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Abstract: With increasing urbanization in China, the traffic-induced urban environmental noise
pollution problem is becoming more and more serious, and it has become a common urban malady
that cannot be ignored. Traffic green belts are an important part of the urban ecosystem and play a role
in traffic noise reduction, and simultaneously provide ecosystem services, such as creating a natural
landscape and retaining dust. Therefore, they are a category of Nature-based Solutions (NbSs) that
have multiple ecosystem service provisions. The relationship between NbSs and urban ecosystem
services is one of the current research hot spots. However, regarding the assessment of ecosystem
services on the urban scale, the role of vegetation in reducing noise pollution as a service has rarely
been studied. Taking Shenzhen City as an example, through monitoring 217 sample plots in the city,
this paper analyzes the relationship between vegetation coverage and the ability of green belts to
reduce noise by using the IUEMS platform combined with the high-resolution spatial distribution
data of green spaces. Then, we evaluated the product amount and the value of the roadside green
belts in Shenzhen when acting as a noise reduction service. The work of this study, to a certain extent,
improves the problems related to the inadequate consideration of vegetation characteristics in current
urban-scale noise assessment models. The results show the following: (i) In the respective analysis
buffer zones of the Grade I to Grade IV roads in Shenzhen, on average, for every 1% increase in
the vegetation coverage of green belts, noise can be reduced by 0.4 dB, 1.0 dB, 0.2 dB, and 0.6 dB,
respectively. (ii) The product value of the noise reduction service provided by roadside green belts is
CNY 1.16 billion in Shenzhen. (iii) The road traffic noise greatly exceeds the standard in Shenzhen,
but traffic noise can be decreased by increasing the vegetation coverage of green belts. This is not only
beneficial to the scientific understanding of the ecological service value of green spaces by evaluating
the noise reduction service of traffic green belts, as well as its influencing factors, but is also beneficial
to making improvements in construction and management ideas for urban green spaces.
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1. Introduction

As an important part of the urban living environment, the quality of an urban acoustic
environment is closely related to the physical and mental health of urban residents [1,2], as
well as to the sustainable development of the city [3]. However, the problem of urban noise
pollution has become increasingly prominent, and it has become a common urban malady
with the continuous progress of urbanization in China. Among them, traffic noise is an
important part of urban environmental noise. It accounts for 23.5% of urban noise sources,
only second to the noise of social life [4]. In view of this situation, mitigating traffic noise
pollution is one of the most important ways to improve urban living environments.

The usage of sound barriers is the most commonly used means of solving urban
traffic noise pollution. Vegetation barriers (i.e., roadside green belts) are one of the main
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types of sound barrier, and are often used to create natural landscapes [5-8], provide
dust retention [9-11], and regulate floods in the city [12-14]. Given this, roadside green
belts belong to a category of Nature based Solutions (NbSs) that have multiple ecosystem
service provisions [15]. The relationship between NbSs and urban ecosystem services is
one of the current research hot spots. However, compared to other ecosystem services,
studies on urban noise reduction services in green spaces are lacking, and most of them
still focus on traditional ecosystem services such as climate regulation (mitigating heat
island effect), carbon storage, flood regulation, and urban recreation. The only research
that exists on the evaluation of traffic noise reduction services in roadside green belts notes
two characteristics.

