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Investigating urban noise pollution and exploring the noise reduction
effectiveness of plant communities in urban green spaces: conducted
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ABSTRACT

Noise pollution significantly impacts people’s health and quality of
life, while urban green spaces not only beautify the environment but
also play a crucial role in noise reduction and sound absorption.
This study, using the plant communities of waterfront green spaces
along Suzhou Creek in Shanghai as a case, innovatively develops

a comprehensive evaluation system for physical and psychological
noise reduction effectiveness, with 13 indicators. Through field
measurements and surveys of 14 urban green spaces with different
plant community characteristics, the study found that physical
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noise reduction effectiveness is closely related to plant species
richness and vertical canopy density. Densely planted trees with
thick trunks and tall shrubs significantly improve physical noise
reduction effectiveness. When the vertical canopy density is less
than 35%, the physical noise reduction effectiveness of waterfront
plant communities (with 70% vegetation cover and 30% water
cover) outperforms that of terrestrial plant communities (with no
water cover) at the same canopy density level. For psychological
noise reduction, increasing shrub crown width, height, and



spacing improves visual perception, while enhancing vertical
canopy density enriches auditory perception—both of which

raise the auditory annoyance threshold. The most effective plant
community combination for comprehensive noise reduction is

a mix of densely planted trees, shrubs, and ground cover. The
noise reduction effectiveness of a waterfront plant community

is impacted by vertical canopy density. When it reaches 40% or
more, the psychological noise reduction effectiveness will improve
as the density increases.This study provides theoretical support
and practical guidance for addressing noise issues in urban green
spaces and optimizing plant community configurations.
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1 Introduction

Noise pollution is a globally recognized environmental issue. The
Environmental Noise Guidelines for the European Region issued
by the World Health Organization in 2018 identifies environmental
noise as the second-largest environmental stressor after air
pollution, significantly affecting human health, well-being, and

quality of life!"!

. Traffic noise, accounting for over 60% of urban
noise, is a major contributor”. Despite the inclusion of noise in
China’s national regular environmental monitoring since 1980,
mitigation efforts in some cities have fallen short®. In 2024, noise
pollution remains a primary ecological environmental complaint',
posing challenges due to its wide impact, long-time resolution, and
complexity.

Urban green spaces serve as key recreational areas while also
regulating microclimates, mitigating urban heat island effect, and
reducing noise". Compared with conventional engineering solutions
such as noise barriers, vegetation-based noise mitigation offers a
low-cost, carbon-reducing alternative!®. Through sound reflection
and absorption, plant communities provide physical noise
reduction while also generating masking effects and enhancing
psychological comfort”, However, most related research focuses on
either physical or psychological noise reduction alone™"’,

This study evaluates the comprehensive noise reduction
effectiveness of 14 urban green spaces with varying plant
communities along central Suzhou Creek, Shanghai by
developing an evaluation framework which integrates physical
and psychological dimensions. The framework quantifies the
comprehensive noise reduction effectiveness and examines how
plant community characteristics influence different aspects of noise
mitigation. The findings can support optimal plant community
configurations, providing insights and practical guidance for

improving plant landscapes in urban green spaces.

2 Theoretical Background

Plant communities, often referred to as “green silencers,” can
absorb and block noise. The trichomes and stomata on leaves
contribute to noise absorption'”. As traveling through greenbelts,
sound waves undergo significant attenuation. With mid-to-high-
frequency sounds being absorbed and scattered by tree trunks,
leaves, and branches, the noise would be reduced. Thereby a well-
planned combination of tree species within plant communities can
effectively mitigate noise!""""1"?,

Current research on the physical noise reduction effectiveness
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of plant communities primarily falls within the fields of acoustics
and plant physiology, focusing on the interactions between
sound waves and different mediums during propagation™*.
Studies indicate that for single-species plant communities, key
factors impacting noise reduction include plant type, physical
characteristics, and vegetation quantity'*’. Among different
plant types, trees demonstrate the greatest effectiveness in noise

1'% with shrubs showing comparable performance”,

[18][19]

reduction
whereas lawns are significantly less effective in reduction
Additionally, plant density, height, and width influence noise
attenuation”””", Broadleaf trees generally outperform coniferous
trees in unit noise reduction effectiveness"”” due to their denser
foliage, which increases overall noise absorption capacity'*’.
Regarding compound plant communities, planting density,
arrangement, and trunk diameter significantly affect noise

1312411251 \vith tree-shrub-herb
[16]

reduction in fixed-width greenbelts
combinations proving to be the most effective
Beyond physical noise reduction, plant communities also
contribute to psychological noise mitigation through acoustic
masking effects. Acoustic masking occurs when the presence of
a specific sound or a visual focus reduces the perception of other
sounds!*®, For example, plant communities can physically shield
noise sources (e.g., roads, vehicles), reducing direct exposure
and increasing tolerance to noise by diverting attention””.,
Moreover, aesthetically pleasing landscapes shift visitors’ focus
toward vegetation rather than noise”'*’!, Natural sounds
such as birdsong and rustling leaves, as white noise, can mask
unwanted sounds and alter the perception of loudness and
information content®*"", Research on the psychological noise
reduction effectiveness of plant communities remains in its early
stages. Some studies have applied the membership principle in
fuzzy set theory to assess how greenbelts affect psychological
distress caused by traffic noise, using survey data to quantify
the probability of annoyance caused by environmental noise
and establish annoyance thresholds for specific areas™?. Others
have employed socio-acoustic surveys on subjective annoyance
levels from residents near airports to determine noise annoyance

B3], Virtual reality combined

thresholds via fuzzy logic functions
with survey methods has demonstrated that richer vegetation
colors and higher biodiversity contribute more to reducing noise
annoyance®. GIS-based studies have shown that the normalized
difference vegetation index (NDVI) and green space coverage
influence residents’ perceived green space levels, which in turn
affect their noise annoyance levels®

In summary, while existing studies have explored both the
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physical and psychological noise reduction effectiveness of plant
communities, their comprehensive noise mitigation potential
remains underexplored due to the complexity and diversity of
plant communities.

3 Research Methodology

3.1 Indicator Selection

Based on previous studies and relevant guidelines, this study
summarized key plant community characteristics related to
noise reduction effectiveness and introduced composite factors.
[t innovatively established a measurement and evaluation
framework, at both physical and psychological aspects, to assess
comprehensive noise reduction performance.

