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Abstract: Urban acoustic environment, especially noise pollution, is a product of rapid urban development
and urban scale expansion. It is one of the urgent environment problems in current urban planning and
governance. This study analyzes the spatiotemporal changes of acoustic environment in the functional areas
of cities above prefectural level based on the geographical perspective in China. The results shows that the
higher urban level is, the more active acoustic environment in the functional areas will be; otherwise, the
quieter it will be. The spatial variation of the acoustic environment in the functional areas in the east is
generally higher than in the west, and the coastal areas is higher than interior during day and night, which is
generally consistent with the spatial distribution characteristics of China's social and economic development.
The influence factors of urban acoustic environment are multiple, the development of urban social economy
has a significant influence on urban acoustic environment, and the factors like environmental protection
consciousness of residents, environmental governance level of the city have a significant influence on urban
acoustic environment. Therefore, the governance measures of urban acoustic environment should be more
diversified.

measures and improve the quality of urban acoustic
environment.

Sound occurs in a specific time point in a specific
space, which has not only time property, but also
significant space property ). From the initial study of
sound, geography was less involved. However, factors
such as sound production, transmission and crowd
perception are closely related to its spatial environment,
so the research of sound also has significant
geographical research characteristics ['%. Saldanha
believes that sound can be perceived through the
medium to give special meaning to space and place
from the perspective of geography. Since the 1990s,
foreign geographers have conducted a large number of
researches on residents' perception of regional space
and other issues from the aspects of sound and hearing,
made people to have a deeper understanding and

1. INTRODUCTION

Since the reform and opening up, China has experienced
rapid economic growth and achieved large-scale
urbanization!!. From 1978 to 2016, Chinese
urbanization rate increased from 17.92% to 57.35% in
2016, with an average annual growth rate of 1.04%!*
31,Rapid economic growth has greatly enriched people's
material life, but it has also created many city-centered
environmental  problems. Urban environmental
problems are mainly caused by noise pollution, solid
waste, water and air pollution, among which, acoustic
environmental quality is the environmental problem that
attracts the most attention and receives the most reports
and complaints . Noise is generally considered to have
a negative impact on the quality of urban life, and

long-term exposure to noise pollution seriously affects
mental and physical health > 6. Urban acoustic
environment, especially noise pollution, is a physical
phenomenon, which is obviously different from air,
water pollution and other environmental problems [,
The generation of noise is characterized by randomness,
regionalism and sensibility [, which makes the
governance of acoustic environment become a difficult
and complex environmental quality factor in urban
environmental problems. Therefore, multi-scale
understanding of the change about urban acoustic
environment is not only help to understand the law of
change, but also conducive to develop the governance

cognition of the multiple effects of sound on local
perception [' 12 Through the research about
spatiotemporal changes of acoustic landscape in urban
and rural intersecting zones, Jool'*! et al. find that
urbanization process not only changed the pattern of
landscape, but also changed the characteristics of
acoustic environment in the region. The research on
acoustic environment started relatively late in China,
and the field of acoustic environment research is
relatively narrow. The research in this field mainly
focuses on music geography, tourism geography,
architecture, landscape architecture and design at
present in China '+ 181 with the integration and cross

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 143,01024 (2020)
ARFEE 2019

https://doi.org/10.1051/e3sconf/202014301024

development of disciplines, it also provides new ideas
and methods for the research of acoustic environment
from the perspective of geography. In addition, city is
an ecological environment system with great human
interference, the widespread existence of sound sources
and the high concentration of people make the urban
acoustic environment become a hot topic of research,
and most studies focus on noise monitoring and
evaluation ['], noise source control *°. Small scale and
single nature campus 2, park ['81and single city " have
become the hot spots in this filed. In conclusion, the
sound environment research based on integration of
subjects has achieved fruitful results. But there are some
insufficient study of urban acoustic environment,
mainly reflect in that the city sound environment is a
complicated geographical phenomena, and the city of
sound source, transmission and perception between the
space environment are closely related, most research
has focused on single city sound environment
evaluation, the research about the relationship between
the level of urban development and space environment,
spatial characteristics of urban acoustic environment
lack of attention, and more attention is paid to the
research within a small scale.

Chinese urbanization has led to the rapid increase of
urban population at present. Urban noise has become an
urgent problem for urban development. Therefore, this
paper analyzes the changes and spatial distribution
characteristics of the acoustic environment in different
functional areas of Chinese cities from the perspective
of geographical research. Based on the noise monitoring
data of the acoustic environment in the functional areas
of prefecture-level cities in China, the paper focuses on
the practical problem of urban acoustic environment,
explores the internal changing rules of urban acoustic
environment in order to provide reference for urban
environmental governance.