First, research on the mechanisms of noise reduction in green belts is based on a
few measured sections. Most researchers selected representative road sections in order
to explore the effect of using green belts for noise reduction and the influencing factors,
and then found the optimal configuration of green belts through the combination of field
measurements and statistical analysis. For example, Wang et al. [16] explored the distance
attenuation and gradient attenuation mechanism of noise reduction using typical highway
green belts in Shanxi Province by setting gradient measuring points and performing
fitting analysis; then, they studied the relationship between the characteristic factors of
green belts, such as their width, structure, canopy density, and their noise reduction
effect. Sun et al. [17] selected representative green belts in the urban and suburban areas of
Beijing for monitoring, and obtained data on the impact of the seasons, the forest belt type,
and each belt’s distance from the sound source on the noise reduction effect; then, they
compared the noise reduction effect of different forest belt types on different frequencies
of noise. Li et al. [18] took 11 counties in the Yangtze River Delta region as the research
object, evaluated the vegetation composition and noise reduction capacity of some green
belts beside main roads, analyzed the impact of various vegetation indexes, including
width, tridimensional green biomass, and the clear length of noise reduction capacity,
and put forward suggestions for improvement. Schiffer et al. [19] studied the impact
of residential green spaces on noise interference generated by road, railway, and aircraft
sound sources under different degrees of urbanization and different green space conditions
(NDVI, etc.). With the help of multiple models, Ow and Ghosh [20] analyzed the influence
of roadside vegetation on reducing traffic noise under the conditions of different planting
intensities, backoff distances, and trunk sizes, by measuring noise values in different
locations. Pathak et al. [21] monitored the noise level and noise reduction status of forest
belts of different widths and heights in Varanasi, India, and studied the noise reduction
effects of four plant varieties at different noise frequencies; they additionally constructed
a noise reduction model with vegetation using multiple regression analysis. Fang and
Ling [22] investigated and measured the noise reduction effect of 35 evergreen forest belts,
then analyzed the relationship between different factors, including visibility, belt width,
height, and length, and the noise reduction effect through stepwise regression analysis;
then, they drew a chart showing the relative attenuation of noise between visibility and
width, in order to provide suggestions for the design of road forest belts. Hosseini et al. [23]
investigated the impact of road design parameters (including the longitudinal gradient,
radius of horizontal curve, change in road surface types) and roadside forest belt parameters
(including density of trees, forest type, distance between trees and road) on reducing noise
pollution; this was in order to obtain an appropriate solution to traffic noise pollution,
taking Darabkola Forests in Sari, Iran, as an example. This kind of research analyzes the
impact of several physiological traits in plants on noise reduction through field monitoring
and comparative tests, which make their results more authentic. However, this research
only monitors specific sections of a green belt, such as a few selected road sections [16,18],
one designated forest [23], or a type of green space used for a certain purpose [19]. This is
because it is difficult to evaluate noise reduction services in large areas such as a city. In
addition, this research describes the principle of noise reduction using vegetation, but the
ecological characteristics they selected are different, thus lacking uniform standards.
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Second, researchers are concerned with creating urban noise maps that are based on
empirical formula models and data such as local traffic flow. For example, Fu et al. [24],
based on the theory of spatial distribution and intensity change in noise, and on Bertin’s
symbol variables analysis, designed a dynamic noise map using square columns with
variable height and varying colors as symbols, then simulated the noise particular to a
certain area of Huangpu District in Shanghai over a given period of time, based on a traffic
noise model and GPS tracking data. Cai et al. [25] developed an urban environmental
noise simulation and evaluation system combined with GIS software, based on the urban
environmental noise emission model and noise propagation model, according to the law of
the impact of buildings and forest belts on noise reduction; then, they applied the system
in order to map Guangzhou’s traffic noise status to verify the accuracy of the system’s
algorithm. Building on the improvements made in the existing static noise models and in
spatial data mining, which is monitored by mobile sensors, Peng [26] used neural networks,
spatial similarity analysis, support vector machines, and other big data modeling methods
in order to realize the modeling and visualization of dynamic noise by introducing noise
monitoring, real-time traffic status, and spatially interesting point data. Finally, taking
Dalian and Beijing as examples, the model was used to explore the impact of physical
parameters, such as road length and congestion level, on the noise level. Le [27] took
a range of urban areas and specific roads in Ningbo as the research object, analyzed
the characteristics of urban traffic noise and its relationship with traffic flow through
field observation, and then compared and verified the accuracy of the current general
noise prediction model. On this basis, they established an information system for urban
noise mapping for the selected experimental areas in order to achieve the mapping of
regional noise. Picaut et al. [28] collected the physical and perceptual data of the acoustic
environment with the help of smart phones; then, taking the hexagon as the symbol unit,
analyzed the noise value of a single symbol and expressed it by filling the symbol, thus
proposing a method to evaluate the noise environment. Lan and Cai [29] used real-time
monitoring data to dynamically update the sound source intensity of the entire road
network, and used the traffic flow rate as a non-acoustic road-related parameter to predict
the noise emissions produced by the entire road network. Thus, they proposed a new
method for dynamically updating the traffic noise map in a large area based on noise
monitoring and traffic flow rate data. Kluijver and Stoter [30] expounded the essence of
standardized noise mapping tools and described the key points when developing these
tools at first; these included accuracy, cost-benefit criteria for noise measurement, and
the expression of uncertainty in results. Then, combined with GIS, they proposed a set
process of noise mapping in order to optimize and improve the quality and efficiency of
noise mapping. Their study results provide a useful method for subsequent research in
measuring the impact of noise and proposing policies for noise reduction. Das et al. [31]
conducted a detailed analysis of the main sources of noise pollution, of day-night patterns,
of cycles, of spatial distribution, and of the disturbance caused by noise to the population
in English Bazar Municipality (EBM) of India; this was achieved by collecting data from
sampling noise monitoring, questionnaire surveys, and spatial mapping. Finally, they
also carried out a vulnerability assessment by using the multi-criteria decision-making
method to identify the areas of the town most susceptible to noise. Most of this research
realizes the modeling and visualization of noise reduction, which are easily accessed by
users. Furthermore, this kind of research can analyze noise reduction across the entire city,
because it is less limited by human and material resources. However, these models are
based on existing theories or models, which are far from perfect. Additionally, in some of
them, the heterogeneity in the characteristics of vegetation between different cities was not
considered due to the lack of sufficient measured noise-related data for model calibration.
They not only ignore the important factors in the noise reduction model, but also reduce
the credibility of the results.