3.1.1 Key Characteristics of Plant Communities

According to the Technical Regulations for County-
Level Vegetation Diversity Investigation and Assessment”®,
vegetation surveys should document community type,
stratification, height, canopy closure or coverage, disturbance
level, and environmental factors. For trees, species, diameter at
breast height (DBH), and height should be recorded; for shrubs,
species, height, density, and crown width (coverage) should be
documented. Studies have shown that tree species”®”), height™®,
DBH? crown width™” clear bole height[“], vertical canopy

[42] *3), and plant community

density" ', underlying surface type
composition* significantly impact noise reduction. Based on
differences in vegetation and water coverage (denoted as UP

and UW, respectively), this study categorized plant communities
into terrestrial (with no water cover) and waterfront (with 70%
vegetation cover and 30% water cover) types. The selected
characteristics of plant communities include (Table 1): for trees,
height (TH), clear bole height (TC), DBH (TB), and planting density
(TD); for shrubs, spacing (SS), crown width (SC), and height

(SH); and plant species richness (PS) and vertical canopy density
(VC) as overall factors. Additionally, based on principles of noise

*5) and plant-based physical noise reduction™®, this

propagation
study innovatively introduced two compound factors: TD x TB /

TC for trees (Factor A) and SH x SC / SS for shrubs (Factor B).

3.1.2 Evaluation Framework for Comprehensive Noise Reduction
Effectiveness
(1) The evaluation indicator for physical noise reduction
The study employed the equivalent continuous A-weighted
sound pressure level (LAeq) to characterize the acoustic



Table 1: Characteristic factors of plant communities

Characteristic factor

Definition

Tree Single TH Average height of trees in the plant community
TC Height from the ground surface to the lowest branching point of the tree crown
TB Diameter of the main tree trunk at breast height above the ground surface
TD Planting density of trees
Compound Factor A TD xTB / TC A compound factor based on characteristic factors related to the effective vertical noise-blocking area of trees
Shrub Single SS Average planting spacing of shrubs
SC Width of a shrub crown
SH Average height of shrubs in the plant community
Compound Factor B SHxSC/SS A compound factor based on characteristic factors related to the effective vertical noise-blocking area of shrubs
Overall factor Single UpP Proportion of vegetation area in the sample site
uw Proportion of water area in the sample site
PS Number of plant species in the community
VC Vertical projected area ratio of plant communities per unit sample site

environment. This metric, standardized according to the
international standard for soundscape'” and China’s Environmental
Quality Standard for Noise (GB 3096-2008)"*", quantifies noise
exposure and is widely applied in acoustics research. Studies
suggest that plant communities reduce noise through both distance
attenuation and vegetation absorption'*”. This study controlled

for factors such as measurement scale, duration, and climatic
conditions, ensuring that distance attenuation does not impact
noise reduction results'’'*", Therefore, the relative noise

MO __calculated as the difference between the source

attenuation
sound pressure level (SPL) and the SPL after transmission through
plant communities—was adopted as the indicator of physical noise
reduction effectiveness.
(2) Evaluation indicators for psychological noise reduction
According to acoustic masking theory, individuals’ perception,
experience, and interpretation of an acoustic environment

depend not only on the sound itself but also on visual factors
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and their interaction”. Thus, this study constructed a system of
psychological noise reduction evaluation indicators encompassing
auditory and visual perception.

The semantic differential method is widely used to assess
auditory perception®. Common subjective auditory evaluation

” o«

indicators include “pleasant,” “lively,” “eventful,” “chaotic,”

” o«

monotonous,” and “calm”®?. Additionally, soundscape

assessments frequently consider perceived sound source type’,

[54]

“annoying,
noise annoyance®, and quietness”'. After removing indicators
closely tied to personal experiences and merging redundant items,
this study selected 7 auditory perception indicators: quietness,
harmony, liveliness, richness, pleasantness, perceived sound source
type, and noise annoyance (Table 2).

Based on visual perception theories of landscapes such as

561 and stress recovery™”, sense of color®®,

[56][59]

prospect-refuge

[42] [52]

sense of space", sense of layering , sense of atmosphere”,

attractiveness”®, diversity[szl, and tranquilitylsg] are the common
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Table 2: Evaluation system for the comprehensive noise reduction effectiveness of plant communities

Dimension

Indicator

Definition

Physical noise

Relative noise attenuation

Difference in SPL between the noise source at the sample site and the noise after passing

reduction through the plant community
Psychological Visual Sense of color Richness of colors of the plant community
noise reduction perception
Sense of space Degree of spatial enclosure of the plant community
Sense of layering Richness of layering of the plant community
Sense of atmosphere Plant community’s capacity to evoke associative imagery
Attractiveness Plant community’s capacity to attract people
Auditory Quietness Perceived quietness of the sound environment
perception
Harmony Degree of coordination between different sound sources
Liveliness Amplitude and frequency of changes in the sound environment
Richness Diversity of the sound environment
Pleasantness Satisfaction degree of the sound environment

Perceived sound source type

Types of sound sources that can be perceived in the sound environment

Noise annoyance

Degree of perceived disturbance in the sound environment

visual perception indicators influencing noise tolerance'®’.

These indicators are widely applied in landscape assessment and
design. Given the specific focus on plant communities, this study
refined the selection to 5 visual perception indicators: sense of
color, sense of space, sense of layering, sense of atmosphere, and
attractiveness (Table 2).

3.2 Selection of the Study Area

This study focused on the waterfront green spaces along the
central urban section of the Suzhou Creek in Shanghai (Fig. 1).
Located in the city’s core, this section stretches approximately 21 km
from the confluence of Suzhou Creek and the Huangpu River in
the east to the Outer Ring Expressway in the west. Flowing west
to east through the main urban area, this segment accommodates
high-quality commercial, residential, and cultural-recreational

[61]

spaces” " and is also a focal area for urban renewal.
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The waterfront connectivity improvement project for recreation
and transportation purposes in this section has been largely
completed, with enhancements including increased urban road
network density, expanded metro capacity, and the introduction
of water-based leisure routes'®”, while these initiatives have
also brought noise problems. According to Shanghai’s noise
mapping data, the SPLs along Suzhou Creek, due to the busy
traffic, generally exceed 60 dB'®*), surpassing the daytime limit
(55 dB) set for Class I acoustic functional zones in China’s
Environmental Quality Standard for Noise. As a result, a diverse
range of waterfront green spaces with varied plant communities
has emerged and a pervasive traffic noise issue exists along both
banks, providing ideal sample sites for this study.

Following a preliminary experiment, 14 sample sites were
selected in waterfront green spaces along the central urban section
of Suzhou Creek, representing different levels of traffic noise



u
Butterfly Bay Park

® Sample site

Traffic noise from roads outside the park

W

Traffic noise from roads inside the park

1. Study area and distribution of sample sites.

exposure and plant community compositions. Among them, two
sites are located in Jiuzi Park, two in Butterfly Bay Park, four in
Mengqing Garden, and six in Changfeng Park (Fig. 1). The selection
criteria for these sites are as follows.