2. RESEARCH AREA AND RESEARCH
METHOD

2.1 Research area and data source

According to the acoustic environment quality standard
issued by China in 2008[2*], urban acoustic environment
is divided into five categories according to the
functional characteristics and environmental quality
requirements of urban areas (Tab.1). The monitoring of
urban acoustic environment function areas is carried out
quarterly every year, and the monitoring time of each
city is relatively fixed In China. Chinese
prefecture-level cities are taken as the research area, and
the acoustic environment functional area data released
by China environmental monitoring headquarters
(http://www.cnemc.cn/) in 2015 and 2016 are used for
analyzing the spatial and temporal characteristics of
urban acoustic environment by statistical and spatial
analysis in this study.

As an area where human and economic activities are
highly concentrated %), the frequency of man-made
sound produced in cities is far higher than that in other
areas. In addition, different locations and environments
produce different sounds scene, and their impacts on
human health are also significantly different '], Based
on the above, combining with the urban development
level, refer to “the first, a new line of city institute of
finance and economics” ranked cities above prefectural
level in China **lon the basis of business resources,
urban hub, urban population activity, lifestyle diversity
and plasticity future five indicators released "2018
China's urban commercial charm list", it divide
First-Tier cities, New First-Tier cities, Second-Tier
cities, Third-Tier cities, Fourth-Tier cities or Fifth-Tier
cities, then the spatiotemporal variation characteristics
of acoustic environment in different urban functional
areas are divided. In addition, due to the objectivity of
data collection, there is a lack of the mean of equivalent
sound levels between night and day in each city in the
fourth quarter of each year, and there are few monitored
urban data of class 0 and class 4b. Therefore, this paper
only analyzes the changes of the acoustic environment
of class 1-4a functional areas in the first three quarters
of 2015-2016.

Tab.1 Monitoring division and noise limit of urban acoustic environment functional area

Functional area category meaning Noise limit value (dB(A))
Class 0 acoustic environment Special quiet areas, such as convalescent areas day <50
functional area night <40
Class 1 acoustic environment Residential, medical and health care, cultural education, scientific day <55
functional area research design, administrative office as the main function, need to .
keep quiet area. night <45
Class 2 acoustic environment Commercial finance, market trade as the main function, or day <60
functional area residential, commercial, industrial mixed, need to maintain .
residential quiet areas. night =50
Class 3 acoustic environment  Industrial production, storage and logistics as the main function, the day <65
functional area need to prevent industrial noise on the surrounding environment has a .
serious impact night <55
The areas that need to prevent traffic noise from seriously affecting 44 day <70
the surrounding environment within a certain distance on both sides .
. . of the traffic trunk include category 4a and category 4b. The 4a 4a night =
Class 4 acoustic environment . .
functional arca category includes expressway, first-class highway, second-class  4bday <70
highway, urban expressway, urban trunk road, urban sub-trunk road,
urban rail transit (ground section), and areas on both sides of inland  4p night <60

water way. Class 4b is the area on both sides of the main railway.
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2.2 Spatial hot spot analysis

Hot spot analysis is used to identify hot spots (high
value) and (low value) with statistically significant
features in spatial clustering features (%), In this paper,
getis-ord Gi* in GIS was used for analysis to calculate
the Z score and P value of each element in the data set,
so as to determine the clustering positions of high and
low values in the spatial pattern distribution of noise.
The calculation formula is as follow [26!:
 _ Z§'l=1Wi, j_)?Z;LlWi, j

G} = - (1)
nIlawi j_(z?=1wi, j) ]

n-1
Where, JX; is the mean of equivalent sound levels of
city j, Wi; are the spatial weights defined by the
criterion of spatial distance between city i and city j. In
addition:

S
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Where, G;* is Z value, and Z value is positive and
significant, indicating that the average of urban
equivalent sound levels around city i is relatively large,
belonging to high-value spatial agglomeration, it is a
hot zone. On the contrary, Z value is negative, which
significantly indicates that the average of equivalent
sound levels of cities around city i is relatively small,
belonging to low-value spatial agglomeration, and it is
a cold zone.

