been widely used in outdoor wind environment simulation, and has good consistency with the test
data, with stable performance (van der Kolk et al., 2020). In
this study, the standard k-ε model in the steady-state RANS
was used to simulate the outdoor wind environment; the Euler
equation was used to solve the pollutant concentration, and
the commercial CFD software ANSYS-Fluent 19.0 was used to
solve the problem.
The wind speed distribution is related to the roughness of
urban terrain, and the vertical distribution of average horizontal wind speed (U) follows the logarithmic law (Li et al., 2006):

U=



U∗
z + z0
ln
κ
z0

(1)

where, U is the horizontal wind speed at height z (m/s), U∗ is
ground friction speed (m/s), κ is Von•Karman constant defined
as 0.42, z0 is surface roughness defined as 0.25.
Additionally, the turbulent kinetic energy (K) and energy
dissipation rate (ε) were calculated as follows:

K = U∗2 / Cμ

(2)

ε = U∗3 /[κ (Z + Z0 )]

(3)

where, Cμ is constant of the standard K-ε closing scheme and
defined as 0.09.

2.2.3.

Solution set

The finite volume method was followed to discretize the control equation, solved by the SIMPLE algorithm, and the secondorder upwind algorithm was adopted. Among the turbulence
calculation models provided by Fluent 19.0, the standard K-ε
turbulence model performed well in terms of the overall prediction. In this study, the standard K-ε turbulence model was
used to calculate the airflow, and the Euler equation was used
to solve the pollutant concentration (Zhao et al., 2008).
For the calculation, the air density was set to 1.189 kg/m3 at
normal temperature and pressure. As the neighborhood monitoring results were well correlated with the data from the
state-controlled environmental monitoring station, the data
from the state-controlled station were used as the initial simulation value. Field monitoring data were used to test the simulation results and ensure the validity and accuracy of the
numerical simulation results. There was little difference between the meteorological conditions and pollutant concentration changes of different monitoring periods. After conducting
a comprehensive assessment, the scenarios of six days with
representative weather were simulated (July 10, July 13, October 14, October 26, January 6, January 13).
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Table 1. – Paired samples test for the validation criteria comparing the field measured and simulated data.
Comparison criteria

Wind speed
PM2.5
CO

Paired differences
Means

Std. deviation

Std. error mean

95% Confidence interval of
the difference

-0.3083
2.06250
0.00833

0.07597
3.58596
0.08902

0.02193
1.03518
0.02570

Lower
-0.791
-0.2159
-0.4823

Upper
0.01744
4.34091
0.06489

T

Sig. (2-tailed)

1.406
1.992
0.324

0.187
0.072
0.752

Table 2. – Analysis of the morphological variables, wind speed, CO and PM2.5 .
Test parameters
BD

FAR

SO

AH

SDH

MBV

DE

Wind speed
CO
PM2.5
Wind speed
CO
PM2.5
Wind speed
CO
PM2.5
Wind speed
CO
PM2.5
Wind speed
CO
PM2.5
Wind speed
CO
PM2.5
Wind speed
CO
PM2.5

R

R2

Adjusted R2

F ratio

P-value

-0.627
-0.556
0.153
-0.336
-0.066
-0.217
0.199
0.097
-0.131
0.491
0.290
-0.496
0.663
0.429
-0.560
0.510
0.344
-0.662
-0.591
-0.549
0.122

0.393
0.309
0.023
0.113
0.004
0.047
0.039
0.009
0.017
0.241
0.084
0.246
0.440
0.184
0.314
0.260
0.118
0.483
0.349
0.301
0.015

0.370
0.281
-0.019
0.071
-0.045
-0.003
-0.004
-0.040
-0.032
0.213
0.048
0.213
0.419
0.151
0.284
0.233
0.083
0.413
0.325
0.274
0.028

17.451
11.178
0.553
2.672
0.087
0.938
0.903
0.189
0.349
8.581
2.302
7.507
21.223
5.623
10.518
9.505
3.345
17.909
14.478
10.790
0.349

0.000276
0.003
0.465
0.117
0.770
0.345
0.352
0.669
0.561
0.007
0.142
0.012
0.000088
0.026
0.004
0.005
0.079
0.000316
0.001
0.003
0.560

3.