1) Sample sites of terrestrial plant communities were adjacent
to urban roads (two-way, single-lane) or internal park roads and
kept at least 50 m away from intersections; and waterfront plant
community sample sites were situated on the river embankments
opposite urban roads. Through on-site verification, site selection
was confirmed that the vehicle speeds on the roads adjacent to
both types of sites did not exceed 40 km/h—according to previous
studies, noise frequency variations remain relatively stable at this
speed®. The measured traffic noise SPL was around 60 dB. The
traffic flow was steady, without heavy vehicles, and light vehicles
accounted for more than 95% of the traffic. The selected roads had
no honking and minimal extreme noise disturbances, minimizing
variations in distance-dependent noise attenuation, SPLs, and
frequency-dependent noise reduction effectiveness.

2) The selected sites covered a wide range of plant community
compositions, each with a distribution area exceeding the
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designated sampling plot size. To minimize terrain-related
variability, all sites were located on flat ground, ensuring intact
community compositions and healthy plant growth.

Among the designated sites, site Q0 served as the control
group (single-species herbaceous type), sites Q1 ~ Q9 represented
terrestrial plant communities (tree-shrub, tree-herb, shrub-herb,
and tree-shrub-herb types), and sites Q10 ~ Q13 represented
waterfront plant communities (tree-herb and shrub types).

3.3 Research Methods

The experiment was conducted on December 11, 2022, from
13:00 to 17:00, a clear day with no obstructions, rain, snow, or
thunderstorms, and with wind speeds below 5 m/s.

First, plant community sample sites were selected and
measured. A 10 m x 5 m sampling plot was delineated at the center
of each site. For terrestrial plant communities, the plot covered
only the vegetated area; while for waterfront plant communities,
the plot also included a 10 m x 1.5 m water surface area. Second,
the plant species numbers within each plot were recorded, and a
laser rangefinder was used to measure TH, TC, TB, and TD, as well
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as SS, SC, and SH. Third, the indicators of VC, TD x TB / TU, and SH x SC /
SS were calculated.

As required by the Environmental Quality Standard for Noise™?,
sound environment measurements were conducted at all 14 sample
sites. A Class I multi-functional sound level meter (AWA6228+) and
a multi-channel signal analyzer (AWVA6290L+) were used to
measure the SPLs of plant communities at different locations.
The instruments were calibrated before measurement, and
the time weighting was set to “fast” response. Based on the
definition of noise attenuation, two monitoring points (O and A)
were set along the central axis of each sampling plot, both
located at the midpoint of the plot’s long axis and spaced
5 m apart (Fig. 2). The primary noise source was traffic noise
from adjacent roads. During noise measurement, the sensor was
positioned at a vertical height of 1.2 m above ground level. Each
monitoring point was measured 5 times, with each measurement
lasting 30 s and conducted at 5-min intervals. The average of these
measurements was used as the final noise level for each point
(@0 mean AN Xy 1yean) o]

Using the soundwalk method*”

combined with a questionnaire
survey, the psychological noise reduction effectiveness of plant
communities was evaluated, with the importance of all indicators
in this study assessed to calculate their weights. The questionnaire
consisted of three sections. The first section covered participant
demographics. The second section focused on the perception of
the study site, where participants rated their visual and auditory
experiences on the sample site and identified perceived sound
sources. The sound source identification section was an open-
ended question, while other perception ratings were assessed by a
5-point Likert scale (1 = very dissatisfied, 5 = very satisfied). The

2. Schematic of monitoring points in the sample sites.

Point A

' Point O

- -
@l
. -

S
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third section addressed the importance of different evaluation
dimensions, including physical and psychological noise reduction.
These ratings were used to determine the weight of each indicator
in the comprehensive noise reduction effectiveness of plant
communities'’,

To minimize perception bias caused by individual differences,
all survey participants recruited (60 in total) were local
university students and received professional training before
the experiment, all with normal vision and hearing and no
color blindness or hearing impairments. The noise reduction
assessment was conducted simultaneously with plant community
characterization and physical noise reduction measurements.
Participants, guided by the researchers, performed a 5-min
soundwalk around Points O and A at each site before completing
the questionnaire'®®. The average scores were used as the
psychological perception evaluation results for each site.

3.4 Data Processing
3.4.1 Calculation Method for Physical Noise Reduction
Effectiveness
The physical noise reduction effectiveness (F,,) of the plant
community within the sampling site is determined by the noise
attenuation through the community'®, calculated using the

following formula:

thy = @0_mean —

(1)

aA_mean.

3.4.2 Calculation Method for Psychological Noise Reduction
Effectiveness

Based on psychophysical methods and principles of fuzzy
mathematics®®?, the concept of annoyance threshold was
introduced®. The annoyance threshold refers to the critical
exposure level at which a subject begins to feel annoyed in a
specific environment. The difference between this threshold and the
actual noise SPL at a given point determines the psychological noise
reduction effectiveness of the plant community. Levels of annoyance
are divided into equal intervals, and the corresponding subjective
annoyance perception membership function (F) is defined as
follows:

1 075 05 025 O

—t—t—+—+—,
YA/ w v

i

(2)

@ For more information, please refer to the Acoustics—Methods for the evaluation
and prediction of noise annoyance [GB/T 42473-2023].



where I, I1, I11, IV, and V correspond to the evaluation levels “very

» o« » o«

strong noise perception,” “strong noise perception,” “moderate
noise perception,” “low noise perception,” and “no noise
perception,” respectively, with membership degrees of 1, 0.75,
0.5, 0.25, and 0. The membership degree of evaluation level j is
denoted as ;. The probability of annoyance (P;) at noise SPLi is

calculated as:

XMy
2jij '

where q; is the frequency of occurrence of evaluation level j at

P; (3)

noise SPL i. Based on this, the annoyance value (EL) within the
sampling site is calculated as follows:

EL — XiLyiP; ’
XiP;

where L,; represents the noise SPL at the monitoring point k and

(4)

noise SPL i (in this study, referring to Points O and A).