In conclusion, as a type of NbS used in urban areas, roadside green belts, and the noise
reduction service provided by them, are both important for cities. Therefore, focusing on
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them in research is of very significant value. However, existing research often only focuses
on the ability of vegetation to provide a noise reduction service in local urban areas, and
does not conduct field monitoring. In order to carry out research on the ability of roadside
traffic green belts to provide a noise reduction service on the overall scale of a city, this
paper innovatively balances and connects field measurements and simulation.

2. Materials and Methods
2.1. Workflow

The workflow of our study is shown in Figure 1. First of all, Shenzhen City, China,
is used as a case study in order to explore the impact of the coverage of green belts on
noise reduction at all road classification levels within a range of roadside environments,
using a large number of field noise reduction measurements (217 effective sample plots
of green belts). Furthermore, combined with high-resolution spatial distribution data for
urban vegetation (two meters), we obtain the vegetation coverage rate for each road section,
and then we evaluate the noise reduction service and its value provided by the roadside
green belts in the city. Finally, based on the main results of our research, we put forward
corresponding suggestions for optimizing the green belts in Shenzhen, in order for the
traffic noise status to reach this standard.

Data Preparation Personnel Preparation

I |
!

Field Monitoring

Y
217 Effective Sample Plots of Green Belts

Vv
v Data Set of Noise Monitoring
Vegetation -
Covera ~V
. ge

Total Product Amount and Product

Value of Noise Reduction Service

Vv

Policy Recommendations

Figure 1. The workflow of this study.
2.2. Study Area

Shenzhen City, a coastal city, is located in the southern section of Guangdong Province,
China, and is on the east bank of the Pearl River Estuary (Figure 2). It is connected with
Hong Kong in the south and Dongguan and Huizhou in the north. Shenzhen is one
of the four central cities in the Guangdong-Hong Kong-Macao Greater Bay Area. The
city has nine administrative districts and a new district, with a total area of 1997.47 km?,
including 927.96 km? of built-up area. As a city with a highly developed social economy,
the population and number of vehicles in Shenzhen are also considerable. Relevant data
show that by the end of 2021, Shenzhen had a permanent population of 17.68 million,
a total of 3.79 million civil vehicles, and a total of 37.38 thousand public bus (electric)
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vehicles. Faced with a huge population and vehicle base, when some residents choose
to travel by car, it causes serious traffic noise pollution and interferes with the daily life
of other residents. In this regard, various government departments in Shenzhen are also
actively looking for response and mitigation measures. In July 2020, the Transport Bureau
of Shenzhen Municipality, together with several other departments, issued a notice on
the Administrative Measures of Shenzhen Municipality for the Prevention and Control of
Noise Pollution from Traffic Public Facilities; this proposed specific pollution prevention
measures to be implemented in order to decrease the interference of noise generated by
the operation and use of urban roads and other traffic public facilities, and clarify the
division of responsibilities between each unit. The notice also points to the implementation
of an ecological isolation zone as one of the measures aimed at preventing and controlling
noise pollution.