3 The analysis of the Result
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3.1 Spatiotemporal evolution characteristics of
acoustic environment in urban functional
areas

The requirements of the areas of urban living, medical
treatment, education on acoustic environment are
rigorous. By analyzing the changes of acoustic
environment in a class 1 functional area from 2015 to
2016 (Fig. 1), it proves that the equivalent sound level of
this functional area shows a decreasing trend, and the
decreases of sound level with the decrease of city level.
New first-Tier cities generally have higher equivalent
sound levels, reflecting more active human activity in
these cities. The equivalent sound level in the second
and third quarters is higher than that in the first quarter,
which is mainly due to the higher day and night
temperature in the second and third quarters, and the
more frequent outdoor human activities during the day
and night. The two types of functional areas are both
commercial and trading areas in the city, and the
characteristics of equivalent sound level changing with
the city level are more significant. The equivalent sound
levels in both daylight and new first-Tier cities were
higher than those in other types of cities (Fig. 2).
According to Fig. 2d, 2e and 2f, the equivalent sound
level of New First-Tier cities is the highest at night. In
the process of urban development in China, First-Tier
cities like "Beijing, Shanghai, Guangzhou and
Shenzhen" and other New First-Tier cities have higher
population and business concentration than other cities,
and the frequency of man-made sound is higher.
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Fig.1 The average equivalent sound pressure level of category 1 urban functional area in 2015 and 2016
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Fig.2 The average equivalent sound pressure level of category 2 urban functional area in 2015 and 2016

The three functional areas of the city are mainly
industrial production areas. As can be seen from Fig. 3,
the average equivalent sound level of New First-tier
cities and Second-Tier cities is higher than other cities,
reflecting that the former gathers more industrial
production activities. The average of sound level in 4a
functional area varies significantly with the level of city,

=
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it shows that there is a close relationship between urban
traffic noise and urban scale. According to the acoustic
environment monitoring of urban areas in China of 2016,
traffic noise accounts for 10.6% of the noise category of
urban areas. Compared with small cities, large cities
gather more traffic flow, which leads to more serious
traffic noise than small cities.
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Fig.3 The average equivalent sound pressure level of category 3 urban functional area in 2015 and 2016
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Fig.4 The average equivalent sound pressure level of category 4a urban functional area in 2015 and 2016

region and the coastal region is higher than the inland
3.2 The analysis of noise spatial agglomeration region. Cities in the eastern coastal areas have a higher
characteristics in urban functional areas level of development. A large number of cities with a
higher level of development, such as Chinese First-Tier
and New First-Tier cities, gather a large amount of
population, medical care, education, business and other
resources, leading to a higher probability of noise in
such cities.

Spatiality and Dynamics is the key features of sound
scene, different types of sound scene present different
characteristics in space-time ?”-28]. As can be seen from
Fig. 5, the spatial analysis characteristics of the first and
second functional zones in Chinese cities are significant,
shows that the eastern region is higher than the western
N N
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Fig.5 The spatial hotspot analysis of noise between day and night in urban functional areas of category 1 and 2

The spatial distribution of noise between day and (Fig. 6a, 6b), especially the cities in northeast and
night in the three types of urban functional areas is southeast coastal areas are "busy" during the daytime,
mainly concentrated in coastal, northeast cities of China while the difference pattern is more obvious at night.
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and at night the noise pollution in the northeast, coastal
and Guanzhong areas is higher, traffic landscape in
these areas reflects that the period of traffic flow in this
area is significantly higher than others.

Compared with coastal areas, cities in the central and
western regions are "quiet". From the perspective about
the space of the distribution of traffic noise, the
northeast, coastal and middle or lower part of the

Yangtze river areas of the city in the day time is higher,
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Fig.6 The spatial Hotspot analysis of noise between day and night in urban functional areas of category 3 and 4a

as population, means of production and transportation,
thus contributing to the diversification of urban
functions. It also forms functional areas dominated by
different functions ', which makes the acoustic
environment of different functional areas in the city is
different. According to the 2017 report on prevention
and control of environmental noise pollution in China
1321 (Fig. 7), the compliance rate of acoustic environment
in different functional areas of cities varies greatly, and
the acoustic environment between day and night also
varies significantly, the phenomenon reflects the
difference of human activities in different time periods
and functional areas of cities. In addition, although
sound is a simple physical phenomenon, urban acoustic
environment, especially noise, is closely related to
urban population, number of motor vehicles, average
traffic flow, environmental protection management
measures and environmental awareness of urban
residents . As a reflection of the comprehensive
strength of a city ¥, city level can best reflect the
development level of these influential factors. The city
classification adopted in this paper is based on big data
and can truly reflect the development status of Chinese
cities. From Fig. 1-4, it can be seen that the acoustic
environment in each functional area of Chinese cities is
closely related to the city level, and generally shows that
with the decline of the city level, the acoustic
environment in each functional area of cities becomes
more "quiet". The significant difference of urban
acoustic environment in time scale and space scale also

4 Discuss

The relationship between man and earth is an important
subject of geographical concern. As an important
element of natural environment and man-made
environment, sound has become an important factor and
entry point to discuss the relationship between human,
land and the change of human living environment 191,
The quality of urban acoustic environment directly
affects the well-being of urban residents. However,
urban residents, as the recipients of urban sound, will
also have different health and well-being due to
different environments, different living and working
scenes or other factors. In addition, urban sound also
witnesses the development and changes of cities, and
use the acoustic environment of different stages of
urban development to characterize and depict the
characteristics of the development and changes of cities
at different stages 2> 3% Therefore, it is of great
significance to explore the spatiotemporal differences of
different sounds in order to have a deep understanding
about the interaction of sound production between
natural and man-made environments, as well as to
improve the individual, social and cultural significance
of sound production and transmission.