Finally, the psychological noise reduction effectiveness (F,) is
calculated as:
Fpsy =EL - A_mean - (5)

3.4.3 Calculation Method for Comprehensive Noise Reduction
Effectiveness

Based on the importance assessment results from
questionnaire participants, weight conversion was performed. To
minimize the impact of individual perception bias, the mean value
method®” was used to determine the importance of indicators.
The results indicated that the importance of physical noise
reduction is 54%, while psychological noise reduction is 46%.
Thus, the comprehensive noise reduction effectiveness (F,) of
plant communities was calculated as follows:

Frota1 = 1.08Fphy + 0.92F5y

(6)
4 Results and Discussion

4.1 Characteristics of Plant Communities in the Sample
Sites
The plant community characteristics of the sample sites are
shown in Table 3 and Fig. 3. In terrestrial plant communities, Q0
(herbaceous) is covered solely by Cynodon dactylon. Q1 (tree-
shrub) features diverse shrubs and relatively large planting
spacing. Q2 (tree-shrub) has more formal and densely planted
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Table 3: Characteristics of plant communities in the sample sites

Site Tree Shrub Comprehensive
factor
TH TC TB TD Factor S§ SC SH Factor PS vC
(m) (m) (m) (tree/ A (m) (m) (m) B (type) (%)
m?)
Terrestrial plant community
Q — — — — — - - = — 1 —
Q1 4.0 2.0 0.20 0.04 0.004 0.8 1.0 0.60 0.75 5 33.0
Q2 13.6 1.8 0.25 0.04 0.006 0.5 04 0.58 0.46 4 46.0
Q3 3.0 15 0.10 0.04 0.003 - = - — 5 27.0
¥ - — — — — 03 03 120 1.20 2 70.0
QB - — — — — 04 06 085 1.28 10 62.6
Q6 25.0 5.0 0.20 0.08 0.003 1.0 0.3 1.00 0.30 5 32.8
Q7 12.0 2.0 040 0.12 0.024 0.3 03 0.70 0.70 5 62.0
Q8 18.0 8.0 0.25 0.14 0.004 1.0 1.0 1.50 1.50 6 53.6
Q9 50 20 020 0.15 0.015 08 1.0 140 1.75 6 90.0
Waterfront plant community
Q10 3.0 1.3 0.20 0.08 0.133 - - — — 2 10.0
Q11 3.0 1.0 0.10 0.15 0.015 - - - — 2 40.0
Q12 32.0 2.0 0.20 0.17 0.017 - - = — 2 70.0
Q13 — — — — — 1.5 1.0 2.0 1.33 2 90.0

shrubs. Q3 (tree-herb) has small and sparsely distributed trees.
Both being shrub-herb types, Q4 is a neatly trimmed shrub hedge
with denser spacing, smaller individual crown width, and greater
height than Q5. Q6 ~ Q9 (tree-shrub-herb) share similar shrub
layer characteristics but differ in tree layers—Q6 and Q8 contain
only large trees, Q7 and Q9 are dominated by small trees, and Q6
and Q7 have lower planting densities compared with Q8 and Q9. For
waterfront plant communities, Q10 ~ Q12 are tree-herb types, with
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Q10 having the sparsest and Q12 the densest tree planting. Q13 is

a shrub type with large shrubs.

4.2 Analysis of Physical Noise Reduction Effectiveness of Plant

Communities and Its Influencing Factors
4.2.1 Results of Physical Noise Reduction Effectiveness

The mean noise SPL at the original noise source, the mean

noise SPL after noise reduction by plant communities, and the

physical noise reduction effectiveness at the 14 sample sites were
listed in Table 4. Results showed that among all sites, Q9 exhibited
the highest physical noise reduction effectiveness, reducing noise

by 11.34 dB, followed by Q4 and Q5. Sites Q7, Q13, and Q8 had

Table 4: Physical noise reduction effectiveness of sample sites

Mixed shrubbery - Mixed Site Average SPL of Average SPL of Physical noise
J of Ligustrum = > shrubbery of noise at Point O noise at Point A reduction effectiveness
Cynodon dactylon ovalifolium, Cynodon dactylon Elaeagnus (dB) (dB) (dB)
Reynoutria pungens and
sachalinensis, and Buxus sinica
Phlomis fruticosa QO 56.06 54.30 1.76
Qé6 Q7
Mixed shrubbery of Rhododendron Q1 58.40 55.68 2.72
simsii and Vitex agnus-castus Camphora officinarum ~ Osmanthus fragrans
cogrus Shrubbery Q2 60.52 56.12 4.40
~ | deodara of Rosa_|
chinensis Q3 62.34 60.24 2.10
Hydrangea
Ophiopogon japonicus and Acorus gramineus macrophylla Ophiopogon japonicus Q4 60.68 49.70 10.98
. Q9 Q5 71.42 61.08 10.34
Ophiopogon japonicus . Loropetalum chinense var. rubrum
Koelreuteria | Osmanthus
~bipinnata ~fragrans Q6 55.62 53.38 2.24
integrifoliola
x }Hypericum
‘ 1 o :,{‘ Camptotheca monogynum Q7 62.34 55.80 6.54
Mixed shrubbery of acuminata Ophiopogon japonicus Camphora
Pittosporum tobira, Fatsia japonica, and Cynodon dactylon officinarum Q8 59.04 52.66 6.38
and Nandina domestica
Q10 a1 Q9 64.06 52.72 11.34
N
Suzhou Creek 1.5m Suzhou Creek
AN Prunus x N Q10 56.28 52.50 3.78
yedoensis
Salix
babylonica Q11 56.28 52.40 3.88
Ophiopogon japonicus Ophiopogon japonicus
12 56.28 51.56 4.72
Q12 Q13 Q
Metasequoia glyptostroboides
Suzhou Creek Suzhou Creek Q13 59.2 52.76 6.44

Ophiopogon japonicus
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3. Plan sketch of plant communities in the sample sites.



moderate effectiveness, with reductions of approximately 6.5 dB.
The least effective was the control group QO, which achieved only
a 1.76 dB reduction.

4.2.2 Tree-Layer Factors on Physical Noise Reduction Effectiveness
Correlation analysis of Q1 ~ Q3 and Q6 ~ Q9 using SPSS
software revealed that tree-layer physical noise reduction
effectiveness was significantly positively correlated with planting
density (p = 0.010), but showed no significant correlation with
height (p = 0.709), clear bole height (p = 0.982), or DBH (p = 0.062).
However, it was positively correlated with the Factor A (p = 0.017),
indicating that greater vertical obstruction by plants along the
noise path can enhance physical noise reduction effectiveness.

4.2.3 Shrub-Layer Factors on Physical Noise Reduction
Effectiveness

Analysis for Q1, Q2, and Q4 ~ Q9 showed no significant
correlation between shrub-layer noise reduction effectiveness and
spacing (p = 0.243), crown width (p = 0.852), or height (p = 0.201).
However, noise reduction was significantly positively correlated
with the Factor B (p = 0.017), suggesting that shrubs with greater
height and crown width, coupled with smaller spacing, exhibited
stronger physical noise reduction effectiveness.