Qla'nggning

Legend
|: Districts' boundary

. Sample plots

Grade I roads
<:S Grade 11 roads
Grade 111 roads

0 25 5 10 15 20
- Kil Grade 1V roads

Figure 2. The location of Shenzhen City and the distribution of noise monitoring points in it.

In addition to the high population, high number of vehicles and the severe traffic noise
situation, Shenzhen City also has a relatively green environment, and it has reached the
national standard for being categorized alongside forest cities and ecological garden cities.
In 2021, the total green coverage area of Shenzhen reached 100.90 thousand hectares and
the green space area reached 96.90 thousand hectares, accounting for 43.0% and 37.1% of
urban built-up areas, respectively.

2.3. Noise Monitoring

From 26 July to 17 August 2021, our research team carried out roadside noise monitor-
ing in the entirety of Shenzhen. There are 10 administrative districts and 4 road grades in
Shenzhen. We used Create Random Points tool in ESRI ArcMap 10.6 to randomly generate
10 points under each grade of road in each district, generating 400 points in the whole
city. Subsequently, we inspected all points generated by the software to select effective
monitoring points. The exclusion criteria were as follows: (i) points with crossroads within
20 m; (ii) points that are close to ramps; (iii) points that may have high levels of pedestrian
flow within 20 m after the field surveys. Finally, we obtained 217 effective points, and their
distribution positions are shown in Figure 2.
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Our research team carried out noise monitoring on the road sections marked by the
above monitoring points. In this survey, we used the handheld digital sound level meter
from the SNDWAY brand (SW-524) for measurement. The frequency weight characteristic
of each sound meter was set as “A” weight, which is applicable to measuring ambient noise.
Response time was set as “fast” (125 ms) so that the instrument could record the real-time
noise value once every second. Before the measurement was taken, we selected a 20 m long
representative section of roadside green belt near the marker point. This section was our
monitoring sample plot and we ensured that the green belt in the sample plot was in the
form of “arbor-bush-grass” or “arbor-grass”. Then, we assigned each selected monitoring
sample plot its own number and placed the sound meter at No. 1 to No. 8 positions (shown
in Figure 3). The placement height of the sound meter was 1.5 m, according to the height
of the human ear when an adult stands upright. The measurement period for all sample
plots was between 8 a.m. and 6 p.m. during the day. During the measurement process, we
set up one hour for the sound meters to monitor and record, and all eight sound meters in
every plot would record noise values during the selected period. Finally, with the help of a
mobile phone app, we mapped the boundary of the monitored green belt and recorded
the average height and width of the green belt in each sample plot. In addition, after the
noise monitoring was completed, the sample plot and its surrounding areas were also
photographed and scanned to permanently retain the sample plot’s characteristics for other
research work later.
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Figure 3. The schematic map of sound meter’s positions. The numbers 1-8 represent the positions of
noise meters, and the number 0 represent the geometric center of the plot.

2.4. Evaluation of Noise Reduction Service

After obtaining various noise monitoring data through the above methods, it was
necessary to preprocess the original data for subsequent research. For the monitoring data
obtained from each sound meter in each sample plot, the noise values in the measurement
period were arranged from high to low, and then the 5% highest and lowest values were
removed to eliminate the impact of abnormal data values. Next, we calculated the average
value of the remaining values to be used as the noise monitoring value of the corresponding
position for the sound meter, and then obtained the noise values of the No. 1-8 positions
for each sample plot. Finally, we calculated the average noise value of the No. 1-3 positions
for each sample plot as the noise value of the sound source point near the roadside, and
calculated the average noise value of the No. 6-8 positions for each sample plot as the noise
value of the receiving point behind the green belt.

The roads in the city are divided into four categories according to grade marks in the
road classification vector map. Using the measured field data, the product amount and the
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value of the noise reduction service provided by the roadside green belts in Shenzhen City
were calculated using the following methods.

Step 1, calculate the product amount of the noise reduction service provided by green
belts near all grade i roads with 1% vegetation coverage.

NA,',]‘ = NOi/]' — NRZ',]‘ (1)

where NA; ; is the noise reduction amount of the jth sample plot near grade i road (decibel,
dB); NO; ; is the noise value of the sound source point in front of the green belt in plot i,
(dB); and NR; ; is the noise value of the receiving point behind the green belt in plot i, j (dB).