Results and discussion

3.1.

Simulation results and error analysis

The field monitoring and simulation data were analyzed using
SPSS 21.0. The wind speed and pollutant concentration data
were highly correlated (R2 = 0.834, 0.727, and 0.934). The t-test
results are shown in Table 1. The null hypothesis states that
there is no significant difference between the average of the
64 measured data points and the simulation. The significance
value exceeded 0.05. Therefore, the differences were not significant and the null hypothesis cannot be rejected, thereby
demonstrating the validity of the model and that the simulation results can accurately predict the environment.

3.2.

Correlation between urban form and pollutants

The turbulence intensity, temperature gradient, wind direction, and wind speed are the main factors affecting the diffusion of pollutants, with wind speed and turbulence intensity
due to wind playing leading roles. Therefore, in this study, the

weighted averages of the relative wind speed, CO, and PM2.5
concentration at the pedestrian level (1.5 m) under different
weather conditions were taken as the dependent variables.
The urban form indices were taken as the independent variables. Results of correlation analysis are shown in Table 2.
The results show that the effects of different urban morphological parameters on wind speed, CO, and PM2.5 were inconsistent. The morphological parameters that significantly
affected wind speed included BD, AH, SDV, MBV, and DE (P
<0.01). The parameters that significantly affected the CO concentration included BD, DE (P <0.01), and SDH (P <0.05). The
parameters significantly affecting the PM2.5 concentration included SDH, MBV (P <0.01), and AH (P <0.05).
The correlation analysis results indicate that other morphological parameters, excluding the FAR and SO, can significantly affect the wind environment, and the wind environment and surface turbulence changed the pollutant diffusion
state. The morphological parameters affecting the gaseous
(CO) and particulate (PM2.5 ) pollutants significantly differed.
The parameters that significantly impacted the gaseous pollutants mainly affected the airflow and velocity, such as BD
and DE. Particulate pollutants are mainly affected by morpho-
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Fig. 5. – Unary regression scatter plot.

logical parameters in the vertical direction, such as SDH and
AH. The essential reason is the difference in the physical properties of the two pollutants. This research studies exogenous
pollution, that is, pollutants flow into the block from the outside. In the diffusion process, gaseous pollutants are mainly
affected by aerodynamics, while PM2.5 is simultaneously affected by aerodynamics and deposition effects. For example,
the vertical vortex around the building can easily change the

transmission path of PM2.5 , while CO is mainly diffused and
diluted with the horizontal wind current.
A reduction in the average building volume will strengthen
the airflow between buildings and aid pollutant transport.
The FAR and SO reflect the strength of a building. Due to the
building density and volume, the same building strength level
can exhibit different morphological characteristics. Therefore,
these two morphological parameters did not directly impact
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the airflow and pollutant diffusion, and there was no significant correlation.

3.3.

Influence regularity of urban form and pollutants

Based on the correlation analysis, key urban form indices with
greater impacts on the wind speed, CO, and PM2.5 were filtered
and the least-square method was followed to establish multivariate regression equations, which were then used to determine the interactions between the urban form, wind environment, and pollutant concentration under the comprehensive influence of multiple morphological parameters and the
degree of influence of key morphological parameters on the
wind environment and pollutant concentration. The multivariate regression equations of the wind, pollutants, and urban form indices are as follows:
Wind speed = −0.021 − 0.168BD − 0.358AH + 0.433SDH
+0.248MBV − 0.426DE

(4)

CO = −0.03 − 0.243BD − 0.297DE + 0.187SDH

(5)

PM2.5 = 0.271 + 0.046SDH − 0.549MBV − 0.173AH

(6)