4.2.4 Overall Factors Affecting Physical Noise Reduction
Effectiveness

To exclude the impact of non-plant factors (water surface
proportion), 10 sites with no water cover (Q0 ~ Q9) were
analyzed for overall factors of plant community affecting physical
noise reduction effectiveness. Correlation analysis using SPSS
showed significant relationships between physical noise reduction
effectiveness and both plant species richness (p = 0.033) and
vertical canopy density (p < 0.001), with the latter being more
significant. This suggests that higher vertical canopy density
and species richness can improve physical noise reduction
effectiveness.

A comparative analysis between sites with no water cover
(Q0 ~ Q9) and 30% water cover (Q10 ~ Q13) generated scatter
plots of vertical canopy density versus physical noise reduction
effectiveness for these two plant community types (Fig. 4). A
linear regression analysis revealed that the slope of terrestrial
plant communities (k = 0.136) was greater than that of waterfront
communities (k = 0.0313), indicating that the physical noise
reduction effectiveness of waterfront plant communities rose
slower than the terrestrial communities as the unit vertical

f(Xierrestrial = 0.136X - 0.608

10 *

o X o) = 0.0313X + 3.0629

Physical noise reduction
effectiveness (dB)

30 35 40 50 60 70 80

~o
o
o
o

Vertical canopy density (%)

Sites of terrestrial plant Sites of waterfront plant

& © Jiayi Lu, Yinran Xiao

communities communities

4. Relationship between noise reduction effectiveness and vertical canopy density of
terrestrial and waterfront plant communities.

canopy density grew. Further calculations showed that when the
canopy density was below 35%, waterfront plant communities
were more effective in reducing noise; above 35%, terrestrial
plant communities performed better. This suggests that for

plant communities with a vertical canopy density under 35%,
incorporating a water surface as the underlying surface will
enhance the physical noise reduction effectiveness, while for those
exceeding 35%, increasing canopy density is more beneficial.

4.3 Psychological Noise Reduction Effectiveness of Plant
Communities and Its Influencing Factors
4.3.1 Psychological Noise Reduction Effectiveness of Plant
Communities

A total of 60 questionnaires were distributed, with 59 valid
responses. The internal consistency of the questionnaire was
tested through Cronbach’s a. Using the Analytic Hierarchy
Process, the weight of indicators for psychological noise reduction
effectiveness was determined, and the overall scores for both
visual and auditory perceptions were calculated. Based on the
noise annoyance results, the psychological noise reduction
effectiveness at the 14 sample sites was calculated (Table 5).

For visual perception, waterfront plant communities
provided a higher overall score (M = 3.60) than terrestrial plant
communities (M = 3.48). Among individual sites, Q8 scored the
highest, likely due to the vertically structured trees and lush
shrubs creating strong senses of layering and atmosphere. Q10
followed, with open water and Salix babylonica enhancing similar
senses. Q13, dominated by dense Nerium oleander, offered a
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Table 5: Visual and auditory perception evaluation results

Site Visual perception Auditory perception Psychological
noise reduction
A% V2 V3 V4 V5 oS Al A2 A3 A4 A5 0s PSST NAV effectiveness (dB)

Qo0 3.68 3.68 355 355 334 356 3.04 332 298 3.06 3.08 310 Traffic, wind 3.96 -0.13

Q1 3.68 347 357 332 336 348 298 325 334 334 313 3.21 Traffic, wind 3.72 1.42

Q2 330 334 338 342 323 333 3,57 353 326 325 342 341 Traffic, wind, birdsong 3.60 2.37

Q3 366 357 370 362 357 3.62 3.02 3.04 358 3.66 335 3.32 Traffic, wind, birdsong, 3.74 1.09
conversation, human activity

Q4 343 343 351 351 336 345 3.17 342 358 357 336 342 Traffic, wind, birdsong, music, 3.23 6.26
conversation, human activity

Q5 3.66 347 358 342 336 349 315 326 343 336 328 3.30 Traffic, wind 3.25 5.88

Q6 345 351 342 332 317 337 321 328 330 328 321 3.26 Traffic, wind 3.28 4.62

Q7 319 317 338 313 3.02 3.17 328 323 317 311 326 3.21 Traffic, wind, human activity 3.30 3.66

Q8 370 374 379 381 3.66 374 3.02 314 370 3.79 3.60 3.44 Traffic, wind, birdsong, 3.38 3.54
conversation, human activity

Q9 387 353 366 342 347 3.59 340 349 319 319 323 330 Traffic, wind, birdsong, 3.15 6.56
construction

Q10 370 3.68 372 374 3.68 3.70 357 345 334 326 342 341 Traffic, wind, water 3.00 2.25

Q11 370 358 368 347 351 3.58 3.53 343 328 326 349 340 Traffic, wind, water 3.49 211

Q12 358 342 353 343 326 344 319 348 350 3.66 340 3.44 Traffic, wind, water, birdsong, 3.28 2.66
conversation, human activity

Q13 366 358 372 374 370 3.68 345 3.64 353 357 3.64 3.57 Traffic, wind, water, birdsong 3.17 3.72

NOTE

V1 = sense of color; V2 = sense of space; V3 = sense of layering; V4 = sense of atmosphere; V5 = attractiveness. A1 = quietness; A2 = harmony; A3 = liveliness; A4 = richness;
A5 = pleasantness. 0S = overall score; PSST = perceived sound source type; NAV = noise annoyance value.

relatively pleasing visual experience, but lacked senses of color
and space compared with Q10. The lowest visual score was for Q7,
which had monotonous and oppressive plant colors, weak layering
and spatial senses, and lacked attractiveness.

For auditory perception, Q13 had the highest overall score, and
QO the lowest. Specifically, Q2, Q10, and Q11 were the quietest,
while Q13, Q2, and Q9 had the most harmonious sounds. Q8, Q3,
and Q4 were the liveliest, whereas Q8, Q3, and Q12 provided

VOLUME 13/ISSUE 1/ FEBRUARY 2025

086

the richest auditory perception. The most pleasant auditory
environments were at Q13, Q8, and Q11, whereas the highest noise
annoyance values were recorded at QO0, Q3, and Q1. Additionally,
birdsong was heard at Q2, Q3, Q4, Q8, Q9, Q12, and Q13, human
activity and conversation sounds at Q3, Q4, Q7, Q8, and Q12, and
water sounds at Q10 ~ Q13.