GR;,; =100 x GA;;/BA; o

where GR; ; is the vegetation coverage of jth sample plot near grade i road (%), BA; ; is the
total area of the analysis buffer zone of the roadside green belt nearest to plot i, j (m?); and
GA; is the area of green space in this buffer zone (m?).

GCR;j = NA;;/GR;; 3)

RGCR; = 2}11 GCR;;/n; (4)

where GCR; j is the noise reduction amount per 1% of vegetation coverage of the whole
green belt where plot i, j is located in (dB); RGCR; is the product amount of the noise
reduction service provided by green belts near all grade i roads with 1% vegetation coverage
(dB); and n; is the number of plots near grade 7 roads.

Step 2, calculate the total product amount of the noise reduction service provided by
green belts near all grade i roads.

RNA; =Y, (KGR;x x RGCR; x LK;y) (5)

where RN A; is the total product amount of the noise reduction service provided by green
belts near all grade i roads (dB-m); KGR, is the vegetation coverage of the green belt of
the kth road belonging to grade i roads (%); LK\ is the length of the kth road belonging to
grade i roads (m); and m; is the number of grade i roads.

Step 3, calculate the total product value of the noise reduction service provided by
green belts near all grade i roads.

VRNA; = RNA; x P; (6)

where VRN A; is the total product value of the noise reduction service provided by green
belts near all grade i roads (CNY); and P; is the construction cost of an artificial sound
insulation wall for grade i roads (CNY/dB/m).

Step 4, calculate the total product amount and the value of the noise reduction service
provided by green belts near all roads in the city.

VNA=Y RNA; @)

VINA =Y. VRNA, )

where VNA is the total product amount of the noise reduction service provided by green
belts near all roads in the city (dB-m); VTN A is the total product value of the noise reduction
service provide by green belts near all roads in the city (CNY), considering that there are
four road grades in the city.

This paper calculates the product amount and the value of the noise reduction service
provided by roadside green belts in Shenzhen, using the noise reduction model from the
ecosystem evaluation module on the Intelligent Urban Ecosystem Management System
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(IUEMS) platform (www.iuems.com, accessed on 20 March 2023) [32]. We input the noise
monitoring data, road information data, and spatial distribution data of ecosystems, as well
as the analysis radius of the green belts alongside each road grade and the construction
cost of an artificial sound insulation wall, then ran the model. We obtained the calculation
results instantaneously.

In addition, the IUEMS platform provides spatial mapping services. Its principle is to
evenly share the noise reduction amount and value placed on each green belt of each road.
The unit of the noise reduction amount map (raster form) is dB-m per m?, and the unit of

the noise reduction value map (raster form) is CNY per m2.

2.5. Data Sources

In addition to the data of 217 sample plots measured in this project, the main data used
in our study also included the following: (i) the vector map of the administrative boundary
of Shenzhen; (ii) the vector map of each administrative district’s boundary in Shenzhen;
and (iii) the spatial distribution map of Shenzhen’s ecosystem types in 2020 (with a spatial
resolution of 2 m). These data were mainly obtained from the project of Accounting for
Shenzhen’s Gross Ecosystem Product (GEP).

The road classification vector map used in the study was from a commercial electronic
map. We divided the roads into four categories, of which Grade I roads were 1215.83 km
in length in total, Grade II roads were 822.94 km in length in total, Grade III roads were
715.98 km in length in total, and Grade IV roads were 1.29 x 107 m in length in total. In
this study, here were about 199.42 thousand sections of road in Shenzhen City.

The main parameters used in our study included the following: (i) The construction
cost of an artificial sound insulation wall alongside each road, which is 7.5 CNY/dB/m.
This parameter is from the technical specification for accounting the gross ecosystem
product of Shenzhen. (ii) The analysis radii of the green belts alongside each road grade
are as follows: 44.72 m for Grade I roads, 30.62 m for Grade II roads, 31.87 m for Grade III
roads, and 25.40 m for Grade IV roads. This data were obtained by calculating the average
distance at each grade from the receiving point of the effective sample plots to the center
line of the road where the plot is located.

3. Results
3.1. Current Situation of Roadside Noise in Shenzhen

We analyzed the monitoring results of the current acoustic environment in Shenzhen
City, according to the Environmental Quality Standard for Noise. Then, we obtained the
traffic noise status and determined whether the noise standard was met for the entire city
and each administrative district.