The division of environmental functional areas is
generally based on the governance of some existing
environmental problems. As an important form of
human habitation, cities gather in diverse elements such



E3S Web of Conferences 143,01024 (2020)
ARFEE 2019

https://doi.org/10.1051/e3sconf/202014301024

reflects different levels of urban development and
spatiotemporal distribution characteristics of cities.
Therefore, it is more necessary to conduct long-term
sound monitoring in different space and time periods in
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80% r
60% |-
40%
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0%

order to make policy adjustments to improve the sound
environment quality of the region and improve the
health and well-being of residents 341,
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Fig.7 The sub-standard rate of sound environmental monitoring in urban functional areas in China in 2016

In addition to significant differences in time and
space, urban sound also has obvious physical
transmission and regional statistical characteristics .
Urban acoustic environment is the result of the
comprehensive effect of various factors, and the hot spot
in the system is relatively concentrated area of various
factors B3], Understanding the spatial distribution of
acoustic environment is the basis of effective
management of urban environment. In 2007, the
European Union completed a noise map of noise
sources based on airports, railways and road trunk lines,
which provided a basis for further acoustic
environmental governance by inquiring the noise in
different areas of the city and the number of people who
exposed to noise 2. Therefore, it is of great
significance to know the hot spots of urban acoustic
environment accurately and grasp the changing rules of
urban acoustic environment and carry out the systematic
scientific management. From Fig. 5, Fig. 6 shows that
the noise distribution between day and night hot areas
are mainly distributed in the eastern coastal area, and it
is similar to the spatial pattern of distribution of Chinese
social and economic development, and both higher than
coastal inland, it reflects that the aggregation of various
factors in the process of urban social and economic
development leads to a higher frequency and a wider
range of noise, which has the most profound impact on
the wurban acoustic environment. However, the
development of social economy is not the decisive
factor that influences the acoustic environment of cities,
but the governance level of urban environment and
residents' awareness of environmental protection are the
factors that affect the change of acoustic environment.
As can be seen from Fig. 1, the average equivalent
sound level of First-Tier cities in the first quarter was
lower than the New First-Tier cities, reflects that some
cities with higher grades were faced with more
prominent environmental protection problems due to
more dense population, which led to better supervision
and governance of the urban environment. For example,
Beijing, as a First-Tier city, has set up an automatic
environmental noise detection system covering the
whole city, established a sound noise management
system and a mature departmental coordination

mechanism, the city has formed effective measures to
deal with various acoustic environmental noise
problems.

Taking prefecture-level cities and cities above as
examples, this paper analyzes the spatial and temporal
distribution  characteristics of urban acoustic
environment in different functional areas in cities with
different levels. Due to the objectivity of data collection
and other factors, the research did not fully reflects the
quarterly changes of urban acoustic environment
throughout the year, and the results were limited to
some extent. However, it could still reflect the changing
characteristics of urban acoustic environment in China.
It is helpful to comprehensively understand the urban
acoustic environment problems faced by Chinese cities
at the current stage, so as to provide reference for the
acoustic environment management of regional cities.
Therefore, it is necessary to further refine this research
based on the perspective of geography in future studies,
and explore the evolution rules and influencing factors
of urban acoustic environment from different scales.

5. Conclusion

By comparing and analyzing the equivalent sound level
mean of noise acoustic environment in cities with
different levels and different functional areas of cities, it
can be seen that the acoustic environment of cities with
different levels is significantly different. Generally
speaking, the acoustic environment in different
functional areas of Chinese cities is closely related to
the urban level. With the decline of the urban level, the
acoustic environment in each functional area tends to be
"quiet". From the perspective of the spatial distribution
of noise in various functional areas of the city, the hot
spots of urban noise distribution during day and night
are generally consistent with the spatial distribution of
Chinese social and economic development, the law is
that the eastern region higher than the western region,
the coastal region higher than the inland region. Urban
acoustic environment pollution has the characteristics of
strong randomness and wide distribution of sound
sources. Social and economic development level is not
the only factor influencing urban acoustic environment,
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but also closely related to the management measures of
urban acoustic environment and the environmental
awareness of urban residents.
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