Among the 14 sample sites, Q9 and Q4 exhibited the highest
psychological noise reduction effectiveness, followed by Q5 and



Q6. The lowest effectiveness was at Q0, with Q3, Q1, and Q11 also
performing poorly. For terrestrial plant communities, Q9 was the
most effective due to its rich tree-shrub-herb structure and diverse
colors, creating a favorable space and visual environment for birds
and human activities, thus achieving a higher visual score. Q4 was
favourable for its high auditory richness and low noise annoyance.
Q5 followed, with balanced scores across all indicators and similarly
low noise annoyance. Among waterfront plant communities, Q13
and Q12 had the best psychological noise reduction effectiveness.
Q13 featured neatly arranged tall shrubs, while Q12 was dominated
by Metasequoia glyptostroboides, both benefiting from water
and bird sounds that enriched the auditory perception. In
contrast, Q10 and Q11 had weaker psychological noise reduction
effectiveness, mainly due to their lower liveliness and richness
that led to poor auditory perception scores.

4.3.2 Visual Perception Influencing Factors

Correlation analysis of the visual perception scores and
characteristics of plant communities showed that, for terrestrial
plant communities containing shrubs (Q1, Q2, Q4 ~ Q9, Q13),
shrub crown width significantly impacted visual perception. This
factor had strong positive correlations with the site’s senses of
color (p = 0.003), space (p = 0.044), and layering (p = 0.003),
and attractiveness (p = 0.009). Shrub height had the strongest
positive impact on attractiveness (p = 0.008), and also impacted
the senses of space (p = 0.047), layering (p = 0.017), and atmosphere
(p = 0.012) to some extent. Shrub spacing was positively correlated
with the sense of space (p = 0.039) and attractiveness (p = 0.045).
Moreover, the Factor B positively affected the senses of
layering (p = 0.006) and color (p = 0.024), and attractiveness
(p =0.022). These findings suggest that overly short shrubs, small
canopies, or overly dense planting lead to relatively poor visual
perception, thereby reducing the psychological noise reduction
effectiveness of the plant communities.

4.3.3 Auditory Perception Influencing Factors

An analysis of auditory perception scores and plant community
characteristics across the 14 sample sites revealed a positive
correlation between the vertical canopy density and auditory
perception richness (p = 0.043), as well as the overall score (p =
0.042). This suggests that higher vertical canopy density can better
accommodate the needs of bird habitats and human activity spaces,
enhancing the perception of natural and human-generated sounds,
which in turn strengthens the comprehensive auditory perception
evaluation.
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4.4 Influencing Factors on Comprehensive Noise Reduction
Effectiveness

The comprehensive noise reduction effectiveness of plant
communities at all sample sites is shown in Table 6. Among them,
Q9, Q4, and Q5 exhibited the highest effectiveness, followed by Q7,
Q13, and Q8, while Q0, Q3, and Q1 were the least effective.

For terrestrial plant communities, except for Q6, the physical
noise reduction effectiveness generally exceeded the psychological
effectiveness, and the variation trends of physical, psychological,
and comprehensive noise reduction were similar (Fig. 5). Q9
had the best comprehensive effectiveness due to its high vertical
canopy density and dense planting, forming an effective physical
noise barrier. Additionally, its strong sense of color contributed
to high psychological noise reduction effectiveness. Q4 and Q5

Table 6: Results of comprehensive noise reduction effectiveness

Site Physical noise Psychological Comprehensive

reduction noise reduction noise reduction
effectiveness (dB) effectiveness (dB) effectiveness (dB)

Q0 1.76 -0.13 1.78

Q1 2.72 1.42 4.24

Q2 4.40 2.37 6.93

Q3 2.10 1.09 3.27

Q4 10.98 6.26 17.62

Q5 10.34 5.88 16.58

Q6 2.24 4.62 6.67

Q7 6.54 3.66 10.43

Q8 6.38 3.54 10.15

Q9 11.34 6.56 18.28

Q10 3.78 2.25 6.15

Q11 3.88 2.11 6.13

Q12 4.72 2.66 7.54

Q13 6.44 3.72 10.38
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followed, with high canopy density ensuring effective physical
noise reduction and low noise annoyance. Q7 and Q8 ranked

next, both featuring high vertical canopy density; Q7 had lower
noise annoyance, while Q8 benefited from better senses of

space, layering, and atmosphere created by the plant enclosures
and higher auditory perception richness. Q0 and Q3 exhibited

the lowest comprehensive noise reduction effectiveness. QO,
featuring only ground cover with the lowest vertical canopy
density, demonstrated the negative psychological noise reduction
effectiveness due to the worst overall auditory perception and the
highest noise annoyance. Q3 showed relatively low vertical canopy
density with only tree and ground cover layers, along with smaller
tree DBH, resulting in the poorest auditory harmony. Q1 and

5. Noise reduction effectiveness of terrestrial plant communities.
6. Noise reduction effectiveness of waterfront plant communities.
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Q6 also had weaker noise reduction effectiveness—Q1 suffered
from high noise annoyance and a low overall score of auditory
perception, whereas Q6 had poor physical noise reduction
effectiveness, which impacted its comprehensive performance.

For waterfront plant communities, the comprehensive noise
reduction effectiveness showed a certain correlation with the
vertical canopy density (Fig. 6). As the vertical canopy density of
Q10 ~ Q13 increased, the visual transparency decreased, and the
comprehensive noise reduction effectiveness first declined and
then rose. Specifically, the physical noise reduction effectiveness
increased with rising vertical canopy density. However, in terms of
the psychological effectiveness, when the vertical canopy density
was 10% ~ 40%, visual transparency was favourable, increased
the auditory annoyance threshold, and reduced noise annoyance.
When the vertical canopy density reached 40% or more, the
psychological noise reduction effectiveness improved as canopy
density increased.

5 Conclusions and Recommendations

This study examined the waterfront green spaces surrounding
the central urban section of the Suzhou Creek in Shanghai,
establishing an innovative evaluation framework with 13 indicators
to assess the comprehensive noise reduction effectiveness of plant
communities from both physical and psychological perspectives.
The study selected 14 urban green space sites with different plant
community characteristics and used noise attenuation values from
field measurements along with visual and auditory perception
data from surveys as dependent variables. A model was proposed
to explore the effects of single and compound plant structure
factors related to tree, shrub, and ground cover layers on physical,
psychological, and comprehensive noise reduction effectiveness.