The average value for the traffic noise source in Shenzhen is 68.7 dB. Yantian District
has the highest average noise source value (70.7 dB), and Dapeng New District has the
lowest average value (63.7 dB) (see Figure 4).

______________ S e

I T

Guangming Longgang Luohu Nanshan Yantian Baoan Longhua  Pingshan Dapeng

District name

Figure 4. Current situation of traffic noise in Shenzhen and each district.
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Taking the daytime traffic noise standard limit (70 dB) of the 4a noise environment
functional area as the threshold value, the noise standard for the city and all its administra-
tive districts is as follows: 126 sample plots in the whole city reach the standard, accounting
for 58.1% of the total effective sample plots. The highest rate up to the standard for each
district is Dapeng New District, which is 95.0%, and the lowest is Futian District, which is
41.2% (see Figure 5).

9 90.00%
S 80.00%
2 70.00%
= S E— B Shenzhen
z ) City
% 50.00%
2 & 40.00%
S 30.00%
g 20.00%
= 10.00%
Z 0.00%
@] Futian  Guangming Longgang Luohu Nanshan Yantian Baoan Longhua  Pingshan Dapeng
District name
Figure 5. Situation of traffic noise up to the standard in Shenzhen and each district.
3.2. Evaluation Results of Noise Reduction Service of Roadside Green Belts in Shenzhen City and
All Road Grades
According to the calculation results, the total product amount of the noise reduction
service provided by roadside green belts in Shenzhen City is 1.54 x 10° dB-km, the total
product value is CNY 1.16 billion, the average product amount is 9.87 dB, and the average
product value is 73.99 CNY/m (see Table 1).
Table 1. Product amount and value of the noise reduction service provided by roadside green belts
in Shenzhen and at each road grade.
Total Product Amount Total Product Value of  Average Product Value
. . Average Product Amount of . . . .
Road Grade of Noise Reduction Noise Reduction Service (dB) Noise Reduction of Noise Reduction
Service (dB-km) Service (Million CNY) Service (CNY/m)
Gradel 16,912.40 13.91 126.84 104.33
Grade I 15,644.70 19.01 117.34 142.58
Grade III 2886.49 4.03 21.65 30.24
Grade IV 11,8647.32 9.22 889.85 69.17
Shenzhen City 154,090.91 9.87 1155.68 73.99

Among the roadside green belts alongside all the road grades, Grade IV roads have
the highest total product amount and value, with a product amount of 1.19 x 10> dB-km
and a product value of CNY 889.85 million. The lowest values are for Grade III roads, with
a product amount of 2886.49 dB-km and a product value of CNY 21.65 million. Grade
II roads have the highest average product amount and value, with a product amount of
19.01 dB and a value of 142.58 CNY/m. The lowest values are for Grade III roads, with a
product amount of 4.03 dB and a value of 30.24 CNY/m (Table 1).

3.3. Evaluation Results for Noise Reduction Service of Roadside Green Belts in Each
Administrative District of Shenzhen

Among the roadside green belts in all districts, the roads in Baoan District have the
highest total product amount and value in terms of their noise reduction service, with a
product amount of 3.30 x 10* dB-km and a product value of CNY 247.74 million. The lowest
values are for roads in Guangming District, with a product amount of 6.84 x 10° dB-km
and a value of CNY 51.25 million. The roads in Dapeng New District have the highest
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average product amount and value, with a product amount of 20.50 dB and a value of
153.75 CNY/m. The lowest values are for roads in Longhua District, with a product amount
of 6.65 dB and a value of 49.87 CNY/m (see Table 2).

Table 2. Product amount and value of the noise reduction service of roadside green belts in each
district of Shenzhen.

District Name

Total Product Amount Average Pmdqd Total Product Value of Average Product Value
Amount of Noise

of Noise Reduction Reduction Service Noise Reduction Service of Noise Reduction
Service (dB-km) * (Million CNY) * Service (CNY/m)

(dB)
Baoan 33,032.61 8.83 247.74 66.19
Dapeng 11,300.90 20.50 84.76 153.75
Futian 14,833.20 11.47 111.25 86.06
Guangming 6833.76 6.87 51.25 51.49
Longgang 27,964.81 8.17 209.74 61.24
Longhua 10,320.58 6.65 77.40 49.87
Luohu 9680.21 12.45 72.60 93.34
Nanshan 22,687.23 11.72 170.15 87.89
Pingshan 10,062.61 11.19 75.47 83.94
Yantian 7111.01 17.33 53.33 129.99

* The sum value of all districts is slightly lower than the whole city due to boundary cutting.