The coefficients of the regression equation indicate that the
strength of the parameters’ influence on wind speed decreased in the following order: SDH > DE > AH > MBV > BD.
The intensity of these parameters’ influence on the CO and
PM2.5 concentrations decreased in the order of DE > BD > SDH,
and MBV> AH > SDH, respectively.
To further determine the influence of each morphological
parameter that significantly influenced the wind environment
and pollutants, unitary regression analysis was conducted to
fit the curve of the above five urban morphological parameters
with the wind speed, CO, and PM2.5 , and the results are shown
in Fig. 5. When the standard deviation of the building height
reached a certain level, the reduction in the PM2.5 concentration became significant. This is because a strong angular flow
zone forms around a building with a certain height, which aids
the diffusion of pollutants to the leeward side and vertical airflow. The results also show that the building density was negatively correlated with the wind speed and CO concentration
because, as the building density increased, the gaps between
buildings decreased and it became difficult for wind to enter
the neighborhood, thereby hindering air exchange and the diffusion of pollutants inside and outside the neighborhood. Under this scenario, it is also difficult for the CO emitted from external roads to enter the neighborhood. Otherwise, the overall
trend of the average building volume and other parameters
still exhibited a negative correlation, although the cubic function had the highest degree of fit. That is, the lower the building density and volume, the better the diffusion of pollutants
because lower building density and mass can effectively reduce air resistance, thereby increasing the intensity of airflow
and pollutant diffusion.

3.4.

The effect of urban form on air quality

The above analysis indicates that creating a suitable spatial
form in urban neighborhoods has a significant effect on im-

proving residential air quality. First, MBV is the most noteworthy indicator affecting particulate pollutants (such as PM2.5 ).
Therefore, when planning a residential neighborhood, with
the same FAR requirements, the volume of a single building
can be reduced, and the number of buildings can be increased
to alleviate PM2.5 pollution in the neighborhood. Second, the
influence of building height on PM2.5 was also considerable.
AH and SDH were significantly negatively correlated with the
PM2.5 concentration. Therefore, to control the overall height of
residential buildings, buildings with various heights could be
constructed to drive PM2.5 to spread in the vertical direction.
Third, a higher BD and DE slowed the penetration of gaseous
pollutants, such as CO, into the neighborhood. Therefore, arranging buildings along the four boundaries of the neighborhood and increasing their density could alleviate the CO concentration. In general, to comprehensive arranging the residential areas, it is better to reduce the width and height of the
building to decrease the volume of the single building while
ensuring a certain depth, meanwhile, to increase the number
of unattached buildings while keeping the overall FAR constant which could improve DE.
The wind was still the leading factor influencing the horizontal transport and dilution of various pollutants. Creating a
reasonable wind environment is important for the diffusion of
pollutants. For residential planning, constructing various high
and low buildings and as many open spaces and ventilation
corridors as possible could aid in improving the ventilation
and diffusion of pollutants inside the residential area.

4.

Conclusions

This study established the quantitative relationship between
neighborhood morphology and the distribution of pollutants
concentration by CFD simulation and field monitoring. In addition, we established a multivariate regression model to analyze the impact of urban morphological parameters on air
quality that provides a decision-making basis for further improving the air quality of residential neighborhoods in Beijing.
The numerical simulation results exhibited a good degree
of fit with the actual monitoring data, which indicated that
the influence of the urban form on the microclimate and the
distribution of pollutants in the neighborhood would be under different meteorological conditions. Five morphology parameters (BD, AH, SDH, MBV, and DE) significantly affected the
air quality of the neighborhood. Additionally, parameters that
significantly affected gaseous and particulate pollutants differed. SDH, DE, and MBV were the principal morphological parameters that significantly impacted the wind speed, CO, and
PM2.5 , respectively.
The findings of this study suggest that, when planning
residential neighborhoods, we should reduce the width and
height of the building to decrease the volume of the single building while ensuring a certain depth, meanwhile, to
increase the number of unattached buildings while keeping
the overall FAR constant. Future research should consider additional morphology characteristics and various influences
comprehensively when optimizing the design of residential
neighborhoods and improving air quality.
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