The results indicate that in the direction of noise propagation,
richer plant species and denser vertical canopy can significantly
enhance physical noise reduction effectiveness. Densely planted
trees with low clear bole height and large DBH, along with
tall-big shrubs, improve physical noise reduction. When the
canopy density exceeds 35%, increasing it further enhances
overall physical noise reduction; however, when below 35%,
increasing the ratio of water surface and vegetation coverage is
more effective. For psychological noise reduction effectiveness,
increasing shrub crown width, height, and spacing can effectively
strengthen visual perception, raising the auditory annoyance
threshold. Additionally, higher vertical canopy density enriches
auditory perception and the overall experience. Among all sites,



plant communities combining densely planted trees, shrubs,

and ground cover exhibited the highest comprehensive noise
reduction effectiveness. For waterfront plant communities,
variations in vertical canopy density affected visual transparency,
which influenced comprehensive noise reduction effectiveness.
When the canopy density is at least 40%, richly layered plant
communities contributed more significantly to psychological
noise reduction; below 40%, reducing it will improve visual
transparency and lower noise annoyance.

Understanding the relationship between plant communities
and noise reduction from a perspective of plant configuration is
crucial for improving urban green spaces. Based on the findings,
the results can be applied to mitigating traffic noise in various
urban settings. Considering the current conditions of green
spaces, the following recommendations are proposed.

1) For terrestrial green spaces with sufficient planting area, a
community planting model combining densely planted trees, tall
shrubs, and ground cover is recommended. Trees should be low-
branching, dense-foliaged, and large in diameter, while tall shrubs
should have broad canopies—both of them to be densely planted.
Maximizing vertical canopy density can provide diverse wildlife
habitats and increase natural sounds. Additionally, it is advisable
to intersperse other tall shrubs with large canopies to highlight
the shape of individual shrub plants, enhance visual perception,
and further improve noise reduction effectiveness.

2) For terrestrial green spaces with limited planting
area, a high-density shrub and ground cover combination is
recommended. Shrubs should be large-canopied evergreen
species to ensure year-round physical noise reduction. Scattered
large-canopy tall shrubs can enhance visual experience,
improving psychological noise reduction effectiveness.

3) For waterfront green spaces with sufficient planting area,

a high-effectiveness noise reduction model similar to terrestrial
vegetation should be adopted—densely planted trees, tall shrubs,
and ground cover—with a vertical canopy density exceeding 40%
to enhance both physical and psychological noise reduction.

4) For waterfront green spaces with limited planting area,
where increasing vertical canopy density is not feasible, adjusting
the proportion of water and vegetation cover can enhance
physical noise reduction. Meanwhile, reducing plant density to
improve visual transparency and optimize the river and water
landscape, while maintaining vertical canopy density below 40%,
can enhance psychological noise reduction.

This study has certain limitations. First, only 59 valid samples
were collected in the psychological noise reduction survey, making

the sample size relatively small and some conclusions preliminary.
Second, the plant community patterns along the Suzhou Creek do
not encompass all green space types. Future studies could expand
the scope and increase the number of sampling sites for more
comprehensive and precise data, improving the scientific validity
and generalizability of the findings. Furthermore, although this
study initially identified the influencing mechanisms of waterfront
plant communities on comprehensive noise reduction effectiveness,
the researched sample sites for waterfront plant communities were
relatively few and this field remains exploratory. Future research
should further investigate underlying mechanisms and refine the
theoretical framework. Overall, this study aims to provide practical
theoretical support and guidance for mitigating traffic noise in
urban green spaces and creating multi-sensory healthy urban
environments.
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W@Qmﬁ% ML G T B AR I REHEIE Q7 , HARY) R IR — H &

SEAITAY . MR B R 7 R A B VT 45 A ) LA R O BERE 0, RGOS RS, ELBRE 3,
% 50 A FEHULERINE SRR 5 45 0
P PSRRI WS R DB
e
R S RRR RER WS mAWS & ORI BER EE Wb SaWs HEEER Wi (dB)
itz
Q0 3.68 3.68 3.55 3.55 3.34 3.56 3.04 3.32 298 3.06 3.08 3.10 AEmE, WE 3.96 -0.13
Q1 3.68 3.47 3.57 3.32 3.36 3.48 298 3.25 3.34 3.34 3.13 3.21 ZEE, X 3.72 1.42
Q2 3.30 3.34 3.38 3.42  3.23 3.33 3.57 3.53 3.26 3.25 3.42 3.41 i, KE, g 3.60 2.37
Q3 3.66 3.57 3.70 3.62 3.57 3.62 3.02 3.04 3.58 3.66 3.35 3.32 ZEAE, N, BIgE K 3.74 1.09
W, ABEE
Q4 3.43 3.43 3.51 3.51 3.36 3.45 3.17 3.42 3.58 3.57 3.36 3.42 A, RAE, SR & 3.23 6.26
AR KRR, AR
Q5 3.66 3.47 3.58 3.42 3.36 3.49 3.15 3.26 3.43 3.36 3.28 3.30 AEmE, WE 3.25 5.88
Q6 3.45 3.51 3.42 3.32 3.17 3.37 3.21 3.28 3.30 3.28 3.21 3.26 ZEE, X 3.28 4.62
Q7 3.19 3.17 3.38 3.13  3.02 3.17 3.28 3.23 3.17 3.11 3.26 3.21 ZEmE, KA, ANBEEShE 3.30 3.66
Q8 3.70 3.74 3.79 3.81 3.66 3.74 3.02 3.14 3.70 3.79 3.60 3.44 ZEAE, N, BIgE K 3.38 3.54
W, ABEE
Q9 3.87 3.53 3.66 3.42  3.47 3.59 3.40 3.49 3.19 3.19 3.23 3.30 A, RE, B i 3.15 6.56
T
Q10 3.70 3.68 3.72 3.74 3.68 3.70 3.57 3.45 3.34 3.26 3.42 3.41 ZEE, KE, K 3.00 2.25
Q11 3.70 3.58 3.68 3.47 3.51 3.58 3.53 3.43 3.28 3.26 3.49 3.40 ZEE, KA, K 3.49 2.11
Q12 3.58 3.42 3.53 3.43  3.26 3.44 3.19 3.48 3.50 3.66 3.40 3.44 @A, KE, KE, BIg 0 3.28 2.66
R OkIER, ABHESE
Q13 3.66 3.58 3.72 3.74 3.70 3.68 3.45 3.64 3.53 3.57 3.64 3.57 A, NFE, KFE, 5 3.17 3.72
ity 7
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FEWTSEIRAT T, QI3MLEG T/ i, QOlefit. BRI F, Q2.
QIOFIQI 1R Ay 2 s Wi ot B E A I Q13 Q2F1Q9; Q8. Q3
Q4TRER BERL 5 Q8 Q3FIQ 12 Wr ot J& I de 4= 5 Mo Do B e 5 1) S
Q13. Q8FIQ11; Mg lFifxi BEH m Y2 Q0 . Q3FIQL, Ak, Q2. Q3.
Q4. Q8. Q9. QI2HMQIIATWTE| LG Q3. Q4. Q7. Q8. QI2AJ /I
FIABEG S5 ARG, Q10 ~ Q3R FRAIF K