3.4. Map of Noise Reduction Service Value of Roadside Green Belt in Shenzhen

We used the IUEMS platform to generate the noise reduction service value map
for roadside green belts in Shenzhen (Figure 6). According to the information in the
map, the maximum noise reduction value found for roadside green belts in Shenzhen is
66.76 CNY /mZ2, and the minimum is 0.19 CNY/m? in terms of per unit area. The darker
the raster color in the figure, the higher the noise reduction value of the green belts in these
places. On the contrary, the lighter the raster color, the lower the noise reduction value.

Guangming
Longhua Longgang Pingshan
Baoan
Yantian
Luohu Dapeng
Nanshan z
- v Futian
N
S
Legend
N
\: Districts' boundary
{3 o High: 66.76
Low: 0.19

0 25 5 10 15 20
-_ Kilometers

Figure 6. Product value of the noise reduction service of roadside green belts in Shenzhen (Mapping
by IUEMS).
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4. Discussion
4.1. Traffic Noise Can Meet Standards by Increasing Vegetation Coverage of Green Belts

It can be seen from the above results that when the traffic noise status of the city cannot
reach the national standard, traffic noise can be reduced by adding roadside vegetation to
improve the livability of the city.

According to our calculation, the average noise source values for all road grades in
Shenzhen are 71.9 dB for Grade I roads, 70.2 dB for Grade II roads, 68.8 dB for Grade III
roads, and 65.5 dB for Grade IV roads. It can be seen from the calculation results that the
average noise source value of the Grade I and Grade II roads is higher than the national
standard limit (70 dB), and therefore local government needs to take certain measures to
reduce traffic noise. The previous research results above show that traffic noise can be
reduced by 0.4 dB and 1.0 dB, respectively, for every 1% of vegetation coverage provided
by green belts for Grade I and Grade II roads. Therefore, the traffic noise can be reduced to
meet national standards by adding a 4.75% vegetation coverage within 44.72 m on both
sides of the central line of Grade I roads and a 0.20% vegetation coverage within 30.62 m
of Grade Il roads. However, when studying whether the traffic noise is up to standard or
not, we need to pay attention not only to the overall status of the city, but also to the actual
status of each road section. Researchers and planners need to carry out work in specific
sections that exceed the standard. Take the section of Beihuan Avenue in Futian District as
an example, this section exceeds 4.7 dB. Therefore, an 11.75% vegetation coverage needs to
be added to the original basis.

4.2. Impact of Vegetation Coverage Heterogeneity of Green Belts on Calculation Results

When calculating the product amount of the noise reduction services, some researchers
only consider the value of noise reduction, road grade, and road length, and do not use the
vegetation coverage of the roadside green belts in the formula for calculation [33-35]. This
paper used this method to evaluate the service value of noise reduction in Shenzhen and
its districts, then compared the results with our studies (Table 3). We found that there is a
huge difference. The difference between the two methods in the value of the city is CNY
789.05 million, and the largest difference is seen in the Baoan District, with a value of CNY
196.32 million.

Table 3. Comparison of product value calculated by the two methods for the whole city and each

district.
The Value by Green Belts The Value by Green Belts
District Name without Considering Their with Considering Their
Coverage (Million CNY) Coverage (Million CNY)
Baoan 51.42 247.74
Dapeng 9.85 84.76
Futian 36.96 111.25
Guangming 31.68 51.25
Longgang 97.91 209.74
Longhua 43.59 77.40
Luohu 19.37 72.60
Nanshan 55.77 170.15
Pingshan 11.37 75.47
Yantian 3.42 53.33
Shenzhen City 366.63 1155.68

We hold that the former method ignores the difference in vegetation coverage between
different roadside green belts, and regards the coverage of each road under all grades as
the same value. In fact, even for roads with the same grade, the vegetation coverage is
different. This factor needs to be taken into account when calculating the product amount
and the value of noise reduction services. Therefore, our research method is an effective
improvement upon the research methods that have been previously used, and there is
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a significant difference between the before and after improvement results. The research
method of this paper considers the difference in the vegetation coverage between different
roadside green belts, so that the calculation results are closer to the real value.

4.3. Impact of Significant Field Measurement Work on Calculation Results

Some previous studies are based on the existing noise mapping software to evaluate
the noise reduction service of green belts. Although these researchers considered the
spatial distribution characteristics of green belts, they did not carry out field measurements
for traffic noise, resulting in a large deviation in the results. In this paper, we used the
NOISESYSTEM V3 software, developed by Huanan Technology (developed according to
Technical Guidelines for Noise Impact Assessment), to input road classification data and
the spatial distribution information of green belts, and then obtained the simulated noise
value at each receiving point in the green belts. We found that there is a certain deviation
between the simulated and measured noise values at the receiving points. The average
error, which is significant between the two, is 3.6 dB. It is 6% of the measured average
noise value.

Because each city has a different climatic zone, the species and community structure
of vegetation are also greatly different. To predict traffic noise values at roadsides and their
surrounding areas in different cities, traditional methods need to be calibrated through
field measurements. Therefore, the amount of field measurement work carried out in our
studies is of great significance in order to improve the accuracy of the results.

4.4. Validation and Limitations

Using the same method as this paper, we calculated the value of the noise reduction
service in other cities. According to our calculation results, the values of the noise reduction
service of Beijing in 2015, 2020 and 2021 were CNY 1.58 billion, CNY 1.61 billion and CNY
1.54 billion, respectively. In another research project, researchers calculated the annual value
provided by urban road green spaces in 2010 and found that it was 713 million CNY-a~! [35];
this was by using a method that was similar to ours, but not the same. These results
are not much different to our calculation results in order of magnitude. Our results are
different because of the difference between the monitoring process and equations used. By
comparing the above results, it can be proven that the research results of this paper have
certain credibility, and that our methods can be extended to other research areas.

There are also some deficiencies in this study, including the fact that only the different
impacts of vegetation coverage on the noise reduction effect were considered. This is
because this paper focuses on the noise reduction effects provided by vegetation on the
urban scale, and it is difficult to carry out a comprehensive survey of vegetation character-
istics on such a scale. In small-scale measurement research, some scholars analyzed the
impact of other vegetation characteristics on noise reduction, such as porosity [36], leaf area
index [37], vegetation structures [16], tree species collocation patterns [17,38], etc. Although
it is difficult to fully measure these vegetation community structure indicators in urban
environments, it is still worth exploring. In the future, relevant research could explore
the methods used to rapid evaluate these indicators in urban environments and integrate
them into noise reduction models. When we carried out noise monitoring in Shenzhen,
we used lidar to scan some plots (about one hundred) and obtained the three-dimensional
point cloud data of these plots. Based on these data, we can calculate some vegetation
characteristic parameters, and use these parameters to explore their concrete impact on
noise reduction at a local scale, including which characteristics have an impact on noise
reduction and how much they affect it.

5. Conclusions
Through the combination of field monitoring and software analysis, this paper ana-

lyzes the current situation of traffic noise in Shenzhen City and its administrative districts.
We found that the problem of traffic noise pollution in Shenzhen and its districts is serious.
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We also evaluated the product amount and value of the noise reduction service provided
by roadside green belts both in urban and district scales, then used software tools to obtain
the spatial distribution map of the product value. The results showed that the product
amount of the noise reduction service provided by roadside green belts in Shenzhen was
1.54 x 10° dB-km, and the product value was CNY 1.16 billion. Finally, according to the
traffic noise reduction capacity per 1% of the vegetation coverage of green belts and the
noise status up to the standard of each road, this paper explains how to reach the standard
overall. Grade I roads need to increase the vegetation coverage of green belts by 4.75%, and
Grade Il roads need to increase this by 0.20%.

In addition, by comparing these results with the results of traditional research methods,
itis clearly necessary to improve the research methods. This paper did this, and significantly
improved the accuracy of the calculation results. The calculated results might remind
people that urban green spaces have a higher ecological service value. In addition, this
paper has certain guiding significance for urban green space planning. For example,
administrators and planners could take different measurements by identifying road sections
with different values. For sections with a higher value, green spaces need to be protected
and maintained; for sections with a lower value, green spaces need to be reconstructed, by
improving vegetation coverage.
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