ZEA XA FE R, QOFIQ4 MY .0 BERE MR RE fie fE . R QS AN
Q6; LoFRFEMEALAERARAYZQ0, B2EMAFHEQ3. QIFIQI, HiKIMIF,
QO+ & 1 Tr ol RELE F S (0 R 8RN AT sl $ At 17 R A 1 255 ] AL
S, DM SEER 5 PPAr 8 s QAR5 PREE F i BT /e, H
M 7 U B AR s QSIS HR AR PP o0 S 4b - 37K, W SB[ B A
i, TR KA RE TS REHL T, QI3HAIQI2M4 .0 FRFAME S RERA, B & K
U EHEA , S5 KB KIEM (Metasequoia glyptostroboides ) , #fl
B AR, KSR 0 R PR TR O VR B ELE B TSRS Q10Fn
QLU CoBRFE MR RE R 55, J2 B2l T W7 S 8 H1 ) 0 R A = | AR, 5
BOHLE AT REAL,

4.3.2 WBE A e PR 2 A A

o o L A TV 1O AL SR DT 43 5 SR VR TR 2 R A T I A DGk o BT 2
B, e AR REAY AN (Q1. 02, Q4~Q9., Q13) 1,
THE A S W X L 58 RIS IR SR, AR b SRR Y R (p=0.003 ) |
2 (p=0.044) | ZKIE (p=0.003) F5]1F1 (p=0.009 ) ¥ EHA
SR IEAR G s FEAR S BEXS IR 5] ) (p=0.008 ) (14 IF 7] 5% W 55 Ay 5 21
i) I 7E — E R E L2 5 a5 A& (p=0.047) . EXE (p=0.017)
FER (p=0.012) ; AR S5FHLAY 25 S (p=0.039 ) A5 J)
(p=0.045) WEA —EMIEM N ; M AKE A K F B &N E IR
(p=0.006) . AR (p=0.024) FI5] 3 (p=0.022) AT FE0H
S5 LTIR, WER R L R MR A /N s AR i 2 At R AR X A 2% Y A
W RETEOUEIRN T S5 A ) B 10 B K

4.3.3 Wy B /B i X 25 40 A

Xt 144 FF HiAE ) T VR 10 T B0 IR VT 43 45 B RN RRAE AT M
KM, SRR, AH YR I8 Y AR P R 5 0T e B 0 o
(p=0.043 ) KZFAIESr (p=0.042) RIEASE, XoiF e b & Y
T V& T AR P RE A 86 K, T O G T R S A B N 2T B 1 4 (]
ok, AN AR R AREG SR 2, W ad BN Y 25 G 1T bl 2
PEF.

4.4 EE A REMRESRE R i A 2 00 B
A5, 14 SRR R AR P IS M SR R R IR 6 Tk .

099

o, CEAREMERERAEREQO . Q4FIQS, HIKIEQT. QI3FQS, M
JEQ0. Q3FIQ1.

FE Bl U ) B T RE b BRQ6SN AW B TR 1) ) B T
AT 0 BRI RE , ELBE . OB RN Z5  [ MR 5k RE A0 78 TL R iE A 12
(E5) o Horp, ZA B ae it nyj2Qo, Hak HARM K&, Y
PR A, BT RGP RS B b, (R I €R BR R, O BRI AL
REF M o HUZQ4AHIQS, 33k BOE b A5 ey AL AR PAT 38 B AR AIE T R A (9 )
PR, SRR T MRS U R . 2R BRI BR IR Z 12 Q7 HIQ8,
e AR BE S H s, Q7R R BT BE AN, T Q8 AL A Vi FRL 5O I 1 25
[ 2 RN GBS, ELT S . R A R e I
ZEMFEHLZQORIQ3, FI# (A Mg 2B, T ELARPA B fe (i, AP RET
T BB W50 PR BE 25 5 SRR B 2, MR JOU ok 8 e v, 0 LR MR AR R O 17
Jo T AR B, U E TR ARZ R, B R, ik
SR AR B fe 2 . MR BB 55 I R A5 Q TRNIQ6——Q 1 1 I 7 U
WA, Wi Li i AR, O BRI R AE A 22 5 1T QO 114 47 L [k M sk

PN
He E\

% 61 HFEHLER G RSN RE

et PyBEREMRSAGE (dB)  DBERRMEUAE (dB)  ERAFEMNGE (dB)

Q0 1.76 -0.13 1.78
01 2.72 1.42 4.24
Q2 4.40 2.37 6.93
Q3 2.10 1.09 3.27
Q4 10.98 6.26 17.62
Q5 10.34 5.88 16.58
Q6 2.24 4.62 6.67
Q7 6.54 3.66 10.43
08 6.38 3.54 10.15
Q9 11.34 6.56 18.28
Q10 3.78 2.25 6.15
Q11 3.88 2.11 6.13
Q12 4.72 2.66 7.54
Q13 6.44 3.72 10.38
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5 8RS EIR
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FLCBEREME DTN GERE , QUBT IR T R VR 28 5 PR R AL RE DA RE SR,
IAFE 13T PPN AR bR . FFIEEEEE T 1440 BAG A [RI R P 1 V5 R AE (0 30k Tl 4
Mo, H S I R I8 MR R T S il 7] A 8 AP A B 4L 5 A W 5
WRAAE N A, RN T AR 28 G RS RTINS, R T
YRR ARZ . AR . W82 . AR EZR T RN T ME 5 1 X)
YRR, 0PI 25 MR AR RE A ST

WFFELREEN], (MR ERR T L, MY YR, B
HRPAT L ey, Wy BRI AR RE I 2 AR T R B AR LAY TR
TG R 4 T A AT A 5 0 i ) B A MR BE . S AL AR v OIS A R 0 T 35%
I, B 2SR TR P LA B T R B A A W B MR AR s ez, oK
TET R 2 3R 22 8] 1) L 3 B R T4 T BRGNS R o 0 B G IR A0
DT, HEMREA A e R R R R IR R R AR T O, R TR e Y
"o AU FEE V5 T 394 AL 0 R 11 e A0 DAY 88 U A A0 i P W - R 114
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TR WS 25 R RE o IeAh, ETKAE YRR b, DR ECAR P JEE
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Sl T S Ml BRI A IR TR o FE TSR, AR A el 4k
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P S RORE PR . BERRRC T R Ao e | M fe R 7y
AN B2 e B R e E A EA T A 5 S B T AR ) R Y e AR A
NP S R AR BT, B A SR . BeAh, AT R SO A R